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Course Overview

Course Objectives

The Pediatric Advanced Life Support (PALS) Provider Course is designed for health care professionals who manage
respiratory or cardiovascular emergencies and cardiopulmonary arrest in pediatric patients. By preparing for the course and
participating in the skills stations and simulated cases, you will enhance the recognition of and intervention for respiratory
emergencies, shock, and cardiopulmonary arrest.

During the course, you will participate in a series of case scenario practices with simulations that reinforce important concepts,
including

e Applying a systematic approach to the pediatric assessment

o Identifying and treating problems that place the child at risk for cardiac arrest

e Using the evaluate-identify-intervene sequence

e Using the PALS algorithms

o Demonstrating effective resuscitation team dynamics

Goal of the PALS Provider Course

The PALS Provider Course aims to improve outcomes for pediatric patients by preparing health care professionals to
effectively recognize and intervene in patients with respiratory emergencies, shock, and cardiopulmonary arrest by using high-
performance team dynamics and high-quality individual skills.

Learning Objectives

After successfully completing this course, you should be able to
o Perform high-quality cardiopulmonary resuscitation (CPR) per American Heart Association (AHA) basic life support
(BLS) recommendations
o Differentiate between patients who do and do not require immediate intervention
e Perform your role as a high-performance team member
o Differentiate between respiratory distress and failure
























e ECG rhythm identification
e Pharmacology
o Practical application

Complete these assessments before the course to identify gaps in and improve your knowledge. Print out your certificate of
completion and take it with you to the course.

Student Resources also include PALS videos, video prework (if assigned), and supplementary information.

Course Completion Requirements

To successfully complete the PALS Provider Course and obtain your course completion card, you must
o Successfully complete the PALS Precourse Self-Assessment (classroom-based course only)
o Actively participate in, practice, and complete all skills stations and learning stations
e Pass the Child CPR and AED and Infant CPR Skills Tests
e Pass an exam with a minimum score of 84% (classroom-based course only)
e Pass 2 PALS case scenario tests

Science Update

We have updated the PALS Provider Course to incorporate the recommendations of the 2025 AHA Guidelines for CPR and
ECC. On an ongoing basis, hundreds of international resuscitation scientists and experts evaluate, discuss, and debate
thousands of scientific publications. Then, they reach consensus on the best treatments based on the evidence, which forms
the basis for developing the guidelines. Some recommendations are new, whereas others modify previous recommendations.
The following list highlights many of the key recommendations for pediatric BLS and ALS.

Major Science Changes in 2025
Some of the major science changes in 2025 include the following:

Pediatric BLS
1. Immediate recognition of cardiac arrest is vital to improving outcomes. For infants and children who are
unresponsive with abnormal breathing (including gasping), rescuers should activate emergency medical services
and initiate high-quality CPR, beginning with chest compressions.



PALS

2. High-quality CPR is the foundation of resuscitation. The key components of high-quality CPR include providing
adequate chest compression rate and depth, minimizing interruptions in CPR, allowing complete chest recoil
between compressions, and avoiding excessive ventilation.

3. Arespiratory rate of 20 to 30 breaths per minute is recommended for infants and children who are (a) receiving
CPR with an advanced airway in place or (b) receiving breathing and have a pulse.

4. For infants, the recommended compression techniques include the heel-of-1-hand technique or the 2 thumb-

encircling hands technique. The use of 2 fingers along the sternum was eliminated because of ineffectiveness in

achieving proper depth in most recent available data.

For out-of-hospital cardiac arrest, ventilation in addition to chest compressions improves survival.

For children in cardiac arrest, an AED should be attached as soon as possible by using pediatric pads if available.

For children with severe foreign-body airway obstruction (FBAQO), guidance is the same as for infants, with repeated

cycles of 5 back blows alternating with 5 abdominal thrusts, as opposed to solely abdominal thrusts.

8. For infants and children with signs of narcotic or opioid overdose, rescuers should administer naloxone if available
in addition to providing breaths or high-quality CPR as needed.

9. Resuscitation does not end with return of spontaneous circulation (ROSC). Excellent post—cardiac arrest care is
critically important for achieving the best patient outcomes. For children who do not regain consciousness after
ROSC, this care includes targeted temperature management and continuous electroencephalography monitoring.
For all children, the prevention and treatment of hypotension, hyperoxia or hypoxia, and hypercapnia or hypocapnia
are important.

10. After discharge from the hospital, cardiac arrest survivors can have physical, cognitive, and emotional challenges
and may need ongoing therapies and interventions.

