Croup: An Overview
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Croup is a common illness responsible for up to 15 percent of emergency department visits due
to respiratory disease in children in the United States. Croup symptoms usually start like an
upper respiratory tract infection, with low-grade fever and coryza followed by a barking cough
and various degrees of respiratory distress. In most children, the symptoms subside quickly
with resolution of the cough within two days. Croup is often caused by viruses, with para-
influenza virus (types 1 to 3) as the most common. However, physicians should consider other
diagnoses, including bacterial tracheitis, epiglottitis, foreign body aspiration, peritonsillar
abscess, retropharyngeal abscess, and angioedema. Humidification therapy has not been proven
beneficial. A single dose of dexamethasone (0.15 to 0.60 mg per kg usually given orally) is recom-
mended in all patients with croup, including those with mild disease. Nebulized epinephrine
is an accepted treatment in patients with moderate to severe croup. Most episodes of croup are
mild, with only 1 to 8 percent of patients with croup requiring hospital admission and less than
3 percent of admitted patients requiring intubation. (Am Fam Physician. 2011;83(9):1067-1073.
Copyright © 2011 American Academy of Family Physicians.)

roup is a syndrome that includes

spasmodic  croup  (recurrent

croup), laryngotracheitis (viral

croup), laryngotracheobronchi-
tis, and laryngotracheobronchopneumo-
nitis."* However, recurrent and viral croup
account for most cases.** Croup is a com-
mon respiratory illness responsible for up to
15 percent of emergency department visits
due to respiratory disease in children in the
United States.’

Epidemiology

Croup is more common in boys than in girls,
usually occurs between six and 36 months
of age, and peaks during the second year of
life.>>¢ Tt has been reported occasionally in
adolescents and rarely in adults.” The inci-
dence of croup often peaks during the fall
season, although sporadic cases may occur
throughout the year.®’

Etiology

Croup is usually caused by viruses, which are
detected in up to 80 percent of patients.>"
Table 1 shows various presentations of croup
based on the causative virus.>'*"" Parainflu-
enza virus (types 1 to 3) is the most common
etiology (50 to 75 percent of patients with
croup).”” Of the three types, parainfluenza

type 1 is the most common." Although para-
influenza type 3 virus infections often occur
in young children,’ croup develops in only a
small percentage of those exposed.'? Other
viruses that cause croup include enterovirus,
human bocavirus, influenza A and B viruses,
respiratory syncytial virus, rhinovirus, and
adenovirus.”” Measles has been reported
rarely in patients with croup where the popu-
lation is inadequately vaccinated. Bacterial
causes are also rare and include diphtheria
and Mycoplasma pneumoniae.”

Allergic factors may play a role in recur-
rent croup, with the child becoming sen-
sitized to viral antigens."? Another cause of
recurrent croup is gastroesophageal reflux.
An uncontrolled study of 47 patients with
recurrent croup found that treatment of
reflux improved respiratory symptoms.*

Clinical Course and Presentation

Viral croup symptoms usually start like
an upper respiratory tract infection, with
low-grade fever and coryza followed by a
barking cough and various degrees of respi-
ratory distress (e.g., nasal flaring, respira-
tory retractions, stridor).”"" The symptoms
subside quickly with resolution of the cough
usually within two days, although the cough
may persist for up to one week.” Symptoms
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severe croup.

Evidence
Clinical recommendation rating References
Humidification therapy does not improve croup symptoms in patients with A 25-27
mild to moderate disease in the emergency department setting.
Treatment of croup with corticosteroids is beneficial, even with mild illness. A 28,29
A single dose of an oral corticosteroid is effective in patients with mild croup. B 29
Nebulized epinephrine improves outcomes in patients with moderate to A 38-46

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evi-
dence, C = consensus, disease-oriented evidence, usual practice, expert opinion, or case series. For information
about the SORT evidence rating system, go to http://www.aafp.org/afpsort.xml.

can increase and decrease in the same child,
becoming worse at night and when the child
is agitated.” Symptoms also vary from child
to child based on host factors, such as immu-
nity and the anatomy of the subglottic space.

