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Being entrusted by parents to provide care for their newly born baby

is both a privilege and an extraordinary responsibility. Since the

first edition of the Textbook of Neonatal Resuscitation, the Neonatal
Resuscitation Program® (NRP°®) has helped more than 3 million health
care providers fulfill this responsibility by providing the opportunity
to acquire the knowledge and skills required to save newborn lives.
The history and evolution of the NRP is fascinating and provides
important lessons for health educators. A brief description is available
on the NRP Web site and is well worth reading. Although the 7th
edition includes several new recommendations, it emphasizes the same
guiding principles that have been the foundation of the NRP for nearly
30 years.

The original NRP textbook, published in 1987, was based on
current practice, rational conjecture, and an informal consensus
among experts. Beginning in 2000, the recommendations in the
NRP textbook have been developed using a formal international
consensus process. The American Academy of Pediatrics (AAP)
and American Heart Association (AHA) partner in the evaluation
of resuscitation science through the International Liaison Committee
on Resuscitation (ILCOR). Researchers from the ILCOR Neonatal
Task Force meet at regular intervals to review the science relevant
to neonatal resuscitation. In a rigorous process, questions reflecting
key knowledge gaps are identified, information scientists perform
extensive literature searches, Neonatal Task Force members
complete systematic reviews, the quality of scientific evidence is
graded, and draft summary statements are prepared and published
online for public comment. Finally, the members of the Task Force
meet and discuss the summaries until a consensus on science is
reached and treatment recommendations are formulated. The

most recent statement, called the 2015 International Consensus on
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care
Science With Treatment Recommendations (CoSTR), is based on a
review of 27 neonatal resuscitation questions evaluated by 38 task
force members representing 13 countries. After the meeting, each
ILCOR member organization develops clinical guidelines based on
the CoSTR document. Although ILCOR members are committed to
minimizing international differences, each organization’s guidelines
may vary based on geographic, economic, and logistic differences. The
most recent guidelines for the United States are called the Neonatal
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Preface

Resuscitation 2015 American Heart Association Guidelines Update for
Cardiopulmonary Resuscitation and Emergency Cardiovascular

Care. The guidelines and links to the systematic reviews supporting
each recommendation are available online (http://pediatrics.
aappublications.org/content/136/Supplement_2/5196). The NRP
Steering Committee develops the educational materials that help
learners acquire the skills necessary to implement the current
resuscitation guidelines.

This edition of the textbook includes 11 lessons. Two new lessons
are dedicated to preparing for resuscitation (Lesson 2) and post-
resuscitation care (Lesson 8). Similar to the 6th edition, the textbook
emphasizes the importance of adequate preparation, effective
ventilation, and teamwork. The details of how to implement
ventilation corrective steps have been expanded and supplemented
with additional illustrations. Nearly all drawings have been replaced
with full-color photographs to enhance clarity. The order of lessons
has been revised to reflect the increased emphasis on intubation
before initiating chest compressions. Important changes in practice
recommendations include new guidelines for the timing of umbilical
cord clamping, the concentration of oxygen during resuscitation,
the use of positive end-expiratory pressure (PEEP) and continuous
positive airway pressure (CPAP) during and after resuscitation, the
management of meconium-stained amniotic fluid, electronic cardiac
(ECG) monitoring during resuscitation, the estimation of endotracheal
tube insertion depth, and methods of thermoregulation for preterm
(less than 32 weeks’ gestation) newborns. Within each lesson, new
sections devoted to teamwork and frequently asked questions allow
additional consideration of these topics in the context of the lesson
content.

The production of a textbook as complex as the Textbook of Neonatal
Resuscitation cannot be accomplished without the effort of a team

of dedicated and talented individuals. The ongoing partnership
between the AAP, AHA, and ILCOR provides the infrastructure
required to complete rigorous systematic reviews and develop
evidence-based international guidelines. The members of the NRP
Steering Committee, its liaison representatives, and volunteers spend
countless hours preparing, reviewing, and debating each word and
illustration in the textbook in an effort to provide learners with
practical guidance even when the evidence is insufficient to make a
definitive recommendation. Continued support from our strategic
alliance partner, Laerdal Medical, has allowed the NRP to offer

tools and learning technologies that challenge participants at every
skill level. Working with Anne Ades (University of Pennsylvania),
Kimberly Ernst (University of Oklahoma), and Jeanette Zaichkin
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(AAP), this creative partnership has developed a virtual learning
environment that allows every NRP provider to participate in
electronic simulation. Bringing the photographs and printed words to
paper requires tremendous patience and attention to detail. Members
of the NICU staff at St Joseph Mercy Hospital-Ann Arbor (Chris
Adams, Jennifer Boyle, Anne Boyd, Ann Caid) and the University

of Michigan (Anthony Iannetta, Wendy Kenyon, Shaili Rajput,

Kate Stanley, Suzy Vesey), along with Jeanette Zaichkin, patiently
modeled resuscitation skills for our unflappable medical photographer
Benjamin Weatherston. Most of the live delivery room photographs
were provided by Christopher Colby and his talented staff at the

Mayo Clinic-Rochester. Diligent copyediting by Jill Rubino ensured
consistency and clarity, while every detail involved in coordinating the
planning, writing, production, and editing was expertly managed by
Rachel Poulin.

Every effective team requires strong leadership, and the NRP has
been guided by a group of exceptional leaders. Jeffrey Perlman

(Weill Medical College), Jonathan Wylie (James Cook University
Hospital), and Myra Wyckoff (University of Texas Southwestern)
provided steadfast leadership culminating in the international science
and treatment consensus statements. Throughout the production
cycle, NRP Steering Committee Cochairs Jane McGowan (Drexel
University), Myra Wyckoff, Steven Ringer (Dartmouth-Hitchcock
Medical Center), and Marilyn Escobedo (University of Oklahoma)
patiently moderated spirited debate. Lou Halamek (Stanford
University) challenged the committee to focus on competence rather
than compliance and remain dedicated to innovation for the future.
Jerry Short (University of Virginia) has been responsible for ensuring
that the program’s educational design and assessment components
remain consistent with adult learning principles and meet the needs
of a wide range of learners. John Kattwinkel (University of Virginia)
was a founding member of the NRP, served as the Steering Committee
Cochair, edited the previous 4 editions of the textbook, and provided
the words that expressed the nuances and complexities inherent in
an international consensus statement. His advice and counsel have
been critically important during the production of the 7th edition of
the textbook. He is truly a giant in the world of neonatal resuscitation
and continues to guide every aspect of the program with his calm
demeanor and softly spoken wisdom.

No acknowledgement would be complete without recognizing the
tireless efforts of Jeanette Zaichkin and Wendy Simon. Jeanette’s
creativity and boundless energy has been at the center of every recent
NRP educational activity. Among her contributions, Jeanette is an
accomplished instructor mentor, edits the NRP instructor materials,



created the online Instructor Course, coedits the NRP Instructor
Update, edits the NRP simulation scenarios, and has starred in every
recent NRP educational video. She has been a partner in every phase
of the 7th edition beginning with the first draft that was outlined at
her dining room table. Jeanette carefully considers every sentence

and instinctively understands the practical implications for readers.
Oftentimes behind the scenes, Wendy Simon is the person who quietly
ensures that everything related to the NRP and the ILCOR Neonatal
Task Force works. She intuitively understands how to advocate for
important causes, connect people, and facilitate complex international
projects. Wendy’s conviction inspires the group to achieve more than
anyone thought possible. Although she rarely accepts compliments,
parents of children from Boston to Beijing can thank Wendy for their
newborn’s healthy start.

Gary M. Weiner, MD, FAAP



Neonatal Resuscitation Scientific Guidelines

The Neonatal Resuscitation Program® (NRP®) materials are based

on the American Academy of Pediatrics (AAP) and American Heart
Association (AHA) Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care of the Neonate (Circulation.
2015;132:5543-S560). A reprint of the Guidelines appears in the
Appendix. Please refer to the Guidelines if you have any questions
about the rationale for the current program recommendations. The
Guidelines, originally published in October 2015, are based on the
International Liaison Committee on Resuscitation (ILCOR) consensus
on science statement. The evidence-based reviews prepared by
members of ILCOR, which serve as the basis for both documents,
can be viewed in the Web-based integrated guidelines site (https://
eccguidelines.heart.org/index.php/circulation/cpr-ecc-guidelines-2/).

Level of Responsibility

The NRP Provider Course consists of 11 lessons, and participants

are required to complete all 11 lessons to receive an NRP Course
Completion Card. Even though not all newborn health care providers
can perform all steps in resuscitation, they may be called to help a team
and need to be familiar with each step.

Special Note: Neonatal resuscitation is most effective when performed
by a designated and coordinated team. It is important for you to know
the neonatal resuscitation responsibilities of team members who are
working with you. Periodic practice among team members will
facilitate coordinated and effective care of the newborn.

NRP eSim

NRP eSim is a new online neonatal resuscitation simulation exercise
required for achieving NRP provider status with the 7th edition. The
eSim methodology allows learners to integrate the NRP flow diagram
steps in a virtual environment. For additional information on eSim,
including Web browser requirements, visit www.aap.org/nrp.
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Neonatal Resuscitation Program Provider Course Overview
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Lesson Completion

Successful completion of the online examination and eSim cases is
required before learners attend the skills/simulation portion of the
NRP course. Learners must attend the skills/simulation portion of the
course within 90 days of completing the online examination and eSim
cases. To successfully complete the course, participants must pass the
online examination, complete eSim cases, demonstrate mastery of
resuscitation skills in the Integrated Skills Station, and participate in
simulated resuscitation scenarios, as determined by the course
instructor(s).

Upon successful completion of these requirements, participants are
eligible to receive a Course Completion Card. Following the skills/
simulation portion of the course, learners will receive an e-mail with a
link to complete an online course evaluation. Once the online course
evaluation is completed, an electronic Course Completion Card will be
available in the learner’s NRP Database profile.

Completion Does Not Imply Competence

The NRP is an educational program that introduces the concepts and
basic skills of neonatal resuscitation. Completion of the program does
not imply that an individual has the competence to perform neonatal
resuscitation. Each hospital is responsible for determining the level of
competence and qualifications required for someone to assume clinical
responsibility for neonatal resuscitation.

Standard Precautions

The US Centers for Disease Control and Prevention has recommended
that standard precautions be taken whenever risk of exposure to blood
or bodily fluids is high and the potential infection status of the patient

is unknown, as is certainly the case in neonatal resuscitation.

All fluid products from patients (blood, urine, stool, saliva, vomitus, etc)
should be treated as potentially infectious. Gloves should be worn when
resuscitating a newborn, and the rescuer should not use his or her mouth
to apply suction via a suction device. Mouth-to-mouth resuscitation
should be avoided by having a resuscitation bag and mask or T-piece
resuscitator always available for use during resuscitation. Masks and
protective eyewear or face shields should be worn during procedures
that are likely to generate droplets of blood or other bodily fluids.
Gowns or aprons should be worn during procedures that probably will
generate splashes of blood or other bodily fluids. Delivery rooms must
be equipped with resuscitation bags, masks, laryngoscopes, endotracheal
tubes, mechanical suction devices, and the necessary protective shields.



What you will learn

Why neonatal resuscitation skills are important

Physiologic changes that occur during and after birth

The format of the Neonatal Resuscitation Program® Flow Diagram

Communication and teamwork skills used by effective
resuscitation teams

Used with permission of Mayo Foundation for Medical Education and Research.




Foundations of Neonatal Resuscitation

Antenatal counseling.
Team briefing and equipment check.

Birth

Term? Tone?
Breathing or
crying?

Yes

Warm and maintain normal
A 1 temperature, position airway, clear
secretions if needed, dry, stimulate.

minute

Apnea, gasping, or
HR below 100
bpm?

PPV.
B Spo, monitor.
Consider ECG monitor.

|

HR below 100
bpm?

Check chest movement.
Ventilation corrective steps if
needed.

ETT or laryngeal mask if needed.

HR below 60 bpm?

Yes

No

Intubate if not already done.
Chest compressions.
C Coordinate with PPV.
100% O,.
ECG monitor.

HR below 60 bpm?

Yes

IV epinephrine.

D If HR persistently below 60 bpm:
consider hypovolemia,
consider pneumothorax.

Stay with mother for routine care:
Warm and maintain normal
temperature, position airway,
clear secretions if needed, dry,
ongoing evaluation.

Labored breathing
or
persistent
cyanosis?

Position and clear airway.
Spo, monitor.
Supplemental O, as needed.
Consider CPAP.

\3

Post-resuscitation care.
Team debriefing.

Pre-ductal Spo, Target

1 min  60%-65%
2min  65%-70%
3 min 70%—-75%
4 min 75%—-80%
5min  80%—-85%
10 min  85%-95%




The Neonatal Resuscitation Program (NRP®) will help you learn the
cognitive, technical, and teamwork skills that you need to resuscitate
and stabilize newborns. Although most newborns make the
cardiorespiratory transition to extrauterine life without intervention,
many will require assistance to begin breathing and a small number will
require extensive intervention. After birth, approximately 4% to 10%
of term and late preterm newborns will receive positive-pressure
ventilation (PPV), while only 1 to 3 per 1,000 will receive chest
compressions or emergency medications. Because the need for
assistance cannot always be predicted, teams need to be prepared to
provide these lifesaving interventions quickly and efficiently at every
birth. During your NRP course, your team will learn how to evaluate a
newborn, make decisions about what actions to take, and practice the
steps involved in resuscitation. As you practice together in simulated
cases, your resuscitation team will gradually build proficiency and speed.

Why do newborns require a different approach to
resuscitation than adults?

Most often, adult cardiac arrest is a complication of trauma or existing
heart disease. It is caused by a sudden arrhythmia that prevents the
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 oxygen and carbon dioxide (CO,) content of
blood is usually normal. During adult cardiopulmonary resuscitation,
chest compressions are used to maintain circulation until electrical
defibrillation or medications restore cardiac function.

In contrast, most newborns requiring resuscitation have a healthy
heart. When a newborn requires resuscitation, it is usually caused by a
problem with respiration leading to inadequate gas exchange.
Respiratory failure may occur either before or after birth. Before birth,
fetal respiratory function is performed by the placenta. If the placenta
is functioning normally, oxygen is transferred from the mother to the
fetus and CO, is removed. When placental respiration fails, the fetus
receives an insufficient supply of oxygen to support normal cellular
functions and CO, cannot be removed. The blood level of acid
increases as cells attempt to function without oxygen and CO,
accumulates. Fetal monitoring may show a decrease in activity, loss of
heart rate variability, and heart rate decelerations. If placental
respiratory failure persists, the fetus will make a series of gasps
followed by apnea and bradycardia. If the fetus is born in the early
phase of respiratory failure, tactile stimulation may be sufficient to
initiate spontaneous breathing and recovery. If the fetus is born in a
later phase of respiratory failure, stimulation will not be sufficient and
the newborn will require assisted ventilation for recovery. The most



Foundations of Neonatal Resuscitation

severely affected newborns may require chest compressions and
epinephrine to allow the compromised heart muscle to restore
circulation. At the time of birth, you may not know if the baby is in an
early or a late phase of respiratory failure. After birth, respiratory
failure occurs if the baby does not initiate or cannot maintain effective
breathing effort. In either situation, the primary problem is a lack of
gas exchange and the focus of neonatal resuscitation is effective
ventilation of the baby’s lungs.

Many concepts and skills are taught in this program. Establishing
effective ventilation of the baby’s lungs during neonatal resuscitation is
the single most important concept emphasized throughout the program.

What happens during the transition from fetal to
neonatal circulation?

Understanding the basic physiology of the cardiorespiratory transition
from intrauterine to extrauterine life will help you understand the
steps of neonatal resuscitation.

Fetal Respiration and Circulation

Before birth, the fetal lungs do not participate in gas exchange. All of
the oxygen used by the fetus is supplied from the mother by diffusion
across the placenta. CO, produced during fetal metabolism is
transported across the placenta and removed by the mother’s lungs.
The fetal lungs are expanded in utero, but the potential air sacs
(alveoli) are filled with fluid instead of air. The pulmonary vessels that
will carry blood to the alveoli after birth are tightly constricted and
very little blood flows into them.

In the placenta, oxygen diffuses from the mother’s blood into adjacent
fetal blood vessels. The oxygenated fetal blood leaves the placenta
through the umbilical vein. The umbilical vein travels through the
liver, joins the inferior vena cava, and enters the right side of the heart.
Because the pulmonary vessels are constricted, only a small fraction of
blood entering the right side of the heart travels to the fetal lungs.
Instead, most of the blood bypasses the lungs, crossing to the left side
of the heart through an opening in the atrial wall (patent foramen
ovale) or flowing from the pulmonary artery directly into the aorta
through the ductus arteriosus (Figures 1.1A and 1.1B). Blood in the
aorta supplies oxygen and nutrients to the fetal organs. The most
highly oxygenated blood flows to the fetal brain and heart. Some of the
blood in the aorta returns to the placenta through the 2 umbilical
arteries to deliver CO,, receive more oxygen, and restart the circulation
path. When blood follows this fetal circulation path and bypasses the
lungs, it is called a right-to-left shunt.
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Foundations of Neonatal Resuscitation

Transitional Circulation

A series of physiologic changes occur after birth that culminates in a
successful transition from fetal to neonatal circulation. Table 1-1
summarizes 3 important physiologic changes that occur during this
transition. When the baby breathes and the umbilical cord is clamped,
the newborn uses the lungs for gas exchange. Fluid is absorbed quickly
from the alveoli and the lungs fill with air. The previously constricted
pulmonary blood vessels begin to dilate so that blood can reach the
alveoli where oxygen will be absorbed and CO, will be removed
(Figures 1.2A and 1.2B).