No o

1. High-quality CPR is the foundation of ALS resuscitation for health care professionals. We reaffirm the key
components of high-quality CPR: providing adequate chest compression rate and depth, minimizing interruptions in
CPR, allowing complete chest recoil between compressions, and providing sufficient ventilation for the pediatric
patient population while avoiding excessive ventilation.

2. For initial nonshockable rhythms, administering epinephrine as soon as possible is associated with more favorable
outcomes for infants and children in cardiac arrest.

3. Rapid defibrillation remains the priority for cardiac arrest with initial shockable rhythms, although epinephrine
administration should not be delayed if defibrillation is not immediately possible.
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Figurew3. PedlatrchLS Algorithm (Infants to Puberty) for Health Care Professionals—Single Rescuer.
Abbreviation: HR, heart rate.

Algorithm legend: Red hexagon = decision or question; green box = action/steps to consider; orange box = assessment; gray box =
assessment/action; blue box = CPR; white box with gray header = notes; and red, bold text = possible answers or decisions.

Infant and Child 1-Rescuer BLS Sequence
If you are alone and encounter an unresponsive infant or child, follow the steps outlined in the Pediatric BLS Algorithm (1 Year
of Age to Puberty) for Health Care Professionals—Single Rescuer.

If a child is in cardiac arrest, verify scene safety, check for responsiveness, shout for nearby help, and activate the emergency
response system.

Assess breathing and check for a pulse simultaneously. Determine if there is abnormal breathing, which may be gasping or
agonal. Agonal breathing may sound like a snort, groan, or snore.









o If the infant or child has abnormal breathing with a pulse, provide breaths.
o If heart rate is less than 60/min with poor perfusion despite oxygenation and ventilation, start CPR.
o —If you are alone and witness the sudden collapse of an infant or child, activate the emergency response
system (if not already done), and retrieve an AED/defibrillator and use it immediately. For example, call
911 from your phone, mobilize the code team, or notify ALS.
o —If you are alone and did not witness the sudden collapse of an infant or child, start high-quality CPR for
2 minutes. After about 2 minutes of CPR, if you are still alone and are unable to activate the emergency
response system (have no mobile phone), leave the infant or child and activate the emergency response
system and get the AED.

Seizure-like activity can also occur with cardiac arrest. If the infant or child is not responsive and not breathing normally, you
should start CPR.

Critical Concepts

Signs of Poor Perfusion

o Temperature: Cool extremities

o Mental status: Continued decline in consciousness/responsiveness

o Pulses: Weak pulses

o Skin: Paleness, mottling (patchy appearance), and later cyanosis (turning blue)

If the collapse was witnessed, leave the infant or child and activate the emergency response system. Retrieve an AED and use
it immediately.

If there is more than one rescuer, have one person activate the emergency response system and find an AED while the other
begins CPR.

If the infant or child is not breathing normally or is only gasping and no pulse is felt, begin chest compressions.

Infant and Child Chest Compressions

Use the following compression-to-ventilation ratios for each population: for prepuberty, use 15:2 with 2 rescuers; for puberty
and older, use 30:2 with 2 rescuers; and for any age, use 30:2 with 1 rescuer.









To perform the head tilt—chin lift maneuver, place one hand on the infant or child’s forehead and push with your palm to tilt the
head back. Place the fingers of your other hand under the bony part of the lower jaw, near the chin. Lift the jaw to bring the chin
forward. Avoid pressing the soft tissue under the chin. If you tilt (extend) an infant’s head beyond the neutral (sniffing) position,
the infant’s airway may become blocked. Maximize airway patency by positioning the infant with the neck in a neutral position
so that the external ear canal is level with the top of the infant’s shoulder.

To perform a jaw thrust, position yourself at the infant or child’s head. Place one hand on each side of the infant or child’s head.
Then, place your fingers under the angle of the lower jaw and lift with both hands, displacing the jaw forward. You may rest
your elbows on the surface where they are lying. If the infant or child’s lips close, open them by using your thumbs to push the
lower lip down.

If you suspect a head or spinal injury, use a jaw-thrust maneuver to reduce movement of the spine. If a jaw thrust does not
open the airway, use the head tilt—chin lift maneuver.

Critical Concepts

Jaw Thrust
A properly performed jaw thrust is the most effective means to open the pediatric airway. Health care professionals, however,
are often inexperienced with this technique because it is difficult to practice the skill with some CPR manikins.

