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The management of recurrent croup in children
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Abstract
Objective: To review the aetiology, investigation, diagnosis, treatment and clinical outcome of children with
recurrent croup.

Method: Retrospective case note review of all children with recurrent croup referred to the otolaryngology service
at our hospital from November 2002 to March 2011.

Results: Ninety children with recurrent croup were identified. Twenty-five children (28 per cent) had anatomical
airway abnormalities, of which 16 (18 per cent) demonstrated degrees of subglottic stenosis. Twenty-three children
(26 per cent) had positive microlaryngobronchoscopy findings suggestive of reflux. Eleven children were treated for
gastroesophageal reflux disease, 10 (91 per cent) of whom responded well to anti-reflux medication (p = 0.006). No
cause was identified for 41 (45 per cent) of the children; this was the group most likely to continue having episodes
of croup at follow up. One death occurred in this group.

Conclusion: Airway anomalies are common in children that present with recurrent croup. Laryngobronchoscopy
allows identification of the cause of croup and enables a more accurate prognosis. In the current study,
laryngobronchoscopy findings that indicated reflux were predictive of benefit from anti-reflux medications,
whereas the clinical presentation of reflux was not. Routine measurement of immunoglobulin E and complement

proteins did not appear to be helpful.
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Introduction

Viral croup (laryngotracheobronchitis) is an acute
infection of the larynx, trachea and bronchi. It accounts
for approximately 15 per cent of respiratory tract
disease seen in paediatric practice, and is the most
common cause of upper airway obstruction in children
aged 6 months to 6 years."* It is characterised by hoar-
seness, barking cough and stridor. Most viral croup is
caused by the parainfluenza virus. There is seasonal
variation, with a peak during the autumn and winter
months. A prodromal upper respiratory tract infection
is common. Infection rarely causes severe respiratory
distress: hospitalisation occurs in 1.3-2.6 per cent of
cases.”

Recurrent croup is less common. Hide and Guyer
reported its prevalence as 6.4 per cent in children fol-
lowed up for the first four years of life.* On first pres-
entation, it can be clinically difficult to determine those
children who will go on to develop recurrent croup.
Recurrent croup is not a specific diagnosis in itself,
but rather a descriptive term for an entity that may

have a number of underlying causes.” Asthma,
allergy and bronchial hyper-responsiveness have all
been implicated.®” More recent studies have high-
lighted the association between recurrent croup and
upper airway disease processes, such as congenital or
acquired subglottic stenosis, and gastrolaryngopharyn-
geal reflux.>*? There should be a high index of suspi-
cion regarding inhaled foreign bodies, which may also
occasionally cause recurrent croup-like symptoms.

The prognosis of recurrent croup is not well estab-
lished and in many children the exact cause of the
symptoms is unclear. The objective of this study was
to review the aetiology, diagnosis, treatment and clini-
cal outcome of children with recurrent croup, and to
identify which diagnostic procedures were of most
value in these children.

Materials and methods

A retrospective case note review was carried out. We
identified all the children referred to the otolaryngology
service at our hospital with recurrent croup from
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November 2002 to March 2011. Children were ident-
ified from operating theatre records and from the indi-
vidual records of the operating surgeons. The medical
records of these patients were reviewed and clinical
data were recorded. Recurrent croup was defined as
two or more episodes of croup either confirmed medi-
cally or reported by the parent. Specific data collected
included sex, age at onset, age at presentation, duration
of croup prior to referral, number of episodes, comor-
bidities, number of hospital admissions, investigations
performed, treatments given, duration of follow up and
status at last follow up.

All children referred to the otolaryngology service
with recurrent croup underwent microlaryngobroncho-
scopy as per unit policy. Laryngobronchoscopy find-
ings considered to be consistent with pathological
gastrolaryngopharyngeal reflux included cobblestone
mucosa, oedema or erythema of the arytenoids, and
posterior commissure, pachydermia and blunting of
the carina. Where appropriate, the subglottis was
sized with endotracheal tubes as described by Myer
et al.'’ Some patients underwent blood sampling to
examine levels of complement component proteins
C3 and C4, and CI esterase inhibitor. In addition,
some patients were tested to evaluate total immunoglo-
bulin E (IgE) levels, and radioallergosorbent testing
(RAST) was carried out to identify common aeroaller-
gens. A small number of children underwent oesopha-
geal pH studies.

The treatment given to each patient was documented.
Outcome was defined by resolution or improvement of
symptoms at the last follow up.

