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Abstract

Objective. To report on airway endoscopic findings and gas-
trointestinal and atopic conditions in a large consecutive
series of atypical croup.

Study Design. Case series with chart review.

Setting. Tertiary pediatric referral center.

Subjects and Methods. A surgical database was searched for
all children who underwent full airway endoscopy to investi-
gate atypical croup. The primary outcome measure was the
prevalence of large airway lesions in patients with atypical
croup undergoing endoscopy. Demographics, secondary
diagnoses, and rate of positive findings were documented.
Age and atopy were correlated using Spearman’s correlation
coefficient, and multivariate analysis identified predictors of
large airway lesions.

Results. Eighty patients were identified over a period of 8 years
(58 boys; mean [SD] age 4.8 [3.8] years; range, 46 days to 13.7
years). Of the 80 children, 31 had positive airway findings, with
33 large airway lesions demonstrated, including 10 subglottic
stenosis, 7 laryngeal clefts, 6 subglottic hemangiomas, 4 tra-
cheomalacia, and 3 laryngomalacia. Esophagitis was diagnosed
in 36 children, 5 of whom had eosinophilic esophagitis. Thirty-
five children had an atopic condition including asthma, allergic
rhinitis, eosinophilic esophagitis, and food allergies. Age
correlated with associated atopy (coefficient 0.4, P \
.0001) and predicted the presence of any airway lesion
(coefficient –0.0625, P \ .001) and subglottic stenosis in
particular (coefficient –0.0362, P = .001). Prior intubation
predicted subglottic stenosis (coefficient 0.267, P = .011).

Conclusion. Thirty-nine percent of airway endoscopies
demonstrated large airway lesions. When eosinophilic eso-
phagitis was sought, it was confirmed in over 1:10 patients.
The findings bolster the case for airway endoscopy coupled
with allergy and gastrointestinal investigations.
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C
roup is a very common respiratory illness in chil-

dren, which presents with a barky cough, inspiratory

stridor, hoarseness, and respiratory distress.1 These

symptoms are attributed to inflammation and narrowing of

the glottis, subglottis, trachea, and bronchi secondary to a

viral etiology, most commonly parainfluenza virus.1

Typically, croup presents as a relatively minor illness of

short duration between the ages of 6 months and 3 years.1

There is no consensus on the definition of atypical croup

(AC), but current literature commonly uses the term to

describe recurrent episodes, without consensus about an

evidence-based frequency figure. Some suggest that AC

constitutes a distinct entity, which has at times been labeled

spasmodic croup.2 Hence, it appears that croup can be

defined as atypical if it occurs in numerous recurrent epi-

sodes or in children outside of the expected age group.

Several studies have proposed the existence of associations

between AC and gastroesophageal reflux disease (GERD),

allergy, atopy, airway hyperreactivity, and asthma3-9 in an

effort to ascribe the pathogenesis (at least partly) to a noninfec-

tious process. In the same vein, the existence of large airway

lesions (LALs) in this group of children has been reported by

several investigators and, interestingly, varies between 25%
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and 100%.4-6,10-12 This broad range is probably due to the

diversity in populations studied and research methodologies

used.

Eosinophilic esophagitis (EE) is a chronic inflammatory

disorder of the esophagus that is rapidly emerging as a dis-

tinct clinical disease entity of importance. Its characteristic

hallmark is isolated dense eosinophilic epithelial infiltration

of the esophagus. Recently, the associations between EE and

airway clinical problems have been reported, and these

include subglottic stenosis (SGS), laryngeal clefts (LCs), sleep-

disordered breathing (SDB), chronic cough, and AC.13-19

However, no dedicated studies have reported the prevalence of

EE in a population of children presenting with AC.

Our aim is to investigate a large consecutive series of

children who presented with AC, with respect to the find-

ings on endoscopic examination of their airway and con-

firmed atopic and gastrointestinal conditions.

Methods

This is a retrospective case series and chart review of all

children who underwent full airway endoscopy to investi-

gate AC in a pediatric otolaryngology practice. All patients

were treated in the same tertiary pediatric referral center

(The Stollery Children’s Hospital, Edmonton, Canada).

