
APRIL 15, 2017 VOL. 38, NO. 8

AUTHORS 

Jason Toews, MD, Resident Physician, 
Pediatrics (PGY2), St. Christopher’s 
Hospital for Children, Philadelphia, 
PA.

Evan J. Weiner, MD, FAAP, FACEP, 
FAAEM, Director, Department of 
Emergency Medicine, Program 
Director, PEM Fellowship, St. 
Christopher’s Hospital for Children, 
Philadelphia, PA.

PEER REVIEWER 

Alfred Sacchetti, MD, FACEP, Chief 
of Emergency Services, Our Lady of 
Lourdes Medical Center, Camden, 
NJ; Clinical Assistant Professor, 
Emergency Medicine, Thomas 
Jefferson University, Philadelphia, 
PA.

STATEMENT OF FINANCIAL DISCLOSURE

To reveal any potential bias in this publication, and in accordance 
with Accreditation Council for Continuing Medical Education 
guidelines, we disclose that Dr. Farel (CME question reviewer) owns 
stock in Johnson & Johnson. Dr. Schneider (editor), Dr. Stapczynski 
(editor), Ms. Fessler (nurse planner), Dr. Toews (author), Dr. Weiner 
(author), Dr. Sacchetti (peer reviewer), Ms. Mark (executive editor), 
Ms. Coplin (executive editor), and Ms. Hatcher (AHC Media editorial 
group manager) report no financial relationships with companies 
related to the field of study covered by this CME activity.

AHCMedia.com

Stridor in the Infant  
and Young Child 

Introduction
Stridor is a high-pitched, monophonic sound caused by turbulent air flow 

through a narrowed airway, and is a common symptom among young children 
presenting to the emergency department (ED). The term originates from the 
Latin stridere, which means “creaking” or “grating noise.” It may occur during 
inspiration or expiration, but often is limited to inspiration. It may be caused 
by any obstruction that narrows the airway, including edema or inflammation, 
masses, aspirated foreign objects, or decreased tone of the airway walls, among 
other causes. It is distinct from stertor, a lower pitched snoring and snorting 
sound originating in the nasopharynx.

Epidemiology
The most common cause of stridor in young children between the ages of 

3 months and 5 years is viral croup. The peak incidence of croup is during the 
second year of life. Most croup occurs in mid-autumn, with fewer cases in the 
summer. Croup has been found to be more common in males than females, 
and about 15% of patients have a strong family history of croup, perhaps due 
to smaller airway diameters. Peritonsillar and retropharyngeal abscesses also 
are common, although they occur more frequently in older children, and only 
a relatively small proportion result in stridor. Interestingly, the prevalence of 
these infections appears to be increasing.1,2 Epiglottitis was once one of the 
most common infectious causes of upper airway obstruction, but now occurs 
much less frequently. It affects approximately 1.3 out of every 100,000 children 
per year in the United States,3 with a peak incidence at 3 years of age. Bacterial 
tracheitis, another potentially life-threatening infection that can cause stridor, 
typically presents in older children between the ages of 5 and 7 years, but can 
occur at any age.

Foreign body aspiration is the most common noninfectious cause of upper 
airway obstruction, which may or may not result in stridor, and causes the 
deaths of more than 150 children per year and leads to more than 17,000 ED 
visits per year in the United States.4 The vast majority of childhood aspirations 
occur in children younger than 3 years of age.5 

Neoplasms also may cause airway obstruction and stridor, and typically are 
associated with a gradual onset. The most common laryngeal neoplasm in chil-
dren is laryngeal papillomatosis, also known as benign laryngeal warts, which 
has an incidence of 4.3 per 100,000 children. Tumors of the neck are uncom-
mon in infants and children, although they may occur. The two most com-
mon benign tracheal tumors are inflammatory pseudotumor, which is a local 
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EXECUTIVE SUMMARY
 z Evaluate patients with stridor expediently, as it has the poten-

tial to be life-threatening. Ensuring adequate airway patency, 
breathing, and circulation (ABCs) is the first priority in manag-
ing stridor.

 z Viral croup is the most common etiology of stridor in children, 
and typically presents along with symptoms of an upper 
respiratory infection. Patients presenting to the emergency 
department with croup should receive 0.6 mg/kg of dexa-
methasone. Those who are actively stridorous also should 
receive nebulized L-epinephrine.

 z Suspect possible foreign body aspiration until it can be  
disproven.

 z In chronic or subacute presentations of croup, the possible 
etiologies are myriad, and likely will require laryngoscopy. A 
viral upper respiratory infection is often the first presentation 
of underlying airway abnormalities.

inflammatory section to a previous tra-
cheal injury or insult, and hamartomas, 
which are composed of normal tissue 
elements arranged abnormally. 

Anaphylaxis and acute allergic reac-
tions may also lead to stridor through 
upper airway edema. The incidence of 
severe allergies in pediatrics is increas-
ing, and the most common antigens are 
foods.6 Although some parents may be 
concerned about anaphylaxis to vac-
cines, this is exceedingly rare, occurring 
at a rate of one per 1,000,000 vaccine 
doses.7 Although anaphylaxis is much 
less common in infants than in older 
children, it can occur and is increasing 
in prevalence in this age group.6 

Laryngomalacia and tracheomala-
cia are the most prevalent causes of 
congenital stridor, accounting for 60% 
of cases. Congenital vocal cord paraly-
sis is the next most common cause. 
Subglottic hemangioma is a rare cause 
of stridor that typically begins to cause 
airway obstruction within the first two 
months of life, but may first present 
any time within the first six months of 
life. Hemangiomas are most prevalent 
in Caucasians and females.8 The vast 
majority of hemangiomas are cutane-
ous, and 1% of children with cutaneous 
hemangiomas have a subglottic hem-
angioma. However, approximately 50% 
of patients with subglottic hemangioma 
also have a facial cutaneous heman-
gioma, typically within a beard distribu-
tion pattern.

