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Abstract

During childhood, the Obstructive Sleep Apnea Syndrome (OSAS) represent a very common disease with a prevalence that range from 1% to 
4%. Laryngomalacia is considered an uncommon cause of OSAS even though it can play a significant role in younger children especially during 
the first year of life. Congenital laryngomalacia is a common cause of stridor among infants, it is defined as collapse of supraglottic structures 
during inspiration and in more serious cases it may results in failure to thrive, feeding difficult, aspiration and obstructive disease during sleep. 
Both the “drug induced sleep endoscopy” (DISE) and flexible fiberoptic laryngoscopy are useful tools to identify respectively the level of upper 
airway obstruction and the severity and type of laryngomalacia. We present a brief case series comprising 5 children with laryngomalacia 
where we found a high prevalence of OSAS. All children underwent a sleep study (nocturnal Polysomnography or nocturnal pulse oximetry) 
and subsequently a fiberoptic laryngoscopy. All showed OSAS associated with laryngomalacia, and they were treated with CPAP therapy with 
objective improvement of apneas/desaturations number as documented by polysomnographic or pulse oximeter monitoring. 
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Abbreviations: LM: Laryngomalacia; OSAS: Obstructive Sleep Apnea Syndrome; GER: Gastroesophageal Reflux; DICE: Drug Induced Sleep 
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Introduction

Few studies have investigated the larynx as the origin site of 
sleep apnea. The incidence of OSAS in infants with laryngomalacia 
(LM) is unknown, although obstructive apnea can be a sign of 
severe laryngomalacia [1,2]. The real etiology of the congenital 
laryngomalacia (LM) is unknown. Among infants, immature 
laryngeal cartilages or abnormal sensorimotor integration 
may cause inspiratory collapse of supraglottic structures [3]. In 
addition, gastroesophageal reflux (GER) is frequently associated 
with this disorder and several authors suggested that the mucosal 
inflammation due to GER disease increase the severity of symptoms 
[4]. Moreover, LM can be associated with neuromuscular diseases 
both congenital and acquired with a prevalence that widely range 
from 8% to 50% [5]. 

Stridor is the main finding of congenital laryngomalacia that 
usually appears after first weeks of life and may increase during  

 
feeding, in supine position or restlessness. Some child with severe 
disease (approximately 10% of cases) may experience more 
serious symptoms such as failure to thrive, feeding difficulties, 
respiratory distress, aspiration and obstructive disease during 
sleep. Nevertheless, most symptoms generally resolve within 2 
years of life [1]. The gold standard to confirm the diagnosis of 
LM and exclude other causes of supraglottic obstruction is the 
flexible fiberoptic laryngoscopy that is generally performed under 
general anesthesia during childhood. To ensure the maintenance 
of a spontaneous breathing, inhalation anesthetics should be used 
[6,7]. 

Several classifications of congenital laryngomalacia have been 
proposed, often based on anatomic (or static) abnormalities or 
dynamic changes observed during laryngoscopy, even thought 
to date no codified classification system is accepted. Static 
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findings include omega-shaped epiglottis, acute angle of epiglottis 
(Holinger et al) and short aryepliglottic folds but these anomalies 
do not take into account the dynamic changes during spontaneous 
breathing, therefore, these findings are not optimal for a practice 
classification system [8]. The most commonly used classification, 
proposed by Olney and coll. includes three of the following 
groups: type 1- prolapse of the mucosa overlying the arytenoid 
cartilages; type 2- foreshortened aryepiglottic folds; type 3- 
posterior displacement of the epiglottis [9]. Sometimes different 
combinations of the various types can be observed and the disease 
can be associated with others lesions such as tracheomalacia, 
bronchomalacia, subglottic stenosis, and vocal cord paralysis [10].

A recent classification system (Groningen classification) 
identifies three types, all based on dynamic laryngeal changed:

a) type 1: inward, antero-caudal collapse of arytenoids 
cartilages; 

b) type 2: medial displacement of aryepiglottic fold during 
inspiration; 

c) type 3: postero-caudal displacement of epiglottis against 
the posterior pharyngeal wall. 