Transition From Fetal to Neonatal Respiration

Change at Birth Result

The baby breathes. The newborn uses the lungs, instead
The umbilical cord is clamped, of the placenta, for gas exchange.
separating the placenta from the baby.

Fluid in the alveoli is absorbed. Air replaces fluid in the alveoli.
Oxygen moves from the alveoli into
the pulmonary blood vessels and CO,

moves into the alveoli to be exhaled.

Air in the alveoli causes blood vessels
in the lung to dilate.

Pulmonary blood flow increases
and the ductus arteriosus gradually
constricts.

The baby’s initial cries and deep breaths help to move fluid from the
airways. In most circumstances, distention of the lungs with air
provides sufficient oxygen (21%) to initiate relaxation of the
pulmonary blood vessels. As blood levels of oxygen increase, the
ductus arteriosus begins to constrict. Blood previously diverted
through the foramen ovale and ductus arteriosus now flows from the
right side of the heart into the lungs and the fetal “right-to-left shunt”
gradually resolves. Oxygenated blood returning from the baby’s lungs
travels to the left side of the heart and is pumped through the aorta to
tissues throughout the body.

Air

Fetal

NN
2 P

First
breath

Subsequent
breaths

Air replaces fluid in the alveoli.



Constricted blood Dilated blood

vessels before birth vessels after birth
Fluid in gA in

alveoli alveoli

Pulmonary blood vessels dilate.

Although the initial steps in a normal transition occur within a few
minutes of birth, the entire process may not be completed for hours or
even several days. For example, studies have shown it may take up to
10 minutes for a normal term newborn to achieve oxygen saturation
greater than 90%. It may take several hours for alveolar fluid to be
completely absorbed. Functional closure of the ductus arteriosus may
not occur for 24 to 48 hours after birth, and complete relaxation of the
pulmonary blood vessels does not occur for several months.

Review

@ Before birth, the alveoli in the fetal lungs are (collapsed)/
(expanded) and filled with (fluid)/(air).

@ Before birth, oxygen is supplied to the fetus by (the placenta)/(the
fetal lungs).

© After birth, air in the alveoli causes vessels in the baby’s lungs to
(constrict)/(relax).

Answers

@ Before birth, the alveoli in the fetal lungs are expanded and filled
with fluid.

@ Before birth, oxygen is supplied to the fetus by the placenta.

© After birth, air in the alveoli causes vessels in the baby’s lungs to
relax.
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How does a newborn respond to an interruption in
normal transition?

If there is an interruption in either placental function or neonatal
respiration, gas exchange within tissues is decreased and the arterioles
in the intestines, kidneys, muscles, and skin may constrict. A survival
reflex maintains or increases blood flow to the heart and brain. This
redistribution of blood flow helps to preserve function of these vital
organs. If inadequate gas exchange continues, the heart begins to fail
and blood flow to all organs decreases. The lack of adequate blood
perfusion and tissue oxygenation interferes with cellular function and
may lead to organ damage. Table 1-2 summarizes some of the clinical
findings associated with an interruption in normal transition.

Clinical Findings of Abnormal Transition

« Irregular or absent respiratory effort (apnea) or rapid breathing (tachypnea)
* Slow heart rate (bradycardia) or rapid heart rate (tachycardia)

* Decreased muscle tone

* Low oxygen saturation

* Low blood pressure

What is the Neonatal Resuscitation Program Flow
Diagram?

The NRP Flow Diagram describes the steps that you will follow to
evaluate and resuscitate a newborn. It is divided into 5 blocks
beginning with birth and the initial assessment. Throughout the
diagram, diamonds indicate assessments and rectangles show actions
that may be required. Although it is important to work quickly and
efficiently, you must ensure that you have adequately performed the
steps of each block before moving on to the next block. Assessments are
repeated at the end of each block and will determine if you need to
proceed. The details of each block are described in subsequent lessons.

o Initial Assessment: Determine if the newborn can remain with the
mother or should be moved to a radiant warmer for further
evaluation.

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

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



Take a moment to familiarize yourself with the layout
Diagram.

Antenatal counseling.
Team briefing and equipment check.
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Warm and maintain normal
temperature, position airway,
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100% O,.
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Yes
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D If HR persistently below 60 bpm:
consider hypovolemia,
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o Circulation (C): If severe bradycardia persists despite assisted
ventilation, Circulation is supported by performing chest
compressions coordinated with PPV.

o Drug (D): If severe bradycardia persists despite assisted ventilation
and coordinated compressions, the Drug epinephrine is
administered as PPV and chest compressions continue.

Focus on Teamwork

Why are teamwork and communication emphasized throughout this
program?

Effective teamwork and communication are essential skills during
neonatal resuscitation. A Joint Commission investigation found that
poor teamwork and communication were the most common root
causes for potentially preventable infant deaths in the delivery room.
During a complex resuscitation, providers will need to perform
multiple procedures without delay. Confusion and inefficiency may
occur because several teams of caregivers are working in a confined
space at the same time. Even though each individual may have the
knowledge and skills to perform a successful resuscitation, each
person’s skills will not be used optimally without effective
coordination.

Pre-resuscitation team briefing

The first step in preparing for resuscitation is planning how your team
will be contacted and who will respond. Once assembled, each team
member needs to understand his or her role and the tasks he or she
will be assigned. Perform a pre-resuscitation team briefing before
every birth to review the clinical situation and the action plan. During
the briefing, assess perinatal risk factors, identify a team leader,
delegate tasks, identify who will document events as they occur,
determine what supplies and equipment will be needed, and identify
how to call for additional help (Figure 1.3). The pre-resuscitation team
briefing is important even for well-established teams. A common
analogy is to compare the medical team’s pre-resuscitation briefing to
an airline pilot’s preflight check. Even pilots that have flown the same
flight many times perform their preflight check to ensure their
passengers’ safety.

The team leader

Every resuscitation team needs to have an identified leader. Any team
member who has mastery of the NRP Flow Diagram and effective
leadership skills can be the team leader. Effective team leaders
exemplify good communication skills by giving clear directions to



Pre-resuscitation Team Briefing
Assess perinatal risk factors.
Identify a team leader.
Delegate tasks.
Identify who will document events as
they occur.
Determine what supplies and
equipment will be needed.
Identify how to call for additional help.

Neonatal resuscitation team briefing

specific individuals, sharing information, delegating responsibilities to
ensure coordinated care, and maintaining a professional environment.
A skilled leader eftectively utilizes her resources by allowing all team
members to contribute their unique talents to the resuscitation
process. It is important for the team leader to remain aware of the
entire clinical situation, maintain a view of the “big picture” and not
become distracted by a single activity. This is called situational
awareness. If the leader is involved in a procedure that diverts her
attention, the leader may need to appoint another qualified person to
assume the leadership role. If the person in the leadership role changes
during the resuscitation, a clear verbal statement should be made so
that all team members know who is leading the team.

Effective communication

Although the team has a leader, every team member shares
responsibility for ongoing assessment and ensuring that interventions
are performed in the correct sequence with the correct technique.
Successful coordination requires team members to share information
and communicate with each other. Closed-loop communication is a
technique that ensures instructions are heard and understood. When
you give an instruction, direct the request to a specific individual, call
your team member by name, make eye contact, and speak clearly.
After giving an instruction, ask the receiver to report back as soon as
the task is completed. After receiving an instruction, repeat the
instruction back to the sender. For example,

Sandy: “Robert, I need a 3.5-mm endotracheal tube, with a stylet,
and a laryngoscope with a size-1 blade. Tell me when they’re ready.”
Robert: “You want a 3.5-mm endotracheal tube, with a stylet, and a
laryngoscope with a size-1 blade.”

Sandy: “Correct.”

11
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Once the equipment is ready,

Robert: “Sandy, a 3.5-mm endotracheal tube, with a stylet, and
size-1 laryngoscope are ready now.”

Accurate documentation

Maintaining accurate documentation during an emergency is a skill
demonstrated by highly effective teams. Complete records are important
for clinical decision making and as a source for quality improvement
data. The sense of urgency surrounding resuscitation can make accurate
documentation challenging, but preparation can make this essential task
easier. Events during resuscitation should be documented as they
occur and supplemented with a retrospective narrative summary.
Consider using a single time reference for accurately establishing the
time that events occur. When team members use different watches or
clocks during resuscitation, potential differences in the time readings
can cause confusion and errors in documentation. Because multitasking
can disrupt observation and communication, the recorder should not be
responsible for other roles. Team members must announce interventions
and assessments clearly and directly to the recorder. Consider using a
paper form or electronic template designed specifically for neonatal
resuscitation. Well-designed forms that follow the NRP Flow Diagram
enable rapid data entry, allow the recorder to assist the team leader by
providing prompts for the next intervention, and assist the leader in
identifying delayed assessments. Ideally, the role of resuscitation
recorder should be assigned to an experienced team member. Without
experience, the recorder may have difficulty deciding what is important
to record and providing decision support to the team leader. Practicing
accurate documentation warrants the same preparation as any other
resuscitation skill and should be included in mock codes and simulation.

Post-resuscitation team debriefing

Performing a post-resuscitation team debriefing reinforces good
teamwork habits and helps your team identify areas for improvement.
A quick debriefing can be performed immediately after the event while
a more comprehensive debriefing may be scheduled a short time
afterward. Your debriefings do not have to find major problems to be
effective. Your team may identify a series of small changes that result
in significant improvements in your team’s performance.

The Neonatal Resuscitation Program Key Behavioral Skills

The 10 NRP Key Behavioral Skills, described in Table 1-3, are adapted
from previously described models of effective teamwork (Center for
Advanced Pediatric and Perinatal Education [CAPE], Lucile Packard
Children’s Hospital at Stanford University). In each of the lessons that



Neonatal Resuscitation Program Key Behavioral Skills

Behavior Examples

Know your environment.

* Perform an equipment check before the baby is delivered.
* Know the location of resuscitation equipment and how to access it.
 Know how to call for help and who is available.

Use available information.

* Know the prenatal and intrapartum history, including maternal complications, maternal
medications, and other risk factors.

Anticipate and plan.

* Perform a pre-resuscitation team briefing to ensure all team members know the clinical
situation.

* Assign roles and responsibilities.
* Discuss an action plan in the event of complications.

Clearly identify a team
leader.

¢ Identify the team leader before the birth.
* Effective leaders
- Clearly articulate goals.
- Delegate tasks as appropriate while monitoring the distribution of workload.
— Include other team members in assessment and planning.
- Think “out loud.”
- Maintain situational awareness.

- Hand over leadership to another team member if he must become involved in a
procedure.

Communicate effectively.

* Call team members by name.

* Share information actively.

¢ Inform your team if you identify a problem, error, or patient safety concern.

* Order medications by name, dose, and route.

¢ Use concise, clear language.

* Use closed-loop communication.

* Verify information.

* Ensure that changes in information or assessments are shared with all team members.
¢ Include family members in communication as appropriate.

Delegate workload
optimally.

* Do not duplicate work or use more resources than necessary.

¢ Change task assignments depending on skill sets and what is required at the moment.
¢ Do not allow one person to become overloaded with tasks.

* Do not allow the team to become fixated on a single task.

Allocate attention wisely.

* Maintain situational awareness by scanning and reassessing the clinical situation
frequently.

* Monitor each other’s skill performance to ensure patient safety.

Use available resources.

 Know what personnel are available.
 Know what additional or special supplies are available and how to access them.

Call for additional help
when needed.

* Anticipate the need for additional team members based on risk factors and the progress
of the resuscitation.

« Call for additional help in a timely manner.

* Know how you will call for additional help and the process for getting the right kind of
assistance.

Maintain professional
behavior.

« Use respectful verbal and nonverbal communication.
* Actively seek and offer assistance.

* Support and promote teamwork.

* Respect and value your team.
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follow, we will highlight how effective teams use these behavioral skills.
Improving your teamwork and communication requires deliberate
practice under conditions that are as realistic as possible. As you review
each lesson and participate in simulation, think about how these
behavioral skills can be used to improve your own team’s performance.

Ethical Considerations

Neonatal resuscitation is a stressful event that frequently involves complicated
ethical decision making for parents and health care providers. As you read

the lessons in the textbook, ethical questions that are relevant to the material
presented will be highlighted for your consideration. These concepts will be
explored in detail in Lesson 11.

Questions to consider:
What is the difference between ethics and law?

What are the ethical principles that guide the care of newborns during
resuscitation?

Key Points

@ Some newborns without any apparent risk factors will require
resuscitation, including assisted ventilation.

@ Unlike adults, who experience cardiac arrest due to trauma or
heart disease, newborn resuscitation is usually the result of
respiratory failure, either before or after birth.

©® The most important and effective action in neonatal resuscitation
is to ventilate the baby’s lungs.

o

Very few newborns will require chest compressions or medication.

@ Prolonged lack of adequate perfusion and oxygenation can lead to
organ damage.

0O Resuscitation should proceed quickly and efficiently; however,
ensure that you have effectively completed the steps in each block
of the Neonatal Resuscitation Program Flow Diagram before
moving to the next.

@ Teamwork, leadership, and communication are critical to
successful resuscitation of the newborn.



1. Before birth, the alveoli in the fetal lungs are (collapsed)/
(expanded) and filled with (fluid)/(air).

2. Before birth, oxygen is supplied to the fetus by (the placenta)/
(the fetal lungs).

3. After birth, air in the alveoli causes vessels in the baby’s lungs to
(constrict)/(relax).

4. When resuscitating newborns, chest compressions and
medication are (rarely)/(frequently) needed.

5. Members of an effective resuscitation team (share information)/
(work quietly and independently).

Answers

1. Before birth, the alveoli in the fetal lungs are expanded and
filled with fluid.

2. Before birth, oxygen is supplied to the fetus by the placenta.

3. After birth, air in the alveoli causes vessels in the baby’s lungs to
relax.

4. When resuscitating newborns, chest compressions and
medication are rarely needed.

5. Members of an effective resuscitation team share information.

Additional Reading

Dempsey E, Pammi M, Ryan AC, Barrington K]J. Standardised formal
resuscitation training programmes for reducing mortality and morbidity
in newborn infants. Cochrane Database Syst Rev. 2015 Sep 4;9

Sentinel Event Alert. Issue 30. Preventing infant death and injury during
delivery. The Joint Commission for the Accreditation of Healthcare
Organizations (JCAHO). 2004. http://www.jointcommission.org/
sentinel_event_alert_issue_30_preventing_infant_death_and_injury_
during_delivery/. Accessed March 23, 2015
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What you will learn

Risk factors that can help predict which babies will require
resuscitation

How to assemble a resuscitation team
Four key questions to ask the obstetric provider before birth
How to perform a pre-resuscitation team briefing

How to assemble and check resuscitation supplies and equipment
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Case: Preparing for a birth with perinatal risk factors

A 30-year-old woman enters the hospital in labor at 36 weeks’
gestation. She has insulin-requiring gestational diabetes and
hypertension. She is found to have ruptured membranes with clear
amniotic fluid. Fetal heart rate monitoring shows a Category II pattern
(indeterminate pattern requiring evaluation, surveillance, and possibly
other tests to ensure fetal well-being). Labor progresses rapidly and a
vaginal birth is imminent. The obstetric provider calls your
resuscitation team to attend the birth. As your team enters the room,
you introduce yourselves, ask the obstetric provider 4 brief questions,
and determine that there are several perinatal risk factors. The team
proceeds to identify a team leader, performs a pre-resuscitation team
briefing, discusses roles and responsibilities if interventions are
required, and performs a complete equipment check.

Why is it important to anticipate the need for
resuscitation before every birth?

You should be prepared to resuscitate the newborn at every birth.
Table 2-1 describes risk factors that increase the likelihood that the
newborn will require support with transition or resuscitation.
Thoughtful consideration of these risk factors will help you identify
the correct personnel to attend the birth. Although attention to these
risk factors is helpful and will identify most newborns that require
resuscitation after birth, some newborns without any apparent risk
factors will require resuscitation.

Perinatal Risk Factors Increasing the Likelihood of Neonatal Resuscitation

Antepartum Risk Factors

Gestational age less than 36 0/7 weeks

Preeclampsia or eclampsia
Maternal hypertension
Multiple gestation

Fetal anemia
Polyhydramnios

Emergency cesarean delivery
Forceps or vacuum-assisted delivery
Breech or other abnormal presentation

Maternal general anesthesia
Maternal magnesium therapy
Placental abruption

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

Intrapartum Risk Factors

Category Il or Il fetal heart rate pattern®

Oligohydramnios

Fetal hydrops

Fetal macrosomia

Intrauterine growth restriction

Significant fetal malformations or anomalies
No prenatal care

Intrapartum bleeding

Chorioamnionitis

Narcotics administered to mother within 4 hours of delivery
Shoulder dystocia

Meconium-stained amniotic fluid

Prolapsed umbilical cord

*See Appendix 3 for description of fetal heart
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What questions should you ask before every birth?

It is important for the obstetric and newborn health care providers to
coordinate care by establishing effective communication. Before every
birth, review the antepartum and intrapartum risk factors described in
Table 2-1. Ask the following 4 pre-birth questions:

@ What is the expected gestational age?
@ Is the amniotic fluid clear?
© How many babies are expected?

@ Are there any additional risk factors?

Based on the responses to these questions, determine if you have
assembled the necessary personnel and equipment.

What personnel should be present at delivery?

