

NEONATAL RESUSCITATION

Objectives

1. Anticipating and Preparing for Resuscitation 
2. lnitial Steps of Newborn Care 
3. Positive-Pressure Ventilation 
4. Endotracheal lntubation 
5. Chest Compressions 
6. Medications 
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Overview

· Most newborns make the transition to extrauterine life without intervention. 
· Before birth, pulmonary blood vessels in the fetal lungs are tightly constricted, and the alveoli are filled with fluid, not air. 
· Newborn resuscitation is usually needed because of respiratory failure. 
· The most important and effective step in neonatal resuscitation is to ventilate the baby's lungs. 
· Very few newborns will require chest compressions or medication. 
· Teamwork, leadership, and communication are critical to successful resuscitation of the newborn. 

Why do newborns require a different approach to resuscitation than adults?
· Most often, adult cardiac arrest is a complication of coronary artery disease. It is caused by a sudden arrhythmia that preve11tsthe heart from effectively circulating blood. As circulation to the brain decreases, the adult victim loses consciousness and stops breathing. At the time of arrest, the adult victim's blood oxygen and carbon dioxide (C0 content is usually normal and the lungs remain filled with air. During adult resuscitation, chest compressions maintain circulation until2) electrical defibrillation or medications restore the heart's function. 
· In contrast, most newborns requiring resuscitation have a healthy heart. When a newborn requires resuscitation, it is usually because respiratory failure interferes with oxygen and C0 exchange. 

Ventilation of the newborn's lungs is the single most important and effective step in neonatal resuscitation. 

What happens during the transition from fetal to neonatal circulation?
· Before birth, the fetal lungs are filled with fluid, not air, and they do not participate in gas exchange. All of the oxygen used by the fetus is supplied from the mother's blood by diffusion across the placenta. 
· The oxygenated fetal blood leaves the placenta through the umbilical vein 
· Blood vessels in the fetal lungs (pulmonary vessels) are tightly of the oxygenated blood returning to the fetus from the placenta via the umbilical vein flows through the foramen ovale or ductus arteriosus and bypasses the lungs 
· Because blood flows directly from the right side of the heart to the left side without entering the lungs, it is called a right-to-left shunt. In utero, this right-to-left shunt allows the most highly oxygenated blood to flow directly to the fetal brain and heart


[image: ]


· After birth, a series of events culminate in a successful transition.
As the baby takes deep breaths and cries, fuid is absorbed by the air sacs (alveoli) and the lungs fill with air. 
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· Air in the lungs causes the previously constricted pulmonary vessels to relax so that blood can flow to the lungs and reach the alveoli where oxygen will be absorbed and C02 will be removed.
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· Oxygenated blood returning from the baby's lungs helps to fill the baby's heart and ensure that the heart and brain will receive adequate blood flow once the ombilical cord is clamped
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Clamping the umbilical cord increases the baby's systemic blood pressure, decreasing the tendency for blood to bypass the baby's lungs. 

Although the initial steps of transition occur within a few minutes of birth, the entire process may not be completed for hours or days. For example, it may take up to 10 minutes for a healthy term newborn to achieve an oxygen saturation greater than 90%. 
It may take several hours for fluid in the lungs to be completely absorbed, and complete relaxation of the pulmonary blood vessels occurs gradually over several months. 

How does a newborn respond to an interruption in normal transition?
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Neonatal Resuscitation algorithm
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1. Anticipating and Preparing for Resuscitation 
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Pre-birth questions
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lnitial Steps of Newborn Care
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Positive-Pressure Ventilation PPV
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Medication
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How does a newborn respond to an interruption in normal
transition?

Table 1el e Clinical Findings of Abnormal Transition

* Irregular breathing, absent breathing (apnea), or rapid breathing
(tachypnea)

» Slow heart rote (bradycardia) or rapid heart rate (tachycardia)

» Decreased muscle tone

* Pale skin (pallor) or blue skin (cyanosis)

* Low oxygen saturation

* Low blood pressure
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Figure 1.5. Neonatal Resuscitation Program Algorithm
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Rapid Evaluation: Determine if the newborn can remain with
the mother or should be moved to a radiant warmer for further
evaluation.

(A) Airway: Perform the initial steps to establish an open Airway
and support spontaneous respiration.

