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Indications and Risks of Flexible
Bronchoscopy in Children

Cori L. Daines and Emily M. DeBoer

Indications
General Considerations

Flexible bronchoscopy in children is generally
well tolerated and should be considered as a tool
anytime it is the safest, easiest, and most effective
way to obtain information and to intervene in the
airway of the child [1]. Advantages that the flex-
ible instrument has over the rigid bronchoscope
include the ability to evaluate the entire upper
and lower airway without artificial airway manip-
ulation and to do so while the child is under light
anesthesia. Also, only a flexible instrument is
able to be passed through an endotracheal tube.
Flexible bronchoscopes come in sizes appropri-
ate for neonates to adults and can be used safely
in a variety of settings. These scopes can be used
in an outpatient setting with light sedation and
can be used at bedside for an inpatient, making
flexible bronchoscopy a useful tool in the neona-
tal and pediatric intensive care units [2—4]. With
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its utility, there are many indications for pediatric
flexible bronchoscopy. Generally, there are two
broad categories of indications for the procedure
discussed here, diagnostic and therapeutic [5, 6].

Diagnostic Indications

A diagnostic indication is one in which flexible
bronchoscopy is done to discern an etiology of a
respiratory problem. Diagnostic indications com-
monly include chronic or recurrent symptoms,
such as chronic cough, or chronic or recurrent
diagnoses, such as recurrent pneumonia. Also in
the category of diagnostic indications is the need
for an airway evaluation. In this last category, a
symptom may or may not be present; the bron-
choscopy may be done only to see the airway
such as in the case of a child that is ready to be
extubated or have a tracheostomy tube removed.
The general need to obtain a specimen, such as
bronchoalveolar lavage fluid (BALF), might also
be considered an indication, even without
symptoms.

Chronic/Recurrent Symptoms

Children commonly have respiratory symptoms
such as cough. The indication for bronchoscopy
occurs when the symptom is chronic or recurrent
and problematic. This usually means that medical
treatment for remediation has been tried and
failed prior to the bronchoscopy. Common
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Table 6.1 Common Symptom Indications

Cough
Wheeze

swallowing study to rule out aspiration or a brain
MRI to rule out brainstem compression.
Hemoptysis in children is not as common as it

Stridor
Hoarseness

Epistaxis

Hemoptysis
Cyanosis

symptoms leading to flexible bronchoscopy are
listed in Table 6.1 [7].

Chronic cough is one of the most common indi-
cations for bronchoscopy in children. The most
common causes of chronic cough are asthma, gas-
troesophageal reflux disease, and postnasal drip
[8]. Treatment of presumed causes should occur
first; and bronchoscopy should be performed if
symptoms are unremitting or if other worrisome
factors are present, such as hemoptysis, localized
wheezing, or immunocompromised patient.

Wheeze is also a common indication for bron-
choscopy. Wheeze is found in asthma, but if the
wheeze is unresponsive to bronchodilator or anti-
inflammatory medications or if the wheeze is
localized, evaluation by bronchoscopy is indi-
cated. Issues such as foreign body, tracheobron-
chomalacia, and intrinsic or extrinsic airway
narrowing may be the cause and are best found
on direct visualization [9—-11].

Stridor in infants is often benign and due to
laryngomalacia if ongoing or due to infectious
croup if acute and self-limited. Stridor causing
cyanosis or respiratory distress not relieved by
acute treatment should be evaluated, as other
lesions such as epiglottitis, papillomatosis,
laryngeal-esophageal clefts, growing hemangi-
oma, vascular compression, or foreign body could
also be causal and are best diagnosed with flexible
bronchoscopy [12—15]. Here the flexible broncho-
scope has the advantage of being used without
airway manipulation in a spontaneously breathing
child to see from where the noise originates.

Hoarseness often presents to otolaryngologists
instead of pulmonologists but should be evaluated
if persistent. Congenital or acquired vocal cord
paralysis or paresis and vocal cord nodules or
papilloma may be causative [16]. Vocal cord dys-
function may lead to further evaluation such as a

is in adults but can be a significant problem.
Blood from the airway may range from sputum
streaked with blood in the case of bronchitis to
massive hemoptysis from bronchovascular fis-
tula. Bronchoscopy can help isolate hemoptysis
from hematemesis or epistaxis, can help localize
the bleeding site, or can help therapeutically
manage the bleeding with the application of epi-
nephrine, thrombin solutions, or use of a bal-
looned catheter [17-19].

Cyanosis alone may not be a common indica-
tion for flexible bronchoscopy, but its presence is
concerning for worrisome pulmonary problems.
A source should be found if a child is chronically
hypoxic.