This classification provides more didactic categorization 
of laryngomalacia and may be more practical to guide the best 
therapeutic approach [11]. Even in older children, laryngomalacia 
may contribute to OSAS [12]. Isaacson et al. [13] in 1997 used 
the term “state-dependent laryngomalacia (SDL)” to indicate 
a child who present normal breathing while awake but stridor 
and sleep respiratory disorders during sleep. It is unclear 
whether laryngomalacia that appears later in life is a continuum 
of a congenital disease or rather a condition that independently 
develops due to neuromuscular abnormalities. Nevertheless, 
laryngomalacia even in older children can cause obstructive sleep 
apnea syndrome due to redundant mucosa prolapsing over the 
arytenoids upon inspiration. Among these children, the stridor 
is present less frequently [14].  Among children < 2 years with 
OSAS, the pattern of upper airway obstruction is poorly known 
since data are lacking and often derived by retrospective studies. 
The diagnosis can be achieved by drug induced sleep endoscopy 
(DISE) that consist of the upper airway inspection during induced 
sleep through light general anesthesia. 

DISE provides a global evaluation of sites of obstruction 

during sedation and therefore can identify the level and the 
severity of collapse [15,16]. Therefore, it may be useful to plan 
the best surgical approach for children with persistent OSA, even 
though a standardized method of interpretation that ensure an 
acceptable agreement among operators is lacking. DISE can also 
be indicated also for children who have persistent OSA after 
adenotonsillectomy, those with OSA without tonsillar hypertrophy 
and in older children who laryngomalacia is suspected [17]. 
Boudewyns et al. [15] in their retrospective study involving 28 
two-year-old children, found a picture of collapse of epiglottis in 
6 patients and laryngomalacia in other 4 subjects. All the children 
had severe OSAS. Among these children, DISE was useful in 
surgical decision making in order to achieve a targeted treatment 
based on the site of obstruction.

Cases Presentation

We presented a case series of 5 children with OSAS associated 
with laryngomalacia in order to emphasize the impact of this 
condition in the occurrence of obstructive sleep-disordered in 
small children. All the parents gave an informed consent on data 
publication. All the children underwent a sleep Polysomnography 
with EEG channels (Embletta PG MPR/ST+Proxy) and a nocturnal 
pulse oximetry. Subsequently every children underwent 
fiberoptic laryngoscopy under slight anesthesia during the 
same hospitalization. We categorized the laryngomalacia type 
according to GRONINGEN classification system [11]. We also 
decided to perform an esophageal X-ray with water-soluble 
contrast to assess the concomitant presence of aspiration and/or 
gastroesophageal reflux even thought this technique has a poor 
sensitivity and specificity for GERD. 

This diagnostic tool was used mainly to exclude other 
disorders such as aspiration, swallowing and motility disorders 
that can be correlated with apnea among infants [18]. The 
diagnosis of OSAS was defined by polysomnography findings of 
OAHI >1 (obstructive apnea-hypopnea index: obstructive and 
mixed apneas and hypopneas for hour of total sleep time): mild 
OSAS for OAHI 1-3, moderate for OAHI >5<10, severe OSAS for 
OAHI >10) [19]. Since physiologic polysomnographic parameters 
widely vary with age, we used age-appropriate norms according 
to Chan et al. [20,21]. The patients’ detailed clinical data are 
presented below (Table 1).

Table 1: Demographics and clinical characteristics of patients.

 Age (months) Sex OSAS Type of Laryngomalacia Diagnosis Gastroesophageal 
Reflux Treatment

Case 1 2 F Yes 3 flexible laryngoscopy Yes nCPAP + Ranitidine

Case 2 2 M Yes 1+3 flexible laryngoscopy Yes nCPAP + Ranitidine

Case 3 2 F Yes 1+3 flexible laryngoscopy Yes nCPAP + Ranitidine

Case 4 24 M Yes 3 DISE No nCPAP

Case 5 25 M Yes 1 Rigid laryngoscopy No nCPAP
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a) Case-1 