Croup is a benign condition with a low
mortality rate.>>'® It typically does not lead
to high-grade fever; toxic appearance; or
symptoms such as expiratory wheezing,
drooling, voice loss, or difficulty swallowing.
Croup rarely occurs in children younger than
three months.” Many children with croup
may come to the emergency department
because symptoms begin abruptly, causing
parental concern. Studies of children pre-
senting to the emergency department with
croup symptoms showed that 85 percent had
mild croup,” and only 1 to 8 percent needed
hospital admission.'>'¢ Less than 3 percent of
children with croup who were admitted to
the hospital were intubated.”®

Table 1. Viral Presentations of Croup

Diagnosis

DIFFERENTIAL DIAGNOSIS

Recurrent croup is similar to viral croup in
presentation, except that it recurs and lacks
symptoms of respiratory tract infection.”” A
small study of 60 patients with croup pre-
senting to an emergency department in
Wales showed that recurrent and nonrecur-
rent croup have similar rates of viral detec-
tion.” Bacterial tracheitis may result from
a secondary infection and usually leads
to a more toxic appearance, with higher
fever and worse respiratory symptoms than
croup. Bacterial tracheitis does not respond
to usual croup treatment. Intravenous anti-
biotics are needed, and intubation may
become necessary. Acute epiglottitis typi-
cally leads to a more toxic appearance than
croup. The classic presentation of epiglotti-
tis is an anxious child with a sore throat who
is drooling and sitting or leaning forward;

Etiology Frequency

Severity Peak incidence

Parainfluenza virus types 1 to  Frequent
3 (type 1 is most common)

Variable (usually severe  Winter and spring
with type 3 virus)

Enterovirus Occasional to frequent  Usually mild Fall

Human bocavirus
Influenza A and B viruses

Occasional to frequent  Usually mild
Occasional to frequent  Variable (severe with Winter

Spring and fall

influenza A virus)

Respiratory syncytial virus Occasional to frequent  Mild to moderate Winter
Rhinovirus Occasional to frequent  Usually mild Fall

Adenovirus Occasional Mild to moderate Winter
Measles Rare Moderate to severe During measles

epidemics

NOTE: Etiologies listed in approximate order of frequency.

Information from references 3, 10, and 11.
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Table 2. Differential Diagnosis of Children with Severe Respiratory Symptoms

Condition History Physical examination Workup Common etiologies
Angioedema Detailed questioning  Swelling of face and Epicutaneous skin testing or Allergic reaction
to identify the neck radioallergosorbent testing
offending antigen may be performed later
Bacterial Mild to moderate High-grade fever, toxic Lateral neck radiography may Staphylococcus
tracheitis presentation, appearance, copious be helpful, bacterial culture aureus, Haemophilus
then rapid secretions, productive of tracheal secretions after influenzae, group A
decomposition in cough, retractions; intubation, WBC count streptococci
three to seven days no drooling or (elevated)
odynophagia
Epiglottitis Rapid onset of High-grade fever, toxic Lateral neck radiography if H. influenzae, group A

symptoms, sore
throat, muffled
voice, drooling

Sudden onset,
history of choking

Foreign body
aspiration

Laryngotracheitis
(viral croup)

Barking cough,
coryza

appearance, child
sitting or leaning
forward

Stridor

Low-grade fever, nasal
flaring, respiratory

clinical diagnosis unclear,
WBC count (elevated)

CT, bronchoscopy

Generally not indicated

retractions, stridor

Inferior and medial
displacement of the
tonsil, contralateral
deviation of the

CT with intravenous contrast
media

uvula, erythema and
exudates on the tonsil

Peritonsillar Dysphagia, throat
abscess pain that is more
severe on affected
side
Retropharyngeal  Fever, odynophagia,
abscess dysphagia, neck

pain

Drooling, stridor, neck
mass, nuchal rigidity

Lateral neck radiography
(widening of the
retropharyngeal soft tissues);
CT with intravenous contrast
media is helpful

Spasmodic croup  Usually recurrent, Afebrile, less Generally not indicated, but
(recurrent short duration, retractions and nasal bronchoscopy (especially in
croup) barking cough flaring children younger than three

years) and endoscopy may be
considered

B-hemolytic
streptococcus

Foreign body

Parainfluenza virus
types 1 to 3,
influenza, respiratory
syncytial virus

Gram-positive organisms
(including B-lactamase
producing), gram-
negative organisms,
anaerobes

Gram-positive organisms
(including B-lactamase
producing), gram-
negative organisms,
anaerobes

Same as viral croup,
with possible allergic
component or
gastroesophageal
reflux

CT = computed tomography; WBC = white blood cell.

