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1. Classify the types of sleep disordered breathing

2. Identify those children at high-risk for sleep apnea

3. Evaluate a child suspected to have sleep disordered breathing

4. Diagnose pediatric sleep apnea

5. Explain what sleep apnea is to a parent

6. Illustrate what happens if sleep apnea in a child is left untreated

At the end of this session, you should be able to:
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What is “apnea”?

• Absence of air flow into the lungs

• AAP: “an unexplained episode of cessation of breathing for 20 seconds or 
longer, or a shorter respiratory pause associated with bradycardia, 
cyanosis, pallor, and/or marked hypotonia”

Types of apnea:

• Central: “I am not even trying to breathe”

• Obstructive: “I want to breathe but something is stopping me”

• Mixed: a little bit of both

4
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Irregular respiratory patterns related to physiologic aspects of sleep:

• Loss of muscle tone

• Decreased arousal

• Change in CNS function

1. Obstructive:

• Muscle tone + anatomy = can be at multiple levels of airway

• Hypopneas more common than true apneas

2. Central:

• No CNS/central drive to breathe

3. Mixed: usually Cheyne-Stokes

Sleep disordered breathing
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• Apnea: >90% decrease in air flow for at least 10 seconds OR 2 resp cycles

Obstructive = effort seen in chest or abdomen

Central = no effort detected

• Hypopnea: >30% decrease in airflow for at least 10 seconds OR 2 resp cycles

Associated with an arousal (i.e. wake up so you can breathe) OR desaturation of >3%

• Hypopneas are FAR more common

Diagnosis depends on how many times you have either while asleep 

Apnea Hypopnea Index = total events / total hours slept
(Example = 100 events, slept 4 hours = AHI 25)

Definitions of disordered breathing in sleep
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• A disorder of breathing during sleep characterized by prolonged partial upper airway 

obstruction and/or intermittent complete obstruction (obstructive apnea) that disrupts 

normal gas exchange during sleep and normal sleep patterns*

ICSD-3: 

• An average of more than 1 apnea or hypopnea per hour of sleep time (AHI>1)

OR

• Obstructive hypoventilation (≥ 25% of TST with PaCO2 > 50mm Hg) in association with 

snoring, flattening of the nasal pressure waveform, or paradoxical respiratory efforts.

Pediatric OSA

*ATS. Am J Respir Crit Care Med 1996;153:866-78
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• Snoring occurs in 12 to 26% of infants, 5-

12% of children

OSA in approx. 1-5% of children*

• Peak prevalence between 2 to 8 years old

*Prevalence rates vary on definitions used 

(PSG vs parental report)

• Rates ↑ with changing anthropomorphic 

distribution of children

pOSA epidemiology

Lumeng JC Proc Am Thorac Soc 2008;5:242-252

Habitual 
Snoring 5-12%

SDB   
4-11%

OSA  
1-5%
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1. Symptoms:

Night time: snoring, excessive sweating, restless sleep, 
mouth breathing, enuresis, hyperextension of the neck 
during sleep, paradoxical breathing

Day time: poor concentration, behavioral or mood 
problems, FTT/obese, uncontrollable asthma, 
hearing/speech delays, recurrent URIs, irritability

2. Anatomic type

3. High-risk populations 

What does pOSA look like?

Marcus CL. Pediatrics 2012;130(3):e714-755.
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OSA pathophysiology

Reduced airway 
caliber

• Adenoid or tonsillar 
hypertrophy

• Micro- or 
retrognathia

• Pharyngeal fat pads

• Macroglossia

• Shortened AP 
diameter

Increased airway 
collapsibility

• Craniofacial syndromes 
(e.g. Treacher Collins)

• Achondroplasia

• Sickle cell disease

• Neuromuscular 
disorders

• UAW edema from 
asthma or allergies

Impaired ventilator drive

• Prematurity

• Cerebral palsy

• TBI/HIE

• Chronic Lung Disease

OSA odds increase > 2-fold for each 1-point increase in 

tonsillar size and 6-fold for each increase in MP score

Kumar HVM. J Clin Sleep Med. 2014;10(9): 985–990
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• Positive correlation between tonsillar + adenoidal volume (standardized to ht/wt/gender) 

and AHI

However, all correlation coefficients are small, suggesting other factors are at play

Important caveats:

1. Not all children with large tonsils and adenoids have OSA

2. Not all children with OSA and large tonsils/adenoids have predictable resolution of OSA 

after removal

Are large tonsils and adenoids the only cause of pOSA?