The first case is a 2-month-old girl with cleft lip who presented 
with stridor, since the first day of life parents referred nocturnal 
apneas. The nocturnal polysomnography (PSG) showed a picture 
of severe OSAS with AHI of 54.1/h (OAHI 37.5). The child also 
underwent an esophageal X-ray with water-soluble contrast 
agent that detected multiple episodes of gastroesophageal 
reflux. For this reason an anti-acid therapy with ranitidine was 
started. The flexible laryngoscopy performed under sedation 
revealed a posterior laryngomalacia (type 3 according with 
Groningen classification). Subsequently, treatment with nasal 
Continuous Positive Airway Pressure (CPAP) was started at initial 
pressure of 4cm H2O and gradually increased up to 5cmH2O. The 
polysomnography performed during nCPAP showed a significant 
improvement of the clinical picture (AHI 3,8/h). This treatment 
was well tolerated by the child until complete weaning at the age 
of about one year old.

b) Case-2

A 2 months-old baby boy was admitted to our center due to 
biphasic stridor worsening when restlessness.

The child underwent esophageal X-ray that showed multiple 
episodes of gastroesophageal reflux therefore treatment with 
ranitidine was started. The nocturnal PSG revealed the presence 
of both obstructive and central apneas with OAHI of 7.8/h. The 
examination with flexible laryngoscopy confirmed the suspicion 
of moderate global laryngomalacia without other airway 
abnormalities (type 1 + type 3: inward collapse of arytenoids 
cartilages + posterocaudal displacement of epiglottis against the 
posterior pharyngeal wall). In this case a treatment with CPAP was 
also started at the pressure of 4cmH2O. This approach was well 
tolerated by the child allowing an improvement of apneas number 
(AHI 3.1/h) as documented by the subsequent polysomnography. 
NCPAP was interrupted at 10 months due to resolution of the 
stridor and apneas.

c) Case-3 

Another 2 months-old baby girl was admitted to our medical 
center due to finding of persistent stridor both at rest and in 
restlessness. The baby underwent nocturnal PSG that detected a 
picture of severe OSAS (OAHI 15/h). The esophageal X-ray with 
barium showed repeated reflux episodes with slow esophageal 
clearance. The flexible laryngoscopy under slight anesthesia 
revealed a posterior laryngomalacia of moderate degree. The 
fiberoptic examination also highlighted a slightly rear epiglottis 
due to the brevity of the aryepiglottic cartilages (type 1 + 3). Even 
in this case, we decided to start treatment with nasal CPAP at the 
pressure of 4 cmH2O with rapid improvement of average night 
saturation and number of obstructive apneas (residual AHI 4/h). 
Nevertheless, this therapy was discontinued after a few weeks 
due to poor family compliance.

d) Case-4 

2 years-old child male of African ethnicity came to our attention 
for symptoms of habitual snoring, oral breathing and sleep apnea 
since the first month of life. The child also showed failure to thrive, 
daytime hyperactivity and frequent episodes of upper airway 
infections. The clinical examination showed persistent oral 
breathing with nasal obstruction, narrow palate, 2° non-occlusive 
degree tonsils. The PSG revealed a diagnosis of severe OSAS with 
OAHI of 10,8/h and Oxyhemoglobin Desaturation Index of 9,7/h. 
Due to a clear discrepancy between the tonsillar hypertrophy 
degree and the severity of OSAS, a DISE was performed. The sleep 
endoscopy showed a picture of adenoidal obstructive hypertrophy 
with lateral pattern of oropharyngeal collapse and kissing of the 
palatine tonsils. 

Moreover, at hypopharyngeal level there was evidence of 
complete obstruction due to arytenoids prolapse with posterior 
laryngomalacia of moderate-severe degree (type 3). In this case, 
DISE highlight a multilevel collapse that probably justified the 
picture of severe OSAS. Therefore, we started nCPAP treatment 
with pressure of 5cm of H2O. The nocturnal oximetry performed 
during CPAP showed improvement of mean saturation and 
Oxyhemoglobin Desaturation Index (ODI 2/h). The subsequent 
polysomnography performed under CPAP after about 30 days, 
showed a resolution of OSAS (AHI 1.5). At the age of three years, 
the child underwent adeno-tonsillectomy with subsequent 
weaning from CPAP therapy.