Why Breaths Are Important for Infants and Children in Cardiac Arrest

Infants and children who develop cardiac arrest often have respiratory failure or shock that reduces the oxygen content in the
blood before the onset of arrest.

For infants and children in cardiac arrest, the oxygen in the blood is low. Adequate compressions alone will not provide the
necessary oxygen to the heart and brain.

For this reason, it is very important to give both compressions and breaths to infants and children during high-quality CPR.

Ventilation for an Infant or Child With a Barrier Device
Use a barrier device (eg, pocket mask) or a bag-mask device to deliver breaths to an infant or child.

When providing bag-mask ventilation for an infant or child, do the following:
o Select a mask that covers the mouth and nose completely without covering the eyes or overlapping the chin.
o Perform a head tilt—chin lift to open the airway. Press the mask to the face as you lift the jaw, making a seal
between the child’s face and the mask.









Component

Children I sIries

(age 1 year to puberty)

Adults and adolescents
(postpuberty onset)

Verifying scene safety

Make sure the environment is safe for rescuers and the person

Recognizing cardiac
arrest

Check for responsiveness
No breathing or only gasping (ie, no normal breathing)
No definite pulse felt within 10 seconds
(Breathing and pulse check can be performed simultaneously in less than 10 seconds)

Activating emergency
response system

If a mobile device is available, call emergency services (911)

If you are alone with no mobile phone, leave Witnessed collapse
the person to activate the emergency
response system and get the AED/defibrillator

before beginning CPR

Otherwise, send someone and begin CPR
immediately; use the AED/defibrillator as soon
as it is available

Unwitnessed collapse
Give 2 minutes of CPR

get the AED

AED/defibrillator as soon as it is available

Compression-to-
ventilation ratio without
advanced airway

1 or 2rescuers 1 rescuer
30:2 30:2
2 or more rescuers
15:2

Compression-to-
ventilation ratio with
advanced airway

Continuous compressions at a rate of 100-
120/min

Give 1 breath every 6 seconds (10
breaths/min)

(younger than 1 year,
excluding newborns)

Follow the same steps as for adults and adolescents

Leave the person to activate the emergency response system and

Return to the child or infant and resume CPR; use the

Continuous compressions at a rate of 100-120/min
Give 1 breath every 2-3 seconds (20-30 breaths/min)










Figure 9B. A folded sheet or towel under the occiput.

Figure 9C. Extension of the atlanto-occipital joint.

Figure 9D. Incorrect position with neck flexion.
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Figure 10. Prober area of the facé for face-mask application. Note that no pressure is applied to the eyes.

Bag Size

Use a self-inflating bag with a volume of at least 450 to 500 mL or larger for infants and young children because smaller bags
may not deliver an effective tidal volume over the longer inspiratory times required by full-term neonates and infants. In older
children or adolescents, you may need to use an adult self-inflating bag (1000 mL or larger) to achieve chest rise and minute
ventilation.

How to Test the Bag-Mask Device

To ensure proper function of any bag and mask system, test all components before using by checking
o The bag for leaks by occluding the patient outlet valve with your hand and squeezing the bag
o Gas flow control valves (including any continuous positive airway pressure [CPAP] valve) to verify proper function
o The pop-off valve (if present) to ensure that it can be closed
o That O. tubing is securely connected to the device and the O, source
e The sound of O; flowing into the bag
o That the cuff of the mask (if present) is adequately inflated

How to Perform Bag-Mask Ventilation

One or two health care professionals can operate a bag-mask device while another rescuer provides compressions, but
because effective bag-mask ventilation requires complex steps, it is not recommended for a lone rescuer to perform during
CPR. Instead, the lone rescuer should use the mouth—to—barrier device technique for ventilation during CPR. Bag-mask
ventilation can be provided effectively during 2-rescuer CPR.









Providing Positive End-Expiratory Pressure During Bag-Mask Ventilation

Using positive end-expiratory pressure (PEEP) may improve oxygenation in children with lung tissue disease or low lung
volumes. Provide PEEP during ventilation with a self-inflating bag by adding a compatible spring-loaded ball or disk or a
magnetic-disc PEEP valve to the bag-mask or bag-tube system. Do not use self-inflating bag-mask devices equipped with

PEEP valves to provide CPAP during spontaneous breathing because the outlet valve in the bag will not open (and provide gas
flow) unless the child generates significant negative inspiratory pressure. PEEP can be provided using a flow-inflating bag by

adjusting the outflow of air during ventilation, though this can be difficult to perform without training and experience.