After institutional review board approval through the

Human Ethics Research Online system, patients were identi-

fied from a prospectively kept database of all surgical and

endoscopic procedures performed by one of us (H.E.), from

June 2002 to October 2010. Information contained in the

database included patient identifying information, date of

birth, primary and secondary diagnoses, procedure per-

formed, date of procedure, and complications.

We searched the database for atypical croup, recurrent

croup, and chronic cough. We included only children 18

years and younger. Atypical croup was defined as a docu-

mented history of episodes of stridor and barking cough in a

child 6 months old or younger, older than 3 years, or with

recurrent episodes of croup (4 or more episodes in total).

Patients were excluded if they did not have sufficient infor-

mation, did not undergo full airway examination, or their

documentation failed to meet the definition of AC upon

review of their chart.

Sources of variables collected included the database, as

well as hospital and practice charts. We collected patients’

demographic information (age, gender); referral source

(emergency department, inpatient referral, community,

pediatrics, or other pediatric subspecialists); history of emer-

gency room visits and hospitalizations for croup; secondary

diagnoses, including LALs, esophagitis, asthma, atopy,

swallowing dysfunction, and SDB; history of prior intuba-

tion; and prematurity.

On airway endoscopy, laryngeal mobility was evaluated

using a 2.2-mm flexible endoscope under spontaneous venti-

lation using intravenous propofol and remifentanil.

Laryngoscopy and bronchoscopy were undertaken using

rigid instrumentation to inspect the airway from the supra-

glottis to the primary bronchi and their divisions. The

subglottis was sized endoscopically and graded based on the

method by Myer et al.20 Laryngomalacia was diagnosed in

accordance with Olney et al.21 The diagnosis of tracheomala-

cia was defined as described by Benjamin.22 Laryngeal clefts

were classified as proposed by Benjamin and Inglis.23 Airway

endoscopy was performed electively outside periods of acute

illness and at least 6 weeks after an episode of croup. The

diagnosis of EE was based on the pathologic finding of 15 or

more eosinophils per high-powered field on biopsies collected

from esophagoscopy, with or without macroscopically

observed abnormalities (trachealization, linear furrows, and

white exudates).24 Gastroesophageal reflux disease was diag-

nosed based on a combination of history of prior diagnosis,

prior response to proton pump inhibitor treatment, pH probe

study results, or biopsy results from esophagoscopy/gastro-

scopy. The diagnosis of asthma was based on history and

reports from referring and consulting physicians. Food allergy

diagnoses were made based on reported history and skin prick

testing results. Sleep-disordered breathing was diagnosed

based on a composite of history (questionnaire modeled on the

Pediatric Sleep Questionnaire), physical examination, and

sleep study results. Swallowing dysfunction was diagnosed

according to history, swallowing assessments, and findings on

airway endoscopy. Prior intubation was based on reported his-

tory. Prematurity was defined as children born at �36 weeks

gestational age.

Our primary outcome measure was the prevalence of LALs

in patients with AC undergoing endoscopy. Secondarily, we

documented the prevalence of associated conditions in AC,

including esophagitis and atopic disease (asthma, food allergy,

allergic rhinitis, and EE).

Statistical Analysis

Comparison of proportions was performed using x2 tests

and continuous data using the Student t test. Correlation

between age and atopy was calculated using Spearman rank

order. Backward stepwise regression was used to identify

predictive independent variables for the dependent variables

of LALs and SGS. The independent variables tested

included age, gender, source of referral, emergency room

visits, hospital admission, prematurity, GERD, atopic diag-

nosis, and prior intubation. The variables were computed

with age in years, gender as a binomial (male or female),

and admission to hospital, ER visits, preterm birth, atopy

(any of asthma, allergic rhinitis, or EE), and GERD as bino-

mials (absent or present). Two separate analyses using the

same independent variables were performed for the depen-

dent variables of LALs and SGS. Statistical significance

was accepted as P \ .05 in all cases. Individual patient data

forms were used for initial collection of variables and then

transferred to an Excel spreadsheet. SigmaStat software ver-

sion 3.5 (Systat Software, Chicago, Illinois) was used for

statistical analysis.