Results

During the study period, 90 patients presented with a
history of recurrent croup, consisting of 72 males and
18 females (a male to female ratio of 4:1). The median
age of patients at the onset of croup was six months
(ranging from birth to eight years; Figure 1). The

70 4

60

Children (n)

20 4

10 -

0 o : . — . I
01 12 23 34 45 56 67 78
Age (¥)

FIG. 1
Ages of children at initial onset of croup. Y = years
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median age of patients at presentation to ENT was 4
years and 6 months (ranging from 4 months, to 11
years and 10 months). Potential risk factors such as
bottle rather than breast-feeding and parental smoking
were not documented in enough detail to permit analysis.

The median duration of croup prior to referral was 2
years and 6 months (ranging from 2 months, to 11 years
and 2 months). The median number of croup episodes
per year was 4 (range of 1-16 episodes). Of the 90
patients, 42 (47 per cent) required hospital admission
on at least one occasion, of which 8 (9 per cent)
required intensive care unit admission. In 26 (29 per
cent) of the patients the episodes of croup came on sud-
denly at night with no prior illness, whereas in 38 (42
per cent) of the patients typical attacks of croup were
preceded by an upper respiratory tract infection.
Seventy-three patients were given glucocorticoids
during croup episodes, which resulted in immediately
improved symptoms for all of those patients.

Nine patients (10 per cent) had a history suggestive
of obstructive sleep apnoea in addition to recurrent
croup. Thirty-two patients (36 per cent) had atopic
disease, of which 24 patients (27 per cent) had asthma.

All patients underwent laryngobronchoscopy. Sixteen
of the 90 patients (18 per cent) demonstrated various
degrees of subglottic stenosis. Eleven (69 per cent) of
these 16 patients had grade 1 stenosis (Figure 2), 4
patients (25 per cent) had grade 2 (Figure 3) and 1
patient (6 per cent) had grade 3 (Figure 4). The child
with grade 3 stenosis underwent single-stage laryngotra-
cheal reconstruction using anterior and posterior costal
cartilage grafts with successful resolution of symptoms.
One of the children with a grade 2 stenosis was success-
fully treated with endoscopic balloon dilatation. The
remaining patients were all treated with observation
only. With regards to other airway pathology requiring
surgery, one patient underwent laser repair of a laryngeal
cleft. Other significant findings on laryngobroncho-
scopy are shown in Table I.

Twenty-five children had findings consistent with
gastrolaryngopharyngeal reflux. Evidence of the
reflux laryngitis was revealed on laryngobronchoscopy
(23 patients) (Figure 5), pH studies (1 patient) or

FIG. 2
Laryngobronchoscopic view showing grade 1 subglottic stenosis.
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FIG. 3
Laryngobronchoscopic view showing grade 2 subglottic stenosis.

barium studies (1 patient). Subglottic stenosis was
identified on laryngobronchoscopy in two of these
patients. Fourteen patients had a history suggestive of
reflux, with symptoms such as vomiting after feeds,
heartburn and an acidic taste in the mouth. Of these,
four patients showed no evidence on laryngobroncho-
scopy, pH studies or barium studies and so were not
included in the gastrolaryngopharyngeal reflux diag-
nostic group.

Total IgE levels were measured in 39 patients, 9 of
whom (23 per cent) had raised values. This group
was further screened for common aeroallergens using
RAST. The findings are shown in Table II.

Serum levels of complement proteins C3 and C4,
and C1 esterase inhibitor were measured in 37 patients.
The C1 esterase inhibitor levels and C3 levels were
found to be normal in all patients. However, C4 was
low in three patients (8 per cent). In one of these
patients the C4 level was borderline low at 0.10 g/1
(the age-specific normal range is 0.12—0.4 g/1). This
patient also had grade 1 subglottic stenosis which
was thought to be the significant pathology. In
another of these patients the C4 level was borderline
low at 0.09 g/l (age-specific normal range is

FIG. 4
Laryngobronchoscopic view showing grade 3 subglottic stenosis.
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TABLE I
LARYNGOBRONCHOSCOPY FINDINGS

Finding Patients (n (%))
Laryngopharyngeal reflux 25 (28)
Subglottic stenosis 16 (18)
Laryngomalacia 7(8)
Bronchomalacia 1 (1)
Tracheomalacia 2(2)
Vascular compression of distal trachea 1 (1)
Stenosis of left main bronchus 1(1)
Subglottic cyst 1(1)

0.12—0.4 g/1). This patient also had evidence of
reflux which was thought to be the significant pathol-
ogy. The remaining patient, however, had a signifi-
cantly low C4 level at 0.07 g/l (age-specific normal
range is 0.16—0.46 g/1). This patient had a history of
episodes of lip swelling and abdominal pain in associ-
ation with stridor, which was suggestive of angioe-
dema. All other investigations were normal.