« Every birth should be attended by at least 1 qualified individual,
skilled in the initial steps of newborn care and positive-pressure
ventilation (PPV), whose only responsibility is management of the
newly born baby.

o Ifrisk factors are present (Table 2-1), at least 2 qualified people
should be present solely to manage the baby. The number and
qualifications of personnel will vary depending on the anticipated
risk, the number of babies, and the hospital setting.

o A qualified team with full resuscitation skills, including endotracheal
intubation, chest compressions, emergency vascular access and
medication administration, should be identified and immediately
available for every resuscitation.

- The resuscitation team should be present at the time of birth if
the need for extensive resuscitation measures is anticipated.

- Itis not sufficient to have the team with these advanced skills on
call at home or in a remote area of the hospital. When
resuscitation is needed, it must begin without delay.

For example, a nurse at an uncomplicated birth might evaluate
gestational age, muscle tone, and respirations, and provide tactile
stimulation. If the newborn does not respond appropriately, the nurse
would position and clear the airway, start PPV, and initiate an
emergency call for immediate assistance. Quickly, a second person
comes to the warmer to assess the efficacy of PPV and places a pulse
oximeter sensor. Another provider with full resuscitation skills,
including intubation and umbilical vein catheter insertion, is in the
immediate vicinity and arrives to assist the team.
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In the case of an anticipated high-risk birth, such as an extremely
premature baby or prolapsed umbilical cord, a team with sufficient
personnel to provide PPV, intubate the trachea, perform chest
compressions, obtain emergency vascular access, prepare medications,
and document events should be assembled before the birth. Depending
on the setting, this will likely require 4 or more qualified providers.

Each hospital must develop and practice a system for assembling a
resuscitation team. Identify how the team will be alerted if risk factors
are present, who will be called, and how additional help will be called if
necessary. Practice a variety of scenarios to ensure that you have
sufficient personnel immediately available to perform all of the
necessary tasks.

Review

@ What are the 4 pre-birth questions to ask the obstetric provider
before every birth?

@ Every delivery should be attended by at least 1 skilled person
(whose only responsibility is the management of the newborn)/
(who shares responsibility for the mother and newborn’s care).

Answers

@ The 4 pre-birth questions are
i. What is the expected gestational age?
ii. Is the amniotic fluid clear?
iii. How many babies are expected?
iv. Are there any additional risk factors?

@ Every delivery should be attended by at least 1 skilled person
whose only responsibility is the management of the newborn.

Perform a pre-resuscitation team briefing.

Once your team is assembled, review the risk factors and any
management plans developed during antenatal counseling. Identify the
team leader, discuss the possible scenarios that your team may
encounter, and assign roles and responsibilities. Use all of the available
perinatal information to anticipate potential complications and plan
your response. For example, if the obstetric provider tells you that the
mother has just received narcotic analgesia, you will be prepared for a



sedated baby that may require assisted ventilation. Discuss who will
perform the initial assessment, who will stimulate the baby, who will
start PPV if needed, and who will document the events. Sample scripts
for performing pre-resuscitation team briefings are available on the
Neonatal Resuscitation Program® (NRP®) Web site.

What supplies and equipment should be available?

All supplies and equipment necessary for a complete resuscitation
must be readily available for every birth. When a high-risk newborn is
expected, all appropriate supplies and equipment should have been
checked and ready for immediate use. It is not sufficient to simply look
at what is on the radiant warmer. It is much more effective to establish
an organized routine, preferably with a standardized checklist, before
every birth. In this way, you will confirm what is ready for immediate
use and identify which pieces of equipment are missing.

The appendices of this lesson include 2 lists. The NRP Quick
Equipment Checklist is a tool that you can use during your briefing

to check the most essential supplies and equipment. The checklist
follows the steps of the NRP Flow Diagram. Ask yourself, “Can I

warm the baby, clear the airway, auscultate, ventilate, oxygenate,
intubate, and medicate?” Consider keeping the NRP Quick Equipment
Checklist near the radiant warmer so that it is accessible before every
birth. The Neonatal Resuscitation Supplies and Equipment List is a
comprehensive inventory of the supplies and equipment that should be
available within the resuscitation area.

Focus on Teamwork

The preparation phase of neonatal resuscitation highlights several
opportunities for effective teams to use the NRP Key Behavioral Skills.

Behavior Example

Anticipate and plan. Know which providers will be called to attend the birth based on the perinatal risk factors.
Perform a standardized equipment check before every birth.

Assign roles and responsibilities.

Use all available information. | Ask the obstetric provider the 4 pre-birth questions to identify risk factors.

Use available resources. Prepare additional supplies and equipment, as necessary, based on these risk factors.

Know your environment. Know how the resuscitation team is called and how additional personnel and resources
can be summoned.

Know how to access additional equipment and supplies for a complex resuscitation.

Clearly identify a leader. If risk factors are present, identify a team leader before the birth and perform a pre-
resuscitation team briefing to ensure that everyone is prepared and responsibilities are
defined.
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Frequently asked questions

What is the ideal number of people to have on the resuscitation team?

There is no single correct answer to this question. You must have
sufficient personnel immediately available to perform all of the
necessary tasks without delay. The personnel required at any particular
birth will depend on the identified risk factors, the qualifications of the
individuals on the team, and the setting. Simulate different scenarios
to ensure that you have sufficient personnel on your team to perform
all necessary procedures quickly and efficiently. For a complex
resuscitation, this will require 4 or more people.

Who can be a team leader? Can the leadership role shift during
resuscitation?

Any well-trained neonatal resuscitation care provider can be the team
leader. A neonatal resuscitation team leader needs to fully understand
the NRP Flow Diagram and have strong leadership skills. The leader
does not have to be the most senior member of the team or the
individual with the most advanced degree. That person may have
technical skills that will be required during the resuscitation and may
not be able to maintain her full attention on the baby’s condition. The
team leader needs to be in a position to observe and direct all of the
team’s activities. If the leader is performing a procedure that occupies
her attention, it is appropriate to transfer the leadership role to
another qualified team member. A clear verbal statement indicating
the change in leadership helps to avoid confusion.

Ethical Considerations

Questions to consider
What laws apply to neonatal resuscitation?
What discussions should be held with parents prior to a very high-risk birth?

These questions are explored in detail in Lesson 11.

Key Points
@ Identify perinatal risk factors by asking the obstetric provider 4
questions prior to the birth.
i. What is the expected gestational age?
ii. Is the amniotic fluid clear?
iii. How many babies are expected?

iv. Are there any additional risk factors?



@ Many, but not all, babies who will require neonatal resuscitation
can be identified by the presence of perinatal risk factors.

© Every birth should be attended by at least 1 qualified individual,
skilled in the initial steps of newborn care and PPV, whose only
responsibility is management of the newly born baby.

@ If risk factors are present, at least 2 qualified people should be
present solely to manage the baby. The number and qualifications
of personnel will vary depending on the anticipated risk, the
number of babies, and the hospital setting.

O A qualified team with full resuscitation skills, including
endotracheal intubation, chest compressions, emergency vascular
access, and medication administration, should be identified and
immediately available for every resuscitation. This team should be
present at the birth if the need for extensive resuscitation measures
is anticipated.

O All supplies and equipment necessary for a complete resuscitation
must be readily available and functional.

@ When a high-risk newborn is expected, all appropriate supplies
and equipment should have been checked and ready for immediate
use.

@ Use an organized equipment checklist that becomes a routine
before every birth.

1. What are the 4 pre-birth questions to ask the obstetric provider
before every birth?

i
ii.
iii.
iv.
2. Every delivery should be attended by at least 1 skilled person

(whose only responsibility is the management of the newborn)/
(who shares responsibility for the mother and newborn’s care).

3. Ifahigh-risk birth is anticipated, (1 qualified person)/(a
qualified team) should be present at the birth.
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4. When a high-risk newborn is anticipated because of the
presence of risk factors, resuscitation supplies and equipment
(should)/(should not) be unpacked and ready for use.

5. During the pre-resuscitation team briefing, (prepare for a
routine delivery because you do not know what will be needed)/
(anticipate potential complications and discuss how
responsibilities will be delegated).

6. A qualified nurse or respiratory care practitioner who has been
trained in neonatal resuscitation and has strong leadership skills
(can)/(cannot) be the team leader.

Answers

1. The 4 pre-birth questions are
i. What is the expected gestational age?
ii. Is the amniotic fluid clear?
iii. How many babies are expected?

iv. Are there any additional risk factors?

2. Every delivery should be attended by at least 1 skilled person
whose only responsibility is the management of the newborn.

3. Ifahigh-risk birth is anticipated, a qualified team should be
present at the birth.

4. When a high-risk newborn is anticipated because of the
presence of risk factors, resuscitation supplies and equipment
should be unpacked and ready for use.

5. During the pre-resuscitation team briefing, anticipate potential
complications and discuss how responsibilities will be delegated.

6. A qualified nurse or respiratory care practitioner who has been
trained in neonatal resuscitation and has strong leadership skills
can be the team leader.

Additional Reading

Aziz K, Chadwick M, Baker M, Andrews W. Ante- and intra-partum
factors that predict increased need for neonatal resuscitation.
Resuscitation. 2008;79(3):444-452

Katheria A, Rich W, Finer N. Development of a strategic process using
checklists to facilitate team preparation and improve communication
during neonatal resuscitation. Resuscitation. 2013;84(11):1552-1557
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Appendix 1. Neonatal Resuscitation Program Quick
Equipment Checklist

This checklist includes only the most essential supplies and equipment
needed at the radiant warmer for most neonatal resuscitations. Tailor
this list to meet your unit-specific needs. Ensure that an equipment
check has been done prior to every birth.

Clear
airway

Auscultate
Ventilate

Oxygenate

Intubate

Medicate

¢ Preheated warmer

e Warm towels or blankets

e Temperature sensor and sensor cover for prolonged resuscitation

e Hat

e Plastic bag or plastic wrap (<32 weeks' gestation)

e Thermal mattress (<32 weeks' gestation)

e Bulb syringe

® 10F or 12F suction catheter attached to wall suction, set at 80 to 100 mm Hg

e Meconium aspirator

e Stethoscope

¢ Flowmeter set to 10 L/min

* Oxygen blender set to 21% (21%-30% if <35 weeks’ gestation)

e Positive-pressure ventilation (PPV) device

e Term- and preterm-sized masks

e 8F feeding tube and large syringe

* Equipment to give free-flow oxygen

¢ Pulse oximeter with sensor and cover

* Target oxygen saturation table

e laryngoscope with size-0 and size-1 straight blades (size 00, optional)

e Stylet (optional)

¢ Endotracheal tubes (sizes 2.5, 3.0, 3.5)

e Carbon dioxide (CO,) detector

e Measuring tape and/or endotracheal tube insertion depth table

e Waterproof tape or tube-securing device

e Scissors

e Laryngeal mask (size 1) and 5-mL syringe

Access to

1:10,000 (0.1 mg/mL) epinephrine

Normal saline

Supplies for placing emergency umbilical venous catheter and administering
medications

Electronic cardiac (ECG) monitor leads and ECG monitor
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Appendix 2. Neonatal Resuscitation Supplies and
Equipment List

Suction equipment

Bulb syringe

Mechanical suction and tubing

Suction catheters, 5F or 6F, 10F, 12F or 14F

8F feeding tube and large syringe
Meconium aspirator

Positive-pressure ventilation equipment

Device for delivering positive-pressure ventilation

Face masks, newborn and preterm sizes

Oxygen source

Compressed air source

Oxygen blender to mix oxygen and compressed air with flowmeter
(flow rate set to 10 L/min) and tubing

Pulse oximeter with sensor and cover

Target oxygen saturation table

Intubation equipment

Laryngoscope with straight blades, No. 0 (preterm) and No. 1 (term)
Extra bulbs and batteries for laryngoscope

Endotracheal tubes, 2.5-, 3.0-, 3.5-mm internal diameter (ID)
Stylet (optional)

Measuring tape

Endotracheal tube insertion depth table

Scissors

Waterproof tape or tube-securing device

Alcohol pads

CO, detector or capnograph

Laryngeal mask (or similar supraglottic device) and 5-mL syringe
5F or 6F orogastric tube if insertion port present on laryngeal mask

Medications

Epinephrine 1:10,000 (0.1 mg/mL)—3-mL or 10-mL ampules
Normal saline for volume expansion—100 or 250 mL
Dextrose 10%, 250 mL (optional)

Normal saline for flushes

Syringes (1-mL, 3-mL or 5-mL, 20- to 60-mL)



Umbilical vessel catheterization supplies

Sterile gloves

Antiseptic prep solution

Umbilical tape

Small clamp (hemostat)

Forceps (optional)

Scalpel

Umbilical catheters (single lumen), 3.5F or 5F

Three-way stopcock

Syringes (3-5 mL)

Needle or puncture device for needleless system

Normal saline for flushes

Clear adhesive dressing to temporarily secure umbilical venous
catheter to abdomen (optional)

Miscellaneous

Gloves and appropriate personal protection

Radiant warmer or other heat source

Temperature sensor with sensor cover for radiant warmer (for use
during prolonged resuscitation)

Firm, padded resuscitation surface

Timer/clock with second hand

Warmed linens

Hat

Stethoscope (with neonatal head)

Tape, 1/2 or 3/4 inch

Electronic cardiac (ECG) monitor leads and ECG monitor

Intraosseous needle (optional)

For very preterm babies

Size-00 laryngoscope blade (optional)
Food-grade plastic bag (1-gallon size) or plastic wrap
Thermal mattress

Transport incubator to maintain baby’s temperature during move to

the nursery
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Appendix 3. Fetal Heart Rate Categories

Category I: This is a normal tracing and is predictive of normal fetal
acid-base status at the time of the observation, and routine follow-up is
indicated.

Category II: This is considered an indeterminate tracing. There is
currently inadequate evidence to classify them as either normal or
abnormal. Further evaluation, continued surveillance, and
reevaluation are indicated.

Category III: This is an abnormal tracing and is predictive of abnormal
fetal acid-base status at the time of the observation. A Category III
tracing requires prompt evaluation and intervention.

Reference

Macones GA, Hankins GD, Spong CY, Hauth J, Moore T. The 2008
National Institute of Child Health and Human Development
workshop report on electronic fetal monitoring: update on definitions,
interpretation, and research guidelines. Obstet Gynecol. 2008;112(3):
661-666



Preparing for Resuscitation

The Performance Checklist Is a Learning Tool

The learner uses the checklist as a reference during independent
practice or as a guide for discussion and practice with a Neonatal
Resuscitation Program (NRP) instructor. When the learner and
instructor agree that the learner can perform the skills correctly and
smoothly without coaching and within the context of a scenario, the
learner may move on to the next lesson’s Performance Checklist.

Note: If the institution policy is that a T-piece resuscitator normally is
used in the delivery room, the learner should demonstrate proficiency
with that device. However, he or she also should demonstrate ability to
use a bag and mask.

Knowledge Check

@ What are the 4 pre-birth questions? What is the purpose of these
questions?

@ Who can be the leader of a resuscitation? When might leadership
shift?

©® What happens at a pre-resuscitation team briefing?

@ Where will you find the NRP Quick Equipment Checklist used in
our birth setting?

Learning Objectives

@ Identify antepartum and intrapartum risk factors for neonatal
resuscitation.

@ Demonstrate a pre-resuscitation team briefing.

©® Demonstrate an organized method for checking equipment and
supplies.
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Scenario

“You are notified that a woman has been admitted to the hospital in
active labor. Check your supplies and equipment and prepare for the
birth. As you work, say your thoughts and actions aloud so I will know
what you are thinking and doing.”

Instructor should check boxes as the learner responds correctly. The
learner may refer to the NRP Quick Equipment Checklist or use a
unit-specific checklist to ensure the availability and function of essential
supplies and equipment.

v  Critical Performance Steps

Ask the 4 pre-birth questions.

What is the expected gestational age? “36 weeks' gestation” or “29 weeks’ gestation”
Is the amniotic fluid clear? “Yes” or “Blood stained”

How many babies are expected? “1"

Are there any additional risk factors? “Gestational hypertension” or “Preeclampsia”
Assemble team.

Assembles team based on perinatal risk factors

Perform pre-resuscitation briefing.

Identifies team leader

Discusses possible clinical scenarios and assign roles and responsibilities

Perform equipment check.

Demonstrates an organized routine to locate the most essential supplies needed for newborn resuscitation

Warm.

Preheated warmer

Warm towels or blankets

e Temperature sensor and sensor cover for prolonged resuscitation
¢ Hat

Plastic bag or plastic wrap (<32 weeks’ gestation)

Thermal mattress (<32 weeks’ gestation)

Clear the airway.

e Bulb syringe
* 10F or 12F suction catheter attached to wall suction, set at 80 to 100 mm Hg

e Meconium aspirator

Auscultate.

o Stethoscope
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v  Critical Performance Steps

Ventilate.

* Flowmeter set to 10 L/min

* Oxygen blender set to 21% (21%-30% if <35 weeks’ gestation)
e Positive-pressure ventilation (PPV) device

e Term- and preterm-sized masks

* 8F feeding tube and large syringe

Oxygenate.

e Equipment to give free-flow oxygen
e Pulse oximeter with sensor and cover
¢ Target oxygen saturation table

Intubate.

e laryngoscope with size-0 and size-1 straight blades (size 00, optional)
e Stylet (optional)

¢ Endotracheal tubes (sizes 2.5, 3.0, 3.5)

e Carbon dioxide (CO,) detector

* Measuring tape and/or endotracheal tube insertion depth table

e Waterproof tape or tube-securing device

e Scissors

e laryngeal mask (size 1) and 5-mL syringe

e Electronic cardiac (ECG) monitor leads and ECG monitor

Medicate.