Literature Search

An English literature search was performed on PubMed,

MEDLINE In-process & Other Non-indexed Citations, and
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Medline (1950 to present) for articles on atypical and recur-

rent croup and eosinophilic esophagitis and its airway mani-

festations. The search terms used included recurrent croup,

atypical croup, spasmodic croup, and eosinophilic esophagi-

tis and airway. The searches were limited to the English

language and All Child (0-18).

Results

From the database search, 121 potentially eligible children

were identified from June 2002 to October 2010. Upon fur-

ther review of their charts, 80 were included and 41 were

excluded. Thirty-eight children did not meet the AC criteria,

and another 3 did not have complete airway endoscopy per-

formed and were excluded. Of the 80 children included, there

were 58 males and 22 females. The male to female ratio was

2.6:1. The mean age of the children included in the series

was 4.8 6 3.8 years (range, 46 days to 13.6 years).

Fifty-two children had a history of at least 1 emergency

room visit, and 23 had at least 1 hospital admission for

croup. Thirty-nine children were referred by primary care

physicians. Pediatric subspecialists (including gastroenterol-

ogists and pulmonologists) referred 17 children as outpati-

ents. Thirteen children were referred by emergency room

physicians, and 8 children were referred as inpatients. Three

children were referred from other sources.

On endoscopic examination of the airway, 31 patients

had a LAL diagnosed. These lesions included 10 SGS

(grade 1: 6, grade 2: 2, grade 3: 2), 7 LCs (all type 1), 6

subglottic hemangiomas, 4 tracheomalacia (all minor), 3 lar-

yngomalacia (type 1: 2, type 2: 1), 1 laryngeal paralysis, 1

supernumerary bronchus, and 1 herpes simplex laryngitis

(Table 1). In total, 33 LALs were diagnosed. Figure 1

demonstrates a subglottic web visualized on airway endo-

scopy of a child presenting with atypical croup.

Sixty-five children had at least 1 secondary diagnosis.

The secondary diagnoses included 37 SDB, 31 GERD, 20

asthma, 17 chronic cough, 16 history of preterm birth, 15

swallowing dysfunction, 9 history of intubation, 8 allergic

rhinitis, 5 EE, and 3 food allergies (Table 2). There were

35 children with atopic conditions, including asthma, food

allergies, allergic rhinitis, and EE. Thirty-six children were

diagnosed with esophagitis, including both GERD and EE.

Of the 28 children who had esophagoscopy performed, 21

had biopsies taken. Only 3 children diagnosed with GERD

had histologic evidence of esophagitis. In children diag-

nosed with EE, the mean eosinophil count was 24 6 15

eosinophils/high-powered field (range, 15-50).

Table 1. Large Airway Lesions on Endoscopy

Large Airway Lesion No.a

Subglottic stenosis 10

Grade 1 6

Grade 2 2

Grade 3 2

Laryngeal cleft 7

Subglottic hemangioma 6

Tracheomalacia 4

Mild 4

Severe 0

Laryngomalacia 3

Type 1 2

Type 2 1

Type 3 0

Laryngeal paralysis 1

Herpes simples laryngitis 1

Supernumerary bronchus 1

aNo. is the number of patients with lesions. Two patients had multiple large

airway lesions. Therefore, there are 33 total lesions found in 31 patients.

Figure 1. Subglottic web visualized on airway endoscopy of a child
presenting with atypical croup.

Table 2. Secondary Diagnoses

Diagnosis No.a

Sleep-disordered breathing 37

Asthma 20

Allergic rhinitis 8

Food allergy 3

GERD 31

EE 5

Chronic cough 17

Preterm birth 16

Swallowing dysfunction 15

History of intubation 9

Abbreviations: EE, eosinophilic esophagitis; GERD, gastroesophageal reflux

disease.
aPatients could be diagnosed with more than one secondary diagnosis. Total

number of secondary diagnoses is greater than 80.
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Age and atopy correlated positively using Spearman’s

correlation coefficient (coefficient 0.4; P \ .0001; power

.80%).

Backward stepwise regression analysis demonstrated 2

statistically significant predictors of SGS (Table 3). Prior

intubation had a coefficient of 0.267 (P = .011), and age

had a coefficient of –0.0362 (P = .001). Age was the only

statistically significant predictor of LALs with a coefficient

of –0.0625 (P \ .001) (Table 4).