Information from references 3, 8, and 19 through 21.

the characteristic barking cough of croup is
typically absent.®

A retrospective study of patients with croup,
epiglottitis, and bacterial tracheitis showed the
increasing importance of considering bacterial
tracheitis in the differential diagnosis of severe
respiratory illness.”’ Immunization against
Haemophilus influenzae type b has contributed
to the decreased incidence of epiglottitis, and
the early use of corticosteroids has decreased
the incidence of respiratory distress in patients
with croup. Hence, physicians should consider
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bacterial tracheitis when treating patients
with severe respiratory symptoms suggestive
of croup or epiglottitis.”* Other diagnoses
to consider include foreign body aspiration,
peritonsillar abscess, retropharyngeal abscess,
and angioedema. The differential diagnosis of
children with severe respiratory symptoms is
summarized in Table 2.5

HISTORY AND PHYSICAL EXAMINATION

The diagnosis of croup is based on clinical
assessment. Abrupt onset of barking cough,

www.aafp.org/afp
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Children six to 36 months
of age who present with
abrupt onset of barking
cough, hoarseness, and
inspiratory stridor likely
have croup.

hoarseness, and inspiratory
stridor is highly suggestive of
croup.” Physical examination
typically reveals low-grade fever
and the absence of wheezing.
Diagnosis also involves closely

1070 American Family Physician

assessing the severity of croup

by evaluating respiratory status
and rate, retractions, stridor, heart rate, use
of accessory muscles, and mental status."”
Although severity assessment scores occa-
sionally have been used clinically, they are
primarily for research purposes.” Validation
studies in the emergency department setting
have shown a wide range of interobserver reli-
ability among physicians using the assessment
scores.”? The most reliable findings to assess
severity are the presence of stridor and the
severity of retractions.”? Pulse oximetry can
also be used to assess the severity of disease.

DIAGNOSTIC TESTING

Laboratory and imaging evaluation are not
essential, but may be used to rule out other
illnesses in selected patients with an atypi-
cal or severe presentation. Although chest
radiography cannot diagnose croup, it can
rule out other pulmonary conditions when
the diagnosis is unclear in a child with stri-
dor.” A Cochrane review of two randomized
trials with a total of 2,024 patients found
that chest radiography did not change the
outcome of ambulatory children with lower
respiratory tract infection. Therefore, physi-
cians should consider the risk and expense
of radiography versus its possible benefit
before ordering the test.?

Lateral neck radiography may be consid-
ered if the diagnosis is in doubt because it
could help detect epiglottitis (thickened epi-
glottis), retropharyngeal abscess (widening
of the retropharyngeal soft tissues), and bac-
terial tracheitis (thickened trachea).® Bron-
choscopy may be needed in patients with
recurrent croup, especially those younger
than three years. In a series of 30 patients
who underwent endoscopy for recurrent
croup, one-third had airway disorders such
as subglottic edema, stenosis, or cyst.*
Endoscopy may also be needed in patients
with recurrent croup.™

www.aafp.org/afp

Management
GENERAL CARE

Figure 1 is an algorithm for outpatient man-
agement of croup based on illness sever-
ity.”?* Keeping a symptomatic child calm
by avoiding distressing procedures is impor-
tant because agitation may worsen airway
obstruction. Positioning the child so that he
or she is comfortable is appropriate because
no particular position has been shown to
be more beneficial in the assessment. Oxy-
gen should be administered when the child
is hypoxic or in severe respiratory distress.
Heliox, a helium-oxygen mixture, has been
used to reduce airflow resistance and tur-
bulence. Although case reports have been
encouraging, a systematic review found
insufficient evidence that heliox is beneficial
for croup.” Likewise, studies do not support
the routine use of exposure to cold air, anti-
pyretics, analgesics, antitussives, deconges-
tants, or prophylactic antibiotics.