The patients’ status at last follow up had been ade-
quately documented in 78 patients. Nineteen patients
(24 per cent) had received either omeprazole or ranitidine
as anti-reflux medication, usually in addition to an algi-
nate (Gaviscon Infant, Reckitt Benckiser Healthcare
(UK), Kingston upon Thames, UK). Ofthese, 11 patients
(58 per cent) had laryngobronchoscopy findings sugges-
tive of reflux and 10 patients (53 per cent) had a history
suggestive of reflux. A comparison of these patients’
outcomes with patients who did not receive anti-reflux
medication is presented in Table III. Clinical improvement
was defined as decreased symptom severity, decreased
frequency of episodes or resolution of symptoms.
Laryngobronchoscopy findings that indicated reflux
were predictive of benefit from anti-reflux medications:
10 patients (91 per cent) found to have positive laryngo-
bronchoscopy findings showed improved symptoms
with anti-reflux medication; only 2 (25 per cent) of the
patients in this group who did not use anti-reflux

FIG. 5

Laryngobronchoscopic view showing evidence of reflux laryngitis,
in this instance, oedema of the supraglottic larynx.
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TABLE II TABLE IV
RAST FINDINGS CAUSE OF RECURRENT CROUP

Allergen Patients (n (%)) Final diagnosis Patients (n (%))

House dust mite 6 (15) No abnormality 41 (45)

Grass pollen 4 (10) Reflux 23 (26)

Dog 1(3) Subglottic stenosis 14 (16)

Egg 1(3) Other airway pathology 9 (10)
Subglottic stenosis & reflux 2(2)

RAST = radioallergosorbent test Angioedema 1(1)

medication showed improved symptoms (p = 0.006, two-
tailed Fisher’s exact test). However, a history suggestive of
reflux was not predictive of benefit from anti-reflux medi-
cations: six patients (60 per cent) with a history suggestive
of reflux showed improved symptoms with anti-reflux
medication compared with only one patient (33 per
cent) who did not use anti-reflux medication (p = 0.56,
two-tailed Fisher’s exact test).

Table IV shows the final diagnosis of the cause of the
recurrent croup for the 90 patients after all investigations
and treatments had been completed. In 41 patients (45
per cent), no cause for the recurrent croup was found.
Of those with an adequately documented last follow
up, it was found that 20 patients (59 per cent) with a pre-
ceding viral upper respiratory tract infection were well or
improving after a median follow up of 7 months. In
addition, 14 patients (70 per cent) with a sudden noctur-
nal onset and no prodromal illness were well or improv-
ing after a median follow up of 8 months. The final
diagnoses of these two groups of patients are shown in
Table V. No significant differences were found
between the two groups in terms of the final diagnoses
(p > 0.05, chi-square test).

Fourteen patients had only two episodes of croup.
The final diagnoses of these patients were similar to
those of patients with more than two croup episodes.
The final diagnoses of these two groups of patients
are shown in Table VI. No significant differences
were found in terms of the final diagnoses (p > 0.05,
chi-square test).

Table VII shows the number of patients with each
diagnosis whose symptoms were improving or resolved
at last follow up. Of the group of patients with a final
diagnosis of reflux, those with evidence of reflux on
laryngobronchoscopy who received treatment had the
best prognosis, both within their group and out of all
patients. The children with no identifiable cause for

have continuing symptoms. This group also included
the only death in our series. A child who had previously
been discharged after a normal laryngobronchoscopy
continued to have episodes of croup with sudden noc-
turnal onset and no preceding illness over a two-year
period until he had a particularly severe episode of
stridor and died of respiratory failure on arrival at hos-
pital. No post-mortem examination was performed so
the exact cause of death remains unknown.

Discussion

Recurrent croup is a relatively common childhood
disease, but surprisingly little has been published on
its epidemiology, aetiology, natural history and manage-
ment. Our retrospective, observational study involved
90 children and is therefore the largest study to date on
the investigation and management of recurrent croup.