(B) Breathing: Positive-pressure ventilation is provided to assist
Breathing for babies with apnea or bradycardia. Other interventions
(continuous positive airway pressure [CPAP] or supplemental
oxygen) may be appropriate if the baby has labored breathing or low
oxygen saturation.

(C) Circulation: If severe bradycardia persists despite assisted
ventilation, Circulation is supported by performing chest
compressions coordinated with PPV.

(D) Drug: If severe bradycardia persists despite assisted ventilation
and coordinated chest compressions, the Drug epinephrine is
administered as coordinated PPV and chest compressions continue.
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Table 2-1 e Perinatal Risk Factors Increasing the Likelihood of Neonatal Resuscitation

Antepartum Risk Factors

Gestational age less than 36 0/7 weeks Polyhydramnios

Gestational age greater than or equal to 41 0/7 weeks | Oligohydramnios

Preeclampsia or eclampsia Fetal hydrops

Maternal hypertension Fetal macrosomia

Multiple gestation Intrauterine growth restriction

Fetal anemia Significant fetal malformations or anomalies

No prenatal care

Intrapartum Risk Factors

Emergency cesarean delivery Intrapartum bleeding

Forceps or vacuum-assisted delivery Chorioamnionitis

Breech or other abnormal presentation Opioids administered to mother within 4 hours of delivery
Category Il or 11fetal heart rote pattern* Shoulder dystocia

Maternal general anesthesia Meconium-stained amniotic fluid

Maternal magnesium therapy Prolapsed umbilical cord

Placenta! abruption
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f)

What is the expected gestational age?
Is the amniotic fluid clear?
Are there any additional risk factors?

What is our umbilical cord management plan?
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A Rapid Evaluation for
Every Newborn

e Term?
e Tone?
e Breathing or crying?
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Initial Steps of Newborn
Care

* Provide warmth.

* Dry.
+ Stimulate.
» Position the head and neck.

* Clear secretions if needed.
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[fthe baby has not responded to the initial steps within the first
minute of life, it is not appropriate to continue to provide only tactile
stimulation. For babies who remain apneic or bradycardic, delaying the
start of PPV beyond the first minute of life worsens outcomes.

Remember: Ventilation of the baby's lungs is the most important
and effective step during neonatal resuscitation.

If the baby is breathing after the initial steps, assess the heart rote.

[f the baby is breathing effectively, the heart rate should be at least
100 bpm. [fthe heart rate is less than 100 bpm, start PPV even if the

baby is breathing.
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When and how do you administer
supplemental oxygen?

Use supplemental free-flow oxygen when the pulse
oximeter reading remains below the target range
for the baby's age. Free-flow oxygen can be given
to a spontaneously breathing baby by holding
oxygen tubing close to the baby's mouth and nose
(Figure 3.14). Free-flow oxygen is not effective if
the baby is not breathing. &

If you are using a flow-inflating bag or T-piece
resuscitator, hold the mask close to the face but
not so tight that you make a seal and pressure
builds up within the mask.
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Key Points

(o}

E)

Ventilation ofthe newborn's lungs is the single most important and
most effective step in neonatal resuscitation.

After completing the initial steps, positive-pressure ventilation
(PPV) is indicated if the baby is not breathing, OR ifthe baby

is gasping, OR ifthe baby's heart rate is less than 100 beats per
minute (bpm).

During PPV, the initial oxygen concentration (Froy) for newborns
greater than or equal to 35 weeks' gestation is 21%. The initial Fro,
for preterm newborns less than 35 weeks' gestation is 21 % to 30%.

The ventilation rate is 40 to 60 breaths per minute and the initial
ventilation pressure is 20 to 25 cm H,0 .

The most important indicator of successful PPV is a rising heart rate.

Ifthe heart rate is not increasing within the first 15 seconds of
PPV and you do not observe chest movement, start the ventilation
corrective steps.
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The ventilation corrective steps (MR. SOPA) are:

a. Mask adjustment.

b. Reposition the head and neck.
¢. Suction the mouth and nose.
d. Open the mouth.

e. Pressure increase.

f Alternative airway.

Ifthe baby cannot be successfully ventilated with a face mask and
intubation is unfeasible or unsuccessful, a laryngeal mask may
provide a successful rescue airway.