Access to

e 1:10,000 (0.1 mg/mL) epinephrine

¢ Normal saline

e Supplies for placing emergency umbilical venous catheter and administering medications

Debrief

Instructor asks the learner debriefing questions to enable self-
assessment, such as

(2]

Tell me how using this organized approach to checking
resuscitation equipment works for you.

If all equipment and supplies are present, how long would it take
you to confirm readiness for a birth?

Which of the NRP Key Behavioral Skills are demonstrated during
preparation for resuscitation?
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NRP Key Behavioral Skills

Know your environment.

Use available information.
Anticipate and plan.

Clearly identify a team leader.
Communicate effectively.

Delegate workload optimally.
Allocate attention wisely.

Use available resources.

Call for additional help when needed.

Maintain professional behavior.



What you will learn

How to perform a rapid assessment of the newborn

The initial steps of newborn care

How to determine if additional steps are required

What to do if a baby has persistent cyanosis or labored breathing
How to use a pulse oximeter and interpret the results

How to give supplemental oxygen

When to consider using continuous positive airway pressure

What to do when meconium-stained amniotic fluid is present

Used with permission of Mayo Foundation for Medical Education and Research.




Initial Steps of Newborn Care

Antenatal counseling.
Team briefing and equipment check.

Birth

Term? Tone?
Breathing or
crying?

Warm and maintain normal
temperature, position airway, clear

1 . . :
secretions if needed, dry, stimulate.

minute

y

Apnea, gasping, or
HR below 100
bpm?

B\

PPV.
Spo, monitor.
Consider ECG monitor.

|

HR below 100
bpm?

Check chest movement.
Ventilation corrective steps if
needed.

ETT or laryngeal mask if needed.

HR below 60 bpm?

Yes

No

Intubate if not already done.
Chest compressions.
Coordinate with PPV.

100% O,.
ECG monitor.

HR below 60 bpm?

Yes

IV epinephrine.

If HR persistently below 60 bpm:
consider hypovolemia,
consider pneumothorax.

34

Yes

Stay with mother for routine care:
Warm and maintain normal
temperature, position airway,
clear secretions if needed, dry,
ongoing evaluation.

Labored breathing
or
persistent
cyanosis?

Position and clear airway.
Spo, monitor.
Supplemental O, as needed.
Consider CPAP.

I
\2

Post-resuscitation care.
Team debriefing.

Pre-ductal Spo, Target

1 min 60%—65%
2 min 65%—70%
3 min 70%—75%
4 min 75%—-80%
5 min 80%—-85%
10 min 85%—-95%




The following 2 cases are examples of how the initial steps of newborn
care may be performed. As you read each case, imagine yourself as part

of the resuscitation team.

Case 1: An uncomplicated birth

A healthy woman enters the hospital in active labor at 39 weeks’
gestation. Her pregnancy has been uncomplicated. Her membranes
rupture shortly after arrival and the amniotic fluid is clear. The nurse
assigned to the baby’s care completes a standardized equipment check
to ensure that neonatal resuscitation equipment and supplies are ready
for use if needed. Labor progresses without complications and a baby
girl is born. She appears to be full-term, has good muscle tone, and
cries vigorously. She is positioned skin-to-skin on her mother’s chest
and covered with a warm blanket. A nurse gently dries and stimulates
her. One minute after birth, the cord is clamped and cut. Her color
becomes increasingly pink as she continues to make the transition to
newborn circulation. The nurse assigned to the baby’s care continues
to evaluate her respiratory effort, tone, color, and thermoregulation.
Shortly after birth, her mother positions the newborn to initiate
breastfeeding.

Case 2: Delayed transition

A multiparous woman presents at 39 weeks’ gestation with active labor
and ruptured membranes. Soon after admission, she develops a fever
and receives intrapartum antibiotics for suspected chorioamnionitis.
Fetal heart rate monitoring shows a Category II pattern (indeterminate
pattern, requiring evaluation and surveillance and possibly other tests
to ensure fetal well-being). Labor progresses and the obstetric
providers call your resuscitation team to attend the vaginal birth.
When you enter the room, you introduce the team to the laboring
mother and ask the obstetric provider 4 pre-birth questions to assess
perinatal risk factors. Your team completes a pre-resuscitation team
briefing and equipment check.

Immediately after birth, the baby boy has poor tone and does not cry.
The obstetric provider holds him in a warm blanket, gently suctions
his mouth and nose with a bulb syringe, and stimulates him to breathe
by gently rubbing his back. The baby still has poor tone and irregular
respiratory effort. The cord is clamped and cut and he is brought to the
radiant warmer. You position his head and neck to open his airway
while an assistant continues to provide gentle stimulation. Another
provider documents the events as they occur. His tone and respiratory
effort quickly improve. Listening with a stethoscope, your assistant
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reports that the baby’s heart rate is 120 beats per minute (bpm) and
there are good breath sounds. Five minutes after birth, he still has
central cyanosis and a pulse oximetry sensor is secured on his right
hand. His oxygen saturation (Spo,) is below the minute-specific value
shown on the Flow Diagram, so he is given supplemental oxygen by
holding oxygen tubing close to his face. The oxygen concentration is
adjusted so that his oxygen saturation remains within the target range.
By 10 minutes after birth, he is breathing regularly and supplemental
oxygen has been discontinued. His oxygen saturation remains normal
and he is placed skin-to-skin on his mother’s chest to continue
transition while vital signs and activity are closely monitored for
possible deterioration. Shortly afterward, the care team conducts a
short debriefing to evaluate its preparation, teamwork, and
communication.

The time of birth and clamping the umbilical cord

At the time of birth, a large volume of blood remains in the placenta. If
maternal blood is still flowing to the placenta and the umbilical cord is
intact, placental gas exchange will continue while additional blood
flows to the baby through the umbilical vein. The majority of this
placental blood transfusion occurs during the first minute after birth
and may play an important role in the transition from fetal to neonatal
circulation.

Mark the time of birth by starting a timer when the last fetal part
emerges from the mother’s body. The ideal time for clamping the
umbilical cord is the subject of ongoing research. Potential benefits of
delayed cord clamping for preterm newborns include decreased
mortality, higher blood pressure and blood volume, less need for blood
transfusion after birth, fewer brain hemorrhages and a lower risk of
necrotizing enterocolitis. In term newborns, delayed cord clamping
may decrease the chance of developing iron-deficiency anemia and
may improve neurodevelopmental outcomes. Potential adverse

effects of delayed cord clamping include delaying resuscitation for
compromised newborns and increased risks of polycythemia (high red
blood cell concentration) and jaundice.

The current evidence suggests that clamping should be delayed for at
least 30 to 60 seconds for most vigorous term and preterm newborns.
If cord clamping is delayed, the baby should be placed skin-to-skin on
the mother’s chest or abdomen, or held securely in a warm, dry towel
or blanket. Very preterm newborns may be wrapped in a warm blanket
or polyethylene plastic to help maintain their temperature. During the
interval between birth and umbilical cord clamping, the obstetric



provider and neonatal team should evaluate the baby’s tone and
breathing effort and begin the initial steps of newborn care described
in the remainder of this lesson.

If the placental circulation is not intact, such as after a placental
abruption, bleeding placenta previa, bleeding vasa previa, or cord
avulsion, the cord should be clamped immediately after birth. Most
delayed cord clamping studies have excluded multiple gestations, so
there is currently not enough evidence to evaluate the safety of delayed
cord clamping in the setting of a multiple gestation birth. Similarly,
other scenarios where safety data on delayed cord clamping are limited
may benefit from a discussion between the neonatal and obstetric
providers to plan whether cord clamping should be delayed. These
scenarios may include fetal intrauterine growth restriction (IUGR),
abnormal umbilical artery Doppler measurements, abnormal
placentation, and other situations where utero-placental perfusion or
umbilical cord blood flow are affected. There is not enough evidence to
make a definitive recommendation whether umbilical cord clamping
should be delayed in newborns who are not vigorous. If the placental
circulation is intact, it may be reasonable to briefly delay cord
clamping while the obstetric provider clears the airway and gently
stimulates the baby to breathe. If the baby does not begin to breathe
during this time, additional treatment may be required. The cord
should be clamped and the baby brought to the radiant warmer.

Before birth, establish the plan for the timing of umbilical cord
clamping with the obstetric providers.

How do you assess the newborn immediately after
birth?

After birth, all newborns should have a rapid evaluation to determine
if they can remain with their mother to continue transition or if they
should be moved to a radiant warmer for further assessment. This
initial evaluation may occur during the interval between birth and
umbilical cord clamping. You will rapidly evaluate 3 questions.

1. Does the baby appear to be term?

Determine if the baby’s appearance is consistent with the
expected gestational age. In some situations, the baby’s
gestational age is unknown before birth. If the baby appears to
be term, proceed to the next evaluation question. If the baby
appears preterm (less than 37 weeks’ gestation), bring the baby
to the radiant warmer for the initial steps.
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A Rapid Evaluation
for Every Newborn
e Term?

* Tone?
* Breathing or crying?

Preterm babies are more likely to require interventions during
the transition to extrauterine life. For example, they have more
difficulty expanding their lungs, establishing good respiratory
effort, and maintaining their body temperature. Because of
these risks, preterm babies should have the initial steps of
newborn care performed under a radiant warmer. If the baby
is born at a late-preterm gestation (34 to 36 weeks) and has
stable vital signs with good respiratory effort, the baby can be
brought to the mother within several minutes to continue
transition.

Does the baby have good muscle tone?

Quickly observe the baby’s muscle tone. Healthy term babies
should be active with flexed extremities (Figure 3.1).
Newborns requiring intervention may have flaccid, extended
extremities (Figure 3.2).

Is the baby breathing or crying?

A vigorous cry is a clear indicator of strong respiratory effort
(Figure 3.1). If the baby is not crying (Figure 3.2), observe the
baby’s chest for breathing effort. Be careful not to be misled by
a baby who is gasping. Gasping is a series of deep, single or
stacked inspirations that occurs in the setting of severely
impaired gas exchange. A gasping baby requires intervention
and must be brought to the radiant warmer.

Low-risk newborn: full-term, good tone, crying. High-risk newborn: preterm, poor tone, not crying
(Used with permission of Mayo Foundation for Medical Education

and Research.)
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What are the initial steps of newborn care?

The initial steps include providing warmth, positioning the head and
neck so that the airway is open, clearing the airway of secretions if
needed, drying, and providing gentle tactile stimulation. These steps
may be initiated during the interval between birth and umbilical cord
clamping and should be completed within approximately 30 seconds
of birth.

Vigorous, term newborn

If the answers to all 3 rapid evaluation questions are “Yes” (the baby
has been born at term, has good muscle tone, and is breathing or
crying), the baby can remain with the mother and have the initial steps
performed on the mother’s chest or abdomen. Warmth is maintained
by direct skin-to-skin contact and covering the baby with a warm
towel or blanket (Figure 3.3). If necessary, secretions in the upper
airway can be cleared by wiping the baby’s mouth and nose with a
cloth. Gentle suction with a bulb syringe should be reserved for babies
that have meconium-stained fluid, secretions that are obstructing the
baby’s breathing, and those that are having difficulty clearing their
secretions. After the initial steps are completed, continue monitoring
the newborn’s breathing, tone, activity, color, and temperature to
determine if additional interventions are required.

| Birth |
I

Stay with mother for routine care:
Warm and maintain normal
temperature, position airway,
clear secretions if needed, dry,
ongoing evaluation.

Term? Tone?
Breathing or
crying?

Yes

Initial Steps of Newborn Care

* Provide warmth.

e Position the head and neck.
e Clear secretions if needed.
* Dry.

e Stimulate.

Vigorous, term newborn. Initial

steps are performed skin-to-skin with mother.
(Used with permission of Mayo Foundation for
Medical Education and Research.)
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Radiant warmer used for the initial steps
with high-risk newborns

Birth ‘ Non-vigorous and
i preterm newborns

Term? Tone?
Breathing or
crying?

If the answer to any of

the initial assessment
questions is “No”, the
baby should be brought to

CUEIT BT IEE el a radiant warmer because
temperature, position airway, clear . . .
secretions if needed, dry, stimulate. additional interventions

may be required.

e Provide warmth.

The baby should be placed under a radiant warmer so that
the resuscitation team has easy access to the baby without
causing excessive heat loss (Figure 3.4). Leave the baby
uncovered to allow full visualization and to permit the
radiant heat to reach the baby. If you anticipate that the baby
will remain under the warmer for more than a few minutes,
apply a servo-controlled temperature sensor to the baby’s
skin to monitor and control the baby’s body temperature.
Avoid both hypothermia* and overheating. During
resuscitation and stabilization, the baby’s body temperature
should be maintained between 36.5°C and 37.5°C.

« Position the head and neck to open the airway.

The baby should be positioned on her back (supine), with the head and
neck neutral or slightly extended in the “sniffing the morning air”
position (Figure 3.5). This position opens the airway and allows
unrestricted air entry. Avoid hyperextension (Figure 3.6) or flexion of
the neck (Figure 3.7) because these positions may interfere with air

* After resuscitation, therapeutic hypothermia is indicated for certain high-risk
newborns and is further described in Lesson 8.

CORRECT: “sniffing” position
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INCORRECT: Hyperextension



'

INCORRECT: Flexion Optional shoulder roll for maintaining the “sniffing”
position

entry. To help maintain the correct position, you may place a small,
rolled towel under the baby’s shoulders (Figure 3.8). A shoulder roll is
particularly useful if the baby has a large occiput (back of head) from
molding, edema, or prematurity.

o If needed, clear secretions from the airway.

Clear secretions from the airway if the baby is not breathing, is
gasping, has poor tone, if secretions are obstructing the airways, if the
baby is having difficulty clearing their secretions, if there is
meconium-stained fluid, or if you anticipate starting positive-pressure
ventilation (PPV). Secretions may be removed from the upper airway
by suctioning gently with a bulb syringe. If the newborn has copious
secretions coming from the mouth, turn the head to the side. This will
allow secretions to collect in the cheek where they can be removed.

Brief, gentle suction usually is adequate to remove secretions. Suction
the mouth before the nose to ensure that there is nothing for the
newborn to aspirate if he should gasp when the nose is suctioned. You
can remember “mouth before nose” by thinking “M” comes before “N”
in the alphabet (Figure 3.9). Be careful not to suction vigorously or

Suction the mouth then nose: “M" before “N”.
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Wet skin promotes rapid body cooling.

Dry the baby and remove wet linen to prevent heat loss and
stimulate breathing. Gentle tactile stimulation may also initiate breathing.
(Used with permission of Mayo Foundation for Medical Education and
Research.)

deeply. Vigorous suction may injure
tissues. Stimulation of the posterior
pharynx during the first minutes after
birth can produce a vagal response leading
to bradycardia or apnea.

If using a suction catheter, the suction
control should be set so that the negative
pressure reads approximately 80 to

100 mm Hg when the tubing is occluded.

e Dry.

Wet skin increases evaporative heat loss
(Figure 3.10). Place the baby on a warm
towel or blanket and gently dry any fluid.
If the first towel becomes wet, discard it
and use fresh, warm towels or blankets for
continued drying (Figure 3.11). If 2 people
are present, the second person can be
drying the baby while the first person is
positioning and clearing the airway.

Drying is not necessary for very preterm
babies less than 32 weeks’ gestation
because they should be covered
immediately in polyethylene plastic. The
interventions used to reduce heat loss in
very preterm babies are described in
Lesson 9.

o Stimulate.

Positioning, clearing secretions if needed,
and drying the baby will frequently

provide enough stimulation to initiate breathing. If the newborn does
not have adequate respirations, brief additional tactile stimulation may
stimulate breathing. Gently rub the newborn’s back, trunk, or
extremities. Overly vigorous stimulation is not helpful and can cause

injury. Never shake a baby.

After a short period of impaired gas exchange, brief stimulation will
initiate spontaneous breathing. However, after a prolonged period of
impaired gas exchange, stimulation alone will not work and PPV will
be required. If a newborn remains apneic despite rubbing the back or
extremities for several seconds, begin PPV as described in the next

lesson.
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Review

(2]

© o

Every newborn (does)/(does not) need an initial rapid evaluation
of gestational age, muscle tone, and respiratory effort.

List the 3 rapid evaluation questions that determine which
newborns should be brought to the radiant warmer for the initial
steps.

List the 5 initial steps of newborn care.

When using suction to clear secretions, first suction the newborn’s
(mouth)/(nose).

Which image shows the correct way to position a newborn’s head
to open the airway (A, B, or C)?

Answers

(2]

Every newborn does need an initial rapid evaluation of gestational
age, muscle tone, and respiratory effort.

Is the baby term? Does the baby have good tone? Is the baby
breathing or crying?

Provide warmth, position the head and neck to open the airway,
clear secretions from the airway if necessary, dry, and stimulate.

When using suction to clear secretions, first suction the newborn’s
mouth.

Image B shows the correct way to position a newborn’s head to
open the airway.
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How do you assess the newborn’s response to the
initial steps?

Evaluate the newborn’s respirations and heart rate to determine if the
baby is responding to the initial steps. This should take no more than
an additional 30 seconds. If the baby does not have adequate
spontaneous respirations and a heart rate of 100 bpm or higher within
1 minute of birth, you should begin PPV. Remember: Ventilation of
the baby’s lungs is the most important and effective action during
neonatal resuscitation.