Vascular anomalies of the aortic arch 
complex may compromise the airway. 
These are relatively common, estimated 
to be present in up to 1% of infants, 
although the majority are asymptom-
atic.9 The most common malformation 
to cause stridor is a double aortic arch 

encircling both the trachea and the 
esophagus.9

Patients with cranial facial abnor-
malities, such as micrognathia, are at 
increased risk of developing stridor from 
any cause. A retrospective study also 
revealed an increase in the prevalence of 
stridor from multiple causes in patients 
with trisomy 21.10

Pathophysiology
Stridor may result from any obstruc-

tion that impedes the flow of air 
through the airway. Infants and young 
children are particularly susceptible, as 
their airways have a smaller diameter 
than airways of older children and 
adults. This causes increased resistance 
to air flow as represented by Poiseuille’s 
law, which states that the resistance of 
the airway is inversely proportional to 
the fourth power of the radius. Thus, 
even a very small obstruction in the 
pediatric airway has an outsized effect 
on resistance. The source of the noise of 
stridor is usually the oscillation of the 
walls of the airway secondary to turbu-
lent air flow. According to Bernoulli’s 
principle, the wall of the airway moves 
toward areas of low pressure.

In croup, inflammation causes 
edema of the mucosal lining of 
the airway, reducing its diameter. 
Laryngotracheobronchitis is the term 
used to describe this viral inflammation 
of the glottic and subglottic regions of 
the trachea. The most implicated patho-
gen in croup is parainfluenza, which 
accounts for approximately 75% of cases, 
although influenza A and B, adenovirus, 
rhinovirus, enterovirus, bocavirus, and 
respiratory syncytial virus also are impli-
cated.11 Influenza A has been noted to 
cause particularly severe croup. 

Haemophilus influenzae type B his-
torically was the dominant etiology of 
epiglottitis, which now has become very 
rare in children in the developed world 
because of widespread vaccination. 
Now, the most commonly implicated 
pathogens in epiglottitis are Streptococcus 
pyogenes, Streptococcus pneumoniae, non-
typeable H. influenzae, and Staphlycoccus 
aureus, including methicillin-resistant S. 
aureus. The most commonly implicated 
pathogen in bacterial tracheitis, also 
referred to as bacterial croup, is S. aureus, 
although it also may be caused by other 
pathogens, including Moraxella catarrh-
alis, S. pneumoniae, S. pyogenes, nontype-
able H. influenzae, and anaerobes. The 
role of the latter is questionable.2 

Foreign bodies in the airway are 
another source of stridor. One study 
found seeds to be the most commonly 
aspirated objects.12 Another study 
reported the most common objects were 
hard candy.5 Other commonly aspirated 
objects include nuts, grapes, apples, 
carrots, and popcorn. Inorganic objects 
rarely are aspirated. Multiple studies 
have shown that foreign body aspiration 
is significantly more prevalent in male 
children than in females.12,13 The most 
common site for an object to lodge is 
in the right main stem bronchus (about 
58% of cases); approximately 10% lodge 
in the trachea or larynx. About 60% 
of aspirated foreign objects that lodge 
in the trachea cause stridor. Ingestion 
of foreign bodies may cause stridor if 
they lodge in the esophagus and cause 
impingement of the trachea.

Laryngeal papillomas may cause stri-
dor when they become large enough. 
These growths result from vertical 
transmission of human papillomavi-
rus (HPV) during birth, corroborated 



AHCMedia.com Emergency Medicine Reports / April 15, 2017     87

by the fact that 67% of children with 
respiratory papillomatosis were born to 
a mother who had condylomata acumi-
nata, the vaginal form of the infection. 
The rate of vertical transmission from 
mothers with condylomata acuminata is 
approximately one in 500. HPV types 6 
and 11 are the serotypes most respon-
sible for laryngeal growths.

Laryngomalacia and tracheomalacia 
are caused by decreased laryngeal and 
tracheal tone, respectively, which leads 
to supraglottic collapse during inspira-
tion. In laryngomalacia, subglottic ste-
nosis causes narrowing of the subglottic 
larynx, typically about 2-3 mm below 
the glottis, and may be acquired or 
congenital. Ninety percent of acquired 
stenosis is secondary to trauma fol-
lowing intubation, especially over a 
prolonged period of time, and particu-
larly if an oversized endotracheal tube 
was used. Pressure of the endotracheal 
tube on the inside of the trachea causes 
ischemia and ulceration of the mucosa, 
which heals in most patients following 
extubation, but develops into obstructive 
fibrosis and/or chronic edema in a small 
percentage of cases. This also may be 
exacerbated by gastroesophageal reflux. 
Congenital narrowing of the trachea 
may be caused by fibrosis secondary to 
injury, a tracheal ring trapped beneath 
the cricoid cartilage, submucosal gland 
hypertrophy in the area, a cyst, or 
abnormally shaped cricoid cartilage. In 
these cases, symptoms often first are 

noticed with the onset of a viral upper 
respiratory infection, which causes 
edema in the already compromised air-
way, precipitating biphasic or inspiratory 
stridor.

Cysts in the airway may cause stridor. 
Most often, supraglottic cysts are con-
genital.14 Vallecular cysts are one of the 
more prevalent examples.15 Subglottic 
cysts typically develop secondary to 
trauma to the trachea, such as from 
endotracheal intubation. Vascular rings 
also may impinge on the airway, leading 
to stridor. Any congenital cardiac lesion 
that causes pulmonary hypertension also 
may lead to stridor if the pulmonary 
arteries become enlarged enough to 
compress the left main bronchus.

There are many additional, rare causes 
of stridor. Multiple case reports reported 
hypocalcemia from various causes, 
leading to laryngospasm and stridor 
as the presenting symptoms.16,17,18 
Gastroesophageal reflux may present 
initially as stridor in infants. One case 
report detailed a lesion in the erythroids 
of a child secondary to Crohn’s disease 
that presented with stridor.19 Multiple 
patients have developed contracted 
vocal folds resulting in stridor secondary 
to electrical impulses from implanted 
vagal nerve stimulators for the treat-
ment of epilepsy.20 

Thus, it is imperative to consider a 
wide range of etiologies when the diag-
nosis is unclear and when there is some-
thing unique about the child.

Clinical Presentation and 
Assessment

Rapidly assess patients presenting 
to the ED with stridor, as those in 
significant distress must be managed 
emergently. Initial observation should 
focus on assessing airway patency, 
respiratory effort, and any signs of 
acute hypoxia, such as cyanosis or poor 
perfusion. Examine the nares and oro-
pharynx closely, noting any signs of 
upper respiratory infection or visible 
obstructions, swelling, or drooling. Take 
particular note during the respiratory 
exam for signs of respiratory distress 
such as suprasternal or subcostal retrac-
tions and nasal flaring. Assess aeration 
of the lung fields, as asymmetry may 
indicate an obstruction in one of the 
bronchi. Closely examine the neck for 
overt masses and to ensure full range of 
motion. Look for cervical lymphade-
nopathy that may suggest an infectious 
etiology, or bruising or lacerations sug-
gesting recent trauma to the neck. 