Ifthe heart rate remains less than 60 bpm despite at least

30 seconds of face-mask PPV that inflates the lungs (chest
movement), reassess your ventilation technique, consider
performing the ventilation corrective steps, adjust the Fro,

as indicated by pulse oximetry, insert an alternative airway
(endotracheal tube or laryngeal mask), and provide 30 seconds of
PPV through the alternative airway. After these steps, ifthe heart
rate remains less than 60 bpm, increase the F10,to 100% and begin
chest compressions.
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What are the different types
of resuscitation devices used to
ventilate newborns?

Three types of devices are commonly used
for ventilation.

O A self-inflating bagfills spontaneously
with gas (air, oxygen, or a blend of
both) after it has been squeezed and
released (Figure 4.2).

f) Aflow-inflating bag (also called an
anesthesia bag) only fills when gas
from a compressed source flows into
it and the outlet is sealed (Figure 4.3).

Q A T-piece resuscitator continuously
directs compressed gas toward the
baby. Pressure increases when an
opening on the top of the T-shaped
device is occluded (Figure 4.4).
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Block the mask or gas outlet and If no,

squeeze the bag. « Is there a crack or leak in the bag?
* Do you feel pressure against your « Is the manometer missing, resulting
hand? in an open attachment site?
* Does the manometer register - Is the pressure-release valve missing
pressure? or blocked?

* Does the pressure-release valve
open when the manometer registers
30 to 40 cm H,0 pressure?

« Does the bag reinflate quickly
when you release your grip?
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Figure 4.9. An example of a T-piece resuscitator (A). The T-piece resuscitator's pressure is controlled by
adjustable valves. PIP is adjusted by a dial on the machine (B) and PEEP is controlled by a dial on the T-piece cap (C).
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Figure 4.1 5. Correctly sized anatomic (A) and round (B) masks




image24.png
What concentration of oxygen should be used to start
positive-pressure ventilation?

Target Oxygen
satiration lable * Start with a PIP of 20 to 25 cam Hy0 .

Lol L0 2 * Full-term babies may require a higher inflation pressure for the first
2 min 65%-70% few breaths to inflate their lungs. After the initial inflating breaths,
3 min 70%-75% you may be able to decrease the inflation pressure.

4 min 75%-80% * Administering PEEP with the initial inflating breaths helps to

5 min 80%-85% achieve stable lung inflation more quickly, remove fluid, and prevent

10 min 85%-95% the air spaces from collapsing during exhalation. When PEEP is

Initial Oxygen used, the suggested initial setting is 5 cm H20 .

Concentration for PPV

2:35 weeks' GA | 21% oxygen

< 35 weeks' GA | 21%-30%
oxygen
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If PPV was started because the baby had a low heart rate, it should

improve rapidly. e Within 15 seconds of starting PPV, the baby's heart rate should be
Increasing.
¢ Within 30 seconds of starting PPV, the baby's heart rate should be
greater than 100 bpm.

If the baby's heart rate is increasing after the first 15seconds, continue
PPV. You will check the response again after 30 seconds of PPV.

If the baby's heart rate is not increasing after the first 15 seconds, ask
your assistant if the chest is moving.

o Ifthe chest is moving, continue PPV while you monitor your
ventilation technique. You will check the baby's response again after
30 seconds of PPV.

e Ifthe chest is NOT moving, you may not be ventilating the baby's
lungs. Perform the ventilation corrective steps described below until
you achieve chest movement with PPV.
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Table 4-3. The MR. SOPA Ventilation Corrective Steps

Corrective Step Actions
M | Mask adjustment. Reapply the mask and lift the jaw forward. Consider the 2-hand hold.

R | Reposition the head and neck. | Place head neutral or slightly extended.
Give 5 breaths and assess chest movement. If no chest movement, do the next steps.

S | Suction the mouth and nose. Use a bulb syringe or suction catheter.
O | Open the mouth. Use a finger to gently open the mouth.

Give 5 breaths and assess chest movement. If no chest movement, do the next step.
P | Pressure increase. Increase in 51 O am H,0 increments to maximum recommended pressure.

e Max 40 eom H,0 term
e Max 30 cm H,0 preterm

Give 5 breaths and assess chest movement. If no chest movement, do the next step.

A | Alternative airway. Insert a laryngeal mask or endotracheal tube.

Try PPV and assess chest movement and breath sounds.
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Figure 4.23. Examples of neonatal laryngeal masks

Figure 4.27. Insert the mask into Figure 4.28. Advance the device Figure 4.29. Start PPV and
the baby's mouth. following the contour of the mouth confirm placement.
and palote.

Figure 4.24. Llaryngeal mask forming a seal over
the glottis
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Fig ure 4.33. Measuring the correct insertion depth for an orogastric tube. In
this example, the tube should be inserted 28 cm.




image29.png
Endotraheal intubation
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PPV. Position airway, suction if needed.
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L Consider CPAP.
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) 3

Ensure adequate ventilation.
Consider ETT or laryngeal mask.
Cardiac monitor.

Post-resuscitation care.
" Team debriefing.

| 1 min 60%-65%
' 2 mi 65%-709
4 ETT or laryngeal mask. min, %-70%
Chest compressions. . ——
Coordinate with PPV-100% oxygen. 3 mn 70%-75%
' — 4min 75%-8070
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Key Points

O Insertion of an endotracheal tube (intubation) is strongly
recommended if the baby's heart rate remains less than 100 bpm
and is not increasing after positive-pressure ventilation (PPV) with
a face mask or laryngeal mask.

f) Insertion ofan endotracheal tube is strongly recommended before
starting chest compressiol Is. If intubation is not successful or
feasible, and the baby weighs more than approximately 2 kg, a
laryngeal mask may be used.

8 An endotracheal tube should be inserted for direct tracheal suction
if the trachea is obstructed by thick secretions, for surfactant
administration, and for stabilization of a newborn with a suspected
diaphragmatic hernia.

g IfPPV is prolonged, an endotracheal tube may be considered to
improve the efficacy and ease of assisted ventilation.

0 Aperson with intubation skills should be in the hospital and
available to be called for immediate assistance ifneeded. Ifthe
need for intubation is anticipated, this person should be present in
the delivery room at the time ofbirth. It is not sufficient to have
someone on call at home or in a remote area of the hospital.
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The appropriate laryngoscope blade for a term newborn is size
No. 1. The correct blade for a preterm newborn is size No. O
(size No. 00 optional for extremely preterm newborn).

The intubation procedure ideally should be completed within
30 seconds. Effective teamwork is required to perform this
procedure quickly.

Demonstrating exhaled carbon dioxide (CO0 ) and observing
arapidly increasing heart rate are the primary methods of
confirming endotracheal tube insertion within the trachea.

Endotracheal tube insertion depth can be estimated using the
nasal-tragus length (NTL) or the baby's gestational age; however,
the depth estimate should be confirmed by auscultating equal
breath sounds. If the tube is to remain in place, obtain a chest x-ray
for final confirmation.
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4D) If a correctly inserted endotracheal tube <loes not result in PPV
with chest movement, suspect airway obstruction and suction the
trachea with a suction catheter or tracheal aspirator.

G, Ifababy's condition worsens after endotracheal intubation, the
tube may have become displaced or obstructed, or there may be a
pneumothorax or PPV equipment failure (DOPE mnemonic).

0 Avoid repeated unsuccessful attempts at endotracheal intubation.
Por babies who weigh more than approximately 2 kg, a laryngeal
mask may provide a rescue airway when PPV with a face mask fails
to achieve effective ventilation and intubation is unsuccessful or
not feasible.
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Figure 5.3. Airway anatomy

Vallecula
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Figure 5.4. Laryngoscopic view of vocal cords and surrounding structures
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Table 5-1. Endotracheal Tube Size for Babies of Various Weights and
Gestational Ages

Weight Gestational Age Endotracheal Tube Size
Below | kg Below 28 weeks 2.5 mm ID
1-2 kg 28-34 weeks 3.0 mm ID

Greater than 2 kg | Greater than 34 weeks 3.5 mm ID
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Figure 5.24. Measuring the NTL. Measure from the middle of the nasal septum (arrow, A) to the ear tragus

(arrow, B)and add 1 cm to the measurement.

Endotracheal Tube

Gestation Insertion Depth al Lips Baby's W,

23-24 weeks 5.5 an 0.5-0.6 kg
25-26 weeks 6.0 an 0.7-0.8 kg
27-29 weeks 6.5 an 09-1 kg

30-32 weeks 7.0 am 1.11.4 kg
33-34 weeks 75 am 1.5-1.8kg
35-37 weeks 8.0 amn 1.9-2.4 kg
38-40 weeks 8.5 am 2.5-3.1 kg
41-43 weeks 9.0 an 3.2-4.2 kg

Adapted from Kempley ST, Moreiras JW, Petrone FL Endotracheal tube length for neonatal

intubation. Resuscitation. 2008 ;77(3):369-373.
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Figure 5.25. Listen for equal breath sounds in both axillae (A). Breath sounds should not be audible over the
stomach (B).




image37.png
Figure 5.27. split the tape along half its length (A).
Place the uncut section on the baby's cheek close to the
corner of the mouth and the upper "leg" of tape above the
baby's lip (B). Wrap the lower "leg" of tape around the
tube (C and D). Leave a small tab of tape folded over at
the end to assist removal (E).
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Table 5-5. Sudden
Deterioration After Intubation

The DOPE mnemonic |

D | Displaced endotracheal tube
O  Obstructed endotracheal tube

P | Pneumothorax

E | Equipment failure

Adapted from Kleinman ME,
Chameides L, Schexnayder SM, et al.
Part 14: Pediatric advanced life support:
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Key Points

0

E)

Chest compressions are indicated when the heart rate remains
less than 60 beats per minute (bpm) despite at least 30 seconds of
positive-pressure ventilation (PPV) that inflates the lungs (chest
movement). In most cases, you should have given ventilation
through a properly inserted endotracheal tube or laryngeal mask.

Inaccurate assessment of heart rate can result in unllecessary
cardiac compressions. If perinatal risk factors suggest the
likelihood of complex resuscitation, consider placing cardiac
monitor leads once PPV starts.

If the chest is not moving with PPV, the lungs have not been
inflated and chest compressions are not yet indicated. Continue to
focus on achieving effective ventilation.

Once the endotracheal tube or laryngeal mask is secure, move
to the head of the bed to give chest compressions. This provides
space for safe insertion of an umbilical venous catheter and has
mechanical advantages that result in less compressor fatigue.

If the heart rate is less than 60 bpm, the pulse oximeter may not
have a reliable signal. When chest compressions begin, ventilate
using 100% oxygen until the heart rate is at least 60 bpm and the
pulse oximeter has a reliable signal.
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To administer chest compressions, place your thumbs on the
sternum, in the center, just below an imaginary line connecting
the baby's nipples. Encircle the torso with both hands. Support
the back with your fingers. Your fingers do not need to touch each
other.

Use enough downward pressure to depress the sternum
approximately one-third of the anterior-posterior (AP) diameter of
the chest.

The compression rate is 90 compressions per minute and the
breathing rate is 30 breaths per minute.

a. This is a slower ventilation rate than used during assisted
ventilation without compressions.

b. To achieve the correct rate, use the rhythm: "One-and- Two-
and- Three-and-Breathe-and.... "

After 60 seconds of chest compressions and ventilation, briefly
stop compressions and check the heart rate. A cardiac monitor
is the preferred method for assessing heart rate during chest
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4D

compressions. You may also assess the baby’s heart rate by listening
with a stethoscope. If necessary, you may briefly stop ventilation to
auscultate the heart rate.

If the heart rate is 60 bpm or greater, discontinue compressions and
resume PPV at 40 to 60 breaths per minute. When a reliable pulse
oximeter signal is achieved, adjust the oxygen concentration to
meet the target oxygen saturation guidelines.

If the baby's heart rate remains less than 60 bpm despite

60 seconds of effective ventilation and high-quality, coordinated
chest compressions, epinephrine administration is indicated and
emergency vascular access is needed.
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What is the compression rate?

The compression rate is 90 compressions per minute. To achieve this
rate, you will give 3 rapid compressions and 1 ventilation during each
2-second cycle.

How are compressions coordinated with positive-pressure
ventilation?
During neonatal cardiopulmonary resuscitation, chest compressions

are always accompanied by coordinated PPV. Give 3 rapid
compressions followed by 1 ventilation.

Coordinated Compressions and Ventilations
3 compressions + 1 ventilation every 2 seconds
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Key Points

0 Epinephrine is indicated if the baby's heart rate remains less than
60 beats per minute (bpm) after:

a. At least 30 seconds of positive-pressure ventilation (PPV) that
inflates the lungs as evidenced by chest movement and

b. Another 60 seconds of chest compressions coordinated with
PPV using 100% oxygen.

¢. In most cases, ventilation should have been provided through a
properly inserted endotracheal tube or laryngeal mask.

g Epinephrine is not indicated before you have established
ventilation that effectively inflates the lungs, as evidenced by chest
movement.
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E) Epinephrine recommendations
a. Concentration: 0.1 mg/mL = 1mg/10 mL
b. Route: Intravenous (preferred) or intraosseous

i. The central venous circulation may be rapidly accessed
using either an umbilical venous catheter or an intraosseous
needle. Por babies requiring vascular access at the time of
delivery, the umbilical vein is recommended.

ii. One endotracheal <lose may be considered while vascular
access is being established.

c. Preparation:

i. Intravenous or Intraosseous: 1-mL syringe (labeled
Epinephrine-IV)

ii. Endotracheal: 3- to 5-mL syringe (labeled Epinephrine-ET
ONLY)
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d. Dose:

i Intravenous or intraosseous = 0.02 mg/kg (equal to
0.2 mL/kg)

a. May repeat every 3 to 5 minutes

b. Range = 0.01 to 0.03 mg/kg (equal to 0.1 to 0.3 mL/kg)
c. Rate: Rapidly-as quickly as possible

d. Flush: Follow intravenous or intraosseous <lose with a
3-mL saline flush

ii. Endotracheal = 0.1 mg/kg (equal to 1 mL/kg)
a. Range = 0.0S to 0.1 mg/kg (0.5 to 1 mL/kg)

b. If no response, recommend intravenous or intraosseous
for subsequent doses
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Administration of a volume expander is indicated if the baby is
not responding to the steps of resuscitation and there are signs of
shock or a history of acute blood loss.

Volume expansion recommendations

a. Solution: Normal saline (NS) or type O Rh-negative blood
b. Route: Intravenous or intraosseous

c. Preparation: 30- to 60-mL syringe (labeled NS or O- blood)
d. Dose: 10mL/kg

e. Rate: Over 5to 10 minutes

If there is a confirmed absence of heart rate after ali appropriate
steps of resuscitation have been performed, cessation of
resuscitation efforts should be discussed with the team and family.
A reasonable time frame for considering cessation of resuscitation
efforts is around 20 minutes after birth; however, the decision to
continue or discontinue should be individualized based on patient
and contextual factors.
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When is epinephrine indicated and how should it be
administered?

Indication

Epinephrine is indicated if the baby's heart rate remains less than 60
b, m after

e At least 30 seconds of PPV that inflates the lungs as evidenced by
chest movement, and

e Another 60 seconds of chest compressions coordinated with PPV
using 100% oxygen.




image49.png
Administration of a volume expander is indicated if the baby is
not responding to the steps of resuscitation and there are signs of
shock or a history of acute blood loss.

Volume expanders should not be given routinely during resuscitation
in the absence of shock or a history of acute blood loss. Giving a large
volume load to a heart that is already injured may actually worsen
cardiac output and further compromise the newborn.

The recommended crystalloid solution for acutely treating
hypovolemia is normal saline (0.9% NaCl).

* Dose — 10 ml/kg
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Figure 7.1 0. Correct (A and B) and incorrect (C) umbilical venous catheter insertion
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Figure 1.1. Fetal Circulation Path: Oxygenated blood (red) enters the right
atrium from the umbilical vein and crosses to the left side through the foramen

ovale and ductus arteriosus. Only a small amount of blood flows to the lungs.

There is no gas exchange in the fluid-filled lungs.




image3.png
Air

2 P -

Figure 1.2. Air replaces fluid in the alveoli.
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Figure 1.3. Blood vessels in the lungs open.
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Figure 1.4. Transitional Circulation Path: The baby breathes, pulmonary
vessels relax, and blood flows to the air-filled lungs. Blood returning to the left
side of the heart from the lungs has the highest oxygen saturation.