Recurrent croup was associated with a male predo-
minance, which is consistent with  other
studies.*>”""""3 In our study, the median age at
onset of croup was six months. This is a little
younger than the reported age at onset in previous
studies, which ranged from 9 to 18 months.”'*'*

It is advised that children with recurrent croup
undergo an endoscopic airway evaluation to establish
whether there is any underlying airway disorder."’
All patients in our study underwent endoscopic evalu-
ation. We identified a total of 25 patients (27.7 per cent)
with anatomical airway abnormalities, which is in line
with the findings of previous, smaller studies.'*'®
Sixteen (17.7 per cent) of these patients demonstrated
various degrees of subglottic stenosis on laryngo-
bronchoscopy, a minority of which were severe
enough to require intervention. A further nine patients
(10 per cent) had no subglottic stenosis but did have
other significant airway pathology. Children with

their recurrent croup were the group most likely to airway pathology are predisposed to recurrent

TABLE III
PATIENT OUTCOME FOLLOWING ANTI-REFLUX MEDICATION

Reflux indicator Anti-reflux med trial? Pts (n) Well/improving (n (%)) No improvement (7 (%))
Laryngobronchoscopy Y 11 10 91) 1(9)

N 8 2(25) 6 (75)
History Y 10 6 (60) 4 (40)

N 3 1 (33) 2 (66)

Med = medication; pts = patients; Y = yes; N = no
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TABLE V

FINAL DIAGNOSIS OF PATIENTS WITH SUDDEN NIGHT
ONSET OR PRECEDING VIRAL URTI

Final diagnosis Night-time

onset® (n (%))

Preceding viral
URTI (n (%))

Subglottic stenosis 4 (15) 5(13)

Reflux 9 (35) 5(13)

Subglottic stenosis 0 (0) 1)
& reflux

Other airway 14) 4 (11)
pathology

No abnormality 12 (46) 23 (60)

*Total n=26. "Total n=38. URTI = upper respiratory tract
infection

croup.' ™" We therefore recommend that all children
with recurrent croup undergo laryngobronchoscopy.

Laryngobronchoscopy can also provide diagnostic
and prognostic information regarding reflux. Reflux
has been reported in as many as 47 to 87 per cent of
children with recurrent croup in other series.'' %%
Our lower prevalence of 28 per cent may reflect the
fact that our department rarely uses pH studies and
relies solely on clinical assessment. While some may
consider pH monitoring the investigation of choice, it
is often difficult to perform in children and only
detects reflux events with a pH of less than 4.
Refluxed material with a pH above 4 may result in des-
quamation of the tracheal mucosa and delayed regener-
ation, and may therefore be pathologic.?’ We have not
routinely used pH studies because we remain uncon-
vinced of their value in predicting the benefit of anti-
reflux medication. Our experience indicates that laryn-
gobronchoscopy findings are the best predictor, and
that children with no visual evidence of reflux laryngi-
tis are unlikely to benefit from anti-reflux medication,
which is in keeping with previous findings.'® We are
now in discussion with colleagues in gastroenterology
about the potential value of oesophagoscopy in these
children to identify further evidence of reflux as well
as eosinophilic oesophagitis.’

Previous studies have suggested that recurrent croup is
associated with reactive airway disease and
allergy,®’**~%° although they have been unable to estab-
lish causality. Our experience suggests that routine

TABLE VI

FINAL DIAGNOSIS OF PATIENTS WITH HISTORY OF
TWO OR MORE CROUP EPISODES

Final diagnosis 2 episodes™ >2 episodes’

(n (%)) (n (%))
Subglottic stenosis 3(21) 11 (14)
Reflux 3(21) 20 (26)
Subglottic stenosis & 1(7) 1 (1)

reflux

Other airway pathology 2 (14) 7 9)
Angioedema 0 (0) 1 (1)
No abnormality 5(36) 36 (47)

*Total n = 14. "Total n = 76.
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allergy testing is unhelpful in children with recurrent
croup. The positive RAST results did not correlate with
clinical symptoms in a way that suggested the allergen
in question was triggering the croup attacks, for any
of our patients. The RAST findings were therefore
thought to be incidental. We suggest that RAST be
reserved for cases where there is a suggestive history of
croup episodes being associated with a particular aller-
gen (such cases are rare). Similarly, routine measurement
of complements C3 and C4, and C1 esterase inhibitor
levels appeared to be unhelpful, but may have a place
where angioedema is suspected due to lip or tongue swel-
ling in association with episodes of stridor.

Historically, croup attacks preceded by an upper res-
piratory tract infection have been labelled as viral
croup, while it has been suggested that attacks with a
sudden night-time onset could be labelled as spasmo-
dic croup. We found no significant differences in the
final diagnoses of these groups compared with the
final diagnoses of all patients.