The quality of the cry in infants and 
phonation in older children are impor-
tant to document. The patient’s desired 
positioning also should be assessed; 
a sniffing position (leaning forward 
with the head extended) indicates an 
obstruction at the level of the larynx. A 
thorough cardiac and abdominal exam 
should be performed. 

The location of obstruction in the 
airway often influences the quality of 
stridor, which is useful in assessment of 
these patients. Obstruction may occur 
in the oropharynx above the glottis, 
at the level of the glottis, in the extra-
thoracic portion of the trachea, or in 
the intrathoracic trachea and bronchi. 
There is some inherent flexibility in 
the structures of the pharynx, meaning 
stridor originating in this area may vary 
with changes in position. All extra-
thoracic causes of stridor will have an 
inspiratory phase predominance, as this 
is when the pressure inside the airway 
is at its lowest, drawing in the walls of 
the airway. In contrast, intrathoracic 
obstructions are fixed due to the rigid-
ity of the thorax and would be expected 
to cause biphasic or expiratory stridor 
only. Laryngeal and subglottic obstruc-
tions are associated with higher pitched 
stridor, as these are the narrowest areas 

Table 1. Differential Diagnosis of Stridor 

Acute Infectious
Viral croup
Peritonsillar and retropharyngeal abscess
Epiglottitis
Bacterial tracheitis
Severe lymphadenopathy

Acute Noninfectious
Foreign body aspiration
Foreign body ingestion causing airway 
   obstruction
Allergic airway edema
Airway edema
Neck trauma and caustic ingestions
Laryngeal spasm
Tumors

Chronic Infectious
Laryngeal papillomatosis

Chronic Noninfectious
Laryngomalacia
Subglottic stenosis
Laryngeal webs
Vocal cord paralysis
Subglottic hemangioma
Laryngeal cysts
Vascular rings
Gastroesophageal reflux
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of the airway. Finally, obstruction at the 
level of the larynx would be expected 
to result in a prolonged inspiratory 
phase, while bronchial obstructions 
cause a prolonged expiratory phase. 
Both phases are prolonged with tracheal 
obstructions.

Identify if the stridor is acute or 
chronic in nature. Most presentations 
to the ED will be for acute or subacute 
stridor, and salient history to elicit 
includes the time of onset, character of 
onset (immediate vs. gradual), whether 
it is persistent or intermittent, aggravat-
ing and relieving factors (such as lying 
supine or sleeping), and whether there 
has been any associated cyanosis or 
apnea. Also establish whether there are 
any concomitant or preceding symp-
toms, especially fever, which correlates 
strongly with infectious etiologies, as 
well as cough, rhinorrhea, dysphagia, 
feeding history, and hydration status. 
Always ascertain the child’s immuni-
zation status, as children who are not 
immunized are at increased risk of epi-
glottitis and other infections. Foreign 
body aspiration should be high on the 
differential diagnosis for any case of 
stridor with acute onset, particularly if 
onset was associated with gagging or 
choking or if the child was unsupervised 
or not being directly observed at the 
time the stridor began. 

Stridor in very young infants is most 
often due to congenital abnormalities. 
Birth history and past medical history 
are important, especially diagnoses or 
surgeries related to the airway or neck 

and any recent history of intubation, 
which may have caused injury to the 
airway. 

Confirm medications the patient 
has taken, with particular regard to 
any recent changes or those that may 
decrease muscle tone. 

Even in cases in which chronic stri-
dor exists at baseline, often it will have 
worsened to cause presentation to the 
ED. Also, viral upper respiratory infec-
tion causing acute edema frequently is 
the first presentation of another under-
lying etiology. Thus, conduct a thorough 
history and remember that more than 
one etiology may be present in any 
given patient. 

Croup. Croup often is preceded by 
typical symptoms of a viral upper respi-
ratory infection such as fever, cough, or 
pharyngitis for one to three days before 
the onset of stridor. Along with stridor, 
patients often develop a characteristi-
cally “barky” cough and hoarseness. 
Respiratory symptoms typically are 
worse at night and are aggravated by 
irritation and crying. Croup should be 
diagnosed clinically; confirmatory viral 
testing is not necessary. It is important 
to visualize the posterior pharynx and, 
if concern exists for possible epiglot-
titis, the epiglottis. Assessment of croup 
has been quantified using tools such 
as the Westley Croup Score, which 
classifies the severity of croup using 
stridor, as well as retractions, air entry, 
cyanosis, and level of consciousness.21 
Because alveolar gas exchange is normal, 
parameters such as hemoglobin oxygen 

saturation typically are normal until 
respiratory collapse is imminent. 

Some patients may present with spas-
modic croup, a variant that lacks the 
viral prodrome and is more transient 
and recurrent in nature. The pathogen-
esis of this is unknown, but has been 
postulated to be an allergic response to 
viral antigens. 

Epiglottitis. Epiglottitis, or inflam-
mation of the glottis, may lead to 
stridor. Stridor is a late finding and 
typically is preceded by high fever, phar-
yngitis, and rapidly progressing dyspnea. 
Patients may display characteristic signs 
of drooling22 and tripoding, which is 
characterized by leaning forward with 
one’s neck extended and mouth open. 
If concern for epiglottitis exists, the 
epiglottis must be visualized using a 
tongue blade, laryngoscope, or video 
laryngoscope. If epiglottitis is present, 
the epiglottis will appear enlarged and 
either cherry-red or pale. 

Bacterial Tracheitis. Bacterial tra-
cheitis often develops as a superinfec-
tion following a course of viral croup, 
likely secondary to edema and trauma 
to the tracheal mucosa caused by cough-
ing. Concern for tracheitis should 
be high when stridor persists despite 
standard treatment for croup. Tracheitis 
also may occur in children who were 
extubated recently or who otherwise 
have sustained tracheal trauma, which 
predisposes to infection. In contrast to 
patients with epiglottitis, patients with 
bacterial tracheitis will be able to lie flat 
and will not tripod. They may or may 
not have dysphagia and drooling. These 
children often present with a toxic 
appearance and respiratory distress. 

Peritonsillar Abscess. Peritonsillar 
abscess often is accompanied by fever 
and reticence to swallow, and should 
be suspected if there is uvular devia-
tion or retropharyngeal fullness upon 
visual examination of the pharynx.2 
Meningismus and torticollis from mus-
cular irritation, secondary to the abscess, 
may be present.

Foreign Body Aspiration. Foreign 
body aspiration must be ruled out in any 
stridulous infant or child, particularly 
in cases in which a choking or gag-
ging episode was witnessed prior to the 
initiation of the stridor, or when the 
onset of stridor was very sudden and 

Table 2. Infectious Causes of Stridor

Viral Croup Epiglottitis Bacterial 
Tracheitis

Retropharyngeal 
Abscess

Peak age 1-2 years 3-6 years, any 2-4 years, any 6 months-3 years

Cause Parainfluenza 
virus, other 
viruses

Streptococcus 
pyogenes, 
Streptococcus 
pneumoniae, 
Haemophilus 
influenzae 
type B

Staphylococcus 
aureus,  
S. pyogenes,  
S. pneumoniae

S. pyogenes,  
S. aureus,  
S. pneumoniae

Percent 
receiving 
artificial airway

< 20 > 90 > 75 75

Author adapted from: Long S, Pickering LK, et al. Principles and Practice of Pediatric 
Infectious Diseases, 4th ed. Elsevier; Philadelphia, PA; 2012: 162–171.
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was not preceded by other symptoms. 
The incidence of foreign body aspira-
tion is highest in children older than 6 
months of age who are self-mobile, but 
should be not be ruled out in younger 
children, especially in cases in which 
other children were nearby, as they 
may have placed objects or food in the 
affected child’s mouth. Only slightly 
more than half of foreign body aspira-
tions involve a specific history of aspi-
ration. Aspiration commonly occurs 
while swallowing; young children are at 
increased risk, as their swallowing coor-
dination remains underdeveloped and 
they have reduced ability to masticate. 
Perform a focused respiratory exam, 
and examine the oropharynx for foreign 
objects or food. Asymmetric aeration 
of the lungs may indicate an object in a 
bronchus, which should prompt X-ray 
evaluation.

Laryngeal Papillomatosis. Laryngeal 
papillomatosis typically presents first 
with stridor in children between age 2 
and 4 years. Most lesions occur in the 
larynx, especially on the vocal cords, but 
they also may develop anywhere in the 
respiratory tract, including the pharynx, 
trachea, and bronchi. Hoarseness may 
develop prior to respiratory distress, and 
stridor may occur as the lesions increase 
in size.

Tumor. Tumor should be higher 
on the differential diagnosis in cases 
in which both inspiratory and expira-
tory stridor are present, which suggests 
a fixed obstruction, especially if other 
more common etiologies do not fit the 
presentation. Constitutional symptoms 
associated with malignancy, such as 
weight loss, anorexia, fevers, and night 
sweats, may be present. Malignant 
tumors of the upper respiratory tract 
include rhabdomyosarcomas, bronchial 
adenomas, bronchogenic carcinomas, 
bronchial carcinoid tumors, and oth-
ers. Any mediastinal tumor also may 
compress the trachea and lead to stridor. 
These include mediastinal teratomas, 
which have an increased incidence of 
diagnosis soon after birth.23 Further, 
T-cell acute lymphoblastic leukemia 
(ALL) can present with a medias-
tinal space-occupying mass, which 
may compress the trachea and cause 
stridor. Thyroid tumors and hypertro-
phy may do the same. Patients with 

neurofibromatosis may develop fibromas 
in the larynx, which also may result in 
stridor.

Edema. Iatrogenic airway edema 
should be considered in patients who 
have been extubated recently and pres-
ent with stridor. Trauma to the airway 
can cause injury to the mucosa, lead-
ing to edema. Post-extubation stridor 
is relatively common, with one study 
showing an incidence of 8%.24 

Angioneurotic edema is a rare entity 
seen in children as young as 2 years of 
age, and causes swelling of the airway 
without any urticaria, pain, or discol-
oration. This may be precipitated by 
trauma or stress. 

Anaphylaxis typically presents with 
the involvement of multiple systems. 
Approximately 56% of allergic reactions 
in children younger than 2 years of age 
involve the respiratory system, while 
98% also involve the skin, with general-
ized urticaria being the most common 
complaint in children old enough to 
express themselves.25 In the pediatric 
age group, most reactions occur between 
one and three hours after exposure.25

Other Causes. Laryngeal webs caus-
ing stenosis may present suddenly in 
infants with stridor and respiratory dis-
tress through their first year of life. The 
onset of stridor typically is precipitated 
by a viral upper respiratory infection, 
which causes edema and narrows an 
already compromised airway.

Vocal cord paralysis may be bilat-
eral, which often is caused by a central 
nervous system lesion such as a Chiari 
malformation or hydrocephalus, or 
unilateral, which may have an iatro-
genic cause sustained during surgery. 
Bilateral vocal cord paralysis results in 
high-pitched inspiratory stridor, while 
the unilateral variant may produce 
weak stridor as well, along with chok-
ing, coughing, and aspiration due to the 
vocal cord remaining open and allowing 
secretions into the trachea, and a weak 
cry.

Hemangiomas in the airway are fixed 
obstructions, so they typically cause 
biphasic stridor. Patients may present 
with cough and hoarseness, and stridor 
often is first apparent with the onset of 
a viral upper respiratory infection, which 
further compromises the airway.26,27 If 
the hemangioma itself is compromised, 

it also may produce hemoptysis.
Vascular malformations may cause 

stridor, and almost always will present 
by 3 months of age. These should be 
considered in an infant who presents 
with worsening stridor and respiratory 
distress, but without another more likely 
etiology. The respiratory distress often is 
associated with feeding.

Laryngomalacia and tracheomalacia 
may be exacerbated by feeding, supine 
positioning, and agitation, and may 
worsen acutely with viral upper respira-
tory infections. It may begin immedi-
ately after birth or any time within the 
first two weeks of life and may worsen 
over the first six months of life, mak-
ing it an important consideration in 
the differential diagnosis of an infant 
with new-onset stridor. Patients with 
neurological disease or gastroesophageal 
reflux may be affected more negatively.