What else can suggest airway obstruction in children?
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• Tongue too large for oral space

• Mandible smaller than maxilla = pushing 

tongue posterior when asleep

• Short A/P diameter of the o/p space = 

crowding

How can we see this on physical exam?

Anatomical causes of pOSA
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Mandibular angle >100 

degrees = posterior 

oropharyngeal crowding 

OSA

Other subtle clues:

• Tongue ridging

• Molar occlusion 

Check the jaw!
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OSA pathophysiology

Reduced airway caliber

• Adenoid or tonsillar 
hypertrophy

• Micro- or retrognathia

• Pharyngeal fat pads

• Macroglossia

• Shortened AP diameter

Increased airway 
collapsibility

• Craniofacial 
syndromes (e.g. 
Treacher Collins)

• Achondroplasia

• Sickle cell disease

• Neuromuscular 
disorders

• UAW edema from 
asthma or allergies

Impaired ventilator drive

• Prematurity

• Cerebral palsy

• TBI/HIE

• Chronic Lung Disease
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• Chronic inflammation of the airway can trigger unrelenting asthma symptoms

• Difficult to treat asthma has been associated with higher odds of OSA

• Once OSA is treated in children with persistent asthma, the asthma is easier to control

Link between asthma and untreated OSA
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OSA pathophysiology

Reduced airway caliber

• Adenoid or tonsillar 
hypertrophy

• Micro- or retrognathia

• Pharyngeal fat pads

• Macroglossia

• Shortened AP diameter

Increased airway 
collapsibility

• Craniofacial 
syndromes (e.g. 
Treacher Collins)

• Achondroplasia

• Sickle cell disease

• Neuromuscular 
disorders

• UAW edema from 
asthma or allergies

Impaired ventilatory 
drive

• Prematurity

• Cerebral palsy

• TBI/HIE

• Chronic Lung Disease

CENTRAL

Obesity
Obesity

Obesity
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• Changing the primary phenotype and distribution of pOSA

• Each 1 kg/m2 increase in BMI >50th%ile = 12% ↑er OSA risk*

• Obese children have increased size of upper airway 

lymphoid tissues, pharyngeal fat pads, and abdominal 

visceral fat**

Higher Mallampati scores 

Lower FRC

Pediatric obesity

Age in Years

Pediatric OSA

*Tan HL. Nature Sci Sleep 2013;5:109-123.
**Arens R. Am J Respir Crit Care Med 2011;183(6):782-787.
†Canapari CA. J Clin Sleep Med 2011;7(3):268-273.
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• Cleveland Family Epi study

• 399 children with sleep studies

• Obesity one of the highest 
independent odds for OSA

20
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OSA may contribute to the pathogenesis of obesity:

• Induces leptin resistance + ↑ ghrelin levels  promotes intake of high-calorie comfort foods

• OSA causes EDS and fatigue  low engagement in physical activity

• Even mild OSA/snoring subclinical changes in peripheral tissue insulin receptor sensitivity*

• OSA  ↑ LDL and ↓ HDL levels in obese and non-obese children, (reversed after AT**)

• Obese children with OSA have ↑ rates of fatty liver (LFTs improve after AT + CPAP†)

OSA and obesity: chicken or egg?