When a symptom leads to a flexible bronchos-
copy, the procedure is able to evaluate the anat-
omy for lesions causing the symptom and also
allow the bronchoalveolar lavage to potentially
identify a specific etiology such as a specific
infection. An example is a child who has had a
chronic cough, has tried asthma therapy (bron-
chodilators and inhaled or systemic steroids), and
persists in symptoms. Bronchoscopy evaluates
the airway to find anatomical causes such as air-
way compression or malacia, airway inflamma-
tion or intrinsic airway narrowing and the
bronchoalveolar lavage will then diagnose any
infection or cellular inflammation.

Chronic/Recurrent Diagnoses
Children commonly have respiratory diagnoses.
All children experience upper airway infections,
often recurrent upper airway infections that do
not require bronchoscopy. Flexible bronchoscopy
is used when there is a chronic or recurrent pro-
cess that is causing distress or harm to the child.
The same as when a flexible bronchoscopy is
done for a symptom, when it is done for a prob-
lem, structural airway abnormalities are visual-
ized, and samples are obtained to find an etiology.
Common diagnoses that lead to bronchoscopy
are listed in Table 6.2 [7].

Croup is a common diagnosis in young chil-
dren with viral infections. Treatment is based on
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Table 6.2 Common diagnoses indications

Croup

Pneumonia

Atelectasis
Aspiration
Pulmonary Infiltrates

Bronchiectasis
Uncontrolled Asthma

severity of symptoms and the symptoms are gen-
erally self-limited. Recurrent croup, especially in
an older child, may deserve bronchoscopy to
evaluate for an anatomical issue leading to the
symptoms. Children with subglottic stenosis or
vocal cord issues will be more prone to croup. A
child who wakes suddenly in the middle of the
night without specific infectious triggers might
have spasmodic croup triggered by gastroesopha-
geal reflux. A bronchoscopy in this later case
might diagnose upper airway and/or laryngeal
inflammation along with evidence of aspiration
of lipid on bronchoalveolar lavage.

Previous surveys of indications for bronchos-
copy in children show that pneumonia or recur-
rent pneumonia is the most common indication
[20]. The diagnostic yield of bronchoscopy for
pneumonia depends on the circumstances. If a
child is too young to expectorate sputum, a BAL
is a nice alternative to obtain a specimen for
microbiology. If a child is immunosuppressed
(e.g., cancer or HIV), bronchoscopy with BAL is
useful to find opportunistic infections such as
fungal pathogens or pneumocystis. All bronchos-
copy for active infection is best done if the child
is off of antibiotics, as antibiotics may suppress
the growth of organisms. In the case of recurrent
pneumonia, bronchoscopy is useful to determine
if airway abnormalities, foreign bodies or micro-
aspiration could be causative [21, 22].

Atelectasis is a radiographic abnormality that
may warrant bronchoscopy. Common etiologies
are mucus plugging, foreign body, or airway
obstruction from intrinsic (airway wall edema) or
extrinsic (vascular compression) causes [23].
While this problem may also lead to a therapeutic
bronchoscopy, often the main indication for the
bronchoscopy is diagnostic to find the etiology of
the atelectasis.

Pulmonary infiltrates are another radiologic
indication for bronchoscopy. These may be syn-
onymous with pneumonia, but may be more dif-
fuse, fleeting or recurrent. Here, in addition to
performing a BAL for culture, a BAL and airway
evaluation may diagnose other reasons to have
alveolar disease, such as microaspiration.

Bronchiectasis on chest radiograph or chest
CT scan indicates airway damage and under-
standing why this has occurred may be a bron-
choscopic indication. Bronchiectasis in children
occurs with underlying diseased such as cystic
fibrosis, primary ciliary dyskinesia, or immuno-
deficiency and can also occur after a single severe
inflammatory event such as a bad pneumonia or
foreign body aspiration. Additionally, bronchiec-
tasis occurs with chronic aspiration of stomach
contents, swallowing aspiration, or aspiration of
saliva. The bronchoscopy and BAL is able to help
determine the underlying and acute causes by
visualizing the airway and by obtaining BALF
for culture and cytology.

Uncontrolled asthma may be an indication
for bronchoscopy if there is a suspicion that
something else is contributing, such as indolent
infection or aspiration of GER. Bronchoscopy
here allows the visualization of the airway for
inflammation and gets a BALF to understand
the cellular inflammation and other potential
contributors [24].