Clinical Parameters of Oxygenation and Ventilation
Frequently monitor the following parameters to assess the effectiveness of oxygenation and ventilation:

Precaution

Visible chest rise with each breath

O: saturation

Exhaled CO.

Heart rate

Blood pressure

Distal air entry

Signs of improvement or deterioration (eg, appearance, color, agitation)

Delivering excessive ventilation during CPR is harmful because it

Increases intrathoracic pressure and impedes venous return, thus decreasing filling of the heart between
compressions, reducing blood flow generated by the next compression, and reducing coronary perfusion and
cerebral blood flow

Causes air trapping and barotrauma in children with small airway obstruction

Increases the risk of regurgitation and aspiration in children without an advanced airway

Troubleshooting Ineffective Ventilation

If you cannot achieve effective ventilation (ie, the chest does not rise), do the following:

Reposition or reopen the airway; attempt to further lift the jaw and ensure that the child is placed in a sniffing
position

Verify mask size and ensure a tight face-mask seal

Suction the airway if needed



e Check the O. source

e Check the ventilation bag and mask

o Treat gastric inflation

o Consider using 2-person bag-mask ventilation and inserting an OPA

Detecting for Changes in Lung Compliance

When performing bag-mask ventilation, be aware of the child’s lung compliance. A poorly compliant lung is “stiff” or difficult to
inflate. A sudden increase in lung stiffness during ventilation with a bag may indicate airway obstruction, decreased lung
compliance, or development of a pneumothorax. Lung distention from excessive inflating pressures, PEEP, or rapid assisted
respiratory rates with short exhalation time may also cause the feel of “stiff lungs” during ventilation.

Causes and Prevention of Gastric Inflation

Stomach inflation or distention frequently develops during bag-mask ventilation. Gastric inflation is more likely to develop during
assisted ventilation if

e A partial airway obstruction is present

o High airway pressures are needed, such as in a child with poor lung compliance

e The bag-mask ventilation rate is too fast

e The tidal volume delivered is excessive

e The peak inspiratory pressure created is excessive (eg, more than 30 cm H.O)

e The child is unconscious or is in cardiac arrest (because the gastroesophageal sphincter opens at a lower-than-

normal pressure)

Gastric inflation can impair a child’s ventilation by limiting lung volumes, interfering with effective ventilation, and causing
regurgitation. To minimize gastric inflation
o Ventilate at a rate of 1 breath every 2 to 3 seconds (about 20-30 breaths/min)
o Use a manometer (if available) and, if at all possible, avoid generating excessive peak inspiratory pressures (eg,
more than 30 cm H:O) by delivering each breath over about 1 second
e Deliver enough volume and pressure to produce visible chest rise
o Consider administering cricoid pressure; although cricoid pressure is not routinely recommended during ET
intubation of pediatric patients, it can be considered to reduce the risk of gastric inflation
o —If cricoid pressure is applied, it must be discontinued if
= A tracheal obstruction compromises bag-mask ventilation or
= The speed or ease of intubation is compromised






100% O,

Figure 13B. Compressing the bag with O, reservoir delivers 100% O to the patient (purple arrow).
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Ambient air

Figure 13C. Re-expansion of the bag without an O, reservoir.

Less than
100%0,

Figure 13D. Compressing the bag without O reservoir delivers O, mixed with room air (aqua arrow).
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Figure 14B. Without a mask.

A flow-inflating bag may require more operator experience to provide safe and effective ventilation than is needed with a self-
inflating bag. To ventilate effectively with a flow-inflating bag, the professional must be able to adjust the flow of O, adjust the
outlet control valve, ensure a proper seal with the face mask, and deliver the appropriate tidal volume at the correct rate. For
these reasons, only trained and expert professionals should use flow-inflating bags.

AED for Infants and Children Younger Than 8 Years















Timing Quality

* Time to first compression « Rate, depth, and recoil

* Time to first shock = Minimizing interruptions

* Optimizing CCF * Switching compressors

* Minimizing preshock pause « Avoiding excessive ventilation
« Early EMS response time = Use of afeedback device

High-Performance Teams

Coordination Administration

* Team dynamics: team « Leadership
members working together, * Measurement
proficient in their roles « Continuous quality improvement.
* Number of code team members

Figure 20. Key areas of focus for high-performance teams to increase survival rates.

Critical Concepts
Ways to Decrease Pause Times (Increase CCