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Introduction

Pediatric airway problems result from a variety of congeni-
tal and acquired conditions, all requiring careful assessment 
and individually tailored treatments. Congenital conditions 

that inevitably involve airway compromise are primarily linked 
to craniofacial or some upper aerodigestive tract anomalies, 
whereas most acquired conditions are attributable to subglot-
tic stenosis after tracheal intubation.1)

Advances in treatments of critically ill infants have increased 
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Background and ObjectivesZZAirway problems frequently occur in neonatal patients re-
quiring intensive care due to high prevalence of intubation history and congenital conditions 
that are linked to craniofacial or upper aerodigestive tract anomalies. However, many investi-
gations on airway disorders have examined large populations of hospitalized children without 
focusing on those treated in the intensive care unit (ICU). Here we present the clinical features 
and outcomes in infants hospitalized with airway-related problems at the neonatal ICU.
Subjects and MethodZZA total 69 patients were studied from May 2005 to December 2012, 
with each examined by an otolaryngologist while in neonatal ICU (NICU) for possible airway 
problems. Descriptive analysis was used in evaluating illnesses suffered and subsequent upper 
airway treatments. Factors associated with tracheostomy were identified by multivariate analysis.
ResultsZZThe median age of infants was 30 days (range, 1-237 days), with a male-to-female 
ratio of 1.38. The median gestational age was 35+3 weeks, and the mean birth weight was 
2.35±0.89 kg. Overall, 40 patients had histories of intubation (median duration, 36 days; 
range, 1-204 days). The most common diagnosis in the upper airway exam was laryngomala-
cia (n=12), followed by subglottic stenosis (n=10) and micrognathia (n=8). Tracheostomy was 
performed in 38 patients (55.1%). In multivariate analysis, intubation history was identified as 
the only variable demonstrating a significant independent association with tracheostomy 
(p=0.006).
ConclusionZZUpper airway problems in NICU patients are due to a variety of disorders. 
Precise diagnosis and treatment is achievable through bedside and intraoperative assessments. 
Patients with a history of intubation are at increased risk of tracheostomy.
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survival rates in medically complex infants with extremely 
or very low birth weights. However, improved survival may 
entail prolonged mechanical ventilation and often tracheos-
tomy.2) Tracheostomy (as opposed to translaryngeal intuba-
tion) is generally thought advantageous, based on a substan-
tial body of accruing evidence in adults that intensive care unit 
(ICU) and hospital stays are reduced, and quality of life is 
improved.3) However, much less is known about current prac-
tice and patient outcomes in neonatal ICUs (NICUs). With 
few exceptions, studies confirm that early tracheostomy re-
duces the incidence of subglottic and tracheal stenosis in 
children who are intubated for long periods of time.4) On the 
other hand, tracheostomy in children has increased paradox-
ically, commensurate with advances in intensive care man-
agement of pediatric patients. Indeed, a recent review of ear-
ly (2000-2005) and late (2006-2011) patient data shows a 
decreasing number of tracheostomies for prolonged intuba-
tion but an increasing number for obstructive upper airway 
problems.5) Until recently, many investigations have exam-
ined large populations of hospitalized children, without fo-
cusing on those treated in ICUs.6,7) Subsequently, the benefits 
or risks of tracheostomy in this setting have scarcely been 
addressed, and no national or international guidelines have 
emerged for tracheostomy use, especially in NICU patient 
subsets.

NICU staff pediatricians typically are not authorities on cra-
niofacial or pediatric airway anomalies, so dangerous airway 
stenosis (from prolonged intubation) is sometimes overlooked. 
Such disorders require the diagnostic and therapeutic exper-
tise of a consulting otolaryngologist, who can only be sum-
moned by primary physicians in charge. In this study, clinical 
features and outcomes of NICU patient referrals for potential 
airway problems were analyzed retrospectively, in conjunction 
with various factors implicated in tracheostomy procedures. 

Subjects and Method

A retrospective review was conducted, examining the med-
ical records of 1548 patients admitted to the NICU between 
May, 2005 and December, 2012. Although 73 of these patients 
were evaluated by an otolaryngologist for suspected airway 
disorders (interval prevalence: 4.71%), a total of 69 patients 
(91.8%) seen by the same airway specialist (JHH) in the Depart-
ment of Otorhinolaryngology were selected for study. Patient 
parameters under investigation included age, gender, birth 
weight, body weight, gestational history, underlying disorder, 

intubation history, reason for consultation, diagnosis, and 
treatment. This study was approved by the Institutional Re-
view Board of Seoul National University Hospital.

Upon referral to this specialist, the oral cavity was examined 
visually, with good illumination; and upper airways (nasal 
cavity, nasopharynx, oropharynx, hypopharynx, and larynx) 
were inspected via transnasal or transoral passage of a 2.7-mm 
fiberoptic flexible laryngoscope (Olympus Medical Systems, 
Tokyo, Japan). To further evaluate any detected laryngotra-
cheal pathology in the mentioned exams, suspension laryn-
goscopy was performed under general anesthesia in an oper-
ating room. After inserting a pediatric laryngoscope, visually 
guided (Stryker HD system; Stryker Corp., Kalamazoo, MI, 
USA) 2.9- or 4-mm rigid endoscopic examination (Karl Storz, 
Tuttlingen, Germany) took place. 

Patients were referred to the Department of Otorhinolaryn-
gology for the following reasons: 1) prolonged ventilation 
(conversion from orotracheal intubation to tracheostomy), 2) 
upper airway evaluation (with or without definitive upper 
airway symptoms), and 3) lower airway assessment. In ac-
cord with stated reasons for consultations, diagnostic and 
therapeutic features were analyzed, as were outcomes of pa-
tients undergoing tracheostomy. Clinical data of patients who 
did or did not undergo tracheostomy after upper airway eval-
uations were subjected to multivariate analysis.

Statistical analysis relied on standard software (SPSS v20.0 
for Windows; SPSS Inc., Chicago, IL, USA). Chi-squared test, 
Fischer’s exact test, Student t-test, Non-parametric Mann-
Whitney U test and binary logistic regression analysis were 
performed to evaluate clinical characteristics of patients who 
underwent tracheostomy. A p value＜0.05 was considered sta-
tistically significant.

Results

Clinical characteristics of the 69 patients studied are sum-
marized in Table 1. Median age was 30 days (range, 1-237 
days), and male-to-female ratio was 1.38. Median gestational 
age was 35+3 weeks (range, 28+3-42+3) weeks. Mean birth 
weight and mean body weight were 2.35±0.89 kg and 2.55±
0.97 kg, respectively. Twenty-two patients had multiple un-
derlying disorders. Singly occurring underlying disorders were 
distributed as follows: craniofacial anomaly (5), pulmonary 
disease (12), cardiovascular disease (2), and neurologic disease 
(12), tracheoesophageal fistula (4) and others (5) (Table 1). A 
history of intubation (median duration, 36 days; range, 1-204 
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days) was elicited in 40 patients (58.0%). 
Reasons for consultation were as follows: tracheostomy 

(16); upper airway evaluation (49); and lower airway assess-

ment (4), by rigid bronchoscopy (Fig. 1). Of the 49 referrals for 
upper airway distress, definitive obstructive symptoms of up-
per airways, such as stridor, chest retractions, and dyspnea on 
feeding were confirmed in 40; whereas symptoms such as voice 
change or poor crying were listed for the other nine. Nineteen 
of the 40 clearly symptomatic patients were able to breathe on 
their own, 13 were dire without intubation (intubated states), 
and eight required continuous positive airway pressure. Based 
on the symptoms documented, diagnoses were as follows: 
laryngomalacia (12), subglottic stenosis (10), micrognathia (8), 
posterior glottic stenosis (3), tracheomalacia (3), choanal atre-
sia (3), and head and neck masses (2) (Fig. 2).

Suspension laryngoscopy was ultimately performed in 24 
moderate-to-severely symptomatic patients (Fig. 3). The 10 pa-
tients with subglottic stenosis were managed endoscopically 
(i.e., bougie dilatation), in conjunction with tracheostomy, 
although the latter proved unnecessary in one instance of val-
lecular cyst. In six of 13 patients under observation prelimi-
narily (no endoscopic management), tracheostomy was even-
tually required. However, further work-up was halted in 14 
patients assessed as follows: no airway disease (7), mild 
laryngomalacia (5), micrognathia (1), and tracheomalacia (1). 
Symptoms abated in 10 of these patients, two deaths oc-
curred from other underlying disease, and two patients were 
not followed.

Overall, tracheostomy was performed in 38 patients (55.1%), 
including 22 instances of airway obstruction (20 cases with 
upper airway problem and 2 cases with tracheomalacia) and 

Table 1. Characteristics of 69 patients who were consulted for 
suspicious airway problem

Age (range) 30 days (1-237)

Sex (M:F) 01.38:1
Median gestational age (range) 35+3 weeks (28+3-42+3)

Birth weight (kg±SD) 02.35±0.89
Body weight (kg±SD) 02.55±0.97
Underlying disorders (%)

Craniofacial anomaly 05 (7.2)

Pulmonary disease 12 (17.4)

Cardiovascular disease 02 (2.9)

Neurologic disease 12 (17.4)

Tracheoesophageal fistula 04 (5.8)

Others 05 (7.2)

Multiple 22 (31.9)

None 07 (10.1)

Intubation history (%)

Yes 40 (58.0)

No 29 (42.0)

Duration of intubation (range) 36 days (1-204)

Reason for consultation
For tracheostomy (due to long-term 

intubation)

16

Upper airway evaluation (with 
definite symptom)

40

Upper airway evaluation (without 
definite symptom)

09

Lower airway evaluation 04
Tracheostomy 38 (55.1%)

Fig. 1. Consultation and treatment 
algorithm in patient population (n=69). 
NICU: neonatal intensive care unit.
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16 patients intubated long-term. Median gestational age of pa-
tients with airway obstruction was 36+5weeks (range, 25+5-

41+3 weeks); median patient age was 31 days (0-126 days); 
and median duration of follow-up was 40.0 months (range, 4 
days-99 months). The decannulation rate was 64.3%. Four 
patients eventually required open surgical procedures, such 
as laryngotracheal reconstruction with grafting of rib cartilage. 
In addition, were five patients retained tracheostomies, six 
were lost to follow-up, and two died of underlying disorders. 

Univariate analysis of patients referred for upper airway as-
sessment, whether or not tracheostomies were done, showed 
significant differences in birth weight (p=0.024), body weight 
(p=0.008) and in histories of intubation (p＜0.001) (Table 2). 

Age and parameters which were statistically significant in the 
univariate analysis were involved in the multivariate analy-
sis. Body weight was not included in the multivariate analysis 
due to close correlation between birth weight and body weight. 
In multivariate analysis, history of intubation was identified 
as the only significant independent correlate of tracheostomy 
(odds ratio=12.50, 95% confidence interval: 3.145-50.00; 
p=0.002).

Discussion

Described herein are procedures used in specialty consul-
tation to evaluate and treat NICU patients for airway prob-
lems. As our data indicates, such problems are not uncom-
mon in a NICU setting (interval prevalence: 4.71%). Although 
the patients studied suffered an array of conditions, these dis-
orders were easily discernible, either at bedside assessment 
or through further suspension laryngoscopic investigation 
under general anesthesia. The importance of physical exami-
nation and fiberoptic laryngoscopy for the initial work-up 
cannot be overstated. In fact, the need for suspension laryn-
goscopy under general anesthesia is often averted by bedside 
identification of craniofacial anomalies and structural de-
fects of oral/nasal cavities, pharynx, and larynx (above vocal 
cord). Our data indicate that as a consequence of initial bed-
side workups, suspension laryngoscopy was unnecessary in 
35.0% of patients with definitive upper airway obstructive 
symptoms (Fig. 3). 

Ultimately, about half of subjects (20/49, 40.8%) referred 
to us for upper airway evaluations required tracheostomies. 
Compared with adult patients, neonates and infants are effec-

Fig. 2. Diagnoses in patients with definitive upper airway symptoms 
(n=40). The numbers are not mutually exclusive.
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Fig. 3. Treatment flow chart in pa-
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tively and safely managed by orotracheal intubation, seldom 
needing tracheostomy. In previous pediatric studies, reported 
tracheostomy rates have ranged from 0.55-2.7%.8,9) Our ret-
rospective analysis similarly yielded a tracheostomy rate of 
2.03% (38/1548) for all admissions to NICU during the study 
period. However, airway examinations in neonates are not 
routinely done, and because tracheostomies in neonates are 
so rare, few standardized protocols have been developed.10) The 
airway characteristics in newborns may explain this phenom-
enon.11) Neonates seem better protected than adults and older 
children from intubation injury,12) given their inherent airway 
plasticity and the pliable nature of deployed endotracheal tubes. 
They are thus capable of sustained (or indefinite) endotrache-
al intubation, without great risk of damage to larynx or sub-
glottis.13) 

Still, few studies examining duration of intubation and con-
version to tracheostomy in NICU patients have been published. 
Sidman, et al.9) suggested that infants needing ＞4-6 months 
of mechanical ventilation, whatever the cause, might be candi-
dates for tracheostomy tubes, in lieu of continued endotrache-
al intubation. In another study, mobility, swallowing/feeding, 
vocalization, expedited hospital discharge, and parental bond-
ing all seemed to improve after tracheostomy tube place-
ment (vs. extended endotracheal intubation) and was urged 
in children whose neurologic or pulmonary disease preclud-
ed early extubation.14) On the other hand, Gomes Silva, et 

al.15) performed a meta-analysis of currently available studies, 
comparing early and late tracheostomy placement. They con-
cluded that supporting evidence linked to timing of tracheos-
tomy was not strong.

As already mentioned, about half of all airway examinations 
originating from NICU in this study culminated in tracheos-
tomy. This is a much higher rate than that recorded in neonate 
populations at large, underscoring the critical role of pediatri-
cians. Any suspected upper airway problem warrants an oto-
laryngologist’s input for proper assessment. Furthermore, 
our analysis showed that the only significant correlate of tra-
cheostomy was whether or not a patient had been previously 
intubated. Therefore, close observation of extubated patients 
is advised, regardless of duration of intubation, consulting an 
otolaryngologist promptly if signs of upper airway obstruc-
tion develop. Finally, careful monitoring of patients with low 
birth weights is needed after extubations.16)

Despite the advantages of tracheostomies, parents of neo-
nates and their family members experience a diminished qual-
ity of life under these circumstances. Findings in comparable 
studies were aligned with ours, reporting decannulation rates 
of 60-70% and 30-40% rates of open surgical procedures 
(e.g., laryngotracheal resection).17,18) Families of NICU patients 
should be educated on outcomes of tracheostomies; and the 
required multidisciplinary team, including otolaryngologists, 
pulmonologists, cardiologists, neurologists, primary care phy-

Table 2. Comparison of the patient groups according to the performance of tracheostomy after upper airway evaluation (n=49)

Tracheostomy (+) Tracheostomy (-)
Univariate

analysis
Multivariate

analysis
(n=20) (n=29) p value p value B SE Exp (B)

Age (range) 26.5 (4-234) 26 (1-126) ＜0.427§ 0.952ǁ 0.001 0.014 1.001
Sex (M:F) 13:7 18:11 ＜0.834*
Gestational age (range) 34+6 (28+3-42+1) 36+5 (28+5-42+3) ＜0.063§

Birth weight 02.13±0.88 02.67±0.74 ＜0.024‡¶ 0.254ǁ 0.565 0.496 1.760
Body weight 02.50±0.68 02.98±0.55 ＜0.008‡¶

Underlying disorder
Craniofacial anomaly 07 03 ＜0.068†

Pulmonary problem 08 06 ＜0.141*
Cardiovascular problem 06 08 ＜0.854*
Neurologic problem 03 08 ＜0.488†

TEF 01 04 ＜0.636†

Others 03 08 ＜0.488†

Multiple 03 10 ＜0.191†

Intubation history 16 (80.0%) 07 (24.1%) ＜0.001*¶ 0.002ǁ¶ 0.202 1.641 1.224
Duration of intubation (range) 25.5 (1-73) 30 (4-121) ＜0.763§

Body weight was not included in the multivariate analysis due to close correlation between birth weight and body weight. *Pear-
son chi-squared test, †Fischer’s exact test, ‡Student t-test, §Mann Whitney U test, ǁbinary logistic regression analysis, ¶statistical sig-
nificance (p＜0.05). B: standardized coefficient, Exp (B): odds ratio, SE: standard error, TEF: tracheoesophageal fistula
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sicians, nurses, therapists, and equipment specialists, must 
be well-informed and skilled in the management of tracheos-
tomy tubes.

In conclusion, upper airway problems in NICU patients ac-
company a variety of disorders. Accurate diagnosis and appro-
priate treatment are enabled by thorough bedside and intraop-
erative assessments. As our findings indicate, patients with 
histories of intubation are at increased risk of tracheostomy; 
and although no protocols for routine neonatal airway exam-
inations currently exist, pediatricians must be vigilant in sus-
ceptible patients, maintaining suitable communication with 
otolaryngologic colleagues.
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