Remember that even if the indication is a
respiratory problem, the main reason for the
bronchoscopy may simply be to get BALF to
guide therapy. Young children often do not spon-
taneously produce sputum and getting induced
sputum requires a cooperative patient. BALF
may be desired for culture, to look for aspiration
or simply to follow up on a previously abnormal
BALF. While the indication is a respiratory prob-
lem and these are diagnostic procedures, bron-
choscopy is almost always done in order to guide
a therapeutic change.

Airway Evaluation

This set of indications result from either a known
or a suspected airway abnormality. Flexible
bronchoscopy evaluates the airway from the
nares to the bronchi, both upper and lower airway
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issues. While airway evaluation might be under-
taken primarily due to suspicion of a single site
problem, a full airway evaluation should be done
in almost every flexible bronchoscopic proce-
dure. It might be a symptom or a diagnosis or a
radiographic study that leads to the suspicion of
an airway issue. Once an airway abnormality is
known, the flexible bronchoscopy indication is to
reevaluate the problem. Bronchoscopy guides the
decision for intervention (e.g., surgery, decannu-
lation) or for further evaluation (e.g., CT scan or
videofluoroscopic evaluation of swallowing)
[25]. It also can be a follow-up to evaluate the
success of an intervention. Upper airway prob-
lems that may be seen on flexible bronchoscopy
are listed in Table 6.3.

Careful evaluation of the upper airway should
be part of any routine flexible bronchoscopy [26].
Starting at the nares in a child under light general
anesthesia who is spontaneously breathing is best
to evaluate the upper airway [11]. Evaluating for
inflammation, mucus, obstruction, and other
upper airway problems is part of a routine upper
airway endoscopy and will aid in diagnosis of
overall respiratory issues [27].

The lower airway also should be fully evalu-
ated as well with light anesthesia. A symptom
such as wheeze may indicate a lower airway
abnormality. Lower airway problems that may be
seen on flexible bronchoscopy are listed in
Table 6.4.

As with upper airway abnormalities, these
lesions may be suspected or known, and bron-
choscopy may be used for initial discovery or fol-
lowing up a previous issue. While radiographic
studies may give an indication of lower airway
pathology, direct vision of the airway under light

Table 6.3 Upper airway findings/indications

anesthesia  is  generally much  better.
Tracheobronchomalacia, for example, may be
implied on CT scan or fluoroscopy, but in con-
trolled studies the sensitivity of flexible bron-
choscopy is significantly better [28, 29].

A small subset of bronchoscopic procedures
for airway evaluation are done specifically
because a child is unable to be extubated. The
clinical team may not know what the issue is and
may request a procedure to evaluate the airway
for lesions that are preventing that extubation.
Along these same lines, a common anatomical
evaluation is done in preparation for decannula-
tion or if a child is failing the common steps
towards decannulation. If a child with a tracheos-
tomy cannot tolerate capping, for instance, a
bronchoscopy is able to help determine why and
then guide subsequent interventions for the lesion
[25]. In conjunction with surgeons, a flexible
bronchoscopic evaluation can determine the suc-
cess of a surgical intervention. Examples include
airway visualization after tracheoesophageal fis-
tula repair or after airway reconstruction for sub-
glottic stenosis [30].

Diagnostic Bronchoalveolar Lavage

Part of the flexible bronchoscopy procedure is
performing a bronchoalveolar lavage (BAL). This
is done as an adjunct to most diagnostic proce-
dures, but it is also done as the primary reason for
the bronchoscopy. An example is a child with cys-
tic fibrosis who has decreased lung function and
needs to be treated with antibiotics but is unable
to cough up adequate sputum for a culture. If
there is concern that the epiglottic culture does
not reflect the lower airway, BALF can be sent for
bacterial, viral, fungal, and atypical pathogens.

Table 6.4 Lower airway findings/indications

Choanal atresia Laryngomalacia Tracheal stenosis Bronchomalacia
Adenotonsillar Laryngeal stenosis/web Complete tracheal rings Bronchial stenosis
hypertrophy Stoma issues Bronchial compression
Sinus/nasopharyngeal Vocal cord paralysis/ (granulation/collapse) (Vascular/Tumor)
drainage paresis/nodule Tracheomalacia Granulation tissue
Nasal polyps/obstruction | Laryngoesophageal cleft Tracheal compression Hemangioma
Pharyngeal collapse Glottic stenosis (Vascular/Tumor)

Glossoptosis Subglottic stenosis Tracheoesophageal fistula | Foreign body

or pouch




6 Indications and Risks of Flexible Bronchoscopy in Children 55

This same indication is true for other children in
whom BALF culture is desired but they are unable
to produce adequate sputum. These include chil-
dren with primary ciliary dyskinesia, children
with immunodeficiency and a fever, and even
children where tuberculosis is suspected and a
culture is needed. A final indication of BAL as a
primary reason for a bronchoscopy would be a
child who has been determined to be brain dead
and needs BALF collected to determine if the
lungs might be used in organ donation [1].