HUMIDIFICATION THERAPY

Humidification therapy has long been used
as a treatment for croup. However, it has not
been shown to reduce croup severity, hospi-
talization, additional medical care, or epi-
nephrine and corticosteroid use in patients
with mild to moderate illness in the emer-
gency department—even if delivered with a
particle size that could reach the larynx.>*’
If oxygen is administered (preferably using
a blow-by technique) to reduce agitation,
humidification should be considered to
avoid inspissation of secretions. Heated
humidification should not be used because
of the risk of scalding the child. Use of croup
tents should be avoided so that the child can
stay in the lap of a parent or caregiver, and to
avoid hindering the clinical assessment (e.g.,
obtaining vital signs).

CORTICOSTEROIDS

Corticosteroid therapy benefits patients with
croup presumably by decreasing edema in
the laryngeal mucosa, and is usually effective
within six hours of treatment. Corticosteroid
therapy decreases the need for additional
medical care, hospital stays, and intubation
rates and duration. A recent randomized

Volume 83, Number 9 ¢ May 1, 2011



Outpatient Management of Croup in children

Clinical assessment of croup severity

Croup

Mild: Occasional barking cough
without audible stridor at rest

Administer dexamethasone
(0.60 mg per kg orally or
parenterally, single dose)

Educate parents about illness and
when to seek medical attention

Moderate: Frequent barking cough
with audible stridor and visible
respiratory retractions at rest

Administer dexamethasone
(0.60 mg per kg orally or
parenterally, single dose)

Observe for up to four hours

Q Severe: Frequent barking cough with marked
stridor and visible respiratory retractions at
rest; child is agitated and distressed

Administer dexamethasone
(0.60 mg per kg orally or
parenterally, single dose)

Administer nebulized epinephrine

| (up to 0.5 mL of racemic epinephrine

Consider sending child home if l
he or she is stable with no stridor

Symptoms improve

2.25% or up to 5 mL of L-epinephrine

l 1:1,000); repeat as needed

Symptoms do

not improve Provide oxygen if indicated
Educate parents about illness and
when to seek medical attention Go to@ Observe for up to four hours
Consider sending child home if
he or she is stable with no stridor

Symptoms improve

Educate parents about illness and
when to seek medical attention

Consider sending child home if
he or she is stable with no stridor

Figure 1. Algorithm for the outpatient management of croup in children.

Information from references 25 through 34.

controlled trial found that a single dose of
an oral corticosteroid benefited children
with mild croup.”” Therefore, corticosteroids
should be considered even for mild illness.?*%

The optimal type of corticosteroid, route
of administration, and dose are unclear.
Oral and intramuscular administration
provide similar degrees of benefit, and both
are equivalent or superior to inhaled corti-
costeroids. However, the addition of inhaled
corticosteroids to either systemic therapy
does not provide further benefit.’*"3¢
Oral corticosteroids are the preferred route
unless oral intake is not possible. In very
sick children who need a parenteral route,

May 1, 2011 * Volume 83, Number 9

intravenous administration may be better
than intramuscular administration because
the intravenous line could also be used for
resuscitation and other therapies as needed.
Intramuscular corticosteroids are typically
used when intravenous and oral administra-
tion are not feasible.

Based on expert opinion and consensus,
dexamethasone is the recommended corti-
costeroid for treatment of croup because of
its longer half-life (a single dose provides
anti-inflammatory effects over the usual
symptom duration of 72 hours).” Benefit
has generally been demonstrated at doses of
0.15 to 0.60 mg per kg.”® A systematic review

www.aafp.org/afp
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Symptoms do not improve

Consider hospitalization
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found that the higher dose of 0.60 mg per kg
(maximal dose: 10 mg) was more effective in
patients with severe croup.’* Until the opti-
mal dose of dexamethasone is defined, the
higher dose is preferred because of its safety,
benefit, and cost-effectiveness.”® Multiple
doses are not necessary because a single dose
was effective in most clinical trials. How-
ever, no randomized controlled trials have
compared multiple versus single dosing. If
continued therapy is required, other causes
for airway obstruction or respiratory distress
should be considered.