We were intrigued to find apparent differences in
prognosis in children with different causes for their
recurrent croup. Surprisingly, the children with anatom-
ical abnormalities of the airway had a very good progno-
sis. Seventy-one per cent of patients with subglottic
stenosis were well or improving after a median follow
up of 6 months, and 75 per cent of patients with other
airway abnormalities were well or improving after a
median follow up of 5 months. The best prognosis,
however, was in the children with treated reflux diag-
nosed on laryngobronchoscopy. Ninety-one per cent
of those with laryngobronchoscopy findings suggestive
of reflux who were receiving anti-reflux medication
were reported to be well or improving after a median
follow up of nine months. Although this response rate
may seem dramatic, our results, which are based on a
small sample size with limited follow up, are supported
by Hoa et al.'' These authors demonstrated sympto-
matic improvement in 31 of 35 patients (88.6 per cent)
who had endoscopic findings consistent with gastroeso-
phageal reflux and were treated with anti-reflux medi-
cations. In comparison, only 50 per cent of the
children with no identifiable cause for their recurrent
croup were well or improving after a median follow up
of 8 months. It was found that a history suggestive of
reflux was not predictive of benefit from anti-reflux
medications. A laryngobronchoscopy is therefore
required prior to commencing anti-reflux medication.
A Cochrane review has shown glucocorticoids to be
effective in the acute management of an episode of
croup,”® and our experience is that they are very effective
regardless of the underlying cause of the croup.

Due to the limitations of a retrospective study, it is
possible that some variables were not accounted for.
Questions concerning history of reflux, night-time
onset or occurrence of a preceding upper respiratory
tract infection may not have been addressed in all patients.

There is no consensus (some debate) in the literature
regarding how many episodes of croup constitute
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TABLE VII
PATIENT STATUS AT LAST FOLLOW UP

Final diagnosis Patients (n (%)) Well/improving (n (%)) No improvement (n (%)) FU dur* (mth)

Subglottic stenosis 14 10 (71) 4 (29) 6
Reflux 19 11 (58) 8 (42) 10
Subglottic stenosis & reflux 2 1 (50) 1 (50) 24.5
Other airway pathology 8 6 (75) 2 (25) 5
Angioedema 1 1 (100) 0 (0) 20
No abnormality 34 17 (50) 17 (50) 8
All patients 78 46 (59) 32 (41) 8

*Median average. FU = follow up; dur = duration; mth = months

labelling of the condition as recurrent. Some studies
have suggested a threshold of three or more croup epi-
sodes,”” while others, like our study, have used a
threshold of two episodes.”'® More than one episode
of croup symptoms with a normal airway is uncommon,
unless there is immunodeficiency or reinfection with a
different viral strain.”'' We found no significant differ-
ences in terms of the final diagnoses of patients with
only two episodes of croup compared with patients
with more than two episodes. At our institution, we
investigate after only two episodes of croup. The
results for two or three or more episodes of croup are
comparable, and our threshold therefore appears appro-
priate for this demographic. As our service is a tertiary
service, we are reliant on onward referrals from other
services. Our preference for earlier investigation may
reflect a referral bias, as evidenced by the greater
number of children with a history of three or more
croup episodes versus those with only two episodes.
The appropriate number of croup episodes required to
progress to endoscopic investigation therefore remains
unsettled. Atthe minimum, we would recommend endo-
scopic investigation after two croup episodes in those
with atypical symptoms, or after three episodes in
patients with no atypical symptoms.

e Recurrent croup may have a number of
underlying causes and is associated with
upper airway disease

e Anatomical airway anomalies should always
be suspected in children with recurrent croup;
most anomalies can be managed
conservatively

e Laryngobronchoscopy (but not clinical)
findings that indicate reflux are predictive of
benefit from anti-reflux medications

e Laryngobronchoscopy is helpful for diagnosis
and prognosis, whereas measurement of
immunoglobulin E and complement proteins
is not

e Cases of recurrent croup with no obvious
cause should be observed closely long-term;
recurrent croup may not always be a benign
diagnosis
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An initial laryngobronchoscopy under general anaes-
thesia is recommended in all children with recurrent
croup, as the subglottis and trachea cannot be ade-
quately assessed by any other means. This will allow
subglottic stenosis and other airway pathology to be
identified and treated where appropriate. It can also
provide useful information regarding prognosis, as
well as reflux. If laryngobronchoscopy is positive for
reflux, we recommend that anti-reflux medication is
started. In our patients, this resulted in a 91 per cent
improvement over a median follow up of 9 months,
compared with 25 per cent of children (2 out of 8) in
whom laryngobronchoscopy demonstrated reflux but
who were not started on anti-reflux medications. We
recommend that those children with no obvious cause
for their recurrent croup on laryngobronchoscopy con-
tinue to be observed for at least one year to exclude
worsening of their condition. This group of patients
have the worst prognosis. Based on the results of our
study, around half of these patients will have continu-
ing symptoms one year later. In addition, our only
death occurred in this group. Recurrent croup should
not always be presumed to be a benign diagnosis.
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