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| have no financial disclosures to make

* Many medications discussed in this presentation are used off-
label in neonates (87-96% of NICU patients receive at least one
off-label medication). Off-label use is neither improper nor
Investigational when based on sound scientific evidence, expert
judgment, and published literature, and reflects standard
neonatal practice.
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Learning Objectives

By the end of this session, participants will be able to:

1. Apply the core principles of neonatal resuscitation (NRP) in
emergency settings where subspecialty support may be
unavailable

2. Navigate neonatal airway challenges using a structured
approach

3. Recognize and initiate management of time-sensitive neonatal
emergencies across key organ systems

4. ldentify common pitfalls and high-yield pearls in neonatal
resuscitation
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NRP Review — The Basics

* New edition every ~5 years
* NRP 9th Edition released Fall 2025

* Key differences:
o Initial PIP setto 25 cm H20

o Time extended to 15-30sec before
beginning initial corrective steps of
ventilation

o Perform corrective steps of ventilation in
the order most likely to be helpful

o A laryngeal mask may now be used as a
primary device for ventilation (previously
a rescue airway)

o ETT size and securing

The NRP 9th Edition Algorithm

Intubate or laryngeal mask
Q hhhhhhh p(essions ‘
Coordlne:tgoi;}/: Ov;;gev:nhlanon Target Oxygen Saturation Table
VC or 10
2 min 65%-70%

70%-75%

75%-80%

80%-85%

85%-95%

©2025 American Academy of Pediatrics and American

Heart Association




NRP Review

* Key differences from PALS
o Focus: Transition from intrauterine to extrauterine life
o Primary intervention: Ventilation

o Heart rate assessment: Auscultation preferred initially, ECG for
rapid/accurate measurement

o Initial steps: Warm, dry, stimulate

e When to ventilate

o Gasping or apneic after birth
o HR <100 bpm despite initial steps
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NRP Review — Chest Compressions

* When: HR <60 despite an advanced
airway (ETT or LMA) and 30 seconds of

adequate ventilation (chestrise)

* Ratio: 3compressions: 1 breath
(synchronized)

* Rate: 90 compressions : 30 breaths per
minute = 120 events/min

e Turn O2upto 100%
* Ensure cardiac monitor leads in place

* Thumbs with encircling hands preferred
o Depth of 1/3 AP diameter
o Lower 1/3 sternum above xiphoid process g

American Academy of Pediatrics 2025
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Corrective Steps for Ventilation

* Mask
* Reposition
* Suction

* Open mouth

° P
Fessure American Academy of Pediatrics 2025

* Advanced airway

The first sign of effective ventilation is an increasing heart rate %)
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NRP vs PALS?

Insufficient evidence to give a definite answer

Instead, consider etiology
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Neonatal Airway

Laryngoscope = T Vallecula

blade \
Glottis v 4 ~ e Epiglottis

L

Esophagus

Vocal cord

American Academy of Pediatrics 2025
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Airway: Anatomical Differences

] A n te r'i O r a i rway Adult vs pediatric airway

Anatomy of adult airway Anatomy of pediatric airway

* Large occiput

* Larger tongue, epiglottis,
arytenoids relative to airway size

* Funnel-shaped larynx with
cricoid at narrowest point

* Obligate nose breathers

* May desaturate more quickly
o Higher O2 consumption
o Limited pulmonary reserve




ETT vs. LMA?

Choose an ETT if: Choose an LMA if:
* Anticipate chest * Advanced airway is needed but
compressions Intubation is not feasible or not

* Personnel and equipment successtul
allow -AND-

* |s not extremely preterm

o Size 0 for "<2kg" however not all
brands or centers have this
equipment

Recall you can also use adjuncts like nasal trumpet or oropharyngeal airway
to support as needed before this step

OHSU



Switching gears:
The ill-appearing neonate



Time-sensitive emergencies

Get a gas with a lactate!



Time-Sensitive Emergencies

Any sick neonate needs:
* Blood gas
* Lactate
* Glucose

 AMmonia

High lactate + metabolic acidosis:

Sepsis/shock
Cardiac (ductal-dependent lesion)
Metabolic (organic acidemia)
Hypoxic-ischemic injury




Infection: Early Antibiotics Save Lives

Presentation ED Management
* Nonspecific! Antibiotics as soon as possible
* Temperature instability Blood and urine culture +/- CSF
* Poorfeeding e .
Standard antibiotic choices:

* Lethargy

° Respiratory distress i AmpICIllIn and gentamiCin

« Tachycardia OR bradycardia * Consider 3" generation cephalosporin if CNS concerns
° Late Signs: i HSV StUdieS and acyClOVir?