Laryngospasm may result in stridor, 
and may be the result of a myriad of 
etiologies. Hypocalcemia can present 
with laryngospasm, as well as other 
symptoms such as irritability, tremors, 
twitching, and carpopedal spasm. If a 
syndrome that may result in hypocalce-
mia is suggested by a patient’s history, 
a basic metabolic panel should be col-
lected to assess the serum electrolyte 
level. 

Iatrogenic administration of ket-
amine is a rare but important cause 
of laryngospasm, and most frequently 
occurs in infants. It typically is self-
limited and usually lasts less than one 
minute. Laryngospasm due to ketamine 
is treated with supplemental oxygen 
and positive pressure ventilation with 
bag and mask. In cases of nonresolu-
tion, endotracheal intubation may be 
necessary.

Diagnostic Studies
X-rays of the chest and neck should 

be ordered only on a case-specific basis; 
they are not indicated in all cases of 
stridor. If a diagnosis of croup is clear, 
for example, an X-ray is not needed. If 
an X-ray of the neck is obtained in a 
case of croup, it may show character-
istic subglottic narrowing, or a “steeple 
sign,” although this is not sensitive or 
specific to croup, and does not cor-
relate well with disease severity. (See 
Figure 1.) Lateral X-ray of the neck 
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often is useful in confirming suspected 
epiglottitis. Proper positioning for this 
is crucial; the patient’s neck should be 
in full hyperextension to best visualize 
the inflamed epiglottis on the X-ray 
film. Ensure that the X-ray is not taken 
from an oblique angle or the epiglot-
tis may appear round on the film. The 
X-ray may reveal a diagnostic enlarged 
epiglottis, termed a “thumb sign.” (See 
Figure 2.) An evaluation of five case 
series has shown that non-concerning 
X-rays do not exclude epiglottitis with 
adequate specificity and sensitivity.11 
Thus, the epiglottis must be visualized 
to rule out epiglottitis in suspected 
cases, even in the event of non-enlarge-
ment of the epiglottis on X-ray.

Advanced imaging such as computer-
ized tomography (CT) or magnetic reso-
nance imaging (MRI) should be done 
when a space-occupying lesion, such as a 
retropharyngeal or peritonsillar abscess, 
is suspected.28 A neck X-ray is not 
required for diagnosis of bacterial trache-
itis, but if obtained it may reveal a ragged 
appearance of the tracheal wall, second-
ary to sloughing of the mucosa, and/or 
subglottic narrowing of the trachea.

Any patient suspected to have 

aspirated a foreign body should undergo 
a lateral and antero-posterior X-ray 
of the neck and chest. Historically, a 
good expiratory chest X-ray has been 
considered to be invaluable, since dur-
ing expiration the object would obstruct 
the bronchus most completely, causing 
air trapping and expansion of the lung 
on the affected side and deviating the 
trachea from midline. However, a recent 
large study challenged this, demonstrat-
ing that the addition of an expiratory 
film to standard chest X-rays did not 
significantly change specificity or sensi-
tivity of diagnosing foreign body aspira-
tions.29 The same study also concluded 
that the addition of a decubitus view 
X-ray is not warranted, as it does not 
significantly increase accuracy.29 It is 
important to note that only radiopaque 
objects will be visible on X-ray. Neck 
X-rays (posteroanterior and lateral) are 
abnormal in 92% of lodged foreign body 
aspirations; only 58% of chest X-rays 
are abnormal. CT or MRI may be con-
sidered if suspicion remains following 
negative X-rays. If suspicion for a for-
eign body aspiration is very high, how-
ever, proceed directly to bronchoscopy. 

When a tumor is suspected, obtain 
an MRI or CT scan, as well as a labora-
tory workup to screen for an oncologic 
process, including complete blood 
count (CBC), blood smear, LDH, and 
inflammatory markers. If a subglottic 
hemangioma is suspected, a CT or MRI 
should be performed and may reveal 
asymmetric narrowing of the trachea.26 

Concern for a vascular abnormality 

impinging on the airway should be 
confirmed with a barium swallow study, 
which would reveal an indentation in 
the esophagus at the level of the malfor-
mation. Some children may require CT 
angiogram or MRI angiogram to con-
firm the diagnosis,30 and one of these 
studies ultimately will be needed to 
assess the specifics of the malformation 
to prepare for eventual surgery. 

Management
Airway Management. As with any 

emergency situation, the top priorities 
are the patient’s airway, breathing, and 
circulation (ABCs). If the patient is in 
significant respiratory distress but con-
tinuing to breathe spontaneously, first 
consider high-flow nasal cannula, bilevel 
positive airway pressure, or continuous 
positive airway pressure. Urgent endo-
tracheal intubation using rapid sequence 
intubation (RSI) may be required in a 
child who is hypoventilating, agonal, or 
apneic. As the cause of stridor is partial 
airway obstruction, endotracheal intu-
bation may be challenging or unsuc-
cessful depending on the etiology of the 
stridor, for example if there is a foreign 
body in the airway. If the etiology of the 
stridor is edema of the airway, intuba-
tion may exacerbate this, both acutely 
and following extubation. Thus, proceed 
with endotracheal intubation only when 
necessary. 

If RSI is necessary, local protocols 
and drug availability will determine the 
drugs used. A typical agent used for 
sedation will be etomidate (0.3 mg/kg 
intravenous [IV]) or ketamine (1 to 2 
mg/kg IV), with the latter preferred if 
there is concern for septic shock. The 
typical paralytic agent is succinylcho-
line (2 mg/kg IV in younger children, 
and 1 to 1.5 mg/kg IV in older chil-
dren), unless there is a contraindicating 
crush injury, in which case rocuronium 
(1 mg/kg IV) is used. When intubat-
ing, use a smaller sized endotracheal 
tube than recommended for the child’s 
age to account for expected reduced 
airway diameter. External laryngeal 
manipulation may help improve visu-
alization of the glottis in difficult 
airways. In rare cases when obstruc-
tion above the glottis makes endo-
tracheal intubation impossible and 
the patient is unable to be ventilated, 

Figure 1. Steeple Sign, 
Croup

Figure 2. Epiglottitis, 
Thumb Sign
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cricothyroidotomy may be necessary. 
In this case, a conduit for ventilation 
is passed through the cricothyroid 
membrane, which is located superior 
to the laryngeal prominence. In chil-
dren younger than 10 years of age, 
the use of a 16- or 18-gauge needle 
passed through the central, lower por-
tion of the cricothyroid membrane is 
preferred to the surgical cricothryoid-
otomy, which is used in older children 
and adults. This is because anatomical 
restriction of the area of the cricothy-
roid membrane exists in younger chil-
dren. If the cricothyroid membrane is 
not appreciable in a young child, pass-
ing a needle through the tracheal rings 
inferiorly is also an acceptable option 
to provide ventilation. In such patients, 
transtracheal jet ventilation may be 
used, which provides high frequency 
and low tidal volume ventilation. 

