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Qowp isa syndrome of inspiratory stridor, cough, and hoarseness, due
to varying degrees of laryngeal obstruction. It is a viral disease and
muet be differentiated from epiglottitis. In addition to a careful clini-
a assessment, neck films are the most valuable diagnostic tool in
differentiating these two. The principle modes of therapy for croup
induce provision of adequate hydration, ensuring maximum available
humidification, sedation, and administration of intermittent positive
pressure breathing (IPPB) with nebulized racemic epinephrine. The
latter mode of therapy will provide symptomatic relief and may elimi-
rete the need for hospitalization and tracheostomy. Steroids offer
little benefit in treating this disease, and antibiotics offer none.

Croup is a syndrome involving in-
spiratory  stridor, cough, and hoarse-
ress, due to varying degrees of laryn-
g obstruction. More specifically, it
isacute infectious laryngotracheobron-
chitis, which includes the disorders re-
farred to as nondiphtheric croup, false
croup, pseudocroup, and spasmodic
crop. This common and potentially
life-threatening illness requires careful
evaluation and specific therapy. The
purpoe of this paper is to describe re-
ot advances in the diagnosis and
managerment of this illness in order to
asure the best possible prognosis.

Epidemiology

Croup is a disease of viral origin
(se Table 1). The agents usually asso-
ciated with croup are the parainfluen-
zaviruses types 1,2, and 3, respiratory
syneytial virus, influenza virus A2 and
B and occasionally adenoviruses, rhi-
novirusss, and enteroviruses.1,2 In a
study of lower respiratory illness seen
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in a pediatric practice in Chapel Hill,
1963 to 1969, viruses thought to be
the etiologic agents were isolated in
47.2 percent of the cases of croup.1 In
this study, 71 percent of the croup iso-
lates were parainfluenza viruses; over
half of these were parainfluenza virus
type 1. Another 13.0 percent were res-
piratory syncytial virus, 4.6 percent
were influenza virus A2, and the rest
were distributed among a variety of
other viruses. Croup is only rarely as-
sociated with simultaneous bacterial
infection.3 It has been well demon-
strated that the viruses which cause
croup can also infect other parts of the
respiratory tract, and that the propen-
sity to infect one part of the respira-
tory tract more than another is only
relative.4 There is, however, a striking
correlation between infection with
parainfluenza type 1 and the appear-
ance of the croup syndrome.

There is a predictable seasonal oc-
currence of croup-associated viruses.
Respiratory syncytial virus infections
occur yearly between November and
May, but predominate between Janu-
ary and March. Parainfluenza type 1
infections have occurred biennially,
with a peak incidence in the autumn
of even-numbered years. Parainfluenza
type 2 has appeared in the autumn of
odd-numbered years. Parainfluenza
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type 3 is endemic almost year round,
with a slight tendency to be less preva-
lent during the summer months. Influ-
enza A2 and B viruses have appeared
in two to five-year cycles. Others are
seen in small numbers without a sea-
sonal pattern. Therefore, on an annual
basis, croup is likely to occur in two
cycles —during the winter months, es-
pecially January through March, and
in the autumn.

Diagnosis and Assessment

Differentiating subglottic viral
croup from supraglottic epiglottitis is
crucial. The important features that
help to differentiate croup and epiglot-
titis are summarized in Table 2. Croup
symptoms are somewhat gradual in on-
set, and they are generally of moderate
severity. On the other hand, the onset
of symptoms in epiglottitis is very rap-
id and the symptoms, particularly
dysphagia, hoarseness, and dyspnea,
are much more severe. The typical
croup symptoms include coryza, fever,
inspiratory stridor, expiratory barking
cough, hoarseness, and varying degrees
of respiratory distress. In the more se-
vere cases, one may see tachypnea,
tachycardia, decreased air entry, hy-
poxemia, cyanosis, and marked retrac-
tions. All of these symptoms are re-
lated to the acute narrowing of the
subglottic airway.