The literature search of PubMed and Medline for the

terms recurrent croup, atypical croup, spasmodic croup, and

eosinophilic esophagitis and airway yielded 68 articles.

Discussion

From our literature search, we identified 6 other studies exam-

ining LAL prevalence in children with AC.4-6,10-12 The sample

sizes ranged from 17 to 81 children. Although croup may be

thought of as atypical with recurrent episodes, it is also note-

worthy when a child presents with croup outside of the

expected age of 6 months to 3 years.1,25 The inclusion criteria

of other series of AC, in comparison to the current work, were

more permissive with respect to the number of recurrent epi-

sodes stipulated. Some studies required 2 or 3 episodes of

croup to be included, whereas Waki et al6 stipulated 2 or more

episodes necessitating inpatient care. Moreover, other studies

have not characterized croup as atypical based on the age of

presentation, although Farmer and Wohl11 accounted for age

in determining the clinical severity of AC.

Our series of children had a male predominance (2.6:1

male to female ratio), which is in keeping with previous

studies.4-6,10-12 The mean age of children in our study was

4.8 6 3.8 years. This is the oldest reported mean age of the

6 previous studies describing prevalence of airway lesions

in AC, which had mean ages ranging from 2.7 to 4.2

years.4,5,10,12 Farmer and Wohl11 had a median age of 2

years, and Waki et al6 reported a mean age of 9 months at

the first presentation of croup. It should be noted that one of

our inclusion criteria was presentation at an advanced age.

Sixty-five percent of our patients had a history of emer-

gency room visits for croup, and 29% were admitted to the

hospital because of an episode of croup, illustrating the

severity of presentation within our series. Hospital admis-

sion was an inclusion criterion for Waki et al,6 but other

studies did not report on the number of children with a his-

tory of emergency room visits or of hospitalizations for

croup. Of the 80 children in our series, 76 had a LAL, sec-

ondary diagnosis, or both.

Our LAL prevalence of 39% (31/80), although signifi-

cant, is at the lower end of previous reports. There is a 3-

fold variation in the existing literature in the reported LAL

prevalence in AC, ranging from 25% to 100%.4-6,10-12

Between studies, there is significant variation with regard to

the definition of AC as discussed. Also, although some stud-

ies reported all airway lesions,6,10-12 including subjective

diagnoses such as subglottic and interarytenoid edema,

others reported only mature SGS.4,5 Considering our patient

population being children referred to an otolaryngologist at

a tertiary pediatric referral center, this LAL prevalence is

also biased toward higher rates of positive airway findings

compared with all children with atypical croup in the gen-

eral population. Subglottic stenosis was the most common

airway lesion in our series, with 10 diagnoses. This study is

the first to systematically include subglottic hemangiomas

in a series of AC. Only 1 patient with a subglottic heman-

gioma was reported in the series of Jabbour et al12 and

Farmer and Wohl.11 Our multivariate analysis identified

prior intubation as a positive predictor of SGS. In addition,

age was a negative predictor for both SGS and the presence

of any LAL. Although, prior studies had identified age \1

year, age \3 years, prior intubation, prematurity, and inpati-

ent consultations as risk factors for LALs,10,12 these studies

used either multivariate analysis in a substantially smaller

sample size or only univariate analysis comparing children

across a nonsupported age threshold.

Esophageal secondary diagnoses were common in this

series, with 36 children being diagnosed with either GERD

or EE. The 5 children with EE were all diagnosed within

the last 5 years of the study. Taking into account the recent

Table 3. Regression Analysis of Predictors of Subglottic Stenosis

Variable Coefficient Standard Error P Value

Constant 0.237 0.148

Gender 0.0287 0.0757 .233

Source of referral –0.0137 0.0253 .274

Admission –0.130 0.0876 .789

Emergency room visits 0.0225 0.0740 .770

Preterm birth 0.0550 0.0973 .072

Atopy 0.129 0.0765 .605

GERD –0.0449 0.0732 .281

Prior intubation 0.267 0.117 .011

Age –0.0362 0.0107 .001

Abbreviation: GERD, gastroesophageal reflux disease.