Croup. The first line of treatment for 
croup is glucocorticoids, which reduce 
inflammation and edema in the airway. 
Children presenting to the ED with 
croup should receive oral dexametha-
sone (0.6 mg/kg to a maximum of 20 
mg); some studies indicate a lower 
dose may be effective as well. Meta-
analyses have shown that glucocorti-
coids decrease return to the ED.31 The 
onset of action of glucocorticoids may 
be evident within about 30 minutes.11 
Children presenting with croup also 

should receive nebulized dexamethasone 
concurrently, which acts as a vasocon-
strictor and reduces airway edema. 
When stridor is actively present and the 
child is experiencing respiratory dis-
tress, nebulized L-epinephrine (3 mL, 
1:1,000), which acts on alpha-adrener-
gic receptors to constrict pre-capillary 
arterioles in the airway to further 
reduce edema, should be administered. 
Nebulized treatments of epinephrine 
typically take about 20 minutes and are 
effective when compared to placebo.32 
Patients should continue to receive 
nebulized L-epinephrine as frequently 
as necessary while stridor and respira-
tory distress persist. Providing cold 
air for inhalation has been suggested 
as a treatment for croup, as decreased 
temperature causes increased density of 
the air and, thus, less turbulence. The 
efficacy of this treatment, however, has 
not been established in the medical lit-
erature. Likewise, heliox has been noted 
anecdotally to improve stridor and 
respiratory distress, but a meta-analysis 
of relevant studies revealed no signifi-
cant difference in outcomes.33 

Laboratory testing typically is not 

indicated in children with croup unless 
there are concerns for concomitant 
dehydration, in which case serum elec-
trolytes may be assessed. Routine confir-
matory viral testing is not indicated. 

Admit the patient if his or her stridor 
is progressive despite therapy, if it per-
sists after two courses of L-epinephrine, 
or if he or she presented with hypoxia, 
cyanosis, altered mental status, or has 
had inadequate oral intake and requires 
IV fluids. Patients younger than 6 
months of age or those returning to 
the ED also should be strongly con-
sidered for admission. Multiple studies 
have shown that approximately 8% of 
patients who present with croup require 
admission, while about 1% require ICU 
admission.11 

Without treatment, the typical course 
of croup is self-limited, and studies have 
indicated that about 75% of stridor 
from croup will self-resolve within three 
days.11 Almost all resolve within one 
week of onset. 

Spread of infection occurs in approxi-
mately 15% of patients, most commonly 
to the terminal bronchioles, pulmonary 
parenchyma, or the middle ear. Bacterial 

Figure 4. Retropharyngeal AbscessFigure 3. Foreign Body in 
Esophagus, Obstructing 
Airway
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tracheitis also may develop after croup, 
secondary to the trauma caused to the 
tracheal wall by coughing.

Epiglottitis. If epiglottitis is sus-
pected, attempt to visualize the epiglot-
tis using a tongue depressor or with a 
laryngoscope if necessary. Historically, 
concern had been raised that manipula-
tion of the oropharynx may trigger air-
way compromise, but this was premised 
on only two case reports,11 and thus 
should not dissuade the clinician from 
performing this important visualization. 
Confirmed epiglottitis warrants place-
ment of an artificial airway as soon as 
context permits. Case series have shown 
that 6% of patients with epiglottitis who 
do not receive an artificial airway die, 
while less than 1% of those with an arti-
ficial airway die. The endotracheal tube 
used should be 0.5-1 mm smaller than 
what otherwise would be used for the 
patient to account for increased edema 
of the airway. Until an artificial airway 
can be placed, the patient is given nebu-
lized L-epinephrine, which may reduce 
the size of the epiglottis, and the patient 
should receive oxygen via high-flow nasal 
cannula. To guide antibiotic manage-
ment, CBC, blood culture, and respira-
tory culture from the epiglottis should 
be obtained after an artificial airway is 
established, and if concern for possible 
meningitis exists, cerebrospinal fluid 
analysis should be performed as well. The 
patient should be started on parenteral 
cefotaxime, ceftriaxone, or meropenem 
pending cultures, as up to 40% of H. 
influenzae type B are resistant to ampi-
cillin. If MRSA is suspected based on 
trends in the community, or if the patient 
or family has a history of MRSA, add 
vancomycin.3 Intubated patients gener-
ally require admission to the ICU, and 
typically are ready to be extubated in 
two to three days, after antibiotics take 
effect. Antibiotic treatment should be 
continued for 10 days. Prophylaxis for all 
family members of a patient who tests 
positive for H. influenzae is indicated if 
there is any child younger than 4 years of 
age in the home who is inadequately or 
incompletely vaccinated for any reason. 
Prophylaxis is with rifampin (20 mg/kg 
PO once daily for four days).

Bacterial Tracheitis. Patients may 
require endotracheal intubation depend-
ing on their level of respiratory distress 

secondary to airway edema. The edema 
is most critical at the level of the cricoid 
cartilage, as this is the narrowest section 
of the airway and may be complicated 
by purulent secretions. Fifty to sixty 
percent of patients are intubated dur-
ing their hospital course,2 with younger 
patients requiring intubation more 
frequently because of their smaller 
airway diameters. It is not uncommon 
for the endotracheal tube to become 
obstructed with thick secretions and 
result in a ball-valve effect which can 
lead to hyperdistention of the lungs and 
pneumothorax. If ventilation becomes 
difficult, the tube should be removed 
and a new tube inserted. Treatment with 
parenteral antibiotics should be initiated 
promptly. Empiric treatment should be 
started with clindamycin or vancomycin 
to cover gram-positive organisms, as 
well as a third-generation cephalospo-
rin. Supplemental oxygen often is nec-
essary as well. Toxic shock syndrome has 
been associated with Staphylococcal and 
group A streptococcus tracheitis,34 so 
monitor vital signs very closely. Patients 
with tracheitis should be admitted for 
continued antibiotic treatment and close 
observation. Tracheal edema typically 
begins to resolve within two to three 
days of appropriate antibiotics. 