The diagnosis of croup generally
can be made on the basis of these pre-
senting clinical features. However,
careful examination of the posterior
pharynx in an attempt to observe the
epiglottis and appropriate x-rays of the
neck and chest can be most helpful.
Anterior-posterior and lateral x-ray
projections of the neck during inspira-
tion are necessary to evaluate croup
and epiglottitis.5'7 Figure 1 shows a
lateral neck film taken in a case of epi-
glottitis, demonstrating the typical
findings of swelling of the epiglottis
and aryepiglottic folds, ballooning of
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the hypopharynx above this swelling,
and a normal appearing larynx and
subglottic trachea. Figure 2 shows an
anterior-posterior neck film in a case
of croup. While the radiologic features
of croup vary with the severity of the
illness, the typical picture as demon-
strated here consists of concave medial
swelling of the subglottic trachea for a
distance of approximately 1.0 to 15
cm, with the trachea above the level of
the true cords appearing normal. Occa-
sionally, moderate ballooning of the

Table 1. Causative Agents in Viral
Croup in Order of Importance

hypopharynx can be seen because of
the relative obstruction during inspira-
tion.

The utility of other laboratory tests
in the diagnosis of croup is low. The
white cell count is of little value. The
frequency of occurrence of a white
cell count in excess of 10,000/mm3,
or a neutrophilia in excess of 70 per-
cent or a combination of the two is no
greater with bacterial isolates from
lower respiratory tract infections than
it is with viral isolates. Cultures, even
if they include both bacterial and viral
cultures of the nasopharynx and
throat, are rarely helpful in making an
immediate decision about manage-
ment. Acute and convalescent serum
antibody titers can be used to help
identify the offending viral agent after
the illness has resolved for epidemi-
ologic purposes.

Once the diagnosis of croup is well
established, an assessment of the sever-
ity of the child’s case should be made.
The following clinical parameters
should be assessed when examining a

child with croup: respiratory f
pulse, presence and nature of ClJ'

presence and degree of retractions,cs
of accessory respiratory musdes r
creasing inspiratory to expiratory &
tio, decreased air entry on ausc».

tion, and presence and degree ofg’
nosis. Table 3 summarizes criteria %
can be applied to evaluate the serity
of each of these. As another meansf
assessing severity, in all but the m%

cases, blood gases should be obtained

In a series of 35 cases of croup, r®
of whom were cyanotic, 29 vee
found to be hypoxemic.8 Intd
study, the respiratory rate westhe
clinical correlate of hypoxemia, hirt
correlation could be found betwee-
the degree of hypoxemia and airety,
stridor, or other symptoms.

Therapy

The principle modes of therapy ©
be considered in croup include prs-
sion of adequate hydration, hnidf-
cation, oxygen, sedation, IFFPBvih
nebulized racemic epinephrine, €

Table 2. |mportant Differentiating Features Between Croup and Epiglottitis

Laryngotracheobronchitis

Epiglottitis

1. Parainfluenza virus 1, 2, 3

2. Respiratory syncytial virus

3. Influenza virus A2, B

4. Mycoplasma pneumonia

5. Enteroviruses

6. Adenoviruses

7. Rhinoviruses
Characteristics

Age

Sex

Onset

Antecedent symptoms
Presenting symptoms
fever
hoarseness
dysphagia
stridor
toxic appearance

Presenting signs
nasopharynx
epiglottis
breath sounds
chest

Treatment
antibiotics
steroids
IPPB, racemic epinephrine
tracheostomy
mist
oxygen

Epidemiology
X-rays
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usually under 3 years
boys > girls
gradual, usually over several days

usually coryza

often none

may be present
absent or mild
moderate to severe
mild

hyperemia, edema

normal

occasional rhonchi, decreased
retractions

not necessary
not effective
effective

rarely necessary
moderate benefit
often necessary

viral, multiple agents

normal supraglottic structures,
concave medial swelling of hypopharynx

usually over 3 years
boys > girls
rapid, often in a matter of hours

occasional coryza

present, often severe
usually severe
usually severe
usually severe

severe

hyperemia, edema, excessive salivation
swollen, cherry red

no rhonchi, decreased

marked retractions

ampicillin or chloramphenicol

not effective

not effective

usually necessary, recommended in all css

moderate benefit

benefit only temporary, may give sense
of improvement

H. influenza, type B

epiglottis swollen, filling hypopharynx,

ballooning of hypopharynx, normal larynx
and trachea
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rods, antibiotics, and tracheostomy.