No adverse effects have been associated
with appropriate corticosteroid therapy in
patients with croup. The risks of single-dose
corticosteroids are very low, but should be
considered in children with diabetes melli-
tus, children exposed to varicella virus, and
children at risk of bacterial superinfection
(i.e., those who are immunocompromised)
or have gastrointestinal bleeding.

EPINEPHRINE

A number of small randomized controlled
trials have shown that nebulized epineph-
rine is an effective treatment for moder-
ate to severe croup, with benefits such as
reduction in croup severity, various objec-
tive pathophysiologic measures, and need
for intubation.”®*® The recommended
dose is 0.05 mL per kg (maximal dose:
0.5 mL) of racemic epinephrine 2.25%
or 0.5 mL per kg (maximal dose: 5 mL)
of L-epinephrine 1:1,000 via nebulizer, which
may be available in clinical settings along
with other resuscitation supplies. Using a
nebulizer is equally as effective as using
intermittent positive pressure ventilation.*
Although the adverse effects (e.g., tachycar-
dia, hypertension) are thought to be less with
racemic epinephrine, there are no data to
support this.* Children requiring frequent
epinephrine nebulizer treatments should be
monitored closely for adverse cardiac effects.

With either form of epinephrine, thera-
peutic benefit usually occurs within the first
30 minutes. Because this benefit typically
lasts up to two hours, it may be best to evalu-
ate for disposition several hours following
the last epinephrine treatment. The rapid

www.aafp.org/afp

action of epinephrine paired with the later
onset and sustained action of corticosteroid
treatment justifies the consideration of dual
therapy.”

The Authors

ROGER ZOOROB, MD, MPH, FAAFP, is a Frank S. Royal Sr.
professor and chair in the Department of Family and Commu-
nity Medicine at Meharry Medical College in Nashville, Tenn.

MOHAMAD SIDANI, MD, MS, is an associate professor
and vice chair in the Department of Family and Community
Medicine at Meharry Medical College.

JOHN MURRAY, MD, PhD, is a professor in the Department
of Internal Medicine at Meharry Medical College.

Address correspondence to Roger Zoorob, MD, MPH,
Meharry Medical College, Dept. of Family and Com-
munity Medicine, 1005 Dr. D.B. Todd Jr. Blvd., Nashville,
TN 37208 (e-mail: rzoorob@mmc.edu). Reprints are not
available from the authors.

Author disclosure: Nothing to disclose.

REFERENCES

1. Knutson D, Aring A. Viral croup. Am Fam Physician.
2004,;69(3):535-540.

2. Segal AO, Crighton EJ, Moineddin R. Croup hospitaliza-
tions in Ontario. Pediatrics. 2005;116(1):51-55.

3. Cherry JD. Clinical practice. Croup. N Engl J Med. 2008;
358(4):384-391.

4. Fielder CP. Effect of weather conditions on acute laryn-
gotracheitis. J Laryngol Otol. 1989;103(2):187-190.

5. Denny FW, Murphy TF, Clyde WA Jr, Collier AM, Hen-
derson FW. Croup: an 11-year study in a pediatric prac-
tice. Pediatrics. 1983;71(6):871-876.

6. Toward Optimized Practice. Guideline for the diagno-
sis and management of croup. 2008 update. http://
www.topalbertadoctors.org/informed_practice/
clinical_practice_guidelines/complete%20set/Croup/
croup_pda.pdf. Accessed June 16, 2010.

7. Sobol SE, Zapata S. Epiglottitis and croup. Otolaryngol
Clin North Am. 2008;41(3):551-566.

8. Wald EL. Croup: common syndromes and therapy. Pedi-
atr Ann. 2010;39(1):15-21.

9. Bjornson CL, Johnson DW. Croup. Lancet. 2008;371
(9609):329-339.

10. Rihkanen H, Ronkkd E, Nieminen T, et al. Respiratory
viruses in laryngeal croup of young children [published
correction appears in J Pediatr. 2008;153(1):151]. J Pedli-
atr. 2008;152(5):661-665.

11. Malhotra A, Krilov LR. Viral croup [published correction
appears in Pediatr Rev. 2001;22(9):292]. Pediatr Rev.
2001;22(1):5-12.