 Hypotension ST

. . . « GBS

* MetabOlIC aCIdOSIS : Zs?grl;lamonocytogenes

* Poor perfusion 0 SR LG

* ShOCk : gg?tseroides fragilis

3 "/é’j<v)/

* Also consider: X/

. Apnea &/ a:efc;(r);i%sepss :

° Seizu re : (L;rétgrococcusspecies

e E.Coli

o Kelbsiella
o Pseudomonas Aeruginosa
o Serratia

*in LMICs Gram-negative are
the predominant organisms

Boscarino et al, 2024




Dehydration in Neonates

High-risk period: first two weeks of life (especially breastfed infants)

Presentation ED Management

* Weight loss >10% from birth * Careful fluid resuscitation

* Decreased urine output, * Correct sodium slowly
ethargy  Address feeding issues

* Hypernatremia

* Monitor glucose
* Sunken fontanelle, poor skin
turgor

e Monitor bilirubin




Dehydration in Neonates
High-risk perioa Infants)

Presentation

* Weight loss: scitation
* Decreased u lowly
lethargy SSUES

* Hypernatren

e Sunken fonts
turgor

“Walk me through the process of how you are mixing your bottles”




Cardiac Emergency: Coarctation of the Aorta

Presentation
e Ductus arteriosus closes*

between day 1-7 of life "~ AL
. - Aortic isthmus
* Severe LV dysfunction, K y / - rortic conrctation
cardiogenic shock W [ B uiReiorsherr
Front view ’ N

' Patent ductus
7 arteriosus

* Differential BP and pulses
(upper > lower)

* Metabolic acidosis, poor
perfusion, abdominal
hypoperfusion




Cardiac Emergency: Coarctation of the Aorta

Presentation ED Management

* Ductus arteriosus closes™ * Prostaglandin E1 (PGE1) -
between day 1-7 of life CRITICAL to reopen ductus

* Severe LV dysfunction, * Echocardiography
cardiogenic shock « NPO + fluids

* Differential BP and pulses
(upper > lower)

* Metabolic acidosis, poor
perfusion, abdominal
hypoperfusion

* May require
Intubation/inotropes

* Thoughtful fluid resuscitation
In case of LV dysfunction

 Urgent cardiology consultation %)
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Metabolic Emergency: Hyperammonemia

Urea cycle disorders

* Not touching on other IEM’s
* Organic acidemias
* Disorders of fatty acid oxidation

* Protein breakdown produces
ammonia

* Urea cycle converts ammonia
to urea for excretion

* Mostly autosomal recessive,
except for OTC deficiency (X-
linked)

The Urea Cycle

Glutamate + Acetyl-CoA

NAGS

Ammonia + Bicarbonate + Phosphate
N-acetylglutamate CPS1

Carbamylphosphate Orotic acid
oT1C

Ornithine Citrulline
Aspartate

Urea
ASS

ARG

e Argininosuccin
Arginine E osuccinate

ASL

Fumarate




Metabolic Emergency: Hyperammonemia

Urea cycle disorders: Ornithine Transcarbamylase (OTC) Deficiency

Presentation

* May present day 2-10 of life after feeds
initiated (protein intake)

 Symptoms
* Encephalopathy, lethargy, hypotonia
* Vomiting/poor feeding
* Hypothermia
* Potential seizures

* Labs:
* Hyperammonemia (often >200 umol/L)
* Respiratory alkalosis or mixed alkalosis-
acidosis
* Abnormal plasma amino acid: high glutamine,
low citrulline
* Abnormal urine organic acids: high orotic acid

ED Management

Immediately NPO: STOP protein intake
High dextrose infusion (8-10+ mg/kg/min)

Sodium benzoate/phenylacetate for
ammonia scavenging

Supplementation with arginine and/or
citrulline

Urgent metabolics/genetics consult

May require dialysis if ammonia >500 or not
improving/symptomatic




Another Important IEM:

Organic acidemia: Glutaric acidemia type |

Presentation
* May present 3 months - 3+ years

 Symptoms/features:
* Macrocephaly

* Encephalopathy precipitated by illness,
infection, surgery, fasting

* Labs: Biochemical findings can be

Higher carrier rate in some First Nations
communities in Manitoba and Ontario, as
well as the Lumbee Tribe of North Carolina

equivocal
* +/- metabolic acidosis
* +/- hypoglycemia
* +/- hyperammonemia
* +/- ketonuria

* Send: UOA, acylcarnitine profile,
plasma AA (enzyme activity, genetic
testing)




Another Important IEM:

Organic acidemia: Glutaric acidemia type |

Presentation
* May present 3 months - 3+ years
¢ Sym ptO mS/featU reS: Lysine Hydroxylysine
« Macrocephaly | | Probiesddpinss
° Encephalopathy precipitated by illneSS, Lysine CoA —>» 2-Aminoadipic acid —» Glutaryl-CoA ———— > Crotonyl-CoA
infection, surgery, fasting 7 ¢ \
. ] . . Tryptophan / X Y
* Labs: Biochemical findings can be 3Hydrory.  Glarc AcetoacetyCo
equivocal acid
* +/- metabolic acidosis T IORi
° +/_ hypoglycemia dehydrogenase \
° +/_ hype ra m m O n e m I a Singer et al, Metabolic disorders with associated movement abnormalities.
° +/_ keto nu rl a In: Movement Disorders in Childhood, 3rd ed.
* Send: UOA, acylcarnitine profile,
plasma AA (enzyme activity, genetic
testing)




Another Important IEM:

Organic acidemia: Glutaric acidemia type |

Presentation
* May present 3 months - 3+ years

¢ Sym ptO m S/fe at LI re S : Lysine Hydroxylysine
* Macrocephaly | i Glutaryl-CoA

dehydrogenase
* Encephalopathy precipitated by illness, Lysine CoA — > 2-Aminoadipic acid —3 Glutary-CoA —— 3 Crotonyl-CoA
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plasma AA (enzyme activity, genetic és

Tryptophan Y

Acetoacetyl-CoA

3-Hydroxy-  Glutaric
glutaric acid
acid

Y
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Another Important IEM:

Organic acidemia: Glutaric acidemia type |

Presentation ED Management
* May present 3 months - 3+ years * Avoid catabolism- provide |V
 Symptoms/features: dextrose

« Macrocephaly * Urgent metabolics/genetics consult

* Encephalopathy precipitated by illness, — « General: low-lysine diet, carnitine
Infection, surgery, fasting supplementation, avoid prolonged
* Labs: Biochemical findings can be fasting
equivocal
* +/- metabolic acidosis
+/- hypoglycemia
+/- hyperammonemia
+/- ketonuria

Send: UOA, acylcarnitine profile,
plasma AA (enzyme activity, genetic és

testing)




Resuscitation & Management Pearls



Key Differences: NRP vs. PALS
T paameer | wee | eas

15:2 (2+ rescuers)
30:2 (single rescuer)
Compression : Ventilation 3:1 (pause for breath) Continuous compressions + 1
breath q2-3 sec if advanced
airway

90 compressions + 30 breaths

mpression Rat : '
Compression Rate per minute = 120 events/min

100-120 compressions/min

Fluid Bolus for Shock 10 mL/kg 10-20 mL/kg
Primary Intervention Ventilation / Airway Cardiac Perfusion / CAB
Vascular Access UVC Preferred PIV, 10

®
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Resuscitation Pearls: Avoid Hypothermia

Why it matters

* Increases morbidity and
mortality

* Increases oxygen consumption
* Impairs coagulation

* Worsens metabolic acidosis

* Hypoglycemia

Prevention

* Warm room
* Dry baby

* Radiant warmer may be
needed

* Warm humidified oxygen




Resuscitation Pearls — Vascular Access

Umbilical Vein Catheter Intraosseous (I0) Access
* First choice for neonatal * Alternative if UVC is
emergency access unsuccessful or not feasible

* Insert 4-5cm until blood return ¢ Proximal tibia is preferred site




Resuscite

Umbilical Vei

 First choicef
emergency ¢

* Insert 4-5cm

: ess

jﬂvb Aortic arch

Superior Ductus arteriosus
vena cava
Pulmonary artery
Foramen
ovale
| Access
T9-10 -~ °

o Catheter i I S
nferior .

Ductus venseus not feasible
Portal vein Abdominal aorta p refe r. re d S ite
Umbilical vein
Umbilical 5
arteries
Bladder External iliac artery

Internal iliac artery

Current

Soyrce: Coodman DM, Green
Frocodures. Pedvainics. www.aCCesspediatncs . com
Copyright € The McGraw-Hik Companses, Inc. Al nights reserved

™, Ui SM, Powell EC



Resuscitation Pearls — Communication

Team Dynamics

* Assign roles

* Closed-loop communication
 Speak up if concerned

* Updates and summary
statements

Family Communication

* Most parents want to be present
during their child’s resuscitation

* Can help improve understanding
and processing, and provide a
greater sense of control

* Presence of a facilitator to
support families is beneficial and
can reduce parental anxiety
during resuscitation

