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New CME Process

Step 1. Create Optum Health 
Education (OHE) account

Step 2. Follow instructions

Step 3. Complete post-activity 
materials

Step 4. Claim credits 

To complete the post-activity materials and claim credit for today’s 
activity, please visit:

www.optumhealtheducation.com/neonatal-apnea-live

or scan the QR code below:

You will need to login into your OHE account or create an account to 
proceed. Please follow the instructions under FAQ on the homepage or 

email moreinfo@optumhealtheducation.com for assistance.
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A little about me

• Dr. Jamie Rosterman

• NRS Medical Director, HFS cross-trained

• Optum since Oct. 2021

• Practice Neonatology part time at Pediatrix Medical Group of KS

• Clinical interests: ELGAN, Quality improvement, Education 

• Reside in Kansas, Missouri

• Married to my best friend – 10 years, 3 kiddos, 1 fur baby

Proprietary and Confidential. Do not distribute. 6

Question # 1 - A little about you

How long have you worked for Optum NRS?

• A. Less than 1 year

• B. 1-5 years

• C. 5-10 years

• D. Greater than 10 years
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Question # 2 - A little about you

What type of degree do you have?

• A. LPN

• B. RN

• C. BSN

• D. APRN 
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Question # 3 – A little about you

What’s your favorite past time? 

• A. Spending time with family/friends

• B. Traveling

• C. Physical activity

• D. Shopping (including Amazon)

• E. All of the above
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Question # 4 – A little about you

Who is excited to learn about apnea?

• A. Absolutely - Lets do this!

• B. Kinda/sorta/meh

• C. Really? Do I have to?

• D. Definitely not!
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Objectives/Plan

• Define apnea

• Review pathophysiology

• Discuss different types of 
apnea

• Differentiate between AOP and 
apnea of infancy

• Review diagnosis and 
treatment options

• Sprinkle in some questions 
and cases

• Highlight the NRS guidelines
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Question # 5 - Audience Response 

How long does cessation of breathing last for it to be 
defined as apnea? 

• A. 10 secs

• B. 15 secs

• C. 20 secs or a shorter time period with associated brady 
or desat

• D. 25 secs or a shorter time period with associated brady 
or desat
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Apnea – What is it?

• Definition

– cessation of respiratory airflow/breathing for more than 
20 seconds

or 

– shorter respiratory pause associated with oxygen 
desaturation or bradycardia (<100 bpm) in infants
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Apnea – What is it?

Cessation of breathing/
respiratory air flow for
more than 20 secs

Or 

Shorter respiratory 
pause associated 
with oxygen 
desaturation or 
bradycardia in infants
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Apnea – Why is it important?

• One of the most common diagnoses in the NICU
– virtually all infants less than 28 weeks have symptoms

• Potentially harmful 

• In term infants, it should be assumed to be pathologic

• Contributes to prolonged hospitalization

• Resolution is a requirement for discharge

Eichenwald E. What’s the story today? Apnea, Discharge and the Brain. PPT Presentation. 2017. Neo Conference. Orlando, FL. 
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Apnea – Why does it happen?

Erickson E, Dobson N, Hunt CE. Immature control of breathing and apnea of prematurity: the known and unknown. Journal of Perinatology. 2021. 41:2111–2123

Green = afferent
Red = efferent
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Apnea – Why does it happen?

Martin RJ, et al. Pathogenesis of apnea in preterm infants. Journal Pediatrics. 1986;109:733
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Question # 6 - Audience Response 

How many types of apnea are there?

• A. 1

• B. 2

• C. 3

• D. 4

• E. 5
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Apnea- What types are there?

Alvaro RE. Control of breathing and apnea of prematurity. Neoreviews.2018. 19(4): e225-e234
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Apnea – What types are there?

Criteria Central 
Apnea

Obstructive
Apnea

Mixed
Apnea

Periodic 
Breathing

Duration of 
breathing 
cessation

At least  20 
secs

At least 20 secs At least 20 secs 5-10 secs

Respiratory 
effort

Absent Present Absent/present Absent

Movement of 
air

Absent Reduced/absent Reduced/absent Reduced/absent

Brady/desat May occur May occur May occur No
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Question # 7 - Audience Response 

Is Apnea of Infancy Physiologic or Pathologic?

• A. Physiologic

• B. Pathologic

19
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Apnea of Infancy
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• Hypoxic ischemic 
encephalopathy

• Intrapartum maternal drug 
exposure 

– Narcotics, magnesium, general 
anesthesia, illicit drugs 

• Early onset sepsis

• Congenital central nervous 
system malformations

• Ischemic infarction or stroke

• Temporal lobe lesions 

• Metabolic causes 

– abnormalities in glucose, 
electrolytes, calcium

• Feeding related choking/apnea

• Congenital or acquired airway 
obstruction

– Laryngomalacia, VCD, phrenic 
nerve injury, Pierre Robin, Stickler, 
Treacher Collins, Goldenhar, 
Crouzon, Downs syndromes

• Congenital central 
hypoventilation syndrome

• Traumatic brain injury

• Intracranial hemorrhage, and 
inflammation 

– secondary to pneumonia, sepsis, 
or meningitis

• BRUE

Apnea of Infancy

Patrinos ME, Martin RJ. Apnea in the term infant. Seminars in Fetal and Neonatal Medicine. 2017. 22(4):240-244
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Apnea of Infancy

• Diagnosis

– Evaluation for underlying etiology of apnea

• Management

– Based on diagnosis

• Duration of Stay

– Depends on diagnosis

– Up to 3 days of observation may be appropriate in most cases 
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Apnea of Infancy – What do the NRS Guidelines say?

23

24



3/9/2022

13

Proprietary and Confidential. Do not distribute. 25

Case Study # 1
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• Key Charting Items

• Date of last event

• Severity of event (SpO2, 
HR)

• Duration of event (secs)

• What infant was doing 
during that time

• Intervention required 

• How long the facility plans 
to monitor?

Case Study # 1
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Apnea of Prematurity
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Apnea of Prematurity – Why does it happen?

Martin RJ. Apnea of Prematurity. PPT Presentation. APP NeoPrep Board Review. San Diego, CA. 2019.

IMMATURITY

Decreased 
hypercapnic 
responses

APNEA

Hypoxic 
stimulation not 

sustained 

Enhanced 
inhibitory 
reflexes
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Apnea of Prematurity– Why does it happen?

Erickson E, Dobson N, Hunt CE. Immature control of breathing and apnea of prematurity: the known and unknown. Journal of Perinatology (2021) 41:2111–2123
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Periodic Breathing – What is it?

• Definition

– Pattern of alternating breaths and brief respiratory 
pauses that are approx. 5-10 secs in duration

– May be accompanied by modest desats and bradys

– Absent in the first few days of life, becomes frequent at 2-
4 weeks of age

– Resolves typically by 44 weeks PMA or 6 months of age

– Occurs predominantly during quiet sleep

Weintraub Z, Cates D, et al. The morphology of periodic breathing in infants and adults. Respiratory Physiology. 2001. 127 (2-3); 173-814
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Treatment – What can be done?
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Diagnosis – How do you diagnose AOP?

• Cardiorespiratory and pulse oximetry monitors
– Cessation of respiratory airflow/breathing for more than 20 seconds or 

shorter respiratory pause assoc. with oxygen desaturation or bradycardia 

Zagol K, Lake DE, et al. Anemia, apnea of prematurity and blood transfusions. Journal of Pediatrics. 2012. 161 (3); 417-421
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Pneumocardiograms/ Multi-Channel Pneumograms

• Multi-channel Pneumogram: recording of respiration and HR
– 4 channel pneumogram: measures of respiration and HR

– 5 channel pneumogram: 4 channel + pulse oximetry

– 6 channel pneumogram: 5 channel + pH probe monitoring

– Grossly distinguishes between central and obstructive apnea

• Controversy in usefulness, result interpretation, normative data

Ginsburg, D, Maken, K, Deming, D, et al. Etiologies of apnea of infancy. Pediatric Pulmonology. 2020; 55: 1495– 1502.
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GERD and Apnea

• Controversial

• Multiple studies have failed to 
support relationship between GERD 
and apnea
– Despite strong physiologic evidence 

that stimulation of laryngeal afferents 
elicit central apnea and laryngeal 
adduction

• GERD does not prolong respiratory 
pauses and cause apnea 

• Anti-reflux meds should not be used 
to treat apnea

33
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Question # 8 - Audience Response 

What are the primary methods of treatment for apnea of 
prematurity?

• A. General measures that reduce the risk of apnea

• B. Non-invasive respiratory support

• C. Caffeine 

• D. All the above
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Treatment – Methylxanthine

Mechanism of Action 

• Stimulate respiratory neural output

• Blockade of inhibitory Adenosine A1R

• Excitation of respiratory neural output

• Blockade of A2R on GABA neurons

Options

• Theophylline

• Caffeine

Martin R, Management of apnea of prematurity. In. Garcia-Prats JA, Mallory GB ed. UpToDate. 2022. Accessed 3/4/22
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Treatment – Caffeine

Side Effects

• Tachycardia

• Feeding intolerance

Duration

• Longer half life: 60-100 hours

• Clearance: 7-10 days

When to Stop

• No trials have addressed when to stop

• AAP: Discontinuation should not delay discharge
Martin R, Management of apnea of prematurity. In. Garcia-Prats JA, Mallory GB ed. UpToDate. 2022. Accessed 3/4/22
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Treatment – Caffeine Current Studies

Moderately preterm Infants 
with Caffeine at Home for 

Apnea (MoCHA) Trial

Intermittent Hypoxia and Caffeine 
in Infants Born Preterm (ICAF) Trial

Purpose Study effects of caffeine in infants 
with resolved apnea

Study effects of caffeine on 
intermittent hypoxia

Primary 
Outcome

Number of days of hospitalization Extent of intermittent hypoxia (number 
of secs below 90%) until 42.6 weeks

Number 800 participants 220 participants

Design Randomized controlled trial Randomized, double-blinded, placebo 
controlled, trial

Details Randomized to caffeine or 
placebo when planned to 
discontinue caffeine. Continue 
caffeine or placebo for 28 days 
after discharge. 

Caffeine until 36.5 weeks then 
randomized to caffeine until 42.6 
weeks  or placebo. Pulse ox 
continued for 1 week after stopping. 
MRI Brain x 2. Cytokine 
measurements.

Study Start February 2019 January 2019

Completion October 2023 May 2022
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Question # 9 - Audience Response 

How long does caffeine typically last in an infant’s 
system after discontinuation?

• A. 3 days

• B. 5 days

• C. 7 days

• D. 14 days
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Case Study # 2 

39

40



3/9/2022

21

Proprietary and Confidential. Do not distribute. 41

• Key Charting Items

• Date of last caffeine dose

• How long the facility plans to 
monitor?

• Date of last event

• Severity of event (SpO2, HR)

• Duration of event (secs)

• What infant was doing during 
that time

• Intervention required 

Case Study # 2 
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Caffeine– What do the NRS Guidelines say?
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Question # 10 - Audience Response 

When does apnea of prematurity typically resolve?

• A. 34 weeks PMA

• B. 36 weeks PMA

• C. 38 weeks PMA

• D. 40 weeks PMA

• E. 44 weeks PMA
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Discharge – When does AOP resolve?

Eichenwald E. What’s the story today? Apnea, Discharge and the Brain. PPT Presentation. 2017. Neo Conference. Orlando, FL. – Data 1997 
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Discharge – When does AOP resolve?

Darnall RA, Kattwinkle J. et al. Margin of safety for discharge after apnea in preterm infants. Pediatrics.1997.100(4):795-801
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Discharge – What is a safe interval for discharge?

Eichenwald EC, Watterberg KL, et al. COMMITTEE ON FETUS AND NEWBORN. Apnea of Prematurity. Pediatrics January 2016; 137 (1): e20153757. 10.1542/peds.2015-3757

• A clinically significant apnea event–
free period before discharge of 5 to 
7 days is commonly used

• A longer period may be suitable for 
infants born < 26 weeks’ gestation. 

• Specific event-free period may 
need to be individualized for some 
infants depending on GA at birth 
and nature and severity of recorded 
events
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ABD Monitoring– What do the NRS guidelines say?
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Home apnea/cardiorespiratory monitors

Eichenwald E. What’s the story today? Apnea, Discharge and the Brain. PPT Presentation. 2017. Neo Conference. Orlando, FL. 

• Home monitoring of respiratory and 
heart rates with event recordings

• Typical settings: Alarms if apnea 
greater than 20 secs or heart rate 
less than 80bpm

• For infants with discharge before 
38 weeks PMA, discharged home 
on caffeine or certain medical 
conditions 
– BPD, neurologic or metabolic disorders, 

pertussis, NAS on narcotics, GERD,  
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Home apnea/cardiorespiratory monitors

Eichenwald E. What’s the story today? Apnea, Discharge and the Brain. PPT Presentation. 2017. Neo Conference. Orlando, FL. 

• Typical settings: Alarms if apnea 
greater than 20 secs or heart rate 
less than 80bpm

• Interpretation by physician helps 
determine type of apnea and when 
to discontinue monitor

• Continued up until 43 weeks PMA 
or event free for 2 weeks, 
whichever comes later
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Home monitors – What do the NRS guidelines say?
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Case Study # 3
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• Key Charting Items

• Date of last event

• Severity of event (SpO2, HR)

• Duration of event (secs)

• What infant was doing during 
that time

• Intervention required 

• How long the facility plans to 
monitor?

Case Study # 3
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When to escalate to NRS Medical Director?
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Take Home Pointers…

• More details about the ABD events are better 
– Date of last event, Severity of event (SpO2, HR), Duration of event 

(secs), What infant was doing during that time, Intervention required, 
How long the facility plans to monitor?

• Apnea in a term infant is pathologic  
– length of hospitalization should be determined by evaluation 

and management

• Apnea of prematurity typically resolves by 37 weeks in 
infant greater than 28 weeks at birth and term equivalent or 
longer in infants born less than 28 weeks
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Take Home Pointers…

• Caffeine takes approx. 7 days to become sub-therapeutic

• Pneumocardiograms should not prolong hospital stay

• Duration of monitoring for ABD events prior to discharge 
depends on gestational age at birth, frequency and 
severity of events
– Typical 5-7 day monitoring period 

– Infant born less than 26 weeks may warrant a longer period
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Any Questions?

Contact information

Name, Title

Telephone number

Email address
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