
Guidelines

Respiration

Pediatric Airway Endoscopy: 
Recommendations of the Society  
for Pediatric Pneumology

Dirk Schramm 

a    Nadine Freitag 

a    Thomas Nicolai 

b    Anna Wiemers 

c    

Bernd Hinrichs 

d    Peter Amrhein 

e    Diana DiDio 

e    Christoph Eich 

f    

Bernd Landsleitner 

g    Ernst Eber 

h    Jürg Hammer 

i     on behalf of the Special 

Interest Group on Pediatric Bronchoscopy of the Society for Pediatric 

Pneumology (GPP) and invited Societies involved in pediatric airway endoscopy    
a

 Department of General Pediatrics, Neonatology, and Pediatric Cardiology, University Children’s Hospital 
Düsseldorf, Düsseldorf, Germany; b University Children’s Hospital, Ludwig Maximilians University Munich,  
Munich, Germany; c Ruhr University Bochum, St. Josef-Hospital, University Hospital of Pediatrics and Adolescent 
Medicine, Department of Pediatric Pulmonology, Bochum, Germany; d Pediatric Practice Buchholz and Asklepios 
Medical School Hamburg, Hamburg, Germany; e Department of Pediatric Otorhinolaryngology, Klinikum Stuttgart 
Katharinenhospital, Olgahospital, Stuttgart, Germany; f Department of Anesthesia, Pediatric Intensive Care and 
Emergency Medicine, Auf der Bult Children’s Hospital, Hannover, Germany; g Department of Anaesthesia and 
Intensive Care Medicine, Hallerwiese Clinic-Cnopf Children’s Hospital, Nuremberg, Germany; h Division of  
Paediatric Pulmonology and Allergology, Department of Paediatrics and Adolescent Medicine, Medical University 
of Graz, Graz, Austria; i Division of Respiratory and Critical Care Medicine, University Children’s Hospital Basel, 
University of Basel, Basel, Switzerland

Received: April 20, 2021
Accepted: April 22, 2021
Published online: June 7, 2021

Correspondence to: 
Dirk Schramm, dirk.schramm @ med.uni-duesseldorf.de

© 2021 S. Karger AG, Baselkarger@karger.com
www.karger.com/res

DOI: 10.1159/000517125

Keywords
Pediatric bronchoscopy · Airway · Endoscopy ·  
Pneumology · Guideline

Abstract
For many decades, pediatric bronchoscopy has been an in-
tegral part of the diagnosis and treatment of acute and 
chronic pulmonary diseases in children. Rapid technical ad-
vances have continuously influenced the performance of 
the procedure. Over the years, the application of pediatric 
bronchoscopy has considerably expanded to a broad range 
of indications. In this comprehensive and up-to-date guide-
line, the Special Interest Group of the Society for Pediatric 
Pneumology reviewed the most recent literature on pedi-
atric bronchoscopy and reached a consensus on a safe 
technical performance of the procedure.

© 2021 S. Karger AG, Basel

Invited societies involved in pediatric airway endoscopy: Society for 
Neonatology and Pediatric Intensive Care Medicine (GNPI), German 
Society for Pediatric and Adolescent Medicine (DGKJ), Austrian Soci-
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of the German Society for Otolaryngology, Head and Neck Surgery 
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1. Introduction

For many decades, bronchoscopy has been a crucial 
component of pediatric pulmonology. It offers valuable 
diagnostic and therapeutic possibilities far beyond the 
limits of pediatric pulmonology [1]. The aim of this 
guideline is to summarize the current knowledge and the 
various interdisciplinary aspects of pediatric bronchos-
copy and to find a consensus on safe technical implemen-
tation. This should serve as a uniform basis for practical 
application.

1.1. Methodology
The Special Interest Group on Pediatric Bronchoscopy 

conducted a review of the literature published within the 
last 10 years through PubMed. The recommendations 
provided in this article are a result of our group’s consen-
sus process based on an extensive evaluation of the litera-
ture findings. The process of reaching consensus followed 
good scientific practice guidelines [2]. Recommendations 
that reached >95% agreement among the authors were 
classified as strong consensus, whereas >75% agreement 
was classified as consensus. The following societies were 
invited to participate in the guidelines: Society for Pedi-
atric Pneumology (GPP), Society for Neonatology and 
Pediatric Intensive Care Medicine (GNPI), German Soci-
ety for Pediatric and Adolescent Medicine (DGKJ), Aus-
trian Society of Pneumology (ÖGP), Working Group for 
Pediatric ENT Medicine of the German Society for Oto-
laryngology, Head and Neck Surgery (DGHNOKHC) 
and the Scientific Working Group for Pediatric Anesthe-
sia (WAKKA) of the German Society of Anesthesiology 
and Intensive Care Medicine (DGAI). The final text was 
thoroughly discussed among the members of the Special 
Interest Group on Pediatric Bronchoscopy, and a consen-
sus was reached.

1.2. Requirements
1.2.1. Hygiene
With the technical progress in airway endoscopy, the 

reprocessing of the devices has become more demanding. 
The devices have sensitive optics and, because of their 
small size, are more difficult to clean. The goal of the 
cleaning process is to remove all organic materials and 
medicinal products without leaving any residue. When 
cleaning and disinfecting flexible endoscopes, a distinc-
tion is made between purely manual reprocessing, semi-
manual reprocessing with machine support, and machine 
reprocessing [3]. After cleaning, the endoscopes are dried 
properly and stored hanging in a closed endoscope cabi-

net to ensure sterility and to prevent recontamination. If 
the endoscope is stored for longer than 14 days, sterility 
can no longer be guaranteed. All steps from transport to 
storage, including manual cleaning and/or mechanical 
preparation should be well coordinated and thoroughly 
documented. For quality assurance, the preparation suc-
cess of the endoscopes and of the additional endoscopic 
instruments should be regularly checked (hygienic-mi-
crobiological checks).

Rigid endoscopes can be steam sterilized. The process 
recommendations for thermostable surgical instruments 
equally apply to endoscopes. Steam sterilization is carried 
out at 134  ° C with a minimum holding time of 5 min, pro-
vided that pre-treatment (pre-cleaning, cleaning, disin-
fection) has been carried out. Rigid tubes and the addi-
tional instruments are then sterilely packed and stored 
individually or in trays. Stored instruments can safely be 
assumed sterile for a maximum of 6 months but not lon-
ger than the expiration date, which should be noted on 
the packaging. The storage should be dry, protected from 
dust and light, and separate from non-sterile medical de-
vices.

Recommendation. Regardless of the procedure choice, 
the pre-cleaning of the endoscope should be done imme-
diately after use, while it is still connected to the suction 
and the light source (strong consensus). 

2. Indications

A bronchoscopy is indicated for children with refrac-
tory, chronic respiratory symptoms, recurrent or persis-
tent pneumonia, and/or radiological abnormalities if 
non-invasive methods cannot elucidate the causes. A 
bronchoscopy allows among others to detect or exclude 
fixed and dynamic stenoses (malacias), endobronchial 
foreign bodies, mucus plugging, aberrant vessels, and air-
way compression by cardiac structures.

2.1. Stridor
One of the most common indications for pediatric air-

way endoscopy is congenital stridor or stridor manifest-
ing in early infancy. The most common cause of congen-
ital stridor is laryngomalacia, which can be diagnosed 
clinically in most patients by its typical symptoms [4]. If 
there is doubt about the diagnosis of laryngomalacia or if 
the course of the disease is severe, an endoscopic exami-
nation should be considered. Up to 10% of infants with 
stridor may have combined upper and lower respiratory 
tract pathologies. Flexible bronchoscopy provides the 
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best diagnostic results in assessing vocal cord movement 
and laryngeal or tracheal stability. Awake laryngoscopy 
can be considered as an alternative method to assess con-
genital stridor. Additionally, the sole laryngeal examina-
tion while the child is awake and breathing spontaneous-
ly can be considered.

In children with congenital stridor, there are several 
indications for timely endoscopic evaluation including 
but not limited to the following: worsening of stridor, cy-
anosis, apnea, choking while feeding, or persistence of 
stridor beyond the first year of life. In case of newly oc-
curring stridor, its progression and persistence as well as 
therapy-refractory stridor post-extubation are consid-
ered indications for bronchoscopy. Endoscopy should 
exclude possible injuries and intubation obstructions due 
to laryngitis, cysts, or subglottic stenosis [5–10]. In addi-
tion to the possibility of using a flexible bronchoscope, 
this examination can also be performed by rigid laryngos-
copy or microlaryngoscopy (MLS).

Recommendation. In an infant with an inspiratory stri-
dor only, no apneic or cyanotic attacks, no progressive 
noisy breathing, and thriving well, clinical assessment is 
often sufficient for a suspected diagnosis of laryngomala-
cia. The progression over time, the child’s thriving, and 
other symptoms should be observed regularly (strong 
consensus).

2.2. Diagnostic and Therapeutic Bronchoalveolar 
Lavage
Bronchoalveolar lavage (BAL) is a crucial part of an 

extended pediatric pulmonological diagnostic workup 
because it is the only way to obtain objectifiable param-
eters on the type and the extent of a bronchoalveolar in-
flammation (e.g., bronchial asthma) and the pathogens 

(e.g., protracted bacterial bronchitis). In the setting of 
suspected interstitial and alveolar processes, cytopatho-
logical examination of the BAL can exclude pathologies 
such as pulmonary alveolar proteinosis or provide further 
diagnostic information [11–19] (Table 1).

In patients with cystic fibrosis (CF), BAL can be useful 
if sputum samples cannot be obtained and in cases where 
the source of a suspected infection is unclear. Routine 
BAL for evaluation of therapeutic success should be 
avoided in CF patients, and the benefits of BAL should be 
carefully weighed against the risk of anesthesia [25, 26].

In individual cases of pulmonary tuberculosis, BAL is 
necessary for pathogen isolation [27].

In immunodeficient patients with pulmonary infec-
tions, it is also possible to perform infectiological analysis 
of the BAL in addition to the pathogen identification in 
blood cultures and other (serological) samples [22, 28]. 
Unclear pulmonary infiltrates in patients prior to bone 
marrow transplantation can be diagnosed and treated 
with bronchoscopy, BAL, and/or brush biopsy [29]. 

BAL is therapeutically effective in children with cer-
tain forms of alveolar proteinosis. In these cases, the lung 
section should be lavaged in portions with large amounts 
of heated 0.9% NaCl solution until only clear fluid can be 
aspirated. This procedure represents a particular anesthe-
siological and intensive care challenge due to the small 
airways and the respiratory insufficiency that is usually 
prevalent in children with certain forms of alveolar pro-
teinosis. Since the suitable double-lumen tubes for single-
lung ventilation for children under 8 years old are not 
available, the lavage, in this case, is performed using an 
endoscopically placed balloon catheter (bronchus block-
er or, alternatively, pulmonary artery catheter) [17, 30–
32].

Recommendation. BAL is an important associated pro-
cedure of airway endoscopy in children and adolescents. 
It is used, among other things, for cytological assessment 
of the type and degree of inflammation, as well as for mi-
crobiological diagnostics (strong consensus).

2.3. Persistent Atelectasis
Pulmonary atelectasis is caused by increased mucus 

production, mucosal edema, and impaired mucociliary 
clearance. Flexible bronchoscopy should be used to find 
the exact cause and as a therapeutic measure. In the case 
of persistent atelectatic lung changes, despite sufficient-
ly intensive curative measures, bronchoscopic reopen-
ing should be attempted with a flexible endoscope not 
later than 4–6 weeks after the diagnosis. If necessary, it 
should include targeted instillation of deoxyribonucle-

Table 1. Suspected diseases that indicate a diagnostic workup with 
bronchoalveolar lavage [15, 19–24]

– Protracted bacterial bronchitis
– Recurrent and/or persistent bronchial obstruction in infants
– Pulmonary alveolar proteinosis
– Langerhans cell histiocytosis
– Lipoid pneumonia
– Alveolar microlithiasis
– Diffuse alveolar hemorrhage
– Tuberculosis
– Interstitial pneumonia
– Exogenous allergic alveolitis
– Pulmonary hemosiderosis
– Recurrent aspiration
– Sarcoidosis
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ase (DNase), aspiration of the obstructing secretion, or 
insufflation of oxygen [33]. In order to be able to apply 
the endobronchial medications in a targeted manner, 
prior imaging is necessary. Whether a conventional X-
ray image is sufficient or a computed tomography scan 
of the chest is necessary should be decided on a case-by-
case basis.

Another cause of persistent atelectasis is surfactant de-
ficiency. In ventilated patients, a targeted application of 
surfactant (5–10 mg/mL, total dose 120–240 mg) can be 
carried out after all therapeutic measures (e.g., physio-
therapy, positive end-expiratory pressure ventilation, an-
tibiotics) have been exhausted [34]. Surfactant deficiency 
or defects occur more frequently in patients with CF, 
acute respiratory distress syndrome, congenital diaphrag-
matic hernia, and patients undergoing Fontan surgery.

2.4. Tracheoesophageal Fistulas
Both flexible and rigid bronchoscopy are suitable for 

diagnosing suspected congenital or acquired tracheo-
esophageal fistulas. The endoscopic search for isolated 
tracheo- or bronchoesophageal fistulas can be difficult, as 
fistula openings can only be visible to a limited extent. For 
better visualization, assisted ventilation can be used to 
create positive pressure in the airways, although it is as-
sociated with the risk of gastric air insufflation and sub-
sequent decrease of pulmonary compliance. Congenital 
tracheoesophageal fistulas in esophageal atresia may be 
marked preoperatively via rigid or flexible bronchoscopy. 
A wire, a catheter, or a ureteral stent can be used, thus 
making it easier for the surgeon to find the fistula duct 
intraoperatively [35]. 

Furthermore, acquired tracheoesophageal fistulas can 
be visualized in the trachea by application of dye (e.g., 
methylene blue or toluidine blue) or air applied via an 
esophageal probe. To increase the transfer of contrast 
agent and/or dye from the esophagus to the trachea, es-
pecially in the case of small fistulas, the administration 
can be performed under pressure between 2 inflated bal-
loons positioned in the proximal and distal parts of the 
esophagus [36, 37].

2.5. Laryngeal Clefts
MLS is suitable for diagnosing laryngeal and/or la-

ryngotracheal clefts in newborns/infants. However, the 
safe exclusion of a laryngeal cleft can only be achieved if 
the posterior commissure can be visualized with an in-
strument, for example, a laryngeal spreader. Laryngeal 
spreaders are also suitable for diagnosing other laryn-
geal pathologies. Furthermore, there is a possibility of 

flexible endoscopy with continuous positive airway 
pressure at 10–15 cm H2O via an endoscopy mask (ac-
cording to Frei et al. [38]) or by using a swivel adapter 
(also referred to as Mainz adapter) to visualize laryn-
geal fissures [39].

2.6. Suspected Endobronchial Lesions, Tumors
In clinically and radiologically suspected endobron-

chial lesions or tumors, flexible bronchoscopy is suitable 
as an early step for diagnostic evaluation. Patients with 
lymph node tuberculosis and signs of respiratory tract 
compression/infiltration may require a switch to a rigid 
endoscope. Tuberculous lymph node invasions with ob-
struction of bronchi can be reopened by suctioning and 
removal of the cheese-like lymphatic material [40, 41]. In 
endobronchial lesions or tumorous tissue, a higher bleed-
ing risk has to be accounted for; therefore, local hemo-
static measures should be readily available.

2.7. Pulmonary Hemorrhage
In pulmonary hemorrhage, in addition to imaging 

techniques, both flexible and rigid endoscopy can be per-
formed to locate the source of bleeding, determine the 
cause of bleeding, obtain secretion samples, and keep the 
airway free of blood. The choice of instrument also de-
pends on the amount of blood. For larger bleedings, the 
rigid technique should be preferred. 

Endoscopically, drugs for vasoconstriction (e.g., 1 mg = 
5 mL Glypressin® bolus through the endoscope plus ap-
prox. 5 mL air) or for inhibiting fibrinolysis (e.g., 500 mg 
tranexamic acid in 20 mL NaCl 0.9%) can be applied as 
close as possible to the source of bleeding [42–44]. After 
the bleeding ceased, the area can be rinsed with saline solu-
tion (5–10 mL) to remove endobronchial blood and fibrin 
residues, and to ensure an optimal view of the lesion [42]. 
This procedure also applies to bleedings as a result of in-
terventions such as biopsies, and so on. Furthermore, in 
cases of massive pulmonary hemorrhage, there is the pos-
sibility of lavage with cold saline solution, lung isolation by 
double lumen tube or bronchus blocker. In case of segmen-
tal bleeding, a balloon/Fogarty catheter can be used to 
compress the source of the bleeding. It is also important to 
position the patient correctly on the bleeding side (if 
known).

2.8. Obstructive Sleep Apnea Syndrome
Sleep endoscopy, also referred to as sleep nasoendos-

copy or drug-induced sleep endoscopy, uses flexible en-
doscopes and allows to examine the upper airways under 
sedation. Sleep endoscopy does not replace poly(somno)
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graphs in the diagnostic pathway of obstructive sleep ap-
nea syndrome (OSAS) but can add additional informa-
tion before possible surgical and/or conservative mea-
sures and in assessing the success of an intervention. 
There is also a possibility of conducting an audio-video 
recording at the same time. It should be noted, however, 
that sedatives (including benzodiazepines) reduce laryn-
gopharyngeal muscle tension, which can affect the out-
come of sleep endoscopy [45–48]. Benzodiazepines can 
also prolong the post-interventional monitoring period; 
therefore, they should be used with caution as pre-medi-
cation in children with OSAS.

2.9. Follow-Up after Lung Transplantation
After lung transplantation, surveillance bronchosco-

pies are frequently performed using a flexible broncho-
scope to endoscopically evaluate the transplant, and to 
perform transbronchial biopsies and/or BALs. Depend-
ing on age and compliance, flexible bronchoscopy is per-
formed while the patient is awake.

2.10. Tracheostomy
After tracheostomy, flexible endoscopy should be used 

to check the position of the cannula and the occurrence 
of possible complications, such as pressure damage, using 
flexible endoscopy. Initially, it should be done at shorter 
intervals and then at least once a year [49].

2.11. Suspected Foreign Body Aspiration
A common indication for diagnostic and interven-

tional bronchoscopy, especially in young children, is for-
eign body aspiration. Bronchoscopy should be per-
formed in the case of a suspected medical history and/or 
clinical suspicion, even if the chest X-ray findings are 
normal or non-typical, because no other diagnostic pro-
cedure can exclude or verify foreign body aspiration [50]. 
For the primary assessment of the hypopharynx, larynx, 
and, if necessary, the esophagus entrance, an examina-
tion with a suitable video laryngoscope is recommended. 
Rigid bronchoscopy with a secured airway is an estab-
lished technique for foreign body removal [51, 52]. A 
large case series published in 2012 showed a procedure-
associated mortality rate of 0.2% (2 of 953 extractions 
[53]). A literature review of 12,979 cases found a mortal-
ity rate of 0.42% and severe complications in 0.96% of the 
procedures [54]. If a foreign body aspiration is anamnes-
tically and clinically rather unlikely, but should be ex-
cluded due to the overall condition, then a potentially 
atraumatic, flexible bronchoscopy should be primarily 
performed. The possibility of switching to a rigid bron-

choscope for extraction should be always available di-
rectly on site [32, 55–60]. 

When extracting foreign bodies using flexible bron-
choscopy, the airway can be accessed via a laryngeal mask 
or a tracheal tube. The American Thoracic Society (ATS) 
recommends rigid bronchoscopy for foreign body extrac-
tion in children, at least for foreign bodies that could ob-
struct the airway [61]. 

Recommendation. If there is a history and/or clinical 
suspicion of foreign body aspiration, it should be verified 
or excluded by tracheobronchoscopy. A flexible bron-
choscopy should primarily be performed for exclusion of 
foreign body aspiration. For the foreign body extraction, 
rigid equipment is particularly recommended, and it 
should always be available on site for immediate use 
(strong consensus).

2.12. Intensive Care and Anesthesia
In the field of pediatric anesthesia and neonatological 

and pediatric intensive care medicine, there are numer-
ous indications for diagnostic flexible and, if necessary, 
rigid endoscopy of the upper and lower airways [62, 63]. 
These include: severe refractory post-extubation stridor, 
frustrating extubation attempts, (planned) intubation in 
an (expected) difficult airway, before planned extubation 
after long-term ventilation (subglottic stenosis?), control 
of tracheal tube positioning, visual control (e.g., of palatal 
plates), specimen extraction in respiratory infections, di-
agnostics of obstructive respiratory disorders or atelecta-
sis, the search for a foreign body, the examination of the 
airways after chest trauma, inhalative noxae, or burns. In 
addition, a donor lung can be evaluated endoscopically, 
including pathogen diagnostics, prior to possible explan-
tation. 

3. Preparation

3.1. Documentation
A bronchoscopy should be documented using image 

recording devices/software. Video recording is preferable 
to document dynamic airway changes, thus enabling an 
optimal assessment of the follow-up examinations. Un-
clear findings or possible indications for surgery can be 
evaluated with the help of a consulting specialist, without 
the need for a new examination. In addition, the video 
documentation allows for post-processing of the record-
ing, for example, slow motion. There are indications in 
which the simultaneous recording of the breathing sounds 
provides a diagnostic benefit. 
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3.2. Personnel
The bronchoscopy team should consist of a bronchos-

copist and a bronchoscopy assistant. If the bronchoscopy 
is performed under general anesthesia, anesthesia should 
be performed by an anesthetist and an assistant with ex-
pertise in child care of all ages. (Analgo-) sedation may be 
performed by another physician and assistant, if both 
have expertise in procedural (analgo-)sedation of chil-
dren of all ages, including, in particular, the ability to 
manage respiratory and cardiovascular complications. 

3.3. Qualification
The Guidelines Group agrees with the recommenda-

tion of the ATS, that before their first unsupervised en-
doscopy, the examiner should have already performed 
bronchoscopy in children of all ages under supervision. 
In addition to learning the technical skills, sufficient ex-
perience is required above all to interpret the endoscopic 
findings. To date, there is no good evidence on the devel-
opment and assessment of the bronchoscopist’s compe-
tence in pediatric endoscopy. A minimum experience of 
50 supervised pediatric endoscopies has been suggested 
[61]. Depending on the indication, the bronchoscopist 
should also be able to switch from an examination with 
the flexible endoscope to the rigid technique in order to 
spare the patient secondary diagnostic interventions and 
minimize the risk of a respiratory incident. If they are not 
able to do this by themselves, they have the responsibility 
to have a colleague with expertise in rigid bronchoscopy 
available immediately.

Endoscopists who perform rigid bronchoscopy largely 
for the purpose of removing foreign bodies develop ex-
pertise in this technique in children under repeated ex-
pert supervision by a person qualified in this field. 

It is absolutely necessary for the examiner and the sec-
ond physician responsible for anesthesia or sedation 
(anesthetist with expertise in the care of children of all age 
groups or physician with expertise in procedural [anal-
go-]sedation of children of all age groups) to have the 
skills and experience in order to carry out any necessary 
rapid intubation or airway protection of the child in the 
event of unexpected difficulties. The bronchoscopy assis-
tant and/or assisting nurse should have sufficient experi-
ence in assisting with acute complications. In the case of 
complex pathologies, especially in connection with severe 
symptoms, a multidisciplinary team is often required.

Recommendation. Examiners should be trained in 
technique, performance, and management of complica-
tions prior to their first unsupervised bronchoscopy 
(strong consensus).

3.4. Laboratory and Radiological Findings
In general, there is no need for prior blood sampling 

and/or imaging. Depending on the patient’s underlying 
disease and planned intervention, this should always be 
decided individually. However, if radiological findings of 
the lungs were previously obtained, these should always 
be assessed before the airway endoscopy is performed, for 
example to determine the location of BAL. 

3.5. Pre- and Post-Monitoring
Pre-interventionally, vital signs should be monitored 

in infants and children with pre-existing respiratory 
problems (dyspnea, desaturation, apnea) as inpatients. In 
this way, apneas, drops in oxygen saturation, and so on, 
can be detected immediately and treated quickly, as well 
as the setting for the examination and/or follow-up mon-
itoring can be adjusted accordingly (intensive care unit, 
etc.). Depending on the underlying disease and/or indica-
tion, a pre-interventional cardiorespiratory poly(somno)
graphy may be required to assess the extent and frequen-
cy of sleep- and thus presumably anesthesia-associated 
breathing disorders. The necessity of an inpatient admis-
sion on the day before the examination is also medically 
justified in children from difficult family backgrounds 
with a lack of compliance at home.

Endocarditis prophylaxis is not required during bron-
choscopy and BAL. However, this does not apply to pro-
cedures that involve obtaining tissue samples or opening 
infectious processes. The Guidelines Group agrees that 
the AHA-defined target group, that is suffering from an 
active bacterial respiratory tract infection at the time of 
bronchoscopy/BAL, should receive antibiotic for endo-
carditis prophylaxis. This is given as a single dose 30–60 
min before the examination or up to 2 h afterwards [64].

If the procedure of the diagnostic bronchoscopy is un-
complicated, the child can be discharged on the day of the 
examination. Depending on the intervention, the find-
ings of the examination, the patient’s age as well as their 
symptoms/complaints, the post-interventional monitor-
ing should be performed, if necessary, in the intensive 
care unit. This always remains an individual decision.

Recommendation. Pre-interventional inpatient moni-
toring may be considered for respiratory diagnostics, to 
assess individual risks of endoscopy and anesthesia (con-
sensus).

Endocarditis prophylaxis is not required routinely for 
either bronchoscopy or BAL, as the link between a non-
invasive airway procedure in children and infectious en-
docarditis has not yet been established (strong consen-
sus). 
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3.6. Consent and Information
It is the opinion of this Guidelines Group, that educa-

tion about and consent to bronchoscopy is essential in the 
preparation stage. Since the overall procedural risks re-
sult from the intervention and anesthesia/sedation risks, 
it must be diligently explained to all the parties involved. 
The impact on the respiratory tract should be given spe-
cial consideration in the educational discussion. The use 
of standardized information and consent forms is recom-
mended.

Informed consent documentation should include: 
 − Fasting, risk of aspiration of stomach contents and sa-

liva with the danger of lung failure and permanent 
lung damage, especially with incompliance with the 
necessary fasting period

 − Reaction to applied medication (allergic reactions, 
cardiovascular reactions, nausea/vomiting, etc.)

 − Laryngospasm/bronchospasm
 − Possible respiratory depression including intubation 

and ventilation.
The anesthesiologic information should include: 

 − Fasting, risk of aspiration of stomach contents and sa-
liva with the danger of lung failure and permanent 
lung damage, especially if the fasting period is not ob-
served

 − Laryngospasm/ bronchospasm
 − Swallowing difficulties and hoarseness 
 − Damage to teeth, throat, jaw and larynx, vocal cords, 

and injuries to the trachea
 − Shortness of breath and permanently impaired tongue 

sensation
 − Life-threatening metabolic disorders (e.g., malignant 

hyperthermia)
 − Unwanted alertness during anesthesia
 − Risks of intravenous cannulas and injections
 − Allergic reaction to applied medication

Information on flexible and/ or rigid laryngoscopy, 
tracheo-, bronchoscopy should include: 

 − The indication for the examination and possible con-
sequences

 − Procedure and the duration of the examination
Possible complications of flexible bronchoscopy. Pain, 

difficulty swallowing or breathing, injury to the mucous 
membranes of the upper and lower airways with the pos-
sible mucous membrane swelling including obstruction, 
mucous membrane bleeding, infection and perforation 
(pneumothorax, mediastinitis), fever.

Possible complications of rigid bronchoscopy. Pain, dif-
ficulty swallowing or breathing, swelling and injury to the 
mucous membranes of the upper respiratory tract, lar-

ynx, damage to the vocal cords with permanent voice dis-
orders (hoarseness), injury to the trachea or lungs with 
consecutive obstruction, bleeding, infection, and perfora-
tion (pneumothorax, mediastinitis). In the course of a 
foreign body removal: blockage of the respiratory tract 
due to changes in the position of foreign body or due to 
blood, remaining of foreign body residual, possible need 
for a repeated endoscopy.

3.7. Anesthesia
Respiratory tract endoscopies in children should be 

carried out either under general anesthesia or, in the case 
of flexible bronchoscopy, under deep analgosedation if 
appropriate. Exceptions include a bronchoscopy via tra-
cheostomy tube, which is usually performed without se-
dation, short flexible endoscopic airway inspection up to 
supraglottic in the awake state with topical anesthesia if 
necessary, and swallowing diagnostics. To identify ex-
pected difficult airways, specific attention should be paid 
to risk factors in the patient’s history and clinical exam. 

Anesthesia should be carried out by a professionally 
assisted anesthetist with expertise in the care of children 
of all ages. (Analgo-)sedation may be performed by an-
other professionally assisted physician with experience in 
intensive care medicine and expertise in procedural 
(analgo-)sedation of children of all ages, including the 
ability to manage respiratory and cardiovascular compli-
cations in particular.

Transition from deep sedation (patient can no longer 
be fully awakened, protective reflexes are partially lost) to 
general anesthesia is gradual and can occur interindivid-
ually at different drug doses [65]. The objectives should 
be hypnosis/amnesia and analgesia appropriate to the in-
tervention, effective attenuation of undesirable respira-
tory reflexes (essentially laryngospasm and broncho-
spasm), and safe oxygenation. 

In flexible bronchoscopy, spontaneous breathing 
should be maintained as needed to ensure the dynamic 
assessment of the airway stability. However, respiratory 
complications during bronchoscopies are much more 
likely to occur under too little rather than under too much 
anesthesia or (analgo-)sedation. 

For general anesthesia or (analgo-)sedation, the fol-
lowing aspects play a role among others: If the airways 
are to be examined during dynamic respiration (e.g., for 
stridor, or suspected laryngo- or tracheomalacia), a 
largely normal spontaneous breathing should be main-
tained. In rigid airway endoscopy, on the other hand, it 
is particularly important that the child does not cough, 
strain, or fight back (buck) in order to avoid bronchial 
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injuries. Thus, deep anesthesia, preferably with addition-
al muscle relaxation, is recommended in rigid bronchos-
copy.

In any case, a second physician should perform the 
anesthesia or (analgo-)sedation and monitor the respira-
tory tract, respiration/ventilation, and circulation. This 
can be best ensured by a professionally assisted anesthe-
tist with proven expertise in the care of children of all age 
groups. In the case of (analgo-)sedation, this can also be 
done by another physician and assistant with proven ex-
pertise in the procedural (analgo-)sedation of children of 
all age groups.

When using propofol and other hypnotics, the physi-
cian should be trained in the safe handling of ventilation 
and intubation as well as the treatment of all cardiopul-
monary side effects and complications. The examiner 
himself is not able to adequately monitor the depth of 
anesthesia or sedation and the vital functions in addition 
to performing the bronchoscopy [66–70]. Continuous 
monitoring of SpO2, electrocardiogram (ECG), blood 
pressure, and the end-tidal CO2 (etCO2, in the case of en-
doscopy under general anesthesia) as well as complete 
documentation of all vital parameters should be ensured. 
Furthermore, clinical monitoring of the patient during 
bronchoscopy is an indispensable part of the peri-inter-
ventional safety concept. It includes assessment of breath-
ing by inspecting the undressed upper body, that is, ob-
serving the thoracic excursions, auscultation, and record-
ing of the respiratory rate by means of ECG [71].

In children from about 6 months of age, anxiolytic-
sedative premedication may be useful, for example, with 
midazolam p.o. (or rectally) approx. 20–30 min before 
the start of the anesthesia.

In the fasted child, anesthesia can be administered ei-
ther intravenously or with inhaled anesthetics. The med-
ical urgency of the tracheobronchoscopy should be agreed 
upon between the teams involved. The anesthesia risks in 
children without prior fasting or insufficiently prepared 
children, and of a non-optimal team expertise due to the 
time of day or day of the week must be weighed against 
the possible risks of a delayed endoscopy [72].

3.7.1. Possible Drug Regimes for Anesthesia and 
(Analgo-)Sedation

• Propofol, a hypnotic with a favorable context-sensitive 
half-time and effective suppression of respiratory re-
flexes, has made a well-controlled total intravenous 
anesthesia (i.e., intravenously applied hypnotic plus 
opioid) clinically practicable and thus made anesthesia 
for bronchoscopy easier and overall safer [73, 74].

• Balanced anesthesia with sevoflurane (or other volatile 
anesthetics) plus opioid for tracheobronchoscopy is 
also suitable. Disadvantages are the environmental 
contamination during endoscopy, the associated, pos-
sibly unreliable gas application, and the depth of anes-
thesia.

• Ketamine/esketamine is suitable, especially in combi-
nation with propofol, for analgosedation with main-
tained spontaneous breathing, possibly in combina-
tion with topical anesthesia (see below). Note the in-
creased secretion production and the enhancement of 
laryngeal protective reflexes [75].

• In principle, all opioids commonly used in anesthesia 
can be used, that is, fentanyl, alfentanil, sufentanil, and 
remifentanil. The ultra-short acting opioid remifent-
anil, which is usually applied via a syringe pump, offers 
the advantage of optimal controllability of an adequate 
depth of analgesia (“on/off effect”) due to its particu-
larly favorable context-sensitive half-time.

• In addition to a profound depth of anesthesia, addi-
tional muscle relaxation is recommended for rigid re-
spiratory tract instrumentation application, especially 
for foreign body extraction, in order to reliably prevent 
potentially bronchial-traumatic coughing, pressing, or 
defending (bucking) when instruments are inserted. 
Mivacurium appears to be particularly suitable for this 
purpose as a short-acting, non-depolarizing muscle 
relaxant, especially since duration of action remains 
well controllable even when administered repeatedly 
[66, 67, 76]. The use of longer-acting relaxants is pos-
sible (e.g., atracurium, rocuronium), but there is a risk 
of postoperative overhang. For the medium-duration 
muscle relaxant rocuronium, there is a specific antago-
nist, sugammadex [77].
Recommendation. If rigid instruments are used in chil-

dren, bronchoscopy should always be performed under 
general anesthesia with muscle relaxation. Flexible bron-
choscopy can be alternatively performed under suffi-
ciently deep (analgo-)sedation, if necessary in combina-
tion with topical anesthesia (strong consensus).

General anesthesia should be administered by a pro-
fessionally assisted anesthetist with proven expertise in 
the care of children of all ages. (Analgo-)sedation may be 
provided by another professionally assisted physician 
with proven expertise in procedural (analgo-)sedation of 
children of all ages, but never by the bronchoscopic ex-
aminer himself (strong consensus).
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4. Performance

4.1. Flexible Bronchoscopy
4.1.1. Transnasal Access
Pre-treatment of the nasal entrance or the nasal pas-

sages with a local anesthetic and decongestant nasal drops 
is recommended. These medications should be carefully 
re-aspirated prior to the endoscopy if necessary. The 
bronchoscope should then be inserted carefully while the 
child is breathing spontaneously, at least when the func-
tion or dynamics of the airways (e.g., laryngo-/tracheo-
bronchomalacia, vocal fold paresis) are to be examined. 
It is advisable to always perform endoscopy under visual 
control, also in the area of the upper airways. It may be 
necessary to retract the endoscope several times for re-
orientation or to flush the suction channel.

A probe for oxygen supply should be inserted into the 
other nostril. An endoscope with an external diameter of 
approx. 3.5 mm is usually used for patients between 4 and 
6 kg of body weight, and one with an external diameter of 
approx. 5 mm from the age of 5–6 years. For very young 
patients, a thinner instrument (approx. 2 mm diameter 
without suction channel, approx. 2.8 mm with suction 
channel) is used.

The bronchoscope can also be inserted through a nor-
mal ventilation mask using an angle piece with a port 
(swivel adapter) or through the port of a special bron-
choscopy mask according to Frei et al. [38, 78]. This can 
be used especially in children <2 years of age, to supply 
oxygen and, if necessary, anesthetic gas, as well as a posi-
tive end-expiratory pressure to stabilize the hypopharynx 
and maintain an appropriate tidal volume during sponta-
neous breathing [79].

Vocal cord mobility should be documented in sponta-
neous breathing while the thoracic excursions should be 
simultaneously observed (distinction between active and 
passive/paradox vocal cord abduction). This examination 
(transnasal, flexible pharyngolaryngoscopy) can gener-
ally also be performed in the awake child, especially if se-
dation does not allow a sufficiently reliable evaluation of 
vocal fold movement.

A local anesthetic can be applied under endoscopic 
view to the vocal cord area (cumulative lidocaine dose 
max. 5 mg/kg body weight, e.g. 0.5–1 mL 1% lidocaine 
dose and 10 mL air into a syringe, then spray as a single 
dose through the working channel). This reduces the need 
for analgesic doses (reducing the risk of apnea and airway 
obstruction) but, like any manipulation of the airway, can 
trigger laryngospasm. In addition, the patient should be 
kept fasted sufficiently long after the application of local 

anesthetics to the laryngeal area, as swallowing difficulties 
and consecutive aspiration can occur [80–82]. A misinter-
pretation of laryngeal stability or aggravation of an exist-
ing laryngomalacia in infants by topical lidocaine is not to 
be expected [83]. With adequate anesthesia or analgoseda-
tion, local anesthetic can usually be omitted.

Stability of the trachea should be assessed during calm 
spontaneous breathing and documented by video record-
ing [84]. Tracheal stability can be misjudged during 
forced breathing.

All lobar bronchi should be examined. Additional dos-
es of lidocaine may be useful. (Caution: Do not exceed a 
total dose of 5 mg/kg, due to possible hypotension or bra-
dycardia, for example). Lidocaine also has an antimicro-
bial effect; this should be taken into account when endo-
tracheal and/or bronchial pathogens are obtained [85, 86].

A systematic approach (e.g., first right, then left bron-
chial system) should be adopted to prevent the overlook-
ing of unexpected pathologies and anatomical variants. 
In case of loss of orientation, a new orientation in the 

Table 2. Exemplary sizes of laryngeal masks, inner diameter (ac-
cording to manufacturer’s specifications), max. possible tube for 
intubation via laryngeal mask, and respective size of the broncho-
scope

LMA 
size

Patient 
weight, kg

Max. cuff 
volume,  
mL

Max. suitable endo-
tracheal tube ID for 
intubation through  
the laryngeal mask

Bronchoscope, 
mm

1 <5 4 3.5 2.7
1.5 5–10 7 4.0 3.0
2 10–20 10 4.5 3.5
2.5 20–30 14 5.0 4.0
3 30–50 20 6.0 (cuffed) 5.0
4 50–70 30 6.0 (cuffed) 5.0
5 >70 40 7.0 (cuffed) 7.3

Table 3. Exemplary different sizes of laryngeal masks and clear in-
ner diameter (according to B. Landsleitner, Cnopfsche Kinder-
klinik, Nuremberg), ID inner diameter

LMA size Ambu®  
AuraGainTM

min. ID, mm

Ambu®  
Aura-iTM

min. ID, mm

Ambu® 
AuraOnceTM

min. ID, mm

1 6.6 6.3 5.2
1 ½ 7.2 6.9 7.3
2 9.0 8.7 8.6
2 ½ 10.2 10.0 8.5
3 11.0 11.0 85
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bronchial tree should always be performed by retracting 
the instrument towards the main carina.

If respiratory problems occur, the bronchoscopy 
should be interrupted until a sufficiently stable situation 
is restored.

4.1.2. Access via Laryngeal Mask
Alternatively, flexible bronchoscopy can be performed 

using a previously inserted laryngeal mask (laryngeal 
mask airway, LMA) as a conduit with a swivel adapter. 
Angled laryngeal masks with a short breathing tube and 
a stomach drainage channel (2nd generation) can be ad-
vantageous in this case. Beforehand, it should be checked 
whether the endoscope can be easily inserted through the 
laryngeal mask (Tables 2, 3). 

Within the same size of laryngeal masks, their inner 
diameter can vary up to 2.5 mm depending on the brand 
and manufacturer. These deviations should be taken into 
consideration (see Table 2 below). 

Adequate anesthesia is necessary for the insertion of 
the laryngeal mask but slightly less than for tracheal intu-
bation. 

A laryngeal mask does not represent a definitive secur-
ing of the airways. It does not prevent laryngospasm, does 
not offer complete aspiration protection, and generally 
does not allow high ventilation pressures (>20 cm H2O). 
Thus, LMAs should only be used in fasted patients.

During flexible bronchoscopy via laryngeal mask, it is 
not possible to assess laryngeal stability and function or 
the airways above. 

The bronchoscope shaft (caution: not the optic sys-
tem) can be lubricated with silicone spray, and the distal 
end with the optic system or the charge-coupled device 
(CCD) chip can be dipped in anti-fogging agent. When 
choosing a product, for example, silicone spray, the man-
ufacturer’s recommendations should always be followed.

4.1.3. Access via Tracheal Tube
In endotracheally intubated and mechanically venti-

lated patients, flexible bronchoscopy can be performed 
via tracheal tube and a swivel adapter. The bronchoscope 
shaft (cave: not the optics) can be lubricated, for example 
with silicone spray, and the distal end with the optics or 
CCD chip can be dipped in anti-fogging agent. (When 
selecting silicone spray and anti-fogging agent, the manu-
facturer’s recommendations for the endoscope should al-
ways be observed.) A second physician should monitor 
ventilation (thoracic excursion, etCO2, SpO2), as the air-
way obstruction caused by the inserted bronchoscope can 
lead to decreased oxygenation and decarboxylation due 
to hypoventilation, with life-threatening cardiorespira-
tory complications as a possible consequence. Manual 
fixation of the tube during the examination can minimize 
the risk of accidental Extubation [62]. The endoscope 
should be at least 1 mm thinner than the inner diameter 
of the endotracheal tube to avoid tube dislocation and 
equipment damage. The need for immediate re-tubation 
in case of accidental extubation should be anticipated and 
both material and qualified personnel resources should 
be readily available (Table 4).

Table 4. Endotracheal tubes and their relation to tracheal size and bronchoscope size

Age group Average tracheal 
diameter, mm

Tube
(ID), mm

Bronchoscope 
(outer diameter),  
mm

Tube 
obstruction,  
%

Premature/newborn babies ∼2.5 to 3.5 2.0 to 3.0 2.2 54

0–24 months 5.3±1.0/6.4±1.2 3.5 to 4.5 2.2 54 to 19
2.8 64 to 31

2–4 years 7.4±0.8/8.1±0.7 4.5 to 5.5 2.8 39 to 26
3.8 71 to 52

4–8 years 8.0±0.6 to 9.2±1.1 5.5 to 6.5 2.8
9.0+0.9 to 9.3+0.8 3.8

4.9

8–18 years 10.5±0.5 to 13.7±1.7 6.5 to 8.0 2.8 19 to 8
10.7+0.6 to 14+1.2 3.8 34 to 23

4.9 57 to 30
5.5 72 to 47
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In flexible bronchoscopy of newborns/infants, the 
small difference between the tube ID and the outer diam-
eter of the bronchoscope can lead to subtotal tube ob-
struction, thus impairing ventilation and oxygenation.

4.1.4. Access via Tracheostomy Tube
Routine control of the tube position should be carried 

out by means of flexible bronchoscopy in the awake pa-
tient. The endoscope should be advanced to the end of the 
tube, and then decannulation should be performed over 
the bronchoscope in situ. The proximal trachea should be 
visible up to the stoma. If the airways above the stoma are 
to be assessed, procedural anesthesia or analgosedation is 
necessary. Alternatively, a backwards/upwards view can 
be attempted after decannulation. However, in most cas-
es, the view will be obstructed by a suprastomal tracheos-
tomy granuloma. 

4.1.5. Diagnostic Bronchoalveolar Lavage
Depending on the age of the patient, the use of a flex-

ible bronchoscope with an external diameter of approx. 
3.0–5.0 mm and a suction channel 1.2–2 mm is recom-
mended.

To achieve better recovery, it is recommended that the 
BAL is performed in the middle lobe or lingula, as there 
is less collateral ventilation. In focal processes, however, 
the affected segment should always be examined.

After obturation of the respective bronchial lumen 
through the bronchoscope, which is advanced as far as 
possible, lavage is performed. If there are problems be-
cause of too little reflux, the bronchoscope should be re-
tracted by about 0.5 cm. In most commercially available 
endoscopes, the working channel opens laterally to the en-
doscopist’s field of sight. In case of decreasing reflux, care-
ful rotation of the bronchoscope can occasionally help. 

BAL is performed by rinsing the bronchial lumen with 
3–4 individual portions/aliquots of body-warm 0.9% 
NaCl solution. The administered volume for each rinse 
should be about 1 mL/kg body weight and should not ex-
ceed 50 mL. It is important that the position of the bron-
choscope is not changed during the lavaging process. 
Each individual volume of NaCl is immediately re-aspi-
rated into a separate collection container using either an 
attached syringe or the device’s own suction valve.

If BAL is performed for the sole purpose of pathogen 
diagnostics, a single rinse may be sufficient. The first al-
iquot is usually used for microbiology and other infec-
tion diagnostics. The aliquots 2, 3, and 4 are pooled for 
cytological examination if necessary. In order to main-
tain cell vitality in the diagnosis of infections and cyto-

logical examination, the samples should be processed 
quickly (<4 h!). The identification of T-lymphocyte sub-
populations should be considered in individual cases. 

Within the scope of the bacteriological examination, a 
germ quantification should be carried out. Usually, a con-
centration of >105 CFU/mL (colony forming unit per mil-
liliter) is considered clinically significant. The samples 
can be analyzed using mycological and virological meth-
ods, molecular biology, and surfactant protein analysis 
according to indication [13]. 

4.2. Rigid Endoscopy
Instabilities in the cervical spine or atlanto-occipital 

transition are considered relative contraindications for 
rigid bronchoscopy. Children with trisomy 21 [87], Gold-
enhar syndrome, and storage diseases (e.g., mucopolysac-
caridosis) are regularly affected [88]. Rigid bronchoscopy 
should be used very restrictively and with great caution in 
children with possible or proven atlanto-occipital insta-
bility.

4.2.1. Rigid Laryngoscopy
Under the guidance of direct laryngoscopy using a la-

ryngoscope blade, the rigid endoscope should be inserted 
to visualize larynx and proximal trachea, if possible with-
out contact. Laryngeal imaging is also possible with a vid-
eo laryngoscope (wide angle view, image, or video docu-
mentation) or a supporting autoscopy (supporting device 
with fixed laryngoscope, syn. microlaryngoscopy, sup-
porting laryngoscopy). This enables the endoscopist to 
use their free hand for interventions.

If visualization is carried out through a surgical micro-
scope, ambidextrous intervention is possible (MLS). This 
also enables palpation of the respective structures, which 
is indispensable in some diagnoses, including laryngeal 
cleft or aryfixation. Surgical microscope visualization is 
the method of choice especially for diagnosis and evalua-
tion of a laryngeal cleft, in which a vocal fold spreader 
must be used. In pathologies of the larynx and subglottis, 
such as suspected laryngitis or intubation-related laryn-
geal stenosis (including post-failed extubation), local di-
agnosis is achieved by retracting the tube and inspecting 
the vocal folds and subglottis with the rigid endoscope.

4.2.2. Rigid Tracheobronchoscopy
The rigid bronchoscope is inserted transorally into the 

trachea, after the insertion of a suitable mouthguard and 
with the aid of a laryngoscope with a straight or curved 
spatula. The laryngoscope is then removed, and a support 
cushion is placed under the patient’s shoulders. The en-
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doscope should then be advanced into various bronchial 
sections by tilting and turning the head (under visual con-
trol with the aid of an optic system extended to the distal 
end of the endoscopy tube).

In addition to adequate depth of anesthesia and mus-
cle relaxation, important safety measures to avoid tra-
cheobronchial injuries include supporting and fixing the 
respiratory bronchoscope with the leading hand on the 
patient’s upper jaw and a constant view of the distal end 
of the bronchoscope tube by using optic systems [89].

The side port of the bronchoscope tube allows me-
chanical or manual ventilation of the patient. A ventila-
tion regimen with high respiratory frequencies and very 
small tidal volumes can usually be used to ventilate or 
oxygenate, even if the airway is partially obstructed by 
instrumentation; it also minimizes disturbing thoracic 
movements, which is helpful in foreign body extraction.

Oxygenation is also possible with the aid of jet ventila-
tion techniques (e.g., Ventrain® system via ventilation 
catheter/tube changer) or with high-flow oxygen insuffla-
tion.

Video recording should be used to document the find-
ings and the injury-free bronchoscopy. It is possible to 
combine a fiberscope with the rigid bronchoscope, by ad-
vancing the fiberscope through the bronchoscope tube 
with a very small lumen.

Recommendation. The rigid bronchoscope tube is al-
ways inserted and advanced under visual control. In case 
of accidental injuries, it may be useful to check the extent 
by flexible bronchoscopy (strong consensus).

5. Interventional Procedures

5.1. Extraction of Foreign Bodies
The recommended technique for removing foreign 

bodies is rigid bronchoscopy. For foreign body extrac-
tion, forceps and all other instruments inserted through 
the bronchoscope tube should be used under visual con-
trol. Soft and fragile foreign bodies, for example nuts, 
should be encased to avoid scattering. In this method, the 
foreign body is fixed using the endoscope tube by care-
fully screwing it in and then pulling it out en-bloc with 
the tube under visual control (preferably in the head-
down position). However, a new intubation with the rig-
id bronchoscope might be required to document the 
complete removal or to remove further foreign body 
parts.

At the end of any bronchoscopic examination or inter-
vention, a final inspection of all bronchial sections should 

be performed to document that no injuries occurred and 
that all foreign body remains have been removed.

When trying to retrieve smaller and usually distally lo-
cated foreign bodies, use of a flexible bronchoscope or a 
combined technique, consisting of a thin, flexible bron-
choscope, guided through a rigid bronchoscope tube, can 
be considered. To remove the foreign body, special catch-
er baskets or grasping forceps are inserted through the 
working channel of the flexible device. It should be noted 
that it may not be possible to suck out secretions during 
this procedure. This can considerably impair visibility. In 
addition, flexible removal poses a challenge for the anes-
thesiologist in the context of procedure-dependent com-
plications due to partial blockage of ventilation (in the 
case of flexible endoscopy via a rigid bronchoscope) or 
loss of the foreign body during passage.

5.2. Brush Biopsy and Mucosal Biopsy
Bronchial mucosal biopsies are obtained mainly for cil-

ia diagnostics. Although nasal mucosal biopsies are most 
commonly used for this purpose, in some patients chron-
ic inflammation (sinusitis, etc.) does not permit adequate 
assessment of the structure and motility of the nasal cilia 
[90]. It is important not to take mucosal biopsies from the 
main carina, as this area contains hardly any cilia. Instead, 
the bronchial mucosal biopsies should be obtained in the 
left and/or right bronchial system. Tissue samples can be 
obtained using a brush technique, which will usually only 
produce a small amount of tissue. The amount of mate-
rial might be further reduced if the brush is withdrawn 
through the instrument channel of the endoscope. More 
material can be obtained with a forceps biopsy using either 
the flexible or the rigid technique. With the rigid tech-
nique, the pieces of tissue are considerably larger and are 
particularly suitable for electron microscopy of ciliary his-
tology. Mucosal biopsy can also contribute to the diagno-
sis of endobronchial inflammation, infections (e.g., tuber-
culosis), and superficial tumor pathologies [91]. 

5.3. Transbronchial Biopsy
In cases where a mucous membrane or brush biopsy 

does not provide sufficient information about the tissue 
process, transbronchial biopsy should be considered. 
Contraindications for transbronchial biopsy include rel-
evant pulmonary hypertension and relevant coagulation 
disorders. However, the biopsy of bronchial structures or 
pathologies is almost always possible and may be helpful 
or irreplaceable in diagnosis confirmation (tumors [92], 
atypical mycobacteriosis [93], sarcoidosis [94, 95], granu-
lomatosis with polyangiitis [96]).
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The yield of lung tissue in transbronchial biopsy in 
childhood is relatively small, particularly due to the max-
imum possible forceps size. Especially in bronchoscopes 
with a working channel of <1.8 mm, the forceps size is too 
small for an adequate biopsy size, except for those re-
quired for routine surveillance after heart/lung trans-
plantation. In order to detect rejection at an early stage, 
peribronchial changes must be checked regularly in lung-
transplanted patients. These can usually be adequately 
detected in smaller biopsies [97].

There is little experience, and no published evidence 
to date on the safety and value of a cryoprobe for endo-
bronchial biopsy in children [32]. In view of the difficult-
to-control size of the freezing area and the risk of serious 
bleeding, the applicability of this method to small chil-
dren currently is still unclear.

In the setting of unclear interstitial processes, video-
assisted thoracoscopic lung biopsy is the preferable diag-
nostic procedure [19].

The question of ciliary dysfunction should generally be 
answered by nasal epithelial sampling (“brush” or forceps 
biopsy), but if the primary findings are unclear and ciliary 
dysfunction is still highly suspected, a more invasive and 
technically more difficult bronchial biopsy may be per-
formed [98–100].

Ultrasound-guided transbronchial needle biopsy 
(EBUS-TBNA from bronchial, EUS-B-FNA from esopha-
geal) is not yet widely used in children. However, initial 
study results are promising and show that this is a safe and 
effective method for obtaining material from mediastinal 
lymph nodes and other peribronchial structures [101, 102].

5.4. Other Interventional Procedures
In children, laser surgery should be performed with a 

rigid endoscope or by means of supporting laryngoscopy 
(also referred to as MLS, supporting autoscopy) [32, 103, 
104]. Lasers and cold instruments can be used to resect or 
incise supraglottic and subglottic cysts [105], or short-
stretched scar stenosis [106]. Scarred stenoses with fresh 
granulation tissue can be treated with intra-lesional steroid 
injections. In this procedure, 40–80 mg methylpredniso-
lone are injected into the granulation tissue in the form of 
a ring through a butterfly cannula (wings are cut off before-
hand). The needle is held and guided by an endoscopic for-
ceps. A previously slightly curved needle simplifies the in-
jections into the tracheal wall. Injections should be imme-
diately followed by tissue reduction by laser and expansion 
of the bronchial lumen by balloon dilatation [107, 108].

For acute restitution or also for definitive improve-
ment of the airway, localized stenoses can be dilated 

bronchoscopically using angiological or balloon catheters 
specifically developed for the airway. Inflammatory sub-
glottic stenoses can be treated locally, in addition to ste-
roid injection (as described above), also with a steroid-
containing ointment (e.g., preparations containing beta-
methasone dipropionate and gentamicin sulphate) under 
daily short anesthesia. The medication is either applied to 
the newly inserted tracheal tube or inserted into the glot-
tis with a swab. It should always be applied as a thin film 
in a small dosage as the drug contains paraffin that in-
creases the risk of lipid pneumonia.

Stent implantation for malacia and tracheal or bron-
chial stenosis is performed via rigid bronchoscopy. 
However, a flexible technique can be used beforehand to 
visualize the exact localization and extent of the nar-
rowed area. Stent implantation is usually the last resort 
in children who cannot be weaned off the ventilation 
without this strategy of airway stabilization or who 
would suffer life-threatening obstructive attacks or re-
current respiratory infections [32, 109, 110]. Airway 
stenting should always be done in specialized centers 
with sufficient expertise in airway endoscopy. Adequate 
follow-up care of these patients is also absolutely neces-
sary. In the case of malacias or stenoses caused by vas-
cular compression or complete tracheal/bronchial carti-
lage rings, surgical correction should be performed first 
[111]. The appropriate stent type and size is selected ac-
cording to the indication. For example, silicone stents, 
which are easy to remove, are preferred for tracheoma-
lacia or tracheal stenosis, and stainless-steel stents, for 
bronchomalacia or bronchial stenosis [111]. There is 
currently insufficient experience with the use of biode-
gradable stents in children [112].

Closure of fistulas with adhesives by bronchoscopy has 
so far only been proved successful in isolated cases of re-
current fistulas after initial surgical treatment, when it was 
performed by highly experienced specialists [37, 113].

Systemic therapy with cidofovir or bevacizumab 
should be considered for the treatment of recurrent la-
ryngeal papillomatosis.

6. Risks and Complications

Complications during bronchoscopy include: exces-
sive coughing, pressing and fighting back (bucking), mu-
cosal bleeding and swelling, laryngospasm, broncho-
spasm, unanticipated or prolonged apnea with desatura-
tion (hypoxemia) and consecutive bradycardia, and 
pneumothorax [114].
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Fever is one of the most common complications after 
bronchoscopy and usually occurs 4–9 h after the proce-
dure [114, 115]. Antibiotics should not be administered 
generally, but rather based on the endoscopic findings, 
for example, in bacterial bronchitis.

Other post-interventional complications are addition-
al oxygen demand, coughing, and pneumothorax.

The overall likelihood of a life-threatening complica-
tion is very low and depends, among other things, on the 
individual risk of the patient, the expertise and skill of the 
bronchoscopist and his team, and/or the performed pro-
cedure [114].
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