* [dentify and include key
stakeholders in the paging
system for resuscitations




Resuscitation Pearls — Taking Notice

Compensated Shock Failed Airway Attempts
* Hypotensionis a late finding in ¢ Limit attempts in # and time
neonates * Consider LMA early

 And what is “hypotension”in a

neonate, anyway? * Bag-mask ventilation can be

life-saving while waiting for
help

e Ventthe stomach as able

* Monitor end-organ perfusion
* Trend is helpful

* CO=HRXSV=SBP/SVR




Resuscitation Pearls — Taking Notice

m @@ Strong Recommendation For @ Conditional Recommendation For @ Good Practice Statement t

@D Sepsis Improvement Program, Including Standard Operating Procedures for Treatment

An t i b i Ot i C Ad m i n i St rat i o n | Probable Sepsis | | Suspected Septic Shock |

!

I Time-limited course of rapid

investigation and evaluation

* Timing is critical

sepsis-associated organ dysfunction

. .
* Bloodc :
utture ontaineaq, Intan
’ maximum of w Measure lactate maximum of
3 hours of initial Collect blood culture 1 hour of
suspicion of recognition of
sepsis Start empiric broad-spectrum antibiotics Sepsis

IS ill -> give abx : — 1

Fluid bolus therapy | Vasoactives |

, L]
* Don’t delay for LP if unstable
la) @@ septic shock without hypotension in norepinephrine

healihcare systems with no intensive care
availability, OR @ Initiate through peripheral venous access
f central access is absent

Ib) @B f fluid overload is present, OR

. - @ May be initiated alongside fiuid therapy if
) iihypoperfusion is resolved ] Continuous | | ¥ 0 e hreatening end-organ
@ Administer 10-20 mL/kg bolus of reassessment hypoperfusion
balanced or buffered crystalloid

o @ Cardiac & lung POCUS,

@ Up to 40 mL/kg: | @ Up to 40-60 mL/kg: if training/resources allow
For septic shock For septic shock . ScvO,
with hypotension in healthcare o @ Clinical markers of
n healthcare systems with hemodynamic status
systems with NO intensive care . Signs of fluid overload
ntensive care availability
availability

Fluid in mL/ d as ideal b
uzal pat

olume

J

Shock and evidence of hypoperfusion and cardiac dysfunction: ‘

Shock requiring high-dose catecholamines:
s Consider inodilators*

« &Add vasopressin or further titrate catecholamines

[@venoarterial ECMO as rescue therapy if shock refractory to all other treatments

T Strong Recommendation (“We recommend"): All or almost all informed patients would prefer the recommended treatment.
Conditional Recommendation (*We suggest”): Most informed patients would prefer the recommended treatment, but a substantial proportion would not
Good Practice Statement: Generally, most informed patients are expected to prefer the treatment suggested by the good practice statement

“In Our Practice Statement: Never used to issue formal recommendations.

Weiss et al, Pediatric Critical Care Medicine April 2026




Summary and Takeaways

* Ventilation is key in neonatal
resuscitation

* Use corrective steps to
ventilation

* LMAis your friend

* Get a gas with a lactate, an
ammonia, and a sugar for an
Ill-appearing neonate

* Avoid hypothermia

* PGE1 for ductal-dependent
lesions

* Stop protein, give glucose for
suspected metabolic crises

* Early antibiotics saves lives in
Sepsis

e Consider the UV
 Partner with families
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Thank youl!

Questions?

downeyl@ohsu.edu
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Problem

\

\

Laryngoscope not
inserted far enough.

\

\ §

Laryngoscope inserted
too far.

Laryngoscope inserted
off to one side.

ey

You see part of the glottis
off to one side of the blade.

Landmarks

rES

You see the tongue

surrounding the blade.

JCJ

You see the walls
of the esophagus

surrounding the blade.

Corrective Action

\

\

R

Advance the blade farther.

Withdraw the blade
slowly until the epiglottis
and glottis are seen.

CES

Gently move the blade back
to the midline. Then advance
or retreat according to
landmarks seen.

Allimages American Academy of Pediatrics 2025

Table 5-1. Endotracheal Tube and Suction Catheter Size for Newborn Infants of Various
Weights and Gestational Ages

Weight (grams) Gestational Age (weeks) Endotracheal Tube Size (mm ID) Suction Catheter (F)
<800 22-25 2,52 5

800-1,200 26-28 2.5 50r6

1,201-2,200 29-34 3.0 6or8

>2,200 >34 3.5 8

* A 2.0 mm ID endotracheal tube (optional) may be considered.