Endobronchial Biopsy

Here forceps or brush is introduced through the
bronchoscope to obtain a cellular sample. Tissue
can be a useful adjunct to diagnosing granuloma-
tous disorders and tuberculosis. It can also be
used to obtain ciliated epithelial cells for the
diagnosis of primary ciliary dyskinesia [31].
Multiple research studies have utilized bronchial
biopsies in inflammatory diseases such as asthma
and cystic fibrosis to better understand the under-
lying immunologic processes [31-35].

Transbronchial Biopsy (TBB)

This is a procedure done commonly in adult flex-
ible bronchoscopy in order to obtain peripheral
airway cells for diagnosis and culture. The utility
of this procedure to identify and stage acute
rejection in lung transplant patients has been well
established. Diagnosing infection in these same
individuals is also readily possible [36]. TBB is
also used to diagnose chronic rejection, bronchi-
olitis obliterans, and interstitial lung disease. The
diagnostic yield in these latter conditions is not as
good but still possible [37, 38]. TBB is difficult to
perform in infants and young children, limited by
the size of the bronchoscope necessary to intro-
duce biopsy forceps into the small airways [39].
TBB is done with fluoroscopic guidance to place
the biopsy forceps where expected and needed.

Transbronchial Needle Aspiration

(TBNA) with Endobronchial

Ultrasound (EBUS)

The procedure is used frequently in adult patients
for the diagnosis of cancer. In children, the main
utility is for the diagnosis of tuberculosis from

airway lymph nodes and evaluation of peripheral
pulmonary nodules with fluoroscopic guidance.
The procedure is limited by the size of broncho-
scope needed, currently a 4.0 mm bronchoscope
with a 2.0 mm channel for radial EBUS, and by
the size of the airway. For very small children, a
biopsy might be limited to the main carina. Utility
is not very well established, and this technique is
only useful for individuals specially trained in
this technique [40].

Therapeutic Indications

The second large category of indications is ther-
apeutic. Here a flexible bronchoscopy is under-
taken in order to have a therapeutic effect on the
child. Often these indications occur in children
who are hospitalized, in the intensive care unit,
or intubated. Here a flexible bronchoscopy may
often be safely performed at the bedside to
achieve the desired effect [2]. Remember that
many of these techniques may be utilized at
once to achieve therapy and that techniques that
seem to be best achieved with the rigid broncho-
scope can often be aided by the flexible bron-
choscope [6].

The first therapeutic indication is unremitting
atelectasis. In a child who has persistent atelecta-
sis on a chest film, a bronchoscopy can be done to
remove any airway obstruction. The airway
obstruction is commonly due to mucus plugging
that can be suctioned away. Use of a flexible
bronchoscope allows suction to be applied but
also allows mucolytic medications to be applied
directly to the plug [1]. Other tools to remove a
large thick plug may include biopsy forceps or
cryoprobe. Variations on mucus plugging include
airway obstruction with blood clots or the
extreme of obstruction with plastic bronchitis.
This last category occurs in individuals with car-
diac defects and sickle cell disease. Plastic
bronchitis causes airway filling with thick casts
(heavily lymphocytic) that require extensive suc-
tioning, usually with the aid of medications or
other instruments to remove the plugs. The use of
tissue plasminogen activator directly on the plugs
of plastic bronchitis has been effective [41].
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Another therapeutic application is use of
whole lung lavage for individuals with alveolar
proteinosis or other alveolar filling process [39].
These patients have a collection of proteinaceous
material in their alveoli from a surfactant pro-
cessing error. The alveoli fill with material over
several months and serial whole lung lavage is
done to remove the material. One lung at a time is
filled with repeated aliquots of warmed saline
and then drained. This is done until the drained
fluid clears. The second lung is done on a sepa-
rate day. This is repeated whenever the lung
symptoms become difficult. Eventually many
children go into remission.

Aid to Intubation is a procedure often useful
with a flexible bronchoscope, especially in a diffi-
cult airway, like that in a child with craniofacial
abnormalities [39, 42]. This is one of the most
common indications for flexible bronchoscopy in
the critical care arena [2]. An ETT is slipped over
the bronchoscope and inserted into the airway over
the scope once the bronchoscope is in position in
the lower airway. Most intubations occur via a
nare, but this technique can also be used orally
with the aid of a laryngeal mask or blade tongue
retraction. An ETT as small as 2.5 mm may be
inserted with the help of a 2.2 mm bronchoscope.

Foreign body removal is a somewhat contro-
versial use of the flexible bronchoscope. There
are multiple reports in the literature of foreign
bodies being successfully retrieved by flexible
bronchoscopes [43-50], but glottic and large for-
eign bodies may become dislodged more easily
from the flexible bronchoscope and lead to frank
airway obstruction. These foreign bodies should
be removed by the rigid instrument. If a secure
airway is in place and the foreign body is in a
position to be easily removed by the flexible
bronchoscope, this technique may be safely used.
A rigid bronchoscope should, however, be avail-
able if necessary [39]. More distal, difficult to
visualize with the rigid scope, objects may be
best initially manipulated by the flexible bron-
choscope. A flexible bronchoscope may always
be used to visualize the airway and confirm the
presence and location of a foreign body and may
be used to help clean up the airway after foreign
body removal.

Occasionally mass lesions will obstruct or
partially obstruct the airway of a child.
Granulomas, hemangiomas and bronchial carci-
noid tumors are examples. When the lesion is an
acquired lesion such as granulation tissue from
deep suctioning in a patient with a tracheostomy
tube, use of the KTP laser through a flexible
bronchoscope can be helpful. The KTP laser
allows for desiccation of the lesion with small
energy bursts that will not harm the underlying
bronchus [51, 52]. Removal of larger pieces of
tissue may be achieved with biopsy forceps
through the flexible bronchoscope. Use of the
flexible bronchoscope may be useful for distal,
smaller lesions in particular. These techniques
may take a long time if the lesion is large and if
there is a risk of bleeding (i.e., hemangioma or
vascular lesion), the flexible bronchoscope is less
able to control the bleeding.

When tracheal or bronchial stenosis is present,
several modalities may be used via flexible bron-
choscope. They include balloon dilation, laser
and stent placement with or without application
of medications such as mitomycin or steroids
[39]. While traditionally a rigid bronchoscope is
used, a larger flexible scope with a 2.0 mm work-
ing channel through an LMA can be used for
angioplasty balloons [53]. Balloon dilation often
needs to be repeated serially to achieve the final
result and can be combined with the other dilat-
ing therapies. There are also risks of bleeding or
airway rupture with this procedure.

The flexible bronchoscope may be used to
instill medications directly to affected portions of
the lung. This includes the already mentioned
placement of epinephrine on a bleeding airway
but also included placing mucolytics such as
recombinant human DNase, n-acetylcysteine,
hypertonic saline, or sodium bicarbonate to a
mucus-plugged bronchus [39]. Additionally,
medications such as surfactant may affectively be
placed in the bronchial tubes [54].

Stent placement is typically thought of as a
procedure done with a rigid bronchoscope. The
flexible instrument, however, is able to deliver
and/or check placement of a stent before it is
expanded or finalized. There are three main types
of stents: silicone, metal mesh, and biodegrad-
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able. The flexible scope can ensure the patency of
the airway after a stent is placed and can be used
to check for complications such as stent slippage
or formation of granulation tissue [39].

The flexible bronchoscope is able to identify
the location of a bronchopleural fistula by plac-
ing an occluding balloon through the broncho-
scope and inflating to see if the leak from the
chest tube disappears [55]. Once the site of the
fistula is known, the flexible bronchoscope can
deliver methacrylate adhesive (airway glue) to
the site of a persistent air leak from the broncho-
pleural fistula. The tube of glue is delivered in the
working channel of the flexible bronchoscope
and then delivered through the catheter out of the
end of the bronchoscope once in place [56]. This
technique is especially useful when the operative
risk for the patient is too high.

Cryotherapy is a technically generaly reserved
for adult patients. Many cryoprobes require a
large channel for use. The cryoprobe, however,
has been used to not only desiccate tissue mass,
as in a granuloma, but also to freeze a mucus plug
or blood clot and effectively remove it in one
piece [57, 58].

The overall category of therapeutic indica-
tions is growing rapidly. The advent of newer
tools such as the cryoprobe, EBUS/TBNA, and
bronchial thermoplasty has already changed the
way adult flexible bronchoscopy is performed.
These tools are being reformulated for smaller
people and smaller bronchoscopes. At the same
time, bronchoscopes are improving with better
optics, more maneuverability and larger working
channels for the same size bronchoscope.
Indications will change as tools advance.