« Respirations

Assess if the baby is crying or breathing. If the baby is not breathing,
or has gasping respirations, proceed directly to PPV. Remember,
gasping respirations are ineffective and are treated the same as apnea.
The baby’s heart rate should be assessed while PPV begins.

« Heart rate

If the baby is breathing effectively, the heart rate should be at least
100 bpm. Your initial assessment of the heart rate will be made using
a stethoscope. Auscultation along the left side of the chest is the most
accurate physical examination method of determining a newborn’s
heart rate (Figure 3.12). Although pulsations may be felt at the
umbilical cord base, palpation is less accurate and may underestimate
the true heart rate. While listening, you may tap out the heartbeat on
the bed so that your team will also know the heart rate. Estimate the
heart rate by counting the number of beats in 6 seconds and
multiplying by 10. For example, if you listen for 6 seconds and hear
12 beats, the heart rate is 120 bpm. Clearly report the heart rate to your
team members (“Heart rate is 120 per minute”).

Assess the heart rate by listening with a stethoscope.

44



If you cannot determine the heart rate by physical examination and
the baby is not vigorous, ask another team member to quickly connect
a pulse oximetry sensor or electronic cardiac (ECG) monitor leads
and evaluate the heart rate using a pulse oximeter or ECG monitor
(Figure 3.13).

Alternative methods for assessing the heart rate: pulse
oximetry and ECG monitor

Cautions: Pulse oximetry may not function if the baby’s heart rate is
low or if the baby has poor perfusion. In this case, monitoring the
baby’s heart rate with an ECG monitor is the preferred method. In
unusual circumstances, an ECG monitor may show an electrical signal,
although the heart is not actually pumping blood (pulseless electrical
activity). In the newborn, pulseless electrical activity should be treated | Birth
the same as an absent heart rate (asystole).

Term? Tone?
Breathing or
crying?

After the initial steps, what do you do if the baby is
not breathing or the heart rate is low?

o Start PPV if the baby is not breathing (apnea) OR if the Warm and maintain normal
. . 1 temperature, position airway, clear
baby has gasping respirations. minute secretions if needed, dry, stimulate.

o Start PPV if the baby appears to be breathing, but the heart \L

rate is below 100 bpm.

« Call for immediate additional help if you are the only
provider at the warmer.

Apnea, gasping, or
HR below 100
bpm?

If the 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. PPV.
Spo, monitor.
The details of providing PPV using a face mask are described in the Consider ECG monitor.

next lesson.
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Acrocyanosis. This
baby has cyanosis of the hands and feet,
but the trunk and mucous membranes
are pink. Acrocyanosis is normal.
Supplemental oxygen is only needed if
oxygen saturation is below the target
range.

Indications for Pulse
Oximetry

» When resuscitation is
anticipated

* To confirm your perception of
persistent central cyanosis

» When supplemental oxygen is
administered

» When positive-pressure
ventilation is required
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What do you do if the baby is breathing and the
heart rate is at least 100 bpm, but the baby appears
persistently cyanotic?

Cyanosis

The term cyanosis describes skin or mucous membranes with a blue
hue caused by poorly oxygenated blood. Cyanosis limited to the hands
and feet (acrocyanosis) is a common finding in the newborn and does
not indicate poor oxygenation (Figure 3.14). Low oxygen saturation
causing the baby’s lips, tongue, and torso to appear blue is called central
cyanosis. Healthy babies may have central cyanosis for several minutes
after birth. Studies have shown that visual assessment of cyanosis is not
a reliable indicator of the baby’s oxygen saturation and should not be
used to guide oxygen therapy. If persistent central cyanosis is suspected,
a pulse oximeter should be used to evaluate the baby’s oxygenation.

Pulse oximetry

Oxygen is carried by the hemoglobin inside red blood cells.
Hemoglobin that is saturated with oxygen absorbs red light differently
than hemoglobin that is not carrying oxygen. A pulse oximeter uses a
light source and sensor to measure the absorption of red light passing
through capillaries in the skin and estimates the portion of
hemoglobin that is fully saturated with oxygen (Figure 3.15). The
monitor displays the oxygen saturation, which ranges from 0% to
100%. This number is not the same as the partial pressure of oxygen
(Po,) measured by a blood gas machine. The oximeter also displays the
baby’s heart rate by sensing pulsatile blood flow in the capillaries.

Healthy newborns undergoing normal transition may take several
minutes to increase their blood oxygen saturation from approximately
60%, which is the normal intrauterine state, to more than 90%, which



is the eventual state of air-breathing healthy newborns.
Figure 3.16 shows the time course of oxygen saturation
changes after birth in healthy, full-term newborns
breathing room air (21% oxygen). Oxygen saturation
values following cesarean birth are slightly lower than
those following vaginal birth.

Use pulse oximetry to guide your treatment when
resuscitation is anticipated, to confirm your perception
of persistent central cyanosis, if you give supplemental
oxygen, or if PPV is required. Once the pulse oximeter
sensor is attached to the baby, watch the monitor to
ensure that it is detecting a pulse with each heartbeat.
If you are monitoring the heart rate with an ECG
monitor, the heart rate displayed on the pulse oximeter
should be the same as the heart rate on the cardiac
monitor. Most instruments will not display a saturation
reading until a consistent pulse is detected. With

good technique, a pulse oximeter will allow accurate

assessment of the heart rate and oxygen saturation within
approximately 1 to 2 minutes of birth. If the baby has a very
low heart rate or poor perfusion, the oximeter may not be

able to detect the pulse or oxygen saturation.

Tips for using a pulse oximeter

Proper placement of the pulse oximeter sensor is important.

 The sensor must be oriented correctly so that it can

detect the transmitted red light. After placement, it may
be helpful to cover the sensor to shield it from light in the
room. If the oximeter is not detecting a consistent pulse, you may
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light source.

o The heart and brain receive blood from an artery that attaches to the

Mariani G, Dik PB, Ezquer A, et al.
Pre-ductal and post-ductal O, saturation
in healthy term neonates after birth. J

aorta before the ductus arteriosus. This is often referred to as Pediatr. 2007;150[4]:418-421.)
pre-ductal blood. In most babies, the artery supplying the right arm

also attaches to the aorta before the ductus arteriosus. The origin of

blood flow to the left arm is less predictable. To measure the oxygen

saturation of the pre-ductal blood that is perfusing the heart and

brain, place the pulse oximeter sensor on the right hand or wrist. The

left arm and both legs may have lower oxygen saturation because

they may receive blood from the aorta after it has mixed with poorly

oxygenated venous blood shunted from the right side of the heart

through the ductus arteriosus (post-ductal).
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Target Pre-ductal Spo, - .
After Birth Target pre-ductal oxygen saturations

1 min 60%-65% When the oximeter has a reliable signal, compare the baby’s pre-ductal
2 min 65%-70% oxygen saturation with the range of target values in Table 3-1. These
3 min 70%-75% values are based on oxygen saturations obtained from healthy, term
4 min 75%-80% babies breathing room air during the first 10 minutes of life. The

: ranges are approximations of the interquartile range and have been
5 min 80%-85% . . . .
adjusted to provide values that are easier to remember. The ideal
oxygen saturation after birth has not been established and there is
ongoing controversy about which targets should be used. These targets
have been selected to represent a consensus of acceptable values.

10 min 85%-95%

When is supplemental oxygen indicated and how is
it administered?

Supplemental oxygen is used when the 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 3.17). Free-flow oxygen is
not effective if the baby is not breathing.

Birth

Stay with mother for routine care:
Yes Warm and maintain normal
temperature, position airway,
clear secretions if needed, dry,
ongoing evaluation.

Term? Tone?
Breathing or
crying?

Warm and maintain normal
temperature, position airway, clear
secretions if needed, dry, stimulate.

y

Labored breathing
or
persistent
cyanosis?

Apnea, gasping, or
HR below 100
bpm?

Yes

PPV. Position and clear airway.
Spo, monitor. Spo, monitor. Free-flow oxygen given to a spontaneously
Consider ECG monitor. Supplemental O, as needed. . . . '
ot IR breathing baby by holding oxygen tubing close to the baby's
\L as mouth and nose

HR below 100 No Post-resuscitation care.
bpm? Team debriefing.

You may also use one of the positive-pressure delivery devices
described in Lesson 4 (Figure 3.18). If you are using a flow-inflating
bag or T-piece resuscitator, hold the mask close to the face, but not so
tight that pressure builds up within the mask. You should not attempt
to administer free-flow oxygen through the mask of a self-inflating bag
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A B C

Free-flow oxygen given by a flow-inflating bag (A), a T-piece resuscitator (B), and the tail of a
self-inflating bag with an open reservoir (C)
Note: For free-flow oxygen, the mask of a flow-inflating bag and T-piece resuscitator is NOT held tightly against
the face.

because gas does not reliably flow through the mask unless the bag is
being squeezed. Free-flow oxygen may be administered through the
open reservoir (“tail”) on some self-inflating bags. You will learn more
about these devices in Lesson 4.

Adjusting the oxygen concentration

Guided by pulse oximetry, adjust the oxygen concentration to
maintain the baby’s minute-specific oxygen saturation within the
target range described in Table 3-1. The goal is to prevent hypoxia
without using excess oxygen and exposing the newborn to the
potential risks of hyperoxia. Adjust the delivered oxygen
concentration using compressed air and oxygen, an oxygen blender,
and a flowmeter (Figure 3.19).

Compressed air and oxygen

Compressed gases may be built into the wall or obtained from portable
tanks. Medical air (21% oxygen) is supplied from high-pressure hoses
that are color-coded yellow, and 100% oxygen is supplied from
high-pressure hoses that are color-coded green.

Oxygen blender and flowmeter

The compressed gases are connected to a blender, which has a dial that
adjusts the gas mixture (21%-100%). The blended gas travels to an

adjustable flowmeter. The flowmeter commonly has a floating ball that
indicates the rate of gas flow leaving the device. Depending on the size

Free-flow Oxygen
Delivery Devices

Oxygen tubing

Oxygen mask

Flow-inflating bag and mask
T-piece resuscitator and mask

Open reservoir (“tail”) on a self-
inflating bag

Adjust the oxygen
concentration with compressed air
(inflow from yellow hose), compressed
oxygen (inflow from green hose), an
oxygen blender, a flowmeter, and patient
tubing (outflow from clear tubing). This
image shows 2 flowmeters attached to
the oxygen blender. Your system may
only have 1 flowmeter.
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of the flowmeter, you can adjust the dial to achieve gas flows between
0 L/min and 20 L/min. The blended gas, adjusted to the desired
concentration and flow rate, is directed through tubing to the oxygen
delivery device.

o For free-flow oxygen delivery, adjust the flowmeter to 10 L/min.

o Start free-flow oxygen supplementation with the blender set to 30%
oxygen. Using the blender, adjust the oxygen concentration as
needed to achieve the oxygen saturation target.

If the baby continues to require supplemental
oxygen after the first few minutes, how should it be
given?

Attempt to gradually decrease the oxygen concentration until the
newborn can maintain saturation within the target range without
supplemental oxygen. If respirations and heart rate are stable, but the
newborn continues to require supplemental oxygen, use pulse
oximetry to guide the appropriate oxygen concentration. Air and
oxygen administered directly from a compressed source is cold and
dry. To prevent heat loss, oxygen given to newborns for a prolonged
period of time should be heated and humidified.

If the baby has labored breathing or oxygen saturation cannot be
maintained within the target range despite 100% oxygen, you should
consider a trial of continuous positive airway pressure (CPAP) or PPV.

What do you do if the baby has labored breathing
or persistently low oxygen saturation?

CPAP

CPAP is a method of respiratory support that uses a continuous low
gas pressure to keep a spontaneously breathing baby’s lungs open.
CPAP may be helpful if the airway is open, but the baby has signs of
labored breathing or persistently low oxygen saturations. CPAP should
only be considered in the delivery room if the baby is breathing and
the baby’s heart rate is at least 100 bpm.

A trial of CPAP in the delivery room can be given by using a
flow-inflating bag or a T-piece resuscitator attached to a mask that is
held tightly to the baby’s face (Figure 3.20). CPAP cannot be given
using a self-inflating bag. The equipment and method for
administering CPAP are described in more detail in Lesson 4.



A B

Administering CPAP using a flow-inflating bag (A) or a T-piece resuscitator (B).
Note: For CPAP, the mask is held tightly against the face to create a seal.

Does the presence of meconium-stained amniotic
fluid change the approach to the initial steps?

The presence of meconium-stained amniotic fluid may indicate fetal
distress and increases the risk that the baby will require resuscitation
after birth.

o Meconium-stained fluid and a vigorous newborn

If the baby is vigorous with good respiratory effort and muscle tone,
the baby may stay with the mother to receive the initial steps of
newborn care. Simply use a bulb syringe to gently clear
meconium-stained secretions from the mouth and nose.

+ Meconium-stained fluid and a non-vigorous newborn

If a baby is born through meconium-stained amniotic fluid and has
depressed respirations or poor muscle tone, bring the baby to the
radiant warmer and perform the initial steps of newborn care as
described in this lesson. You will use a bulb syringe to clear secretions
from the mouth and nose. If the baby is not breathing or the heart
rate is less than 100 bpm after the initial steps are completed, proceed
with PPV.

Routine intubation for tracheal suction is not suggested. Previous
editions of this textbook recommended routine endotracheal
intubation and suction immediately after birth in an effort to reduce
the chance of developing meconium aspiration syndrome; however,
there is insufficient evidence to continue recommending this practice.
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Focus on Teamwork

The initial steps of resuscitation highlight several opportunities for
effective teams to use the Neonatal Resuscitation Program® (NRP®)
Key Behavioral skills.

Behavior Example

Anticipate and plan.

Ensure that you have enough personnel present at the time of delivery based on the
identified risk factors.

Communicate effectively.
Use available information.

Immediately after birth, the obstetric and neonatal care teams need to share their
assessment of the newborn. Subsequent interventions will be based on this assessment.
The care teams need to communicate their findings clearly and efficiently.

Know your environment.

Know how the pulse oximeter, compressed air and oxygen source, oxygen blender, and
flowmeters work in your practice setting.

Know what device is available to administer CPAP in your hospital.

Know how to obtain an ECG monitor if needed.

Use available resources.

If you cannot auscultate or palpate a heart rate and the baby is not vigorous, quickly place
a pulse oximeter sensor or ECG monitor leads and attach them to the appropriate monitor.

Call for additional help
when needed.

After the initial steps, if you identify apnea, gasping, or a heart rate less than 100 bpm
and you are alone, call for additional help. PPV is required and you will need additional
personnel.
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Frequently Asked Questions

After birth, do all babies need to have their mouth and nose
suctioned with a bulb syringe?

No. Vigorous newborns that are breathing or crying and have good
tone do not need to have their mouth and nose suctioned. If necessary,
the upper airway can be cleared by wiping the baby’s mouth and nose
with a cloth. Gentle suction should be reserved for babies with
meconium-stained fluid, difficulty clearing their secretions, and
secretions obstructing their airway, and those who are not breathing or
crying, have poor tone, or require PPV.

Does it matter if the pulse oximeter sensor is attached to the baby's
hand or wrist?

For a small baby, some health care providers find it easier to secure the
sensor to the baby’s wrist; however, some manufacturers recommend
placing the pulse oximeter sensor only on the baby’s hand. There is
evidence that an accurate reading can be obtained using a sensor
placed on the baby’s wrist. In the studies that established the normal
progression of oxygen saturation in healthy newborns, the oximeter



sensor was placed on the baby’s wrist. Placement on either the hand or
wrist is acceptable as long as the transmitted light is detected by the
sensor and a reliable signal is obtained.

Previously, the Neonatal Resuscitation Program recommended
routine endotracheal intubation and suction for non-vigorous babies
born through meconium-stained amniotic fluid. Why is this no longer
recommended?

Prior to each edition of the Textbook of Neonatal Resuscitation,
questions are identified by the neonatology subgroup of the
International Liaison Committee on Resuscitation (ILCOR). The
scientific evidence is reviewed using a systematic approach and
debated in a series of conferences. Treatment recommendations are
developed using a method that evaluates the strength of supporting
evidence (GRADE). The previous recommendation was largely based
on small studies that did not use currently accepted methods to
randomly assign babies to different treatment paths. As a result, the
conclusions from these studies are subject to bias and the strength of
evidence is considered very weak. The most recent ILCOR review
determined that there was insufficient evidence to support routine
endotracheal suction for non-vigorous babies born through
meconium-stained fluid. The NRP Steering Committee’s values
include avoiding invasive procedures without good evidence of benefit
for important outcomes. As a result, the NRP Steering Committee no
longer suggests routine endotracheal suction for non-vigorous babies
delivered through meconium-stained fluid until additional research
demonstrates a benefit from this practice.

The presence of meconium-stained fluid is still considered a risk
factor that increases the likelihood that the newborn will require
resuscitation. At least 2 qualified people should be present at the time
of birth solely to manage the baby. An individual with intubation skill
should be identified and immediately available. If additional risk
factors indicate that an extensive resuscitation is likely, a qualified
team with full resuscitation skills should be present at the time of
birth.

Ethical Considerations

Questions to consider
What is a surrogate decision maker?
What role should parents play in treatment decisions?

These questions are explored in detail in Lesson 11.
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Key Points

(2]

©

Clamping the umbilical cord should be delayed for at least 30 to
60 seconds for most vigorous newborns not requiring resuscitation.

There is insufficient evidence to make a definitive
recommendation on the timing of umbilical cord clamping for
non-vigorous newborns.

