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CLINICAL PRACTICE

Croup

James D. Cherry, M.D., M.Sc.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

Crouplike symptoms develop in a previously healthy 2-year-old girl at 11 p.m. She
is seen in an emergency department 2 hours later with a barking cough and, when
upset, inspiratory stridor. Her temperature is 36.1°C, respiratory rate 20 breaths per
minute, heart rate 151 beats per minute, and oxygen saturation 94% while she is
breathing ambient air. She has mild sternal retractions but no cyanosis. How should
she be evaluated and treated?

THE CLINICAL PROBLEM

Before the 20th century, all crouplike illnesses were thought to be diphtheria.* To-
day, the word “croup” is used to refer to a number of respiratory illnesses that are
characterized by varying degrees of inspiratory stridor, barking cough, and hoarse-
ness due to obstruction in the region of the larynx.#

CLASSIFICATION
The terminology for croup illnesses has evolved over time, but unfortunately, some
classifications have been imprecise.*” For example, the term “laryngotracheobronchi-
tis” is often used to describe either spasmodic croup or laryngotracheitis. A classifica-
tion scheme with definitions and clinical features is presented in Table 1. The vast
majority of cases of croup are either laryngotracheitis or spasmodic croup.®

EPIDEMIOLOGIC FEATURES
Croup (laryngotracheitis and spasmodic croup) is an illness of infants and children
younger than 6 years of age,1° with a peak incidence between 7 and 36 months of
age. During the second year of life, about 5% of children have croup. The incidence
in boys is about 1.5 times that in girls. In a 14-year study of hospitalizations for
croup in Ontario, Canada, between 1988 and 2002, a biennial midautumn peak and
an annual summer trough were observed.1°

PATHOLOGICAL FEATURES AND PATHOGENESIS
In acute laryngotracheitis, there is erythema and swelling of the lateral walls of the
trachea, just below the vocal cords.1»*? Histologically, the involved area is edema-
tous, with cellular infiltration in the lamina propria, submucosa, and adventitia.
The infiltrate contains histiocytes, lymphocytes, plasma cells, and neutrophils.3-14
In bacterial croup — laryngotracheobronchitis and laryngotracheobronchopneumo-
nitis — the tracheal wall is infiltrated with inflammatory cells, and in addition,
ulceration, pseudomembranes, and microabscesses are present.>!> There is thick
pus within the lumen of the trachea and the lower air passages.>° In spasmodic
croup, there is noninflammatory edema in the subglottic region.!*
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Table 1. Classification, Definition, and Clinical Features of Croup llinesses.

Characteristi

Definition

Typical age at
occurrenc

tory
Prodrome

full-blown
disease)

presenta-
tion

Signs on pre-
sentation

Radiographic
findings

White-cell
count

Microbiologic
findings

Individual and
family his-

Onset (time to

Symptoms on

Definition and

c Spasmodic Croup

Sudden nighttime onset of in-
spiratory stridor; associat-
ed with mild upper respi-
ratory tract infection, with-
out inflammation

3moto3yr
e

Possible family history of
croup; possible previous
attack

Minimal coryza

Sudden, always at night; the
characteristic presentation
is that of a child who at
bedtime was thought to be
well or perhaps to have mild
cold symptoms but who
awakened suddenly with
croupy cough and stridor

Hoarseness and barking
cough, no dysphagia,
minimal-to-moderate in-
spiratory stridor; nontoxic
presentation

No fever; no pharyngitis; nor-
mal epiglottis

Subglottic narrowing on pos-
terior—anterior view

Normal

Etiologic agents similar to
those in laryngotracheitis

Acute Laryngotracheitis

Inflammation of the larynx
and trachea

3moto3yr

Possible family history of
croup

Usually coryza

Moderately rapid but variable;
onset mimics that of a
cold, with nasal irrita-
tion, cough, and coryza;
fever occurs within the
first 24 hr; within 12 to
48 hr, signs of obstructed
upper airway and symp-
toms occur

Hoarseness and barking
cough, no dysphagia,
minimal-to-severe inspi-
ratory stridor; usually
minimally toxic presenta-
tion

Fever, generally 37.8 to
40.5°C; usually minimal
pharyngitis; normal epi-
glottis

Subglottic narrowing on
posterior—anterior view

Mildly elevated, with >70%
polymorphonuclear cells

Most commonly caused by
parainfluenza virus 1
(responsible for frequent
fall outbreaks); many oth-
erviruses also implicated,
including other parain-
fluenza viruses and in-
fluenza viruses (influen-
za virus A and parainflu-
enza virus 3 often cause
severe cases), respiratory
syncytial virus, measles
virus, adenoviruses, and
rhinoviruses

LTB and LTBP (Including
Bacterial Tracheitis)*

Inflammation of the larynx,
trachea, and bronchi or
lung; usually similar in on-
set to laryngotracheitis, but
with more severe illness

3moto3yr

Possible family history of
croup

Usually coryza

Usually gradually progressive
over a period of 12 hr to
7 days

Hoarseness and barking
cough; no dysphagia; in-
spiratory stridor, usually
severe; typically toxic pre-
sentation

Fever, generally 37.8 to
40.5°C; usually minimal
pharyngitis; normal epi-
glottis

Subglottic narrowing on pos-
terior—anterior view, irreg-
ular soft-tissue densities
in trachea on lateral view,
bilateral pneumonia

Usually elevated or abnormal-
ly low, with >70% neutro-
phils and increased per-
centage of band forms

Although may be caused by a
virus (e.g., parainfluenza
virus 1, 2, or 3 or influenza
virus A or B), in most in-
stances the illness is due
to secondary bacterial in-
fection, particularly from
Staphylococcus aureus; other
bacteria include group A
streptococci, Streptococcus
pneumoniae, Haemophilus
influenzae, and Moraxella
catarrhalis

Laryngeal Diphtheria

Infection involving the larynx
and other areas of the
airway due to Corynebac-
terium diphtheriae, re-
sulting in progressive
airway obstruction

All ages

Lack of immunization or in-
adequate immunization

Usually pharyngitis

Slow, progressing over a pe-
riod of 2 to 3 days

Hoarseness and barking
cough; usually dyspha-
gia; minimal-to-severe in-
spiratory stridor; usually
nontoxic presentation

Fever, generally 37.8 to
38.5°C; membranous
pharyngitis; epiglottis
usually normal but may
contain membrane

Not useful

Usually elevated, with in-
creased percentage of
band forms

C. diphtheriae (identified on
smear and culture of
membrane)

* LTB denotes laryngotracheobronchitis, and LTBP laryngotracheobronchopneumonitis.
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Table 2. Assessment of the Severity of Croup.*

Mild

Moderate

Severe

Level of Severity

Impending respi- Barking cough (often not prominent), audible stridor at
ratory failure

Characteristics

Occasional barking cough; no audible stridor at rest, and
either mild or no suprasternal or intercostal indrawing
(retractions of the skin of the chest wall)

Frequent barking cough, easily audible stridor at rest, and
suprasternal and sternal retractions at rest, but little or
no agitation

Frequent barking cough, prominent inspiratory and, occa-
sionally, expiratory stridor, marked sternal retractions,
and agitation and distress

rest (occasionally hard to hear), sternal retractions
(may not be marked), lethargy or decreased level of
consciousness, and often dusky appearance in the ab-
sence of supplemental oxygen

* Adapted from the Alberta Medical Association.*

7 Corresponding Westley scores for level of severity would be 0 to 2 for mild
croup, 3 to 5 for moderate croup, 6 to 11 for severe croup, and 12 to 17 for
impending respiratory failure.®
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Host factors appear to be important in patho-
genesis, since parainfluenza virus infections (par-
ticularly type 3) are common in infants and
young children,'” yet croup develops in only a
small percentage of those exposed.'’® A number
of studies have indicated that allergic factors
play a role in recurrent croup.>%2° It is possible
that primary infection with parainfluenza virus
type 3 (which may go unrecognized) leads to
sensitization to the parainfluenza virus group
rather than to type 3 alone,’ setting the stage for
spasmodic croup due to parainfluenza virus types
1 and 2.

STRATEGIES AND EVIDENCE

EVALUATION
Differential Diagnosis
Since the croup illnesses discussed above and
presented in Table 1 differ in severity as well as
in their treatment, the differential diagnosis is im-
portant. Correct diagnosis of other acute obstruc-
tive illnesses in the region of the larynx (e.g.,
epiglottitis, foreign body, angioneurotic edema of
the epiglottis) is also essential and lifesaving.?°
Epiglottitis rather than croup is suggested by
the absence of a croupy cough (which sounds
similar to a barking seal or sea lion); the sitting
posture of the child, with the chin pushed for-
ward and a reluctance or refusal to lie down; and
greater apprehension and anxiety on the part of

the child than the degree of inspiratory diffi-
culty would suggest. A lateral neck radiograph
will confirm the diagnosis of epiglottitis but is
rarely necessary, since the clinical findings noted
above are often diagnostic.

Both foreign-body and angioneurotic edema
can cause upper-airway obstruction. They usually
occur suddenly, without fever or other signs and
symptoms of infection.

Laryngotracheobronchitis and laryngotracheo-
bronchopneumonia can be differentiated from
spasmodic croup and laryngotracheitis by signs
of lower-airway involvement (crackles, air trap-
ping, wheezing, and pneumonia seen on a radio-
graph).>®15,21,22 A bacterial cause should be sus-
pected in these cases and also in cases of
laryngotracheitis when symptoms and signs per-
sist or worsen despite treatment with corticoste-
roids and epinephrine. In both laryngotracheo-
bronchitis and laryngotracheobronchopneumonia,
a lateral neck radiograph may reveal soft densi-
ties indicating purulent exudate within the tra-
chea. Laryngeal diphtheria should be considered
in unimmunized patients with possible exposure.

Laboratory studies are rarely useful in the
evaluation of routine croup. If clinical findings
suggest laryngotracheobronchitis or laryngotra-
cheobronchopneumonia, white-cell and differen-
tial counts and posterior—anterior and lateral chest
and neck radiographs are indicated. In these
cases, intubation is commonly required, and a
tracheal bacterial culture should be obtained at
the time of intubation. Also useful in cases of
laryngotracheobronchitis or laryngotracheobron-
chopneumonia, as well as in severe cases of laryn-
gotracheitis, is a specimen (from nasal wash or
tracheal secretions) for the direct identification
of influenza virus, which can help guide deci-
sions about the use of antiviral therapy.

Assessment of Severity

A variety of scoring systems have been developed
to evaluate the severity of croup.®2*2* The most
commonly used scoring system has been that of
Westley et al.,2* which evaluates the severity of
croup by assessing five factors: level of conscious-
ness, cyanosis, stridor, air entry, and retractions.
This system has been extremely valuable in treat-
ment trials but has little use in the routine clini-
cal setting.® However, a clinically useful severity-
assessment table has been developed by an Alberta
Clinical Practice Guideline Working Group* (Ta-
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ble 2). Based on this classification scheme, 85%
of children seen in 21 general emergency depart-
ments in Alberta, Canada, had mild croup, and
less than 1% had severe croup.®

TREATMENT
During the past 50 years, there has been consid-
erable controversy regarding many therapies for
croup, including the role of humidified air and
the optimal type (Warm vs. cold) and the roles of
corticosteroids and racemic epinephrine.> How-
ever, the marked success of corticosteroids in the
outpatient management of croup and the effec-
tiveness of nebulized epinephrine in more severe
cases have led to the resolution of many of the
controversies.

Acute Laryngotracheitis and Spasmodic Croup
Humidified Air
During much of the 20th century, treatment with
humidified air (mist therapy) was the corner-
stone of the management of croup.»? More re-
cently, however, the effectiveness of mist therapy
has been questioned.*#2> In a recent trial?° com-
paring the effects of high humidity (100%), low
humidity (40%), and blow-by humidity (in which
a plastic hose is held near the child’s nose and
mouth) in children with mild croup, there were
no significant differences in the croup-score re-
sponses among the three groups; each group had
significant improvement (about 33%) over base-
line in the croup score 60 minutes after adminis-
tration. In two other small trials, control subjects
who received nebulized saline also had improve-
ment in their croup scores over the baseline val-
ues.?>2* Since none of these studies included an
untreated control group, it is not possible to
know whether the improvements were due to the
moist air. A recent Cochrane Collaboration re-
view of data from three other studies concluded
that there was no evidence that inhalation of hu-
midified air in children with mild-to-moderate
croup resulted in a substantial improvement in
the croup score.?”
Corticosteroid Therapy

Corticosteroid therapy is now routinely recom-
mended by all experts.#5%1025 [n a cotton-rat
laryngotracheitis model,*® corticosteroids reduced
the degree of inflammation and cell damage; al-
though the viral load was increased, the duration
of shedding was not prolonged. Meta-analyses of
randomized trials?3-3° have consistently demon-

strated significant improvement in patients treat-
ed with corticosteroids as compared with con-
trols. For example, in a meta-analysis of 37 trials,
patients who were given corticosteroids had sig-
nificantly lower croup scores at 6 hours, a de-
crease in return visits, and a decrease in time
spent in emergency rooms or hospitals.3°

Trials of corticosteroids in croup have in-
volved a variety of drugs, dosages, and routes of
administration.3°33 The regimens studied most
frequently have been single-dose dexamethasone
(0.6 mg per kilogram of body weight given
orally or intramuscularly) and nebulized budeso-
nide (2 mg in 4 ml of water); some studies have
involved additional doses (up to four doses of
dexamethasone or nebulized budesonide given
over a period of 2 days). No studies have directly
compared the outcomes of single-dose therapy
with the outcomes of 2-day treatment schedules.

The 1992 recommendation by the Canadian
Paediatric Society to use dexamethasone for treat-
ment was followed by a marked decrease in
hospitalizations for croup in Ontario, providing
further support for the use of corticoste-
roids.1*3435 Similar findings were noted in Perth,
Australia.3°

A potential concern with corticosteroids, how-
ever, is their immunosuppressive effects, which
might predispose the patient to infectious com-
plications.?>7 Trials have not been powered to
assess these risks, but such complications would
be expected to be rare with standard (single-
dose) therapy.

Epinephrine
Nebulized epinephrine has been extensively stud-
ied for the treatment of croup.?%#®23:25,37-42 Early
controlled trials demonstrated that the adminis-
tration of 2.25% racemic epinephrine (0.5 ml in
2.5 ml of saline) by intermittent positive-pressure
breathing resulted in a significant reduction in
the croup-severity score,*3” but this benefit last-
ed for less than 2 hours. Subsequent trials showed
that the administration of racemic epinephrine
by nebulization alone was as effective as its ad-
ministration by intermittent positive-pressure
breathing.** Later trials also showed that nebu-
lized 1-epinephrine diluted in 5 ml of saline at a
ratio of 1:1000 was as effective as racemic epi-
nephrine in the treatment of croup.*? In severe
croup, repeated treatments with epinephrine have
been used and have often decreased the need for
intubation.
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Other Treatments
Children with moderate or severe croup and
hypoxia (oxygen saturation while breathing
ambient air, <92%) should receive oxygen.*
This is best administered with the blow-by tech-
nique.

A helium—-oxygen mixture (heliox) has been
shown in a small study to improve croup-sever-
ity scores in hospitalized children with croup.+?
However, this treatment was no better — and
was more expensive — than treatment with ra-
cemic epinephrine.

Antitussive and decongestant agents have not
been studied in children with croup, and their
use is not indicated.* Since laryngotracheitis and
spasmodic croup are viral illnesses, there is no
reason to treat them with antibiotics unless clini-
cal manifestations or laboratory values suggest
secondary bacterial infection. In severe croup due
to infection with influenza A or B virus, treatment
with neuraminidase inhibitors should be consid-
ered, although there are no data demonstrating
the efficacy of such treatment in reducing the se-
verity of croup.** Since influenza immunization
is now routinely recommended for children, the
occurrence of croup due to influenza viruses will
probably become less common.

Laryngotracheobronchitis

and Laryngotracheobronchopneumonitis

Since most children with laryngotracheobronchi-
tis or laryngotracheobronchopneumonia have bac-
terial disease, antibiotics should be administered
after appropriate cultures have been obtained.
Treatment should be directed against Staphylococ-
cus aureus, Streptococcus pyogenes, Streptococcus pneu-
moniae, Haemophilus influenzae, and Moraxella catar-
rhalis. Most cases of laryngotracheobronchitis or
laryngotracheobronchopneumonia in children re-
quire the placement of a mechanical airway and
treatment in an intensive care unit.

AREAS OF UNCERTAINTY

Efforts are warranted to improve the use of cor-
ticosteroids in the treatment of croup. In prac-
tice, many children continue to receive prolonged
courses of corticosteroids for croup rather than
single-dose therapy. I and others have observed
viral, bacterial, and fungal complications in as-
sociation with corticosteroid treatment?5745-48;
in all cases, these complications occurred in chil-
dren who had received multiple doses.

GUIDELINES

The American Academy of Pediatrics has no
guidelines for the management of croup. The In-
fectious Diseases and Immunization Committee
of the Canadian Paediatric Society published a
brief statement in 1992, recommending cortico-
steroid therapy for children admitted to the hos-
pital with croup.3* The Alberta Medical Associa-
tion published a guideline for the diagnosis and
management of croup in 2004, which was up-
dated in 2007.# An algorithm for the manage-
ment of croup in the outpatient setting is shown
in Figure 1.

CONCLUSIONS
AND RECOMMENDATIONS

Croup — both spasmodic croup and laryngotra-
cheitis — is a common illness of early childhood
that is frightening for both patients and their
parents. For children such as the one described
in the vignette, the standard of care is short-
course corticosteroid therapy. This is most prac-
tically accomplished by the administration of a
single dose of oral dexamethasone (0.6 mg per
kilogram).##4° I would not recommend addition-
al corticosteroid doses in children who do not
have a response to this therapy, given the lack of
data showing the efficacy of repeated doses and
the potential risks associated with longer-term
therapy. Depending on the severity of symptoms,
children who do not have a response to dexa-
methasone should be evaluated in an emergency
room or admitted to the hospital; further testing
may be useful in such cases, including chest ra-
diography for possible laryngotracheobronchitis
or laryngotracheobronchopneumonia, as well as
rapid influenza testing in the appropriate sea-
son. Children with severe symptoms should be
treated with nebulized epinephrine (0.5 ml of
2.25% racemic epinephrine in 4.5 ml of normal
saline or 1-epinephrine diluted in 5 ml of normal
saline at a ratio of 1:1000). If treatment is given
in an outpatient setting, it should be followed by
at least 2 hours of observation for a return of
obstructive symptoms before discharge. Nebu-
lized epinephrine treatments may need to be re-
peated many times in children with severe laryn-
gotracheitis, but in many cases, this will prevent
the need for endotracheal intubation.

If the evaluation suggests laryngotracheo-
bronchitis or laryngotracheobronchopneumonia
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Mild

Give oral or intramuscular
dexamethasone, 0.6 mg/kg

Discuss with parents likely course
of illness and when to seek
additional care if further
respiratory distress occurs

|

Discharge home

Moderate

l

for 1-4 hr

Give oral or intramuscular
dexamethasone, 0.6 mg/kg

Minimize situations that may
cause distress in child, such
as separation from parents
and unnecessary examination

Observe for improvement

'

:

If patient improves —
as evidenced by no
stridor at rest and no
chest-wall indrawing —
then discuss with
parents likely course of
illness and when to
seek additional care

!

Discharge home

If no or minimal improve-
ment after 4 hr, consider
hospitalization

Severe

of saline

Minimize situations that may
cause distress in child, such
as separation from parents
and unnecessary examination

Provide “blow-by”
cyanosis is present

Give oral or intramuscular
dexamethasone, 0.6 mg/kg

Administer epinephrine by
nebulization, either racemic
epinephrine 2.25%, 0.5 ml in
2.5 ml of saline, or L-epineph-
rine, 1:1000 dilution in 5 ml

oxygen if

:

:

If good response to
epinephrine, observe
for2 hr

If poor response, repeat
nebulized epinephrine;
if poor response to
second treatment, admit
child for ICU care and
probable workup for LTB,
LTBP, and secondary
bacterial infection

'

'

If only mild symptoms
persist (i.e., croupy
cough) and there is

If severe respiratory
distress recurs, repeat
nebulized epinephrine

no recurrence of stridor

at rest or of chest-wall
indrawing, then discuss
with parents when to

seek additional care

:

Discharge home

'

!

If good response,
observe for 2 hr; if
only mild symptoms
persist and there is
no recurrence of stridor
at rest or of chest-wall
indrawing, then discuss
with parents when

If poor response to
second treatment with
nebulized epinephrine,
admit child for ICU care
and probable workup

for LTB, LTBP, and

secondary bacterial
infection

to seek additional care

!

Discharge home

Figure 1. Management of Croup in Outpatients.

Treatment guidelines are based on the severity of croup at the time of initial assessment. ICU denotes intensive care unit, LTB laryngo-
tracheobronchitis, and LTBP laryngotracheobronchopneumonitis.
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(i.e., an increased or low white-cell count with
an increase in band forms, or radiographs show-
ing pneumonia or soft densities within the tra-
chea), treatment with antibiotics (e.g., vancomy-
cin and cefotaxime) should be instituted, and in
most instances, endotracheal intubation should
be performed. In cases of severe croup occurring

during documented epidemics caused by influ- ments.

enza viruses, treatment with neuramidase in-
hibitors is appropriate.**
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