Increasing the water content of in-
qared air results in an increase in de-
paosition of water in the airways and an
addition of water to secretions and ex-
ucktes, thereby thinning them and fa-
clitating their removal by cilia and
oouh In lower respiratory tract dis-
e such as croup, large amounts of
rebulized water need to be provided
for liguefaction of exudates in the
loner airways.9 This means that, in
te home, a standard vaporizer or hu-
ridifier is of little benefit if no means
isprovided for limiting the volume for
dispersion of the mist and, thus, con-
centrating it. The most effective meth-
od for providing sufficient mist con-
centration is either turning the bath-
roominto a steam room by running a
hot water shower or constructing an
endloed “tent,” such as one made by
drgang a sheet over the top and open
das of a crib. In addition, ultrasonic
nebulization is significantly better
then the home style vaporizers, so that
insome cases it may be necessary to
adit the child to the hospital in order
to provide sufficient mist therapy. For
hypoxemia, oxygen should be adminis-
tered Interestingly, inhalation of cool
ar, such as cool night air, also may
relieve symptoms.

The child with croup is usually irri-
table, and his irritability frequently
cass increased stridor and dyspnea.
As much as possible, the child should
ke placed in a familiar, quiet, con-
troled environment in an effort to
provice maximum sedation. If pharma-
cologic sedation is needed, either
phenobarbital (2 to 3 mg/kg per dose)
ar chloral hydrate (5 mg/kg per dose)
iseffective.

The use of corticosteroids is of Tit-
tle apparent benefit in the manage-
nmet of croup. In previously reported
studies, adrenocorticotropic hormone
(ACTH), hydrocortisone, prednisone,
prednisolone, methyl prednisolone,
addexamethasone all have been used.
Egt controlled studies have been re-
ported Six of these studies demon-
strated no difference between control
groups and corticosteroid treated
grous with respect to clinical re-
goonse (decrease in stridor, dyspnea,
retractions, cyanosis), length of hospi-
 stay, or number of tracheostomies
performed.10 15 one study, pa-
tients treated with corticosteroids im-
proved more rapidly than did a control
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Table 3. Assessing the Severity of Viral Croup

Degree of Severity

w 11 iCdl
Parameter Normal Mild Moderate Severe
Cyanosis No cyanosis or Hypoxemia or slight Cyanosis on exertion Cyanosis present at rest
hypoxemia with perioral cyanosis on
exertion exertion
Respiratory rate Less than 30 30-39 40-59 60 or greater
Cardiac rate Less than 110 110-139 140-159 160 or greater

Cough None
Air entry Normal
Retractions None
Use of accessory

respiratory muscles None
Inspiration

expiration ratio 2:1

Table 4. Summary of Therapeutic
Management of Croup

1. Encourage maximum available
humidification.

2. Provide sedation when necessary.
3. Encourage adequate hydration.

4. Administer nebulized racemic epi-
nephrine by intermittent positive
pressure breathing for moderate to
severe distress.