All newborns require a rapid initial evaluation. Ask if the baby is
term, has good muscle tone, and is breathing or crying. If the
answer is “NO” to any of these, the newborn should be brought to
the radiant warmer for the initial steps of newborn care.

A vigorous term newborn may have the initial steps of newborn
care performed on the mother’s chest or in her arms.

The 5 initial steps include the following: provide warmth, position
the head and neck, clear secretions from the airway if needed, dry,
and stimulate.

Avoid vigorous and deep suctioning of the posterior pharynx.

After the initial steps are completed, further decisions are based on
assessment of breathing and heart rate.

Continued use of tactile stimulation in an apneic newborn wastes
valuable time. Begin positive-pressure ventilation (PPV) if the
baby has not responded to the initial steps within the first minute
after birth.

To determine heart rate, listen with a stethoscope, count the
number of beats in 6 seconds, and multiply the number of beats by
10 (add a zero to the beats counted).

If the heart rate cannot be determined by listening with a
stethoscope and the baby is not vigorous, use an electronic monitor
such as a pulse oximeter or an electronic cardiac (ECG) monitor.

Use pulse oximetry and the target oxygen saturation table to guide
oxygen therapy when resuscitation is anticipated, to confirm your
perception of persistent central cyanosis, if you give supplemental
oxygen, or if PPV is required. Visual assessment of cyanosis is not
reliable.

A healthy newborn breathing room air may take more than
10 minutes to achieve oxygen saturation greater than 90%.



(® Free-flow oxygen cannot be given reliably using a mask attached to
a self-inflating bag; however, free-flow oxygen may be
administered through the open reservoir (“tail”) on some
self-inflating bags.

(@ Free-flow supplemental oxygen is not effective if the baby is not
breathing.

(® CPAP may be helpful if the baby is breathing and the heart rate is
at least 100 beats per minute (bpm), but respirations are labored
or the oxygen saturation remains below the target.

(® If meconium-stained fluid is present and the baby is vigorous,
suction the mouth and nose with a bulb syringe. The baby may
remain with the mother for the initial steps. If the baby is not
vigorous, bring the baby to the radiant warmer to perform the
initial steps. Routine intubation for tracheal suction is not
suggested.

1. Every newborn (does)/(does not) need an initial rapid
evaluation of gestational age, muscle tone, and respiratory
effort.

2. List the 3 rapid evaluation questions that determine which
newborns should be brought to the radiant warmer for the
initial steps.

3. List the 5 initial steps of newborn care.

4. When using suction to clear secretions, first suction the
newborn’s (mouth)/(nose).

5. Which image shows the correct way to position a newborn’s
head to open the airway (A, B, or C)?
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6. Which images show the correct way to give free-flow oxygen to
a baby? Select all that are correct. (A, B, and/or C).

A B C

7. Oxygen saturation should be 85% to 95% by (2 minutes of age)/
(10 minutes of age).

8. A flow rate of (2 L/min)/(10 L/min) is used for free-flow oxygen
administration.

9. You have provided warmth, positioned the head and neck,
cleared the airway, dried, and stimulated a newborn. It is now
60 seconds after birth and she is still apneic and limp. Your next
action is to

A. Continue stimulation by vigorously rubbing her back and
extremities.
B. Give free-flow supplemental oxygen.
C. Start positive-pressure ventilation.
10. You count a newborn’s heartbeat for 6 seconds and count

6 beats. You report the heart rate as (36 beats per minute)/
(60 beats per minute).

11. If a baby is breathing, the heart rate is above 100 beats per
minute, the airway is clear and correctly positioned, but the
respirations are labored, you may consider (deep pharyngeal
suction)/(CPAP).

Answers

1. Every newborn does need an initial rapid evaluation of
gestational age, muscle tone, and respiratory effort.

2. Is the baby term? Does the baby have good tone? Is the baby
breathing or crying?
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3. Provide warmth, position the head and neck, clear secretions
from the airway if necessary, dry, and stimulate.

4. When using suction to clear secretions, first suction the
newborn’s mouth.

5. Image B shows the correct way to position a newborn’s head to
open the airway.

6. All are correct.
7. Oxygen saturation should be 85% to 95% by 10 minutes of age.

8. A flow rate of 10 L/min is used for free-flow oxygen
administration.

9. Your next action is to start positive-pressure ventilation
(Answer C).

10. You report the heart rate as 60 beats per minute.

11. You may consider CPAP.
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Initial Steps of Newborn Care

The Performance Checklist Is a Learning Tool

The learner uses the checklist as a reference during independent
practice or as a guide for discussion and practice with a Neonatal
Resuscitation Program (NRP) instructor. When the learner and
instructor agree that the learner can perform the skills correctly and
smoothly without coaching and within the context of a scenario, the
learner may move on to the next lesson’s Performance Checklist.

Knowledge Check

@ What are the 3 rapid assessment questions that determine whether
a newborn may stay with his mother or come to the radiant warmer?

)

Which newborns receive the initial steps? What are the 5 initial
steps?

When do you start the Apgar timer?
How do you count a newborn’s heart rate?

Why do you use pulse oximetry and when is it indicated?

© ®© 0 0

What concentration of oxygen is used to initiate resuscitation for
the term newborn? What concentration of oxygen is used when
initiating free-flow oxygen supplementation?

Learning Objectives

@ Identify the newborn who requires initial steps of resuscitation at
the radiant warmer.

@ Demonstrate correct technique for performing initial steps when
the newborn stays with his mother, and when the newborn is
received at the radiant warmer.



©® Demonstrate accuracy when counting an audible newborn heart
rate.

@ Demonstrate correct placement of the oximeter sensor,
interpretation of pulse oximetry, and administration of
supplemental free-flow oxygen.

Scenario

“You are called to attend a vaginal birth. The mother is in active labor
with ruptured membranes. How would you prepare for the birth of this
baby? As you work, say your thoughts and actions aloud so I will know
what you are thinking and doing.”

Option 1: Clear fluid, vigorous term newborn

v  Critical Performance Steps

Preparation for Resuscitation

Assesses perinatal risk (Learner asks 4 pre-birth questions.)
Gestational age? “39 weeks' gestation.”

Clear fluid? “Amniotic fluid is clear.”

How many babies? “One baby is expected.”

Additional risk factors? “There are no additional risk factors.”

Assembles team
e |dentifies leader
¢ Delegates tasks

Performs equipment check

“The baby has been born.”

Rapid Evaluation

Asks 3 rapid evaluation questions

e Term? “Yes.”

® Muscle tone? "Yes.”

® Breathing or crying? “Yes, the baby is crying.”

Newborn stays with mother for initial steps

Initial Steps

Dries newborn, places skin-to-skin with mother, covers with warm blanket, continues ongoing evaluation of
breathing, heart rate, tone, activity, color, and temperature
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Option 2: Meconium-stained fluid, vigorous newborn, persistent cyanosis

v  Critical Performance Steps

Preparation for Resuscitation

Assesses perinatal risk (Learner asks 4 pre-birth questions.)
Gestational age? “41 weeks' gestation.”

Clear fluid? "The fluid is meconium-stained.”

How many babies? “One baby is expected.”

Additional risk factors? “There are no additional risk factors.”

Assembles team
e [dentifies leader
® Delegates tasks

Performs equipment check

"The baby has been born.”

Rapid Evaluation

Asks 3 rapid evaluation questions

e Term? “Yes.”

® Muscle tone? “Yes.”

e Breathing or crying? “Yes, the baby is crying.”

Newborn stays with mother for initial steps

Initial Steps

Suctions mouth and nose with bulb syringe, dries newborn, places skin-to-skin with mother, covers with warm
blanket, continues ongoing evaluation of breathing, heart rate, tone, activity, color, and temperature

“The newborn is 5 minutes old and has central cyanosis that is not resolving.”

Checks breathing “Breathing, no distress.”

Checks heart rate "Heart rate is 140 bpm.”

Applies pulse oximeter sensor to right hand/wrist “Pulse oximeter reads 68%."

Administers free-flow oxygen using correct technique “Oxygen saturation is increasing.”

Monitors oxygen saturation and adjusts blender appropriately per pulse oximetry.

Continues to monitor saturation until within target range and stable without oxygen supplementation.
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Option 3: Clear fluid, requires initial steps at warmer

v  Critical Performance Steps

Preparation for Resuscitation

Assesses perinatal risk (Learner asks 4 pre-birth questions.)
Gestational age? “Term.”

Clear fluid? “Amniotic fluid is clear.”

How many babies? “One baby is expected.”

Additional risk factors? “Repeated fetal heart rate decelerations have been noted in the last 15 minutes.”

Assembles team
e |dentifies leader
® Delegates tasks

Performs equipment check

"The baby has been born.”

Rapid Evaluation

Asks 3 rapid evaluation questions
e Term? “Yes.”

® Muscle tone? “No.”

e Breathing or crying? “No.”

Initial Steps

Receives baby at radiant warmer

Positions airway

Suctions mouth and nose

Dries with towel or blanket, removes wet linen

Stimulates by rubbing back or extremities

Checks Vital Signs

Checks breathing "Yes, the baby is crying.”

Checks heart rate "The heart rate is 120 bpm.”
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Option 4: Clear fluid, requires initial steps at warmer, remains apneic and bradycardic

v/ (Critical Performance Steps

Preparation for Resuscitation

Assesses perinatal risk (Learner asks 4 pre-birth questions.)
Gestational age? “36 weeks' gestation.”

Clear fluid? “Amniotic fluid is clear.”

How many babies? "“One baby is expected.”

Additional risk factors? “The mother has a fever.”

Assembles team
o |dentifies leader
 Delegates tasks

Performs equipment check

“The baby has been born."”

Rapid Evaluation

Asks 3 rapid evaluation questions

e Term? “No, appears 36 weeks' gestation as expected.”
e Muscle tone? “No.”

e Breathing or crying? “No.”

Initial Steps

Receives baby at radiant warmer

Positions airway

Suctions mouth and nose

Dries with towel or blanket, removes wet linen

Stimulates by rubbing back or extremities
Vital Signs

Checks breathing “Not breathing.”
Indicates need for PPV (Scenario ends.)
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Instructor asks the learner debriefing questions to enable
self-assessment such as

(2]

© o

(5]

What is going well so far as you prepare for a birth and make
decisions about performing initial steps?

How did you know if the newborn required

a. Initial steps at the radiant warmer?

b. Supplemental oxygen?
How did you use pulse oximetry to guide your actions?

What would you do differently when preparing for resuscitation or
performing initial steps in our next scenario?

Give me an example of how you used at least one of the NRP Key
Behavioral Skills.

Neonatal Resuscitation Program Key Behavioral Skills

» Know your environment.

o Use available information.

« Anticipate and plan.

« Clearly identify a team leader.

« Communicate effectively.

+ Delegate workload optimally.

« Allocate attention wisely.

o Use available resources.

« Call for additional help when needed.

« Maintain professional behavior.
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What you will learn

The characteristics of self-inflating bags, flow-inflating bags, and
T-piece resuscitators

When to give positive-pressure ventilation

How to position the newborn’s head for positive-pressure
ventilation

How to place a resuscitation mask on the newborn's face

How to administer positive-pressure ventilation and assess
effectiveness

How to use ventilation corrective steps
How to administer continuous positive airway pressure

How to place an orogastric tube




Positive-Pressure Ventilation

1
minute
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Antenatal counseling.
Team briefing and equipment check.

Birth

No

Term? Tone?
Breathing or
crying?

Yes

Warm and maintain normal
temperature, position airway, clear
secretions if needed, dry, stimulate.

[
v

Apnea, gasping, or No
HR below 100

bpm?

PPV.
Spo, monitor.
Consider ECG monitor.

|

HR below 100 No

bpm?

Check chest movement.
Ventilation corrective steps if
needed.

ETT or laryngeal mask if needed.

v

HR below 60 bpm?

Yes

Intubate if not already done.
Chest compressions.
Coordinate with PPV.

100% O,.
ECG monitor.

HR below 60 bpm?

Yes

IV epinephrine.

If HR persistently below 60 bpm:
consider hypovolemia,
consider pneumothorax.

Stay with mother for routine care:
Warm and maintain normal
temperature, position airway,
clear secretions if needed, dry,
ongoing evaluation.

Labored breathing
or
persistent
cyanosis?

Yes

Position and clear airway.
Spo, monitor.
Supplemental O, as needed.
Consider CPAP.

\3

Post-resuscitation care.
Team debriefing.

Pre-ductal Spo, Target

1 min  60%-65%
2min  65%-70%
3 min 70%—-75%
4 min 75%—-80%
5min  80%—-85%
10 min  85%-95%




The following case is an example of how positive-pressure ventilation
(PPV) is provided during resuscitation. As you read the case, imagine
yourself as part of the resuscitation team.

Case: Resuscitation with positive-pressure
ventilation using a resuscitation bag and mask

A woman with preeclampsia has labor induced at 36 weeks’ gestation.
During labor, several late fetal heart rate decelerations are noted and
your resuscitation team is alerted. When your team arrives, you ask

the obstetric provider about additional perinatal risk factors and are
told that the baby has intrauterine growth restriction. You complete

a pre-resuscitation team briefing and prepare your supplies and
equipment. Shortly thereafter, a baby boy is born. The obstetrician gently
stimulates him to breathe, but he remains limp and apneic. The umbilical
cord is clamped and cut and he is moved to the radiant warmer.

After the initial steps are performed, he is still not breathing. You start
PPV with 21% oxygen (room air) as an assistant listens to the baby’s
heart rate. The assistant reports that the baby’s heart rate is 70 beats
per minute (bpm), not increasing, and the chest is not moving with the
assisted breaths. Another team member places a pulse oximeter sensor
on the baby’s right hand, attaches it to the oximeter, and begins
documenting the events as they occur.

You initiate the ventilation corrective steps. First, you reapply the
mask to the face and reposition the baby’s head and neck. You restart
PPV while your assistant watches the newborn’s chest. The assistant
reports that there is still no chest movement. You suction the mouth
and nose with a bulb syringe and open the baby’s mouth. Again, you
start PPV, but there is still no chest movement. You gradually increase
the inspiratory pressure and the assistant calls out, “The chest is moving
now.” The assistant listens to the baby’s heart rate and reports that it is
increasing. Within 30 seconds of achieving ventilation that inflates the
baby’s lungs, the baby’s heart rate is over 100 bpm and oxygen saturation
is 64%. The assistant adjusts the oxygen concentration to maintain the
baby’s oxygen saturation within the minute-specific target range.

You continue PPV while monitoring the baby’s respiratory effort. The
baby begins to breathe and you gradually decrease the ventilation rate.
When the baby is 4 minutes of age, he is breathing consistently, his
heart rate is 140 bpm, and oxygen saturation is 80%. You discontinue
PPV and use continuous positive airway pressure (CPAP) to maintain
his oxygen saturation within the target range. While your team
prepares to move the baby to the nursery for post-resuscitation care,
you explain the next steps to his mother. Shortly afterward, you meet
with your team and conduct a debriefing to evaluate your preparation,
teamwork, and communication.
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Why does the Neonatal Resuscitation Program®
focus on positive-pressure ventilation?

Ventilation of the newborn’s lungs is the single most important and
effective step in neonatal resuscitation. Learning how to provide PPV
is the foundation of neonatal resuscitation. This lesson focuses on
assisted ventilation through a face mask. The next lesson describes
how to provide ventilation through alternative airways.

Explain the common terminology used to describe
positive-pressure ventilation.

Several terms and abbreviations are used to describe PPV (Figure 4.1).

o Peak inspiratory pressure (PIP): The highest pressure
administered with each breath

o Positive end-expiratory pressure (PEEP): The gas pressure
maintained in the lungs between breaths when the baby is
receiving assisted breaths

o Continuous positive airway pressure (CPAP): The gas pressure
maintained in the lungs between breaths when a baby is
breathing spontaneously

o Rate: The number of assisted breaths administered per minute

o Inspiratory time (IT): The time duration (seconds) of the
inspiratory phase of each positive-pressure breath

o Manometer: A gauge used to measure gas pressure

What are the different types of
resuscitation devices used to
ventilate newborns?

Three types of devices are commonly used for
ventilation.

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

Self-inflating bag. Fills spontaneously. Does not need

compressed gas or a tight seal to fill.
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@ A flow-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).

Flow-inflating bag. Requires compressed gas and a tight seal to fill.

© A T-piece resuscitator directs compressed gas toward the baby
when an opening on the top of the T-shaped device is occluded
(Figure 4.4).

T-piece resuscitator. Requires compressed gas to function. Pressures
are set by mechanical controls on the device.

Find out what kind of resuscitation device is used in your hospital. If
your hospital uses flow-inflating bags or T-piece resuscitators, you
should still learn how to use a self-inflating bag. A self-inflating bag
should be readily available as a backup wherever resuscitation may be
needed in case compressed gas is not available. The 3 devices are
briefly described in the following text. Additional details are found in
the Appendix to this lesson. You should read those sections of the
Appendix that apply to the devices used in your hospital.
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Self-inflating bags

A self-inflating bag remains fully inflated unless it is being squeezed
(Figure 4.5). Once you release the bag, it recoils and draws fresh gas
into the bag. If the bag is attached to an oxygen source, it fills with gas
at the supplied oxygen concentration. If the bag is not attached to an
oxygen source, it fills by drawing room air (21% oxygen) into the bag.
Because the bag self-inflates, it does not require compressed gas or a
tight seal at the outlet to remain inflated. The ventilation rate is
determined by how often you squeeze the bag and the IT is determined
by how quickly you squeeze the bag. Peak inspiratory pressure is
controlled by how hard the bag is squeezed. PEEP may be
administered if an additional valve is attached to the bag. Because gas
does not flow out of the mask unless the bag is being squeezed, a
self-inflating bag and mask cannot be used to administer CPAP or
free-flow oxygen. Free-flow oxygen may be administered through the
open reservoir (“tail”) on some self-inflating bags.