Risks/Complications

Pediatric bronchoscopy is generally a safe and
effective procedure for diagnosis and therapeutic
management of a number of diseases. With any
procedure, especially those requiring general
anesthesia, there are risks that must be evaluated
and minimized. Much care should be taken to
determine that the patient has appropriate indica-
tions for bronchoscopy. Preparation is necessary

to avoid unnecessary risk. Timing, location of
procedure, and best anesthetic should be consid-
ered, appropriate and properly working tools
should be gathered, and all personnel should be
well-trained in bronchoscopy. When involved,
trainees should be accompanied by staff experi-
enced in teaching bronchoscopy.

Risks Associated with Anesthesia

Flexible bronchoscopy can be performed in mul-
tiple locations with varying levels of sedation/
anesthesia. Although anesthetic medications each
have their own side effect profile, symptoms
associated with impaired ventilation, oxygen-
ation, and airway irritation can be seen. General
anesthesia is also associated with postoperative
confusion, nausea and vomiting, and other sys-
temic symptoms. In a large multisite prospective
cohort of children who were sedated for various
procedures performed outside of an operative
room, hypoxemia, defined as oxygen desatura-
tion below 90% for more than 30 seconds, was
the most common complication [59]. Whereas
children having flexible bronchoscopy often have
indications of airway and pulmonary symptoms,
this group were relatively healthy with less than
2% having preexisting airway or lung disease.
Other rare complications in the cohort were stri-
dor, laryngospasm, unexpected apnea, and aspi-
ration [59].

In an attempt to limit laryngospasm and
cough, topical analgesic, traditionally lidocaine,
may be applied before and during the procedure
to the vocal folds, carina, or both. When the bron-
choscopy is beginning, the anesthesiologist must
be attentive to the patient’s level of sedation.
Patients who are inadequately anesthetized are at
risk for laryngospasm. The amount of lidocaine
administered by the anesthesiologist and the
bronchoscopist should be monitored closely.
Although rare, lidocaine toxicity can result in sei-
zures, and general anesthesia can lower the sei-
zure threshold in those patients who are prone to
them. Amitai and colleagues reported no compli-
cations after applying 3-8 mg/kg of topical lido-
caine in 15 children [60]. A “spray-as-you-go”
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approach is recommended for optimum effective-
ness while limiting the overall lidocaine dose to a
maximum of 3-5 mg/kg total during the
procedure.

Multiple studies have shown association
between number of anesthetic exposures in chil-
dren less than 3 years of age and future cognitive
ability and academic achievement [61, 62].
Although general anesthetics are not definitively
causative, it may be appropriate to limit or delay
procedures in young children when possible.
Increased risk has been reported in children
undergoing flexible bronchoscopy combined
with other procedures above those undergoing
flexible bronchoscopy alone [63]; however, the
risk of performing those additional procedures
under separate anesthetics was not evaluated.

Risks and Complications

A flexible bronchoscope occupies space in the
airway of a child who even prior to the procedure
has varying degrees of respiratory symptoms and
impairment. Impaired ventilation during the pro-
cedure is therefore fairly unique to flexible bron-
choscopy. The size of the scope, the size of the
child’s airway, and any airway device used for
ventilation (laryngeal mask airway, tracheos-
tomy, endotracheal tube) affect the amount the
airway is obstructed. Small children have low
functional reserve and the effect of the scope on
ventilation and oxygenation is more dramatic. In
children with a 4.0 mm inner diameter endotra-
cheal tube, a 2.8 mm outer diameter broncho-
scope will occlude the airway by 49-70%,
significantly increasing the resistance to airflow
[64]. Although it is tempting to choose the largest
scope that will fit in the breathing tube, the indi-
cation for the bronchoscopy and the child’s toler-
ance of airway occlusion should be considered.
When bronchoscopes are introduced through the
nares, most infants greater than or equal to 3 kg
can breathe adequately around the 3.5 mm flexi-
ble bronchoscope, and infants greater than 1.5 kg
can breathe around the 2.8 mm scope [65].
Because of these impairments to ventilation,
hypoxemia is the most common complication

reported during flexible bronchoscopy [63, 66,
67]. The definition of hypoxemia as a complica-
tion vary based on institutional reports. Some
report if the hypoxemia prolongs the duration of
the procedure [5] and others provide more quan-
tifiable definitions such as SpO2 < 90% for
30 seconds of time [8]. Post-op hypoxemia is also
common [66]. The technique of bronchoalveolar
lavage necessarily washes surfactant out of
selected segments of the lung, thereby predispos-
ing to post-op atelectasis, which likely contrib-
utes to this post-op hypoxemia.