*Khalyfa A. Sleep 2011;34(2):153-160
**Zong J. Int J Pediatr Otorhinolaryngol 2013;77(5):717-720
†Kheirandish-Gozal L. Chest 2008;133(1):92-99
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• Cross-sectional, community-based study

• 5 to 9 year olds, n=245

• OSA correlated with plasma ghrelin levels r2=0.73

• Obese children with OSA ate 2.2 times more fast 
food than those without OSA

• Were 4.2 times less frequently involved in 
sports

J Pediatr 2010;156(5):724-730.

22
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Pediatric OSA consequences

Hypoxemia

Elevated pulmonary 
pressures  PHTN

Adverse effects on 
the brain

Endothelial damage

Sleep 
fragmentation

Sympathetic 
activation = chronic 

stress response

ADHD/behavioral 
problems

Attention and 
cognitive deficits

Alveolar 
hypoventilation

PCO2 elevations 
augment cerebral 

circulation

Effect vasomotor 
activity to the 

pulmonary bed

Chronic 
Inflammation

FTT

Metabolic 
derangements 

(insulin resistance)

End-organ failure 
(e.g. fatty liver)
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• Children with OSA have higher DBP during sleep than children who snore*

• Severity of OSA correlates with BP increases during REM sleep**

• Children with OSA have “BP deregulation”: greater mean BP variability during wakefulness 

and sleep, reductions in nocturnal dipping of mean BP (something that increases cardiac 

morbidity in adults)†

• Peds OSA  = Higher morning BP surge, higher BP load than healthy controls‡

• All associated with LV remodeling even in mild OSA, even in “primary snorers” ̴

Systemic BP and pediatric OSA

*Marcus CL. Am J Respir Crit Care Med 1998;157(4 Pt 1):1098-1103.
**Kohyama J. Arch Dis Child 2003;88(2):139-142.
†Amin RS. Am J Respir Crit Care Med 2004;169(8):950-956.
‡Amin R. Hypertension 2008;51(1):84-91.
̴Li AM. J Pediatr 2009;155(3):362-368.
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• 8 studies, 342 children

• CRP ↓ after AT in all studies
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• 297 children in the <10th %ile of 1st grade class

• Screened for OSA with parental questionnaire, one 

night of pulse oximetry and TCO2

• If OSA dx, parents encouraged to seek treatment

Grades compared in those treated and not treated

• 54 children (18.1%) had OSA: 

24 underwent AT, 30 did not receive treatment

Grades improved ONLY in the treated group

OSA treated

OSA untreated
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• Impaired executive functioning: immediate recall, IQ and math all inversely related with AHI

5 year follow-up of children with untreated OSA: hyperactive, attention problems, aggressive behavior, 
lower social competencies*

• OSA hyperactivity, attention deficits, concentration difficulty and impulsivity**

WHY? 

MRS of pOSA vs controls: abnormal metabolites in the left hippocampus and right frontal cortex

Associated with lower IQ and impaired executive function†

**Does NOT affect all children with OSA

Genetic/environmental factors contribute to phenotype (e.g. CRP levels) ‡

Neurocognitive effects of OSA

*Kaemingk KL. J Int Neuropsychol Soc 2003;9(7):1016-1026.
Perfect MM. Sleep 2013;36(4):517B-525B.
**O’Brien LM. Pediatrics 2004;114(1):44-49.
Barnes ME. Sleep Med 2012;13(4):368-377.
†Halbower AC. PLoS Med 2006;3:e301.
‡Gozal D. Am J Respir Crit Care Med 2007;176(2):1881-93.
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• Between 25 and 57% of children 

with ADHD have OSA

• 18 studies included, 1113 children in 

clinical group vs 1405 controls

• Found medium relationship between 

SDB and ADHD with a medium 

improvement after AT

SDB and ADHD

SDB and ADHD pre/post-AT
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• Excessive daytime sleepiness

Much less prominent in children than adults

ESS in OSA is higher than non-OSA children (8.1 ± 4.9 vs 5.3 ± 3.9, p<0.001)*

MSLT shows shortened sleep latency, associated with TNF-α levels**

• Higher health care utilization

40% more hospital visits, 20% more repeat visits, higher pharmaceutical costs

Total health care costs reduced by a third after AT†

• Nocturnal enuresis

Related to changes in BNP and sleep fragmentation

Stronger association in children with sickle cell disease‡

Other consequences of pediatric OSA

*Melendres MC. Pediatrics 2004;114(3):768-775.
**Khalyfa A. J Pediatr 2011;158(1):77-82
†Tsou YA. Int J Pediatr Otorhinolaryngol 2013;77(5):677-681
‡Lehmann GC. J Urol 2012;188(Suppl 4):S1572-S1576
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1. Adenoidal facies

2. Uncontrollable asthma or bad allergies

3. ADHD, behavioral problems, LD

4. Overweight

5. Sickle cell, any CT/neuromm d/o patient

6. Restless sleeper, behavioral insomnia

7. HTN

8. Secondary enuresis

High-risk pediatric patients
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 Screen using BEARS

What do you do if you suspect OSA?
“I snore and I 

can’t sit still!”
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 Screen using BEARS = Has all 5!

 Nocturnal in lab-PSG

End tidal capnography

Synchronized video recording

X Home sleep apnea tests

? Overnight pulse oximetry

What do you do if you suspect OSA?
“I snore and I 

can’t sit still!”
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To diagnose pediatric OSA:

• History = PPV of 65%

• Clinical PE = PPV of 46% 

Marcus CL. Pediatrics 2012;130(3):e714-755.
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• Record for 8 hours

• Monitors used: EEGs, EKG, pulse ox, end tidal, effort 

belt around chest/abdomen, chin EMG, leg straps, 

leads on the eyes (to detect REM), video monitoring

• Some labs do three nights of monitoring since it is 

difficult to capture true sleep architecture the first night

Pediatric PSGs
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*PSG Disclaimer
• As with all tests, there are specifics to a sleep study that only a 

sleep doc would know

• When ordering, we recommend an eval by a sleep medicine 

physician to ensure we are ordering the correct sleep study

This is ESSENTIAL to avoid inappropriate tests, insurance issues, upset parents….
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• Included 29 references, 23 original articles (n=208 children total with PSGs compared to HSAT)

Considered technical feasibility, validity of the tests, ability to detect arousals and 
hypoventilation

HSAT could be used in co-morbid or very young children

• Concerns over sensor placement/sizing with the range of pediatric body sizes, capability of caregivers 

to place sensors accurately
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• Using data from 13 pediatric sleep labs (589 PSGs) developed an algorithm with SpO2

Prospectively tested it on 4,191 studies

• Accuracy of 75-90% for AHI 1-10

• 94.4%  of those predicted to have an AHI <1 would have an AHI <5

• Could reduce the need for 52.6% of PSGs

• Would miss only 5.5% of those with an AHI>5
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Surgical

• Adenotonsillectomy*

• Supraglottoplasty

• Mandibular distraction

• Tracheostomy

Medical

• PAP

• Supplemental oxygen

• Anti-inflammatory medications

• Dental appliances

Pediatric OSA: Treatments
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• Of 578 children, AT improved AHI in 90%

• Mean AHI 18.2  4.1

• 125 children (21.6%) still had OSA 
(AHI >5)

• Factors associated with refractory OSA:

• Age >7 yr

• BMI

• Asthma

• High pre-AT AHI

42
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• NO! It doesn’t always cure sleep apnea.

• Neurocognitive improvements occur, but not always

Some neurocognitive consequences may be partially irreversible if 
left too late*

Two important points for families:

1.  AT does not always cure OSA

2.  OSA can get better on its own, without surgery

Ultimate question: does AT cure everything?

*Gozal D. Pediatrics 2001;107(6):1394-1399.
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• Multicenter, single blind, RCT (7 centers)

• Children 5 to 9yo with OSA randomized to early adenoidectomy or “watchful waiting”

• Inclusion: AHI >2 but <30, OAI >1 and <20

• Exclusion: On ADHD medication, recurrent tonsillitis, BMI z-score > 3, prolonged oxygen 

desaturation on PSG

• Primary outcome: attention and executive function scores

• Secondary outcomes: PSG, neurocognitive, behavioral, QOL and health outcomes at 

baseline and at 7 months
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• No difference in primary 
outcome

• Both arms improved in QOL, 
behavior, AHI, symptoms

• AT arm had greater 
improvement in all secondary 
outcomes

The CHAT trial
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Who should get repeat sleep studies even after T&A?

• Post-TA PSG indicated in those who are

• >7yo

• Obese

• Non-obese children with asthma 

• Severe underlying OSA (AHI>5)

• High MP score

• African-American

• Craniofacial abnormalities

• Chromosomal defects

• Neuromuscular diseases (T21, achondroplasia, Prader-Willi, Pierre-Robin)

Check PSG  if residual OSA exists despite AT, what are other 
treatment options?

46
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Surgical

• Adenotonsillectomy*

• Supraglottoplasty

• Mandibular distraction

• Tracheostomy

Medical

• PAP

• Supplemental oxygen

• Anti-inflammatory medications

• Dental appliances

Pediatric OSA: Treatments
AHI still 5.6 after AT, 

patient still bed wetting.

Next steps?
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• 30 children, average AHI of 27 pre-PAP,  mean 

age 10 years old

• PAP improved EDS, snoring  IT WORKS

• 8 dropped out immediately  IT IS AN 

UPHILL BATTLE

Of those using PAP, average usage was 5 
hrs (no difference between CPAP vs BPAP)

48
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• CPAP is curative and 

TOLERABLE

• Auto-PAP devices exist

• Many different types of masks 

(full face masks ARE legal at 

home in NYS)

If parents, doctors and RTs 
get comfortable with it, 

children “tolerate” CPAP 
just fine!
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• Retrospective observational study, Cincinnati Children’s 

• Infants <1yo, AHI ≥ 4-5/hr, poor candidates for AT or CPAP

• O2-PSG: supplemental oxygen to keep goal SpO2 90-93% 

• Compared CBGs at beginning and end of O2-PSG

• Supplemental O2 = fewer respiratory events and mitigated 
hypoxia

• 57.6% were O2 responders (≥50% reduction in AHI)

• BUT, it did not fully normalize OAHI

• SAFE No effect on CO2 parameters
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1. Marcus et al:*

• No difference in mean EtCO2 on supplemental O2

• Only 2 had an increase in peak EtCO2 >than 10mmHg

2. Aljadeff et al:**

• No significant change in average or highest EtCO2 or in hypoventilation time as 
proportion of TST

3. Preterm infants:†

• Supplemental O2 decreases the frequencies of CENTRAL sleep apnea and periodic 
breathing without adversely affecting alveolar hypoventilation

Supplemental oxygen in pediatric OSA

*Marcus CL. Am J Respir Crit Care Med 1995;152(4 Pt 1):1297-1301.
** Aljadeff G. Am J Respir Crit Care Med 1996;153(1):51-55.
† Simakajornboon N. Pediatrics 2002;110(5):884-888.
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AAP guidelines do not comment on:

• Supplemental oxygen

• Dental appliances

• Other surgeries

53

Marcus CL. Pediatrics 2012;130(3):e714-755.
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Other treatment options

• MAD

• Palate expanders

• UPPP

• Tracheostomy

54
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Key Take-Home Points

1. Ask about snoring in children with: ADHD, severe asthma, learning problems, 2⁰ 
enuresis

2. PSG is gold standard to diagnose OSA (but can start with nocturnal pulse oximetry)

3. Early intervention important to avoid irreversible neurologic damage, but that does not 
necessarily mean surgery!

• Trial intranasal steroids, watch for 6 months before getting AT/considering CPAP

55
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QUESTIONS?

Thank you for listening!

albrooks@buffalo.edu