A B

Self-inflating bags with a closed reservoir (A) and an open “tail” reservoir (B). Both bags
reinflate automatically without compressed gas.

Most self-inflating bags have a pressure-release valve, also called a
pop-off valve, which limits the peak pressure. These valves are usually
set to release at 30 to 40 cm H,O pressure, but they are not reliable and
may not release until higher pressures are achieved. Some self-inflating
bags have a device that allows the pressure-release valve to be
temporarily occluded, allowing higher pressures to be administered.
Occluding the pop-off valve should be an unusual occurrence and care
must be taken not to use excessive pressure.

Flow-inflating bags

A flow-inflating bag inflates only when a compressed gas source is
flowing into the bag and the outlet is sealed, such as when the mask is
tightly applied to a baby’s face (Figure 4.6A). If compressed gas is not
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flowing into the bag or the outlet is not sealed, the bag collapses and
looks like a deflated balloon (Figure 4.6B). The ventilation rate is
determined by how often you squeeze the bag and the IT is determined
by how quickly you squeeze and release the bag. Peak inspiratory
pressure is controlled by how hard the bag is squeezed and the balance
between the amount of gas flowing into the bag and the gas escaping
through an adjustable flow-control valve. PEEP, CPAP, and free-flow
oxygen are also controlled by this balance in gas flow.

A B

Flow-inflating bag inflated with compressed gas and a tight seal against the baby's face (A). If
compressed gas is not flowing into the bag or the outlet is not sealed, the bag collapses (B).

To ensure that the appropriate pressure is used, a manometer should
always be used with a self-inflating or a flow-inflating bag. The
manometer may be built into the bag or there may be an attachment
site for an external manometer. If the attachment site is left open
without a manometer attached, it will cause a large gas leak and
prevent the baby from receiving the desired inspiratory pressure. A
large leak may prevent a flow-inflating bag from filling.

T-piece resuscitator

A T-piece resuscitator is a mechanical device that uses valves to
regulate the flow of compressed gas directed toward the patient (Figure
4.7). Similar to the flow-inflating bag, the device requires a compressed
gas source. A breath is delivered by using a finger to alternately
occlude and release a gas escape opening on the top of the T-piece cap.
When the opening is occluded, gas is directed through the device and
toward the baby. When the opening is released, some gas escapes
through the cap. The rate is determined by how often you occlude the
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A B C
A T-piece resuscitator (A). The T-piece resuscitator's pressure is controlled by adjustable valves. Inspiratory pressure is
adjusted by a dial on the machine (B) and PEEP is controlled by a dial on the T-piece cap (C).

opening on the cap and the IT is controlled by how long the opening is
occluded. There are 2 control dials that are used to limit the
inspiratory pressure. The inspiratory pressure control limits the PIP
during each assisted breath. The maximum pressure relief control is a
safety feature, similar to the pop-off valve on a self-inflating bag, which
prevents the user from increasing the PIP beyond a preset value. This
control dial may be covered by a removable shield. An adjustable dial
on the T-piece cap controls how much gas is allowed to escape between
breaths and, therefore, adjusts the PEEP and CPAP. A built-in
manometer measures the inspiratory and expiratory pressure.

What are the indications for positive-pressure
ventilation?

After completing the initial steps, PPV is indicated if the baby is not
breathing (apneic), OR if the baby is gasping, OR if the baby’s heart rate
is less than 100 bpm. When indicated, PPV should be started within 1
minute of birth.

Indications for

Positive-Pressure Ventilation In addition, a trial of PPV may be considered if the baby is breathing
and the heart rate is greater than or equal to 100 bpm, but the baby’s

* Apnea (not breathing)
oxygen saturation cannot be maintained within the target range

* Gasping )
« Heart rate less than 100 bpm despite free-flow oxygen or CPAP.
* Oxygen saturation below the Immediately call for help if you are alone. Your assistant(s) will

target range despite free-flow

monitor the heart rate response to PPV, watch for chest movement,
oxygen or CPAP

and attach a pulse oximeter to the right hand/wrist.
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How do you prepare to begin positive-pressure
ventilation?

1. Clear secretions from the airway.

If not done already, suction the mouth and nose to be certain that
secretions will not obstruct PPV.

2. Position yourself at the baby's head.

The person responsible for positioning the airway and holding the
mask on the baby’s face is positioned at the baby’s head (Figure 4.8). It
is difficult to maintain the head, neck, and mask in the correct position
when standing at the side or foot of the bed. Team members at the side
of the bed are better positioned to assist with pulse oximeter placement
and assess chest movement and breath sounds.

3. Position the baby's head and neck.

The baby’s head and neck should be neutral or slightly extended in the
sniffing position so that the baby’s chin and nose are directed upward
(Figure 4.9). Improper positioning is one of the most common reasons
for ineffective mask ventilation. The airway will be obstructed if the
neck is excessively flexed or extended. Because the back of a newborn’s
head (occiput) is prominent, it may be helpful to lift the shoulders

Birth

Term? Tone?
Breathing or
crying?

Warm and maintain normal
temperature, position airway, clear
secretions if needed, dry, stimulate.

|
v

Apnea, gasping, or
HR below 100
bpm?

PPV.
Spo, monitor.
Consider ECG monitor.

Position yourself at the baby’s head to provide assisted ventilation. The sniffing position
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slightly by placing a rolled towel or small blanket under the baby’s
shoulders (Figure 4.10).

How do you position the mask on the baby's face?

1. Select the correct mask.

A variety of mask sizes should be available at every delivery. Neonatal
masks have a cushioned or soft pliable rim and come in 2 shapes—
round and anatomically shaped (Figure 4.11). Anatomically shaped
masks are made to be placed with the pointed part of the mask fitting
over the nose. The mask should rest on the chin and cover the mouth
and nose, but not the eyes. The correct mask will create a tight seal on
the face (Figure 4.12).

s

Shoulder roll used to position the head Round (top) and anatomic

and neck

(bottom) face masks

Correct size anatomic  Incorrect (small) anatomic  Incorrect (large) anatomic Incorrect (upside down) anatomic

Correct size round

Correct and
incorrect-sized anatomic and
round face masks. The first
mask in each row is correct. The
remaining masks are incorrect.
They are too small, too large, or
upside down.

Incorrect (small) round Incorrect (large) round



2. Place the mask on the baby's face.

An airtight seal between the rim of the mask and the face is necessary
to achieve the pressure that will inflate the lungs with any resuscitation
device. Ventilation will not be successful if there is a large air leak from
an improperly placed mask.

One-Hand Technique:

Begin by cupping the chin in the bottom of an anatomic mask and then
bring the mask over the mouth and nose (Figure 4.13). Hold the mask
on the face with the thumb and index finger encircling the rim. Place
the other 3 fingers under the bony angle of the jaw and gently lift the
jaw upward toward the mask. Once the mask is positioned, an airtight
seal can be formed by using even, downward pressure on the rim of the
mask while holding the head in the sniffing position (Figure 4.14A).

Some round masks are designed to be held by the stem rather than the
rim (Figure 4.14B). If you apply pressure to the rim of this type of
mask, the mask shape is deformed and will leak.

A B

(A) Cup the chin in the mask. (B) Bring the mask over the mouth and nose.

A B

Maintaining a seal with the 1-hand technique using an anatomic mask (A) or a round mask (B).
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Two-Hand Technique With Jaw Thrust:

It can be difficult to maintain a good seal and the correct head position
with 1 hand. If you cannot achieve a good seal, use both hands to hold
the mask with the jaw thrust technique. Use the thumb and first finger
of both hands to hold the mask against the face. Place the other

3 fingers of each hand under the bony angle of the jaw and gently lift
the jaw upward toward the mask (Figure 4.15). While you concentrate
on making a good seal and maintaining the correct head position,
another team member stands at the baby’s side and squeezes the bag or
occludes the T-piece cap. A third person monitors the baby’s response.

Two-hand technique with jaw thrust

Precautions
Care must be taken when holding the mask.

« Do not “jam” the mask down on the face. Too much pressure can
obstruct the mask, cause air to leak around the side of the mask,
inadvertently flex the baby’s neck, or bruise the face.

o Be careful not to rest your hand on the baby’s eyes.
+ Be careful not to compress the soft tissue of the baby’s neck.

o Recheck the position of the mask and the baby’s head at intervals to
make sure they are still correctly positioned.

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

Studies have shown that resuscitation started with 21% oxygen is just
as effective as resuscitation started with 100% oxygen. In an attempt to
balance the hazards possibly associated with extremes of oxygenation,
this program recommends that your goal during and following



resuscitation of a newborn should be to achieve an oxygen saturation,
as measured by pulse oximetry, that closely mimics the saturation
measured in healthy babies born at term. Before birth and throughout
intrauterine development, the fetus has a blood oxygen saturation of
approximately 60%. After birth, the oxygen saturation gradually
increases above 90%. However, even healthy term newborns may take
10 minutes or longer to reach this saturation.

o For the initial resuscitation of newborns greater than or equal to
35 weeks’ gestation, set the blender to 21% oxygen (Figure 4.16).

o For the initial resuscitation of newborns less than 35 weeks’
gestation, set the blender to 21% to 30% oxygen.

o Set the flowmeter to 10 L/minute (Figure 4.16).

+ An assistant should place a pulse oximeter sensor on the right hand
or wrist as soon as possible after PPV is started. Once the oximeter
is reading reliably, compare the baby’s pre-ductal oxygen saturation
with the range of target values summarized in Table 4-1 and adjust
the oxygen concentration as needed.

What ventilation rate should be used during
positive-pressure ventilation?

Breaths should be given at a rate of 40 to 60 breaths per minute.

Count out loud to help maintain the correct rate. Use the rhythm,
“Breathe, Two, Three; Breathe, Two, Three; Breathe, Two, Three.” Say
“Breathe” as you squeeze the bag or occlude the T-piece cap and
release while you say “T'wo, Three” (Figure 4.17).

Breathe....
(squeeze)

Breathe.... Two......Three......
(squeeze) (release... .. ceuveens)

Count the rhythm out loud to maintain the correct rate.

Flowmeter set to
10 L/min. Adjust blender to desired
oxygen concentration.

Oxygen saturation target
range

Target Pre-ductal Spo,
After Birth

1 min 60%-65%
2 min 65%-70%
3 min 70%-75%
4 min 75%-80%
5 min 80%-85%
10 min 85%-95%
Two......Three......

(release... ... vou vus vens)
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How much pressure should be used to start
positive-pressure ventilation?

After birth, fetal lung fluid within the alveoli must be replaced with air
for gas exchange to occur. If the baby has not taken a spontaneous
breath, the first few assisted breaths may require higher than usual
pressure to move fluid out of the air spaces and inflate the alveoli.
However, excessively high lung volumes and airway pressures can
cause lung injury. The goal is to use just enough pressure to inflate and
aerate the lungs so that the heart rate and oxygen saturation increase.

Start with a PIP of 20 to 25 cm H,O. Full-term babies may require a
higher inspiratory pressure for the first few breaths to inflate their
lungs (30-40 cm H,0). After the initial inflating breaths, you may be
able to decrease the inspiratory pressure.

Administering PEEP with the initial inflating breaths helps to achieve
stable lung inflation more quickly, remove fluid, and prevent the air
spaces from collapsing during exhalation. When PEEP is used, the
suggested initial setting is 5 cm H,0.

Once you inflate the lungs, you should see a gentle rise and fall of the
chest with each breath. If the baby appears to be taking very deep
breaths during PPV, you are probably using too much pressure and
the lungs may become overinflated. This increases the risk of
producing an air leak within the lung (pneumothorax). Remember that
the volume of a normal breath is much smaller than the amount of gas
in your resuscitation bag.

If the baby is preterm, visual assessment of chest movement may be
less reliable and the risk of injury from overinflation may be greater. It
is possible to achieve successful ventilation without apparent chest
movement. Additional details about providing assisted ventilation to
preterm newborns are included in Lesson 9.

Review

@ The single most important and most effective step in neonatal
resuscitation is (aggressive stimulation)/(ventilation of the lungs).

@ Positive-pressure ventilation is indicated if the baby is or
, or the heart rate is less than beats per minute
after the initial steps. (Fill in the blanks.)

© A baby is born limp and apneic. You place her under a radiant
warmer, position her airway, remove secretions, and dry and
stimulate her. She does not improve. The next step is to (stimulate
her more)/(begin positive-pressure ventilation).



@ If positive-pressure ventilation is given, at least (1)/(2) qualified
providers will be needed at the radiant warmer to perform the
necessary steps efficiently.

© Which of these devices is a self-inflating bag, a flow-inflating bag, a
T-piece resuscitator?

A B C

0O For positive-pressure ventilation, adjust the flowmeter to
(5 L/min)/(10 L/min).

@ An anatomically shaped mask should be positioned with the
(pointed)/(rounded) end over the newborn’s nose.

© Which mask is the correct size and correctly placed on the
newborn’s face?

A B C

© Administer positive-pressure ventilation at a rate of (20 to
25 breaths per minute)/(40 to 60 breaths per minute).

(O Begin positive-pressure ventilation with an inspiratory pressure of
(20 to 25 cm H,0)/(40 to 60 cm H,0).

@ Ventilation of the term newborn begins with (21% oxygen)/(40%
oxygen).

(@ The oxygen concentration used during resuscitation is guided by
the use of a (manometer)/(pulse oximeter) that measures the
baby’s oxygen saturation.

79



Positive-Pressure Ventilation

(® Ifyou are using a device that administers positive end-expiratory
pressure (PEEP), the recommended initial pressure is (5 cm H,0)/
(10 cm H,0).

Answers

@ The single most important and most effective step in neonatal
resuscitation is ventilation of the lungs.

@ Positive-pressure ventilation is indicated if the baby is apneic or
gasping, or the heart rate is less than 100 beats per minute after the
initial steps.

®

The next step is to begin positive-pressure ventilation.

@ 1If positive-pressure ventilation is given, at least 2 qualified
providers will be needed at the radiant warmer to perform the
necessary steps efficiently.

@ Figure A= flow-inflating, Figure B= self-inflating,
Figure C= T-piece resuscitator.

@O For positive-pressure ventilation, adjust the flowmeter to
10 L/min.

@ An anatomically shaped mask should be positioned with the
pointed end over the newborn’s nose.

@ Mask A is the correct size and is correctly placed on the newborn’s
face.

© Administer positive-pressure ventilation at a rate of 40 to
60 breaths per minute.

() Begin positive-pressure ventilation with an inspiratory pressure of
20 to 25 cm H,O.

©

Ventilation of the term newborn begins with 21% oxygen.

®

The oxygen concentration used during resuscitation is guided by
the use of a pulse oximeter that measures the baby’s oxygen
saturation.

(® Ifyou are using a device that administers positive end-expiratory
pressure (PEEP), the recommended initial pressure is 5 cm H,O.
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How do you evaluate the baby's response to
positive-pressure ventilation?

The most important indicator of successful PPV is a rising heart rate.
Initiate PPV at the reccommended rate and pressure. An assistant will
monitor the baby’s heart rate response with a stethoscope, pulse
oximeter, or an electronic cardiac (ECG) monitor. You will make

2 separate assessments of the baby’s heart rate response to PPV. Your first
assessment determines if the baby’s heart rate is increasing with PPV.

First Heart Rate Assessment: Check the baby's
heart rate after 15 seconds of positive-pressure
ventilation.

If PPV was started because the baby had a low heart rate, the baby’s
heart rate should begin to increase within the first 15 seconds of PPV.
If the heart rate does not increase, you must determine if you are
inflating the baby’s lungs and take corrective action if necessary.

Heart rate is increasing.

If the baby’s heart rate is increasing, the assistant should announce
“Heart rate is increasing.” Continue PPV and do your second
assessment of the baby’s heart rate after another 15 seconds.

Heart rate is not increasing.

If the baby’s heart rate is NOT increasing, the assistant should
announce “Heart rate is NOT increasing.” Check for chest movement
with the assisted breaths, report the finding, and follow the steps below
(Figure 4.19).

»> Heart rate not increasing - Chest IS moving.

o Announce “Chest IS moving.”

o Continue PPV that moves the chest.

« Do your second assessment of the baby’s heart rate after
another 15 seconds of PPV that moves the chest.

» Heart rate not increasing - Chest is NOT moving.

o Announce “Chest is NOT moving.”

« Ventilations are not inflating the lungs. Perform the
ventilation corrective steps described in the following text
until you achieve chest movement with ventilation.
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o Alert the team when chest movement has been achieved.
o Continue PPV that moves the chest.

o Do your second assessment of the baby’s heart rate after
30 seconds of PPV that moves the chest.

The ventilation corrective steps ("MR. SOPA steps”)

The most likely reasons for ineffective mask ventilation are (1) leak
around the mask, (2) airway obstruction, and (3) insufficient
ventilating pressure. The 6 ventilation corrective steps address these
common problems and are summarized in Table 4-2. You may use the
mnemonic “MR. SOPA” to remember the 6 steps in order—Mask
adjustment, Reposition head, Suction airway, Open mouth, Pressure
increase, and Alternative airway. You will perform the corrective steps
until you achieve chest movement with assisted breaths. Once chest
movement is achieved, the assistant will announce, “The chest is
moving NOW.” You will continue PPV for 30 seconds and assess the
baby’s heart rate response.