Table 4. Regression Analysis of Predictors of Large Airway Lesion
Presence

Group Coefficient Standard Error P Value

Constant 1.010 0.234

Gender –0.0964 0.119 .920

Source of referral –0.0352 0.0398 .251

Admission –0.132 0.138 .240

Emergency room visits 0.0554 0.117 .526

Preterm birth –0.103 0.153 .825

Atopy –0.0598 0.121 .122

GERD –0.203 0.115 .075

Prior intubation 0.0903 0.184 .349

Age –0.0625 0.0169 \.001

Abbreviation: GERD, gastroesophageal reflux disease.
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emergence of this diagnosis, approximately 1 in 10 children

with AC were diagnosed with EE when the diagnosis was

sought. The current literature reports a broad range for the

prevalence of GERD in AC, ranging from 21% to 87%.3-6

There is substantial variability in the manner in which

GERD was diagnosed in these studies, ranging from past

medical history to manifestations of GERD seen on airway

endoscopy. We acknowledge that the gold standard for diag-

nosing GERD was not the basis of our diagnosis, but we

also avoided the common mistake of relying on vague endo-

scopic signs in the airway. Our criteria for the diagnosis of

GERD included past medical history of prior diagnosis,

prior response to proton pump inhibitor treatment, pH probe

study results, or biopsy results from esophagoscopy/gastro-

scopy. Only 3 children diagnosed with GERD had biopsy

results demonstrating histologic evidence of esophagitis,

and the majority of diagnoses were based on prior medical

history, as is common in day-to-day practice. All 5 of the

children diagnosed with EE had biopsy results from esopha-

goscopy with 15 or more eosinophils per high-powered field

to support their diagnosis.

Thirty-five of 80 children, or 44%, were diagnosed with

an atopic diagnosis, including asthma, food allergies, allergic

rhinitis, and EE. From our correlation, the older a child was,

the more likely he or she was to have an atopic diagnosis.

Asthma, in its own right, had a prevalence of 25% in our

study. Similar to GERD, the prevalence of asthma in AC has

yet to be clearly defined, with literature ranging from 8% to

64%.4,6-8 Again, variation in criteria for the diagnosis from

study to study has influenced this broad range.

A comparably sized and most recent publication investi-

gating airway lesions in AC is the article by Jabbour et al12

with 81 patients. The definition of recurrent croup, unfortu-

nately, was not clear in the study’s methods section. This

study reported a LAL prevalence of 58% and identified sev-

eral predictors of airway lesions, including prior intubation,

prematurity, inpatient consultation, and age younger than 1

year. A large number of patients were excluded from the

study (43 patients) because they elected not to undergo

airway endoscopy. Furthermore, adenoid hypertrophy, vocal

cord nodules, valecullar cysts, and laryngopharyngeal reflux

were included as airway findings, despite the lack of a clear

mechanism of producing the clinical picture. The group,

however, demonstrated that young age and previous intuba-

tion were predictive independent variables of LALs, in

agreement with our study.

One limitation of our study is its retrospective design. No

firm conclusions can be drawn about causal association of

AC with regard to esophagitis or atopic disease. Another lim-

itation is the way in which secondary diagnoses have been

defined. Unfortunately, many of the diagnoses were made

based on past medical history, and firm documentation was

not available. These conditions were not investigated uni-

formly, nor were diagnoses confirmed with gold-standard

tests such as pH probes or pulmonary function tests. But the

same difficulties face clinicians with respect to establishing

these diagnoses for this age group in day-to-day practice.

Some diagnoses, such as grade 1 SGS, are subtle, and their

impact on AC should be qualified. The most important

caveat is that we cannot surmise if treating esophagitis or

atopic conditions may ameliorate the AC, abort it, or not. On

the other hand, the LAL definitions were clearly defined, as

was the histologic diagnosis of EE. There is no doubt as to

the certainty of these diagnoses, and further research, espe-

cially in relation with EE, is well warranted.

In conclusion, for children presenting with atypical croup

consistent with our inclusion criteria, full airway endoscopy

is likely to yield an explanatory LAL. This is especially so

in previously intubated children and younger ones. A large

number of these children may also harbor a diagnosis of

esophagitis, and eosinophilic variety may be playing a

larger role than previously anticipated. Other manifestations

of atopy are also found in a significant proportion. Whether

treating these patients’ secondary diagnosis affects the

occurrence of AC cannot be confirmed.
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