12. Ottolini MG, Porter DD, Blanco JC, Prince GA. A cot-
ton rat model of human parainfluenza 3 laryngotrache-
itis: virus growth, pathology, and therapy. J Infect Dis.
2002;186(12):1713-1717.

13. Worrall G. Croup. Can Fam Physician. 2008;54(4):573-
574.

Volume 83, Number 9 ¢ May 1, 2011



2

22.

2

w

24.

2

ul

26.

27.

28.

2

e}

30.

3

=

32.

. Hoa M, Kingsley EL, Coticchia JM. Correlating the clini-

cal course of recurrent croup with endoscopic findings.
Ann Otol Rhinol Laryngol. 2008;117(6):464-469.

. Sofer S, Dagan R, Tal A. The need for intubation in seri-

ous upper respiratory tract infection in pediatric patients
(a retrospective study). Infection. 1991;19(3):131-134.

. Rosychuk RJ, Klassen TP, Metes D, Voaklander DC,

Senthilselvan A, Rowe BH. Croup presentations to
emergency departments in Alberta, Canada. Pediatr
Pulmonol. 2010;45(1):83-91.

. Mazza D, Wilkinson F, Turner T, Harris C; Health for Kids

Guideline Development Group. Evidence based guide-
line for the management of croup. Aust Fam Physician.
2008;37(6 Spec No):14-20.

. Bjornson CL, Johnson DW. Croup-treatment update.

Pediatr Emerg Care. 2005;21(12):863-870.

. Fitzgerald DA. The assessment and management of

croup. Paediatr Respir Rev. 2006;7(1):73-81.

. Wall SR, Wat D, Spiller OB, Gelder CM, Kotecha S, Doull

1J. The viral aetiology of croup and recurrent croup. Arch
Dis Child. 2009;94(5):359-360.

. Hopkins A, Lahiri T, Salerno R, Heath B. Changing epide-

miology of life-threatening upper airway infections: the
reemergence of bacterial tracheitis. Pediatrics. 2006;
118(4):1418-1421.

Chan A, Langley J, Leblanc J. Interobserver variability of

croup scoring in clinical practice. Paediatr Child Health.
2001;6(6):347-351.

. Swingler GH, Zwarenstein M. Chest radiograph in acute

respiratory infections. Cochrane Database Syst Rev.
2008;(1):CD001268.

Chun R, Preciado DA, Zalzal GH, Shah RK. Utility of
bronchoscopy for recurrent croup. Ann Otol Rhinol Lar-
yngol. 2009;118(7):495-499.

. Scolnik D, Coates AL, Stephens D, Da Silva Z, Lavine E,

Schuh S. Controlled delivery of high vs low humidity
vs mist therapy for croup in emergency departments.
JAMA. 2006;295(11):1274-1280.

Moore M, Little P. Humidified air inhalation for treating
croup. Cochrane Database Syst Rev. 2010;(9):CD002870.
Moore M, Little P. Humidified air inhalation for treating
croup. Fam Pract. 2007;24(4):295-301.

Russell KF, Liang Y, O'Gorman K, Johnson DW, Klassen
TP. Glucocorticoids for croup. Cochrane Database Syst
Rev. 2011;(1):CD001955.

. Bjornson CL, Klassen TP, Williamson J, et al.; Pediatric

Emergency Research Canada Network. A randomized
trial of a single dose of oral dexamethasone for mild
croup. N Engl J Med. 2004;351(13):1306-1313.

Luria JW, Gonzalez-del-Rey JA, DiGiulio GA, McAneney
CM, Olson JJ, Ruddy RM. Effectiveness of oral or nebu-
lized dexamethasone for children with mild croup. Arch
Pediatr Adolesc Med. 2001;155(12):1340-1345.

. Rittichier KK, Ledwith CA. Outpatient treatment of

moderate croup with dexamethasone: intramuscular
versus oral dosing. Pediatrics. 2000;106(6):1344-1348.
Shimmer B. Parker K. Adrenocorticotropic hormone:
adrenocortical steroids and their synthetic analogues-
inhibitors of the synthesis of action of adrenocortical
hormones. In: Goodman LS, Gilman A, Brunton LL,
Lazo JS, Parker KL, eds. Goodman and Gilman's The

May 1, 2011 * Volume 83, Number 9

3

w

34.