Airway irritation, airway edema, laryngo-
spasm, and post-op stridor can be seen with gen-
eral anesthesia but are also risks of the flexible
bronchoscope irritating the child’s airway
mucosa. Rates of laryngospasm of 1-5% are
reported in large cohorts [63, 66, 68].
Bronchospasm can occur from irritation to the
airway and lung in this high-risk population. The
bronchoscopy team should remember that poor
airflow without wheezing may be from extreme
bronchospasm, and the use of intraoperative alb-
uterol can allow the procedure to continue. Low
levels of cigarette smoke exposure can cause
increased airway edema [69], although the effects
on flexible bronchoscopy outcomes in children
exposed to secondhand smoke are not known.

Vagal stimulation and cardiorespiratory com-
plications including cardiac arrest are rare but
significant complications from flexible bronchos-
copy [63, 70]. Death is a rare complication in
pediatric flexible bronchoscopy attributed to sep-
sis in the few reported cases [71, 72].

Bleeding is more common in adult bronchos-
copy than general pediatric bronchoscopy. Rates
of <5% are seen in diagnostic pediatric flexible
bronchoscopy [68, 73]. Bleeding and hemoptysis
are also indications for bronchoscopy, and the
bronchoscopy team must be prepared for acute
bleeding. This includes checking a complete
blood chemistry and coagulation profile prior to
the procedure, performing high-risk procedures
in an appropriate location (the operating room),
and having equipment to intubate the patient and
access to drugs to stop bleeding immediately
available. Epistaxis can be seen with laryngos-
copy and flexible bronchoscopy [68, 73].
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Pneumothorax is reported although rarely in
diagnostic bronchoscopy with lavage [70, 74]. To
minimize risk of pneumothorax, bronchoscopists
are taught to instill low flow oxygen only when
the scope is in large airways and to use CPAP but
not positive pressure ventilation while the scope
is wedged during BAL collection. When these
guidelines are followed, and the airway is not
manipulated with biopsy forceps or other tools,
the cause of pneumothorax is not always clear.

Infection

Whenever a foreign object is introduced into the
body, a risk of infection exists. Guidelines for
cleaning and sterilizing bronchoscopes based on
manufacturer recommendations must  be
employed, followed, and reevaluated regularly
by those responsible for bronchoscopy programs.
Bacteria can grow in wet and drying broncho-
scopes after high-level disinfection [75], and out-
breaks of multidrug-resistant bacteria have been
reported from the use of contaminated broncho-
scopes [76]. With strict adherence to guidelines,
current sterilization techniques appear to ade-
quately limit this risk in flexible bronchoscopy;
however, ongoing study in this area is needed.

A theoretical risk of contamination of oral,
nasal, and tracheal flora into the lower airways
exists with flexible bronchoscopy. Nose and
mouth commensal organisms can be found in
cultures from BAL; however, the exact contribu-
tion from the flexible bronchoscope is not clear
[77]. For example, seeding of laryngeal and tra-
cheal secretions to the lower airways after
repeated endoscopy is a theoretical cause of
recurrent laryngotracheal papillomatosis spread-
ing to lung parenchyma [78]. Decreasing risk in
patients with these infections and in immuno-
compromised patients at risk of infection should
be considered when determining the method of
bronchoscopy. An endotracheal tube can be
placed to minimize contact between these sur-
faces and the flexible bronchoscope prior to BAL
acquisition. Postoperative fever >38 degrees
Celsius can occur within 24 hours of bronchos-
copy with lavage in approximately 50% of

patients [79]. This is likely due to stimulation of
pyrogens from BAL rather than true infection. In
a prospective study, increased risk of postopera-
tive fever was observed in younger children and
those with abnormal bronchoscopy findings [79].
In immunocompetent children there was no bac-
teremia at the time of fever [79].

Risks in Critically lll Children

Children with critical illness in the intensive care
unit are at increased risk of procedures although
often will have increased benefit. The risk of
adverse events in the ICU are approximately
13%, with hypotension and hypoxemia the most
common; however, only 2% of patients required
intervention for these events [2]. Extracorporeal
membranous oxygenation (ECMO) may be both
an indication and a relative contraindication for
flexible bronchoscopy. In general, children on
ECMO can tolerate flexible bronchoscopy with-
out significant pump flow rate or sweep gas flow
changes [3]. Blood-tinged airway secretions and
oozing are more common in this population
(6-35%) both during and post-procedure [3, 80].