Peritonsillar and Retropharyngeal 
Abscess. Many abscesses will need 
drainage. Peritonsillar abscesses are 
often drained by emergency physi-
cians, although very young children 
may require consultation. Regardless of 
whether an abscess is drained, adminis-
ter clindamycin, amoxicillin-clavulanate, 
or ceftriaxone28 to treat for gram-posi-
tive organisms, which are almost always 
implicated.2 Obtain a CBC and blood 
culture. If incision and drainage is per-
formed, ensure that a wound culture is 
collected so that bacterial speciation and 
susceptibilities can be identified to allow 
for the most efficacious use of antibiot-
ics. If incision and drainage is successful 
and stridor resolves, the patient may be 
able to be discharged; if this is not the 
case, then he or she will require admis-
sion. Abscesses causing stridor often 
require admission to the ICU. 

Foreign Body Aspiration. If an 
object is visible in the posterior oro-
pharynx and the child is able to breathe, 
use your judgment as to whether it can 

be removed expediently in a safe man-
ner. If not, removal should be performed 
in a controlled environment with a 
specialist present, as manipulation of 
the object may compromise the airway 
acutely. However, the risk of airway 
compromise exists if the object is not 
removed immediately. If the history 
suggests a foreign body aspiration and 
the child stops breathing, the Heimlich 
maneuver should be performed. 

If no foreign body is visible in the 
oropharynx, an anteroposterior and lat-
eral chest X-ray should be obtained. If 
X-rays are negative, CT or MRI is use-
ful in identifying an aspirated foreign 
object, but is unnecessary if the history 
clearly suggests an aspiration, as bron-
choscopy is indicated in all such cases. 

If an object is identified, otolaryn-
gology, pulmonary, general surgery, 
or anesthesia should be consulted 
to determine a plan for removal, in 
many instances by rigid bronchoscopy. 
Bronchoscopy has been found to be 
97% effective in removing known 
objects.12 It is imperative that foreign 
bodies be identified and removed 
expediently; one study found a two-
fold increase in complications in chil-
dren who had a bronchoscopy more 
than 24 hours after presentation to the 
ED compared to those who had bron-
choscopy within the first 24 hours.35 
Another study showed that 19% of 
patients undergoing bronchoscopy had 
tracheal foreign bodies that had been 
aspirated more than 60 days prior.13 
Late presenting signs of foreign 
body aspiration may include hemop-
tysis, fever, cough, and pneumonia. 
Gastroenterology should be consulted 
for removal of ingested foreign bodies 
that are lodged in the esophagus.

Tumors. All tumors causing stri-
dor warrant admission and very close 
monitoring until the airway is no longer 
compromised. Be especially wary of 
the child who refuses to lay supine, as 
a mediastinal mass may be compress-
ing the airway. Such a child requires 
immediate imaging to identify whether 
a mass exists. If a mass is deemed malig-
nant, emergent radiation is required to 
shrink the size of the tumor. Steroids 
are contraindicated in any child for 
whom malignancy remains on the dif-
ferential diagnosis.
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Anaphylaxis. Allergic reactions with 
acute airway compromise should be 
treated emergently with intramuscular 
epinephrine in the outer thigh at a dose 
of 0.01 mg/kg.6 Monitor hemoglobin 
oxygen saturation and, if necessary, 
supplement with 8 to 10 L of O2 by face 
mask.6 Peripheral IV access should be 
obtained promptly, and the child should 
be given a bolus of 10 to 20 mL/kg of 
normal saline.6 Albuterol also may be 
considered as an adjuvant, although this 
will cause bronchodilation only through 
beta-adrenergic receptors in the lungs, 
and will have no effect on the alpha-
adrenergic receptors in the mucosa of 
the airway, which are targeted by epi-
nephrine. In the event of stridor and 
worsening respiratory distress refractory 
to epinephrine administration, endo-
tracheal intubation may be necessary. 
Corticosteroids also should be given 
to reduce inflammation, although their 
effects will not be appreciated immedi-
ately. The length of observation prior to 
discharge or indications for admission 
vary according to the severity of the 
reaction and the institution.  

At discharge, all patients should be 
prescribed a self-administering epineph-
rine device to be available at all times 
in case of recurrence. Recipients should 
be trained in proper use, and patients 
should be referred for IgE testing to 
confirm the responsible antigen and 
possible desensitization.6

Trauma and Caustic Ingestions. 
Trauma to the neck or chest may cause 
stridor, and likely will be a clear etiology 
based on patient history and physical 
exam. In these cases, stabilization of 
the neck using a collar is important, 
and emergent airway management may 
be necessary. If a foreign object was 
involved, ensure that no aspect of the 
object remains lodged in the neck; if 
it does, it must be removed surgically. 
If vascular compromise is suspected, 
obtain an urgent CT or MRI angio-
gram to assess the vascular structures. 
Monitor the child closely, as a hema-
toma may develop and compromise 
the airway. When assessing imaging, 
attempt to ascertain whether a hema-
toma, tracheal disruption, or simple 
edema is causing the stridor, as this will 
affect management. Crepitus on physi-
cal exam indicates compromise of the 

airway wall or the lungs. 
Caustic trauma secondary to inges-

tion also may cause stridor — these 
patients should be admitted and 
otolaryngology should be consulted. 
Epiglottitis and other airway burns may 
result from aspiration of hot liquids, 
even hours after the incident.36 If expe-
riencing acute respiratory distress, these 
patients may need to undergo tracheos-
tomy to establish an artificial airway.

Other Etiologies of Stridor. 
Definitive diagnosis of stridor may 
require direct laryngoscopy if the diag-
nosis is not obvious. These include 
subglottic hemangiomas, laryngeal papil-
lomatosis, vocal cord paralysis, subglottic 
stenosis, and laryngeal webs. Treatment 
for subglottic hemangiomas should be 
initiated after consultation. Propranolol 
recently has emerged as an effective 
first-line treatment option for involut-
ing any hemagioma, particularly those 
that are compromising the airway.37 Its 
mechanism of action remains incom-
pletely understood. Propranolol may 
cause hypotension, bradycardia, hypogly-
cemia, and bronchospasm, among other 
symptoms, so any patient who receives 
it should be monitored very closely and 
may require ICU admission. 

If laryngeal papillomatosis is produc-
ing stridor, the lesions should be excised 
endoscopically. For vocal cord paralysis, 
depending on the etiology, the paralysis 
often resolves within six to 12 months 
of onset, although if it persists for more 
than three years it is unlikely to resolve. 
The likelihood of spontaneous resolu-
tion is greater than 50% whatever the 
cause;38 reinnervation also may be a pos-
sible option for some patients. Children 
with vocal cord paralysis should avoid 
foods that can be aspirated, such as nuts 
and seeds. 

Subglottic stenosis typically needs to 
be 50% or more of the diameter of the 
airway to become symptomatic.39 If a 
patient requires intubation, it is crucial 
to use a small enough endotracheal tube, 
depending on the size of the child and 
the degree of stenosis. Emergent air-
way compromise, as in other cases, may 
require cricoidectomy or tracheostomy, 
although clearly this should be a last 
resort. 

Patients with laryngeal webs should 
undergo CT of the neck, as about 

one-third of these patients also have a 
pulmonary artery sling. Treatment will 
depend on the extent and nature of the 
obstruction. In the case of enlarged pul-
monary arteries secondary to pulmonary 
hypertension, the root cause of the pul-
monary hypertension must be treated. 
Any vascular lesion causing stridor war-
rants an immediate consultation and 
admission. Any laryngeal cyst causing 
stridor should be resected.14

The diagnosis of laryngomalacia is 
clinical, but should be confirmed with 
laryngoscopy as an outpatient.40 In cases 
in which the patient is stable, the condi-
tion should be managed conservatively, 
as it often spontaneously resolves at 
12-24 months of age, although this can-
not be predicted accurately.41 Patients 
with apnea, hypoxia, or failure to thrive 
are candidates for surgical correction.42 
Continuous positive airway pressure 
may help in keeping the airway open 
in the short term, as may a forward jaw 
thrust. 

Summary
Obstructions of the airway that cause 

stridor can take many forms. Initial 
assessment of a patient with stridor 
should be expedient, particularly if 
respiratory failure has occurred or is 
imminent, and emergent airway man-
agement may be necessary. The causes 
of stridor are stratified into acute and 
chronic, and further into infectious and 
noninfectious. Fever and other symp-
toms consistent with infection suggest 
an infectious etiology, of which croup 
is most common. Suspicion of foreign 
body aspiration should be high until it 
can be ruled out. Eliciting a thorough 
history should help narrow the differ-
ential diagnosis, and X-rays and other 
imaging often can help confirm it. 
Many noninfectious sources of stridor 
will require laryngoscopy for definitive 
diagnosis. It is important to remem-
ber that congenital sources of stridor 
may present well after birth, often in 
the context of a viral upper respiratory 
infection.  
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CME/CE Questions
1. The principles of which law make 

children more susceptible to stridor 
than adults?
a. Newton’s third law
b. Poiseuille’s law 
c. Pascal’s law
d. Bernoulli’s principle

2. In which season does viral croup 
occur most?
a. Winter
b. Spring 
c. Summer
d. Autumn

3. Direct visualization with laryngos-
copy is required for definitive diag-
nosis of which of the following?
a. Laryngeal papillomatosis 
b. Epiglottitis  
c. Bacterial tracheitis
d. Foreign body ingestion

4. What is the most common patho-
gen responsible for bacterial 
tracheitis?
a. Streptococcus pneumoniae
b. Staphylococcus aureus 
c. Moraxella catarrhalis
d. Arcanobacter hemolyticum

5. Treatment for stridor caused by 
anaphylaxis should include all of the 
following except:
a. supplemental oxygen.
b. glucocorticoids. 
c. intramuscular epinephrine.
d. ibuprofen. 

6. What is the gold standard for diag-
nosis of a foreign body aspiration?
a. Chest X-ray
b. Bronchoscopy 
c. Ultrasound
d. Physical exam

7. A child with unilateral vocal cord 
paralysis has an increased risk of 
which of the following?
a. Failure to thrive
b. Airway edema 
c. Peritonsillar abscess
d. Foreign body aspiration 

8. Fixed obstruction in the intratho-
racic trachea would be expected to 
result in:
a. stridor that varies with changes 

in position.
b. prolongation of inspiratory phase 

exclusively. 
c. wheeze.
d. biphasic stridor. 

9. Drooling and tripoding are charac-
teristic symptoms of:
a. intrathoracic tracheal tumor.
b. croup. 
c. epiglottitis. 
d. hypocalcemia.

10. What is the most common cause of 
congenital chronic stridor?
a. Tracheoesophageal fistula
b. Laryngeal webs 
c. Bronchopulmonary dysplasia
d. Laryngomalacia 
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Stridor in the Infant and Young Child

Differential Diagnosis of Stridor

Infectious Causes of Stridor

Steeple Sign, Croup Epiglottitis, Thumb Sign

Acute Infectious
Viral croup
Peritonsillar and retropharyngeal abscess
Epiglottitis
Bacterial tracheitis
Severe lymphadenopathy

Acute Noninfectious
Foreign body aspiration
Foreign body ingestion causing airway 
   obstruction
Allergic airway edema
Airway edema
Neck trauma and caustic ingestions
Laryngeal spasm
Tumors

Chronic Infectious
Laryngeal papillomatosis

Chronic Noninfectious
Laryngomalacia
Subglottic stenosis
Laryngeal webs
Vocal cord paralysis
Subglottic hemangioma
Laryngeal cysts
Vascular rings
Gastroesophageal re� ux

Viral Croup Epiglottitis Bacterial 
Tracheitis

Retropharyngeal 
Abscess

Peak age 1-2 years 3-6 years, any 2-4 years, any 6 months-3 years

Cause Parain� uenza 
virus, other 
viruses

Streptococcus 
pyogenes, 
Streptococcus 
pneumoniae, 
Haemophilus 
in� uenzae 
type B

Staphylococcus 
aureus, 
S. pyogenes, 
S. pneumoniae

S. pyogenes, 
S. aureus, 
S. pneumoniae

Percent 
receiving 
arti� cial airway

< 20 > 90 > 75 75

Author adapted from: Long S, Pickering LK, et al. Principles and Practice of Pediatric 
Infectious Diseases, 4th ed. Elsevier; Philadelphia, PA; 2012: 162–171.
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Foreign Body in Esophagus,  
Obstructing Airway

Retropharyngeal Abscess
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