e) Case-5

The last case concerns a 2,5 months-old child male, admitted 
to our pediatric center for history of stridor since the first days 
of life associated with episodes of apnea in both wakefulness and 
sleep. The nocturnal oximetry showed numerous desaturation 
events with an Oxyhemoglobin Desaturation Index of 25/h. The 
PSG showed OSAS of severe degree (OAHI 28,5/h) while the 
esophageal X-ray founded numerous episodes of inhalation of 
water-soluble contrast agent in the larynx, without GER. The 
flexible laryngoscopy showed a retro-position of the tongue 
resting on the posterior wall of the pharynx due to retrognathia. 
Rigid endoscopy was subsequently performed and founded 
omega-shaped epiglottis, short aryepiglottic folds and marked 
inward collapse of arytenoids cartilages. In this case, we also 
decided to start nCPAP treatment with pressure of 4cm H2O. Due 
to the agitation and the small age of the baby we decided not to 
repeat the polysomnography, but only to perform a nocturnal pulse 
oximetry under CPAP that showed a substantial improvement in 
mean saturation and Oxyhemoglobin Desaturation Index (ODI 
0.4/h). The child was discharged after a few weeks in good general 
conditions and continued nocturnal ventilation with CPAP to date.

Result

The mean age of children was 6,5 months (range of 2-24 
months). Four children presented an endoscopic finding of 
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congenital laryngomalacia with early onset of stridor and OSAS, 
1 child showed severe OSAS associated with laryngomalacia, and 
adeno-tonsillar hypertrophy assessed by DISE. Three children 
had RGE documented by esophagus X-ray (Table 1) while one 
child presented with numerous episodes of aspiration. Three 
subjects had a polysomnographic diagnosis of severe OSAS while 
one child showed a moderate degree OSAS. Nocturnal oximetry 
was performed in each child and was interpreted according with 
Brouillette criteria and the McGill Oximetry score. All children 
had a positive oximetry [22,23]. Treatment with nasal-CPAP was 
started in all cases of moderate-severe OSAS. (5 children). 

Among these children, overnight sleep study was repeated 
during the ventilation trial for CPAP titration starting at the lowest 
value (4cm H2O) until the highest value of 6 cm H2O. The mean 
nCPAP pressure, used to abolish upper airway obstruction, was 
4.4 ± 0.5cm H2O. The nCPAP therapy was effective in all cases 
treated except one in which it was interrupted after 1 month due 
to poor family adherence. In this 2-month-old-girl, according to 
parent decision, we only maintained an anti-reflux therapy and a 
close clinical follow-up until now. At the hospital discharge, four 
children received Ranitidine therapy. All children maintained a 
close monthly follow up in order to assess the need of mask size’s 
adjustments or change of the CPAP pressure. At monthly clinical 
control, all maintained good clinical conditions with proper 
growth and satisfactory adherence to CPAP therapy.

Improvement of obstructive apneas was initially monitored 
with monthly home pulse oximetry while PSG was performed 
before weaning from CPAP (PSG was performed in spontaneous 
breathing). For the case that CPAP was discontinued after a few 
weeks due to poor family compliance, we decided to maintain a 
close clinical follow-up associated with antireflux therapy. Two 
babies discontinued CPAP treatment due to clinical improvement 
after about 8 months; one child had interrupted the therapy after 
adeno-tonsillectomy (about 13 months later) while the last child 
maintained to date long term nCPAP.

Discussion and Conclusions

OSAS is a very common disease that can cause significant 
morbidity during childhood. Several evidences suggest that SDB 
has a deleterious effect on infants, particularly on growth and also 
on intellectual development [20]. Infants with prolonged apnea 
may show lethargy, feeding difficulty, growth and developmental 
delay [24]. OSAS risk factors in infants differ from those of older 
children. Not only in early life but also in older children, the 
presence of laryngomalacia can cause respiratory disorders 
and some severe cases requires some treatment. This finding is 
confirmed by our case series since all children with laryngomalacia 
showed OSAS. During the first months of life, gastroesophageal 
reflux worsens the symptoms of laryngomalacia so an appropriate 
anti-reflux treatment can improve the clinical picture of LM [4,9]. 
GER induces mucosal edema that worsens the airway narrowing 

while LM can create an intrathoracic depression that predisposes 
to GER in a vicious circle [1,9].

Among the listed cases, 3 children showed gastroesophageal 
reflux assessed by esophageal X-ray and another child showed 
some symptoms of reflux (frequent regurgitation and irritability) 
therefore he was empirically treated with ranitidine with 
rapid clinical improvement (Table 1). According to Groningen 
classification system, for our patients the most frequent detected 
type of congenital laryngomalacia was type 3, following by type 
1 (Table 1). The flexible laryngoscopy was performed under 
sedation but with spontaneous breathing so that the endoscopic 
findings were not distorted.  A study of Sivan et coll. [25] showed a 
risk of false-negative rate of about 8% for laryngoscopy performed 
in wake vs general anesthesia. Laryngoscopy in conscious infants 
may miss cases of sleep-induced laryngomalacia, with obvious 
difficulties in execution due to agitation’s child therefore in our 
clinical practice, we routinely perform this examination under 
topical anesthesia and slight sedation.

In one case, we performed a drug-induced sleep endoscopy 
due to the older age of the child, referred symptoms and the 
severity of OSAS without an objective adeno-tonsillar hypertrophy. 
DISE allowed the detection of the obstruction site showing 
an adenoidal obstructive hypertrophy with lateral pattern of 
oropharyngeal collapse and it allowed the diagnosis of posterior 
laryngomalacia of moderate-severe degree due to arytenoids 
prolapse. In our opinion, among older children with sleep 
respiratory symptoms and non-occlusive degree tonsils, DISE 
may be complementary to laryngoscopy in the diagnostic path. 
Treatment of OSAS associated with laryngomalacia may include 
conservative management (such as wait and see approach, anti-
reflux treatment and CPAP ventilation) or surgery (summarized 
under the term of supraglottoplasty) that can be made urgently or 
in a second time. Among these cases, we found a high effectiveness 
of nasal CPAP to treat both OSAS and laryngomalacia symptoms. 

The CPAP mechanism of action is due to a pneumatic 
thrust resulting in increase of the upper airways pressure that 
overcome the critical transmural pressure of the pharynx and 
the hypopharynx and prevent the airway collapse ant then the 
obstructive sleep apnea. The nasal mask must adhere to the baby’s 
face to prevent air leaks. Evidence by literature founded out that 
among cases of severe laryngomalacia and vocal cord paralysis 
with OSA, non-invasive ventilation through nasal CPAP represents 
an effective and safe alternative to surgery [26]. Moreover, nasal 
CPAP may be a useful approach in children in which upper airway 
obstruction is not resolved by adenotonsillectomy [27]. The CPAP 
titration usually begins at the lowest pressure (4cm H2O) and 
involves a gradually increasing until obstructive sleep apneas and 
oxyhemoglobin desaturations were overcome. Monitoring of CPAP 
assessment is recommended every 6–12 months, since mask size 
and CPAP pressure are likely to change with child growth [28-30]. 
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Among our cases, the CPAP therapy was discontinued after 
about 8 months in two case due to improvement of symptoms 
(both stridor and apnea). In another child, CPAP was a useful 
therapeutic strategy until he underwent the adeno-tonsillectomy 
(at the age of 3 years) that allowed a resolution of OSAS. For these 
reasons, CPAP treatment may be a bridging therapy pending the 
improvement of symptoms or surgery. We found a high CPAP 
effectiveness and adherence in infants with OSAS, probably due to 
small age of subjects and the availability in our center of adequate 
training and support for caregivers. Only in one case, CPAP was 
interrupted, in our opinion due to poor parent’s perception of the 
benefits of treatment. 

For these reasons, an adequate training program for 
parents and also the availability of specialized medical and 
nursing staff is essential to improve the rate of CPAP success. 
Actually, little evidence is available regarding the indications 
for polysomnography and others sleep studies in children with 
laryngomalacia. Recent guidelines suggest that polysomnography 
should guide therapeutic approach in infants with laryngomalacia 
associated with cardiac/ neurological diseases or complex 
malformation syndrome [1]. Nevertheless, we believe that in all 
cases assessed for laryngomalacia it is prudent searching for OSAS 
since the prevalence of SDB among this subgroup may be probably 
more frequent than expected.
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