35.

36.

3

38.

39.

40.

4

4

N

4

w

44.

45.

46.

47.

48.

49.

~

Pharmacological Basis of Therapeutics. 11th ed. New
York, NY: McGraw-Hill; 2005:1587-1612.

. Geelhoed GC, Macdonald WB. Oral dexamethasone in

the treatment of croup: 0.15 mg/kg versus 0.3 mg/kg ver-
sus 0.6 mg/kg. Pediatr Pulmonol. 1995;20(6):362-368.

Kairys SW, Olmstead EM, O'Connor GT. Steroid treat-
ment of laryngotracheitis: a meta-analysis of the evidence
from randomized trials. Pediatrics. 1989;83(5):683-693.

Vorwerk C, Coats T. Heliox for croup in children.
Cochrane Database Syst Rev. 2010;(2):CD006822.

Johnson DW, Jacobson S, Edney PC, Hadfield P, Mundy
ME, Schuh S. A comparison of nebulized budesonide,
intramuscular dexamethasone, and placebo for moder-
ately severe croup. N EnglJ Med. 1998;339(8):498-503.

Geelhoed GC. Budesonide offers no advantage when
added to oral dexamethasone in the treatment of croup.
Pediatr Emerg Care. 2005;21(6):359-362.

Adair JC, Ring WH, Jordan WS, Elwyn RA. Ten-year
experience with IPPB in the treatment of acute laryngo-
tracheobronchitis. Anesth Analg. 1971;50(4):649-55.

Taussig L, Castro O, Beaudry PH, Fox WW, Bureau M.
Treatment of laryngotracheobronchitis (croup): use of
intermittent positive-pressure breathing and racemic
epinephrine. Am J Dis Child. 1975;129(7):790-793.

Kristjansson S, Berg-Kelly K, Winso E. Inhalation of race-
mic adrenaline in the treatment of mild and moderately
severe croup. Clinical symptom score and oxygen satu-
ration measurements for evaluation of treatment eff-
ects. Acta Paediatr. 1994:83(11):1156-1160.

. Westley CR, Cotton EK, Brooks JG. Nebulized racemic

epinephrine by IPPB for the treatment of croup: a double-
blind study. Am J Dis Child. 1978;132(5):484-487.

. Corkey CW, Barker GA, Edmonds JF, Mok PM, Newth CJ.

Radiographic tracheal diameter measurements in acute
infectious croup. Crit Care Med 1981;9(8):587-590.

. FanconiS, BurgerR, MaurerH, Uehlinger J, Ghelfi D, Mih-

lemann C. Transcutaneous carbon dioxide pressure for
monitoring patients with severe croup. J Pediatr. 1990;
117(5):701-705.

Steele DW, Santucci KA, Wright RO, Natarajan R, McQuil-
len KK, Jay GD. Pulsus paradoxus: an objective measure
of severity in croup. Am J Respir Crit Care Med. 1998;
157(1):331-334.

Lenney W, Milner AD. Treatment of acute viral croup.
Arch Dis Child. 1978;53(9):704-706.

Sivan Y, Deakers TW, Newth CJ. Thoracoabdominal
asynchrony in acute upper airway obstruction in small
children. Am Rev Respir Dis. 1990;142(3):540-544.

Fogel JM, Berg 1), Gerber MA, Sherter CB. Racemic epi-
nephrine in the treatment of croup: nebulization alone
versus nebulization with intermittent positive pressure
breathing. J Pediatr. 1982;101(6):1028-1031.

Waisman Y, Klein BL, Boenning DA, et al. Prospective
randomized double-blind study comparing L-epinephrine
and racemic epinephrine aerosols in the treatment of
laryngotracheitis (croup). Pediatrics. 1992,;89(2):302-306.

Rizos JD, DiGravio BE, Sehl MJ, Tallon JM. The disposition
of children with croup treated with racemic epinephrine
and dexamethasone in the emergency department.
J Emerg Med. 1998;16(4):535-539.

www.aafp.org/afp

Croup

American Family Physician 1073