The 6 Ventilation Corrective Steps: MR. SOPA

Mask adjustment.

Corrective Steps Actions
M

Reapply the mask. Consider the 2-hand technique.

R. | Reposition airway.

Place head neutral or slightly extended.

Try PPV and reassess chest movement.

S Suction mouth and nose.

Use a bulb syringe or suction catheter.

Open mouth.

Open the mouth and lift the jaw forward.

Try PPV and reassess chest movement.

o

‘ Pressure increase.

‘ Increase pressure in 5 to 10 cm H,0 increments, maximum 40 cm H,0.

Try PPV and reassess chest movement.

A ‘ Alternative Airway

‘ Place an endotracheal tube or laryngeal mask.

Try PPV and assess chest movement and breath sounds.

4

TS
A RS
<-

Inadequate mask seal
on the face may result in ineffective
ventilation. Air leak between the cheek
and bridge of the nose is common.
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M: Mask adjustment.

Reapply the mask to the face to form a better seal. Indicators of a good
seal include achieving the desired PIP, maintaining the desired PEEP,
and rapid reinflation of a flow-inflating bag between breaths. If a leak
is present, use a little more pressure on the rim of the mask and lift the
jaw upward. Do not press down hard on the baby’s face. The most
common place for a leak to occur is between the cheek and bridge of
the nose (Figure 4.18). If you continue to have difficulty achieving a
tight seal, use the 2-hand technique described previously.



R: Reposition the baby's head.

The airway may be obstructed because the neck is flexed too far
forward or is overextended. Reposition the baby’s head and neck to
ensure that it is neutral or slightly extended (the sniffing position).

After performing the M and R steps, try ventilating again while watching
for chest movement. If the chest is not moving, proceed to the next 2 steps.

S: Suction the mouth and nose.

The airway may be blocked by thick secretions. Suction the mouth and
nose with a bulb syringe. In unusual situations, thick secretions may be
blocking the trachea, and endotracheal intubation for suction may be
required.

0: Open the baby's mouth.
Use your finger to open the baby’s mouth and reapply the mask.

After performing the S and O steps, try ventilating again while watching
for chest movement. If the chest is still not moving, proceed to the next step.

P: Pressure increase.

Although you have an adequate seal and an open airway, inflating the
baby’s lungs may require a higher inspiratory pressure. Use the
manometer to guide adjustments of the inspiratory pressure. Increase
the pressure by 5 to 10 cm H,0O increments until you achieve chest
movement. The maximum recommended pressure with face-mask
ventilation for a term newborn is 40 cm H,O.

If you are using a T-piece resuscitator, an assistant will need to adjust
the PIP dial. If you are using a self-inflating bag, you may need to
temporarily occlude the pop-off valve to achieve pressures greater than
30 cm H,0. Use caution when occluding the pop-oft valve.

Try ventilating with gradually increasing pressure while watching for
chest movement. If the chest is still not moving with the maximum
recommended pressure (40 cm H,O for term newborn), proceed to the
next step.

A: Alternative airway.

Mask ventilation techniques are not always sufficient to inflate the
lungs. If you have completed the first 5 corrective steps and you still
cannot achieve chest movement, you should insert an alternative
airway such as an endotracheal tube or laryngeal mask (Lesson 5).
Once an alternative airway is inserted, begin PPV and evaluate the
baby’s chest movement and breath sounds.

83



Positive-Pressure Ventilation

Alert the team when chest movement with ventilation is achieved.

Once you achieve chest movement with each assisted breath,
announce, “The chest is moving NOW.” Continue PPV for 30 seconds.
This ensures that your whole team knows when to reevaluate the heart

rate response.

First Assessment

Heart Rate After 15 Seconds of PPV

Increasing

* Announce “Heart rate
is increasing.”

» Continue PPV.

» Second HR assessment
after another 15
seconds of PPV.

Not Increasing
Chest IS Moving

Not Increasing
Chest NOT Moving

* Announce “Heart rate
NOT increasing, chest IS
moving.”

» Continue PPV that
moves the chest.

* Second HR assessment
after another 15
seconds of PPV that
moves the chest.

Second Assessment

* Announce “Heart rate
NOT increasing, chest is
NOT moving.”

+Ventilation corrective
steps until chest
movement with PPV.

* Intubate or laryngeal
mask if necessary.

* Announce when chest
is moving.

» Continue PPV that
moves the chest.

» Second HR assessment
after 30 seconds of
PPV that moves the
chest.

Heart Rate After 30 Seconds of PPV That Moves the Chest

At least
100 beats per minute (bpm)

» Continue PPV 40-60
breaths/min until
spontaneous effort.

60-99 bpm

* Reassess ventilation.
«Ventilation corrective
steps if necessary.

<60 bpm

« Reassess ventilation.

«Ventilation corrective
steps if necessary.

* Insert an alternative
airway.

« If no improvement,
100% oxygen and
chest compressions.

Evaluating the baby’s response to PPV determines your next steps. The first heart rate
check is performed after 15 seconds of PPV. The second heart rate check is performed after
30 seconds of PPV that inflates the lungs.
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You will do your second assessment of the baby’s heart rate after
30 seconds of ventilation that inflates the lungs as indicated by chest
movement.

If you have difficulty maintaining chest movement during this time,
repeat the ventilation corrective steps as needed. Place an alternative
airway if you have persistent difficulty maintaining effective
ventilation with a face mask.

Second Heart Rate Assessment: Check the baby's
heart rate after 30 seconds of ventilation that
inflates the lungs.

» The heart rate is greater than or equal to 100 bpm.

Assisted ventilation has been successful. Continue ventilating at a rate
of 40 to 60 breaths per minute (Figure 4.19). Monitor the baby’s chest
movement, heart rate, and respiratory effort. Adjust the oxygen
concentration as needed based on pulse oximetry. When the heart rate
is consistently more than 100 bpm, gradually reduce the rate and
pressure of PPV, observe for effective spontaneous respirations, and
stimulate the baby to breathe. Positive-pressure ventilation may be
discontinued when the baby has a heart rate continuously over

100 bpm and sustained spontaneous breathing.

After PPV is stopped, continue to monitor the baby’s oxygen
saturation and breathing. Free-flow oxygen or CPAP may be required
and can be weaned, as tolerated, based on pulse oximetry.

» The heart rate is at least 60 bpm, but less than 100 bpm.

Continue to administer PPV (40-60 breaths per minute) as long as the
baby is showing steady improvement. Monitor the oxygen saturation
and adjust the oxygen concentration to meet the target saturation
range indicated on the table.

If the heart rate remains at least 60 bpm, but less than 100 bpm and is
not improving, consider each of the following (Figure 4.19):
o Quickly reassess your ventilation technique.

- Is the chest moving?

- Does your assistant hear bilateral breath sounds?

- Perform the ventilation corrective steps if necessary.

« Monitor heart rate, chest movement, respiratory effort, and oxygen
saturation.
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« Adjust the oxygen concentration to meet the target saturation.

« Consider inserting an alternative airway if one is not already in
place.

« Call for additional expertise to help problem solve this situation.
» The heart rate is less than 60 bpm.

This uncommon situation occurs when the heart cannot respond to
ventilation alone and requires additional support to bring oxygenated
blood to the coronary arteries. Consider each of the following (Figure
4.19):

 Quickly reassess your ventilation technique.
— Is the chest moving?
- Does your assistant hear bilateral breath sounds?
- Perform the ventilation corrective steps if necessary.
« Adjust the oxygen concentration to meet the target saturation.

« Ifnotalready done, inserting an alternative airway and providing
30 seconds of ventilation through the airway is strongly
recommended.

« Call for additional help.

o If the baby’s heart rate remains less than 60 bpm despite 30 seconds
of PPV that inflates the lungs (chest movement), preferably through
an alternative airway, increase the oxygen concentration (F10,) to
100% and begin chest compressions as described in Lesson 6.

What do you do if the baby is breathing
spontaneously and has a heart rate at least
100 bpm, but has labored breathing or low
oxygen saturation despite free-flow oxygen?

If the baby is breathing spontaneously and has a heart rate at least

100 bpm, but has labored respirations or low oxygen saturation, CPAP
may be helpful. CPAP is NOT appropriate therapy for a baby who is
not breathing spontaneously or whose heart rate is less than 100 bpm.

The distinction between PEEP and CPAP can be confusing. PEEP
refers to pressure maintained between breaths when a baby is receiving
assisted breaths. CPAP is a technique for maintaining pressure within
the lungs of a spontaneously breathing baby. CPAP keeps the lungs



slightly inflated at all times and may be helpful for preterm babies
whose lungs are surfactant deficient causing the alveoli to collapse at
the end of each exhalation. When CPAP is provided, the baby does not
have to work as hard to reinflate the lungs with each breath. CPAP also
may be beneficial for newborns with retained fetal lung fluid. Using
early CPAP, you may be able to avoid the need for intubation and
mechanical ventilation.

o Administering CPAP during the initial stabilization period

CPAP is administered by making a tight seal between the baby’s face
and a mask attached to either a T-piece resuscitator or a flow-inflating
bag. CPAP cannot be administered with a self-inflating bag even if a
PEEP valve has been placed. The desired CPAP is achieved by
adjusting the PEEP cap on the T-piece resuscitator or the flow-control
valve on the flow-inflating bag (Figure 4.20). Test the amount of CPAP
before applying the mask to the baby’s face by holding the mask tightly
against your hand and reading the pressure on the manometer
(pressure gauge). Adjust the PEEP cap or the flow-control valve so that
the manometer reads 5 cm H,O pressure.

C D

Adjust the CPAP pressure by turning the cap on the T-piece resuscitator (A, B) or the

flow-control valve on the flow-inflating bag (C, D) before placing the mask on the baby’s face.
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After you have adjusted the CPAP to the desired pressure, place it
firmly against the baby’s face (Figure 4.21). Lift the baby’s jaw into the
mask instead of pushing the baby’s head down into the mattress.
Check that the pressure is still at the selected level. If it is lower, you
may not have a tight seal of the mask on the baby’s face. You may
adjust the CPAP depending on how hard the baby is working to
breathe. Do not use more than 8 cm H,O. If the baby is not breathing
effectively, you need to give PPV breaths instead of CPAP.

B
Administering face-mask CPAP with a T-piece (A) and flow-inflating bag (B). The

manometer shows the amount of CPAP administered. A tight seal must be maintained with the mask.

o Administering CPAP after the initial stabilization period

If CPAP will be administered for a prolonged period, you will use nasal
prongs or a nasal mask (Figure 4.22). After the initial stabilization,
CPAP can be administered with a bubbling water system, a dedicated
CPAP device, or a mechanical ventilator.

CPAP administered to a preterm newborn with nasal prongs.
(Used with permission of Mayo Foundation for Medical Education and Research.)



When should you insert an orogastric tube?

During CPAP or PPV with a mask, gas enters the esophagus and
stomach (Figure 4.23). Gas in the stomach may interfere with
ventilation. If a newborn requires CPAP or PPV with a mask for
longer than several minutes, consider placing an orogastric tube and
leaving it uncapped to act as a vent for the stomach.

Equipment needed:
o 8F feeding tube
» Large syringe

o Tape

Insertion steps:

@ Measure the distance from the bridge of the nose to the earlobe and
from the earlobe to a point halfway between the xiphoid process (the
lower tip of the sternum) and the umbilicus. Note the centimeter
mark at this place on the tube (Figure 4.24). To minimize
interruption of ventilation, measurement of the orogastric tube
can be approximated with the mask in place.

28cm

Measuring the correct insertion depth for an
orogastric tube. In this example, the tube should be inserted 28 cm.

@ Insert the tube through the mouth (Figure 4.25A). Ventilation can
be resumed as soon as the tube has been placed. Reassess the
face-mask seal.

©® Once the tube is inserted the desired distance, attach a syringe and
remove the gastric contents (Figure 4.25B).

@ Remove the syringe from the tube and leave the end of the tube
open to provide a vent for air entering the stomach (Figure 4.25C).

@ Tape the tube to the baby’s cheek (Figure 4.25D).

Excess gas in stomach
from bag-mask ventilation
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Insertion of an orogastric
tube (A), aspirating the orogastric tube
(B), opening the orogastric tube to vent
(C), and securing the orogastric tube with
tape (D)

Focus on Teamwork

Providing PPV highlights several opportunities for effective teams to
use the Neonatal Resuscitation Program (NRP®) Key Behavioral skills.

Behavior Example

Anticipate and plan. Ensure that you have enough personnel present at the time of birth based on the risk
factors you identified.

During your pre-resuscitation team briefing, plan roles and divide responsibilities.
Determine who performs PPV, auscultates the heart rate, assesses chest movement,
places the pulse oximeter, and documents events as they occur.

Delegate workload optimally. If PPV is required, at least 2 or 3 qualified providers are needed to perform all of the

Call for help when needed. tasks quickly.

If you have difficulty maintaining a good seal, the 2-hand technique may be required,
which requires a second person to administer the assisted breath and a third person
to evaluate the response.

You may need to call for additional help if intubation is required.

Communicate effectively. The individuals providing PPV and assessing the effectiveness of ventilation must
share information and communicate with each other.

If the ventilation corrective steps are required, frequent information sharing after
each step is crucial. It is important to announce when chest movement has been
achieved (“Chest is moving NOW.") so that the team knows when to evaluate the
heart rate response.

Know your environment. Know how to operate and troubleshoot your PPV device.

Use available resources. Know how to obtain an electronic cardiac (ECG) monitor.

20



Frequently Asked Questions

Can a carbon dioxide (CO,) detector be used to help assess the
efficacy of ventilation during the corrective steps?

Yes, using a CO, detector during the ventilation corrective steps can
provide a visual cue (Table 4-3) that helps you and your team identify
when you have achieved ventilation that inflates the lungs. During
effective mask ventilation, CO, from the baby’s lungs will be exhaled
through the mask. If you place a CO, detector between the mask and
the PPV device (bag or T-piece) and you are providing effective
ventilation, you should see the detector turn yellow during each
exhalation (Figure 4.26). If the CO, detector does not turn yellow, your
face-mask ventilation attempts may not be aerating the lungs. If the
detector remains blue/purple after the first 5 corrective steps and the
heart rate has not improved, it is another indication that you have not
achieved effective ventilation and an alternative airway is needed.

Interpreting the CO, detector with face-mask ventilation

CO, Detector Color Interpretation

Blue/Purple Not ventilating the lungs or low
cardiac output.

Yellow Ventilating the lungs.

Initially blue/purple then turns yellow
after a ventilation corrective step

The ventilation corrective step was
effective; heart rate will likely improve
quickly.

Initially turns yellow then returns to
blue/purple

Lung ventilation has been lost.
Perform the ventilation corrective
steps.

Colorimetric CO, detector used with face mask during ventilation
corrective steps. Color change to yellow suggests ventilation of the lungs.
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What are the advantages and disadvantages of each resuscitation
device?

The self-inflating bag is often considered easier to use and requires
little time to set up. Because it fully reinflates even without a seal, you
will be less likely to know if you have a large leak between the mask
and the baby’s face. It is difficult to control the inspiratory time with a
self-inflating bag. In addition, the mask cannot be used to administer
CPAP to a spontaneously breathing baby.

The flow-inflating bag (also called an anesthesia bag) is more
complicated to set up and takes more practice to use effectively. It
requires a compressed gas source and adjustments to find the correct
balance between gas inflow and outflow. The advantage is that you will
know immediately if you lose gas pressure or have a leak between the
bag and mask because the bag will deflate. Absent or partial inflation
of the bag indicates that a tight seal has not been established. An
effective face-mask seal is indicated by observing stable PEEP/CPAP
on the manometer. The inspiratory time can be increased, if needed,
by squeezing the bag for a longer period of time.

The T-piece resuscitator also requires some preparation time for setup
prior to use. Similar to the flow-inflating bag, it requires a compressed
gas source and adjustment to the dials controlling the PIP and PEEP.
The primary advantage of the T-piece resuscitator is that it provides
more consistent pressure with each breath than either the self-inflating
or flow-inflating bag. An effective face-mask seal is indicated by
observing stable PEEP/CPAP on the T-piece manometer. In addition,
the users may not become fatigued because they are not repeatedly
squeezing a bag. The inspiratory time can be increased, if needed, by
occluding the hole on the T-piece cap for a longer period of time.

Can you give free-flow oxygen using a resuscitation device?

Free-flow oxygen cannot be given reliably via the mask of a self-
inflating bag (Figures 4.27A and 4.27B). Free-flow oxygen may be
given through the tail of an open reservoir. If your hospital has
self-inflating bags with closed reservoirs, you will need separate tubing
to administer free-flow oxygen.

Free-flow oxygen can be given via the mask of a flow-inflating bag or
T-piece resuscitator (Figures 4.28A and 4.28B). The mask should be
placed close to the face, allowing some gas to escape around the edges.
If the mask is held tightly to the face, pressure will build up in the bag
or in the T-piece device. If a flow-inflating bag is used, the bag should
not inflate when used to provide free-flow oxygen. An inflated bag
indicates that the mask is tight against the face and positive-pressure is



A B

INCORRECT. Free-flow oxygen CANNOT be given

CORRECT method for administering free-flow

reliably through the mask of a self-inflating bag. oxygen using the open tail reservoir of this self-inflating bag

A B
Free-flow oxygen with a flow-inflating bag. The

Free-flow oxygen wi