Risk of Therapeutic
and Interventional Bronchoscopy

Therapeutic and interventional procedures have
risk based on procedure and preoperative severity
of illness. In adults, thermoplasty has risk of
symptoms associated with airway irritation
resulting in worsening asthma symptoms within
1 day of the bronchoscopy [81]. In a double-blind
prospective control study, 8% of adults with
severe asthma who had thermoplasty were hospi-
talized during the study protocol versus 2% of the
subjects who received sham therapy; however,
the other improvements due to the treatment of
thermoplasty likely outweighed this risk [81].
Children who have had lung transplantation will
likely have multiple surveillance and diagnostic
bronchoscopies. Post-transplant is the most com-
mon indication for transbronchial biopsy, which is
associated with a 0.8-3.4% risk of pneumothorax
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in this population [82]. Pulmonary hemorrhage due
to laceration can be a severe complication in chil-
dren with lung transplantation occurring approxi-
mately 1-5% in this population [82].

Foreign body removal via flexible or rigid
bronchoscopy has reported risk of pneumonia
and when unsuccessful may require repeat sur-
gery [83]. In a cohort of over 2000 pediatric cases
of airway foreign body, hypoxemia was again the
most common complication [84]; however,
severe complications including death has been
reported in multiple series [83-85]. In these
cases, damage from the foreign body itself
appeared to be the cause of the complications
rather than the surgery, although this cannot be
universally assumed. In one case series, increased
rates of complications were associated with
unwitnessed aspiration and infiltrates on preop-
erative chest radiograph [85].

See individual sections for specific risks of
other interventional procedures.

room and to wear fitted masks that prevent aerosol
exposure in high-risk patients. Hospital epidemi-
ologists should be consulted if highly transmissi-
ble infections are isolated from BAL fluid.

Risk of Damage to Equipment

Flexible bronchoscopes are essential but expen-
sive investments for bronchoscopy programs.
Pediatric bronchoscopes are thin, fragile, and
easily broken. The time and cost to repair the
scopes can affect not only productivity of the pro-
gram but patient care. Patients must be appropri-
ately sedated to prevent them from biting the
bronchoscope and bite blocks should be used.
Bronchoscopes must be transported and stored
carefully by qualified individuals. Biopsy forceps
and other tools must be used carefully to limit
wear and tear on the bronchoscopy channel that
is a known risk of this equipment.

Risks to Medical Team

The flexible bronchoscopy procedure has the
potential to expose the bronchoscopy team to
infected aerosols. The American College of Chest
Physicians and American Association for
Bronchology recommend all members of the
bronchoscopy team employ “infection control”
precautions including gown, gloves, mask, and
eye shields [86]. N95 particulate respirator or
higher-grade respiratory precautions is recom-
mended if mycobacterial infection is suspected
and increased precautions should be used for
highly contagious organisms.

Flexible bronchoscopy is a typical diagnostic
procedure to determine the cause of cough or
other respiratory symptoms; therefore, children
with communicable diseases including mycobac-
terial disease, pertussis, and influenza may be
typical patients. Based on the differential diagno-
sis, appropriate workup including sputum culture,
viral testing, tuberculin skin testing, etc., should
be completed before bronchoscopy.
Bronchoscopists should have a low threshold to
perform bronchoscopy in a negative pressure

Conclusion

Bronchoscopy is an integral component of diag-
nosis of pediatric pulmonary disease and is used
increasingly for therapeutic and interventional
procedures. An often-quoted risk of bronchos-
copy is obtaining the wrong answer or no answer
from the procedure. Planning for adequate anes-
thesia, obtaining the proper equipment and team,
and performing the appropriate tests will help
create the circumstances to obtain the correct
answer from the procedure. The importance of
completing a “normal bronchoscopy” may be as
useful as defining an abnormality.

The rare but statistical risk of serious compli-
cations including pneumothorax, cardiac compli-
cations, and cardiac arrest can affect the
bronchoscopist in addition to the patient.
Bronchoscopists should contemplate that indica-
tions for bronchoscopy are appropriate, the
patient and their family provide adequate con-
sent, and preparation for the procedure is thor-
ough and repeatable. Problems with any
component of flexible bronchoscopy should be
reviewed by the program to continually limit risk.
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When procedures are planned appropriately,

bronchoscopy is generally a safe procedure.
General anesthesia, while allowing the success
of bronchoscopy, provides innate risk that
should also be considered. Surgeons should be
aware of pre-procedural risk, which may be
increased in critically ill children. Severe com-
plications including death, although statistically
unlikely, do occur. As in all medical care, bron-
choscopists should weigh the risks and benefits
from the procedure and discuss these with
patients and their families.
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