5. Administer oxygen for significant
hypoxemia.

6. Tracheostomy should rarely, if ever,
be needed.

7. Steroids are of no benefit.

8. Antibiotics are of no benefit.

group. However, the difference oc-
curred only in patients with a history
of allergic manifestations (urticaria,
hay fever, eczema, asthma). If patients
did not have an allergic history, there
was no difference in response between
the steroid treated and control
groups.16 One other study found a
variable response in patients who were
given steroids when compared to con-
trols. There was no difference in pulse
rate, respiratory rate, or length of time
the patient was in a croupette, but the
steroid treated group fared better with
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Expiratory "bark"
without inspiratory

Expiratory "bark"
with noticeable

Expiratory "bark”
with predominant

stridor

Air entry diminished

Suprasternal only

infrasternal
+ ++
3:1 4:1

respect to relief of stridor, retractions,
and length of hospital stay. Unfortu-
nately, the data in this study is compli-
cated by their finding that the relief of
stridor and the decrease in length of
stay was present at a dose of 4 mg
dexamethasone given every six hours
for 24 hours, but when the dose was
increased to 6 mg every six hours for
24 hours, no difference between the
treated and untreated groups could be
seen. Conversely, the positive benefit
of decreased retractions was found on-
ly with the higher dose of dexametha-
sone and not with the lower dose.17
The results of these studies cast signifi-
cant doubt as to whether there is any
benefit from corticosteroid therapy,
with the possible exception of the case
of a child with a history of previous
definite allergic manifestations.

By definition, viral croup should
not be treated with antibiotics. There
iS no reason to expect any benefit
from antibiotics, and the child should
not be subjected unnecessarily to the
hazard of allergic manifestations or
other adverse reactions to these drugs.

One of the newest modes of thera-
py to be used in the management of
croup is intermittent positive pressure
breathing using nebulized racemic epi-
nephrine. Adair et al reported on ten
year’s experience with this mode of
therapy in 1971.18 Initially this meth-

inspiratory stridor

Air entry diminished,
with a prolonged
inspiratory phase

Suprasternal and

inspiratory stridor

Little, if any, air
movement is heard on
auscultation

Suprasternal, infrasternal,
and intercostal

++++

od was used in the most severe casif
croup, but has come to be used infie
mild or moderately severe cae. Tit
method uses nebulized 2.5 percentr:
cemic epinephrine solution, diug
1:8 with water, administered wtha
positive pressure respirator for 15nm
utes using a face mask. If the ryoe
in not satisfactory or if symptorrse
cur, additional treatments can kegv
en. Adair et al reported that drirs
seven-year period, while they vn
using this mode of therapy, not adr
gle tracheostomy for croup wespr
formed at their institution and ot
single death occurred. By arira,
during the three years previous totfis,
tracheostomies were performed in®s
en percent of the cases admitted tofe
hospital. They also reported a doee
in the average length of hospitalization
of over 50 percent. While using adnk
lar method, Melnick et al also rgurtd
the successful elimination of the red
for tracheostomies over a treyer
period.19 On the other hand, adte
study found no change in the legtho
hospital stay, frequency of trachesto
mies, or deaths, when comparing ff¢
period during which racemic eirgh
rine was used to a period duringwV
it was not.20 However, these ssmea
thors found that 31 out of 35 dild:n
evaluated showed clinical inpro®
ment following racemic epinephriie
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tlimpy Whether the critical element

the therapy is the IPPB or racemic
eDirgphrine is not clearly delineated.
In this same study, nebulized racemic
epinephrine was compared to nebu-
lizd normal saline in a controlled,
double-blind study of 20 children. The
mejority of the children in both
groys showed a clinical response, but
tre researchers were unable to demon-
drae any difference between the two

20

The reported studies indicate that
intermittent positive pressure breath-
irg treatments with nebulized racemic
epinephrine are effective in relieving
tresymptoms of croup. As a matter of
persorel experience, we have used it
ad find it to be an effective way to
provice symptomatic relief to the
dyspreic child with stridorous, labored
breathing. It is not clear whether this
nock of therapy is effective in elimi-
reting the need for tracheostomies.
Sore studies of croup treated without
wirg IPPB during the same years as
thoe reported by Adair et al show a
similar record of not having had to
perform a single tracheostomy.13
However, other series associated with
epidemics within this period show a
wry high frequency of tracheosto-
mies.2l

The use of IPPB also may decrease
the need for hospitalizations. Al-

though no clear evidence has been re-
ported to date, it is our experience
that children with mild to moderate
croup symptoms can be treated effec-
tively in the Emergency Room with
IPPB and returned home. While the ev-
idence also is unclear about the impact
of this therapy on length of hospital
stay, a decrease in the rate of hospitali-
zation would be an important benefit.
One caution with IPPB is that the diag-
nosis of croup must be accurate. IPPB
is not effective in epiglottitis and may
delay appropriate treatment and tra-
cheostomy in that condition.

Additional therapy in the form of
fluids, electrolytes, buffers and antipy-
retics may be necessary. If managed
appropriately, croup should have an
excellent prognosis.

References

1. Glezen WP, et al: Epidemiologic pat-
terns of acute lower respiratory disease of
children in a pediatric group practice. J Pe-
diatr 78:397-406, 1971

2. Maletzky AJ.etal: Epidemiology of
viral and mycoplasmal agents associated
with childhood lower respiratory illness in a
civilian population. J Pediatr 78:407-414,
1971

3. Nichol KP, Cherry JD: Bacterial-
viral interrelations in respiratory infections
of children. N Engl J Med 277:667-672,
1967

4. Denny FW: The replete pediatrician
and the etiology of lower respiratory tract
infections. Pediatr Res 3:463-470, 1969

5. Dunbar JS: Epiglottitis and croup. J
Can Assoc Radiol 12:86-95, 1961

6. Poole CA, Altman DH: Acute epi-

THE JOURNAL OF FAMILY PRACTICE, VOL. 2, NO. 2, 1975

glottitis in children. Radiology 80:798-805,
1963

7. Rapkin RH: The diagnosis of epi-
glottitis: Simplicity and reliability of radio-
graphs of the neck in the differential diagno-
sis of the croup syndrome. J Pediatr
80:96-98, 1972

8. Newth CJL, Levison H, Bryan AC:
The respiratory status of children with
croup. J Pediatr 81 :1068-1 073, 1972

9. Parks CR: Mist therapy: Rationale
and practice. J Pediatr 76:305-313, 1970

10. Eden AN, Klaufman A, Yu R: Corti-
costeroids and croup. JAMA 200:403-404,
1967

11. Eden AN, Larkin VP: Corticosteroid
treatment of croup. Pediatrics 33:768-769,
1964

12. Sussman S, et al: Dexamethasone in
obstructive respiratory tract infections in
children. Pediatrics 34:851-855, 1964

13. James JA: Dexamethasone in croup.
Am J Dis Child 117:511-516, 1969

14. Turner JA, Morgan EA: Corticotro-
pin (ACTH) in the treatment of acute laryn-
gotracheitis. Am J Dis Child 83:440-445,
1952

15. Novik A: Corticosteroid treatment
of non-diphtheritic croup. Acta Otolaryngol
158 (suppl:20-23, 1960

16. Martensson B, Nilsson G, Torbjar J:
The effect of corticosteroids in the treat-
ment of pseudo-croup. Acta Otolaryngol
158 (suppl):62-71, 1960

17. Skowron PN, Turner JAP, Mec-
Naughton GA: The use of corticosteroids
(dexamethasone) in the treatment of acute
laryngotracheitis. Can Med Assoc J 94:528-
531, 1966

18. Adair JC, et al: Ten-year experience
with IPPB in the treatment of acute laryn-
gotracheobronchitis. Anesth Analg 50:649-
655, 1971

19. Melnick A, Berger R, Green G: Spas-
modic croup in children: Personal experi-
ence with intermittent positive pressure
breathing in therapy. Clin Pediatr 11:615-
617, 1972

20. Gardner HG, et al: The evaluation
of racemic epinephrine in the treatment of
infectious croup. Pediatrics 52:52-54, 1973

21. Howard JB, McCraken Jr GH, Luby
JP: Influenza A2 virus as a cause of croup
requiring tracheotomy. J Pediatr 81:1148-
1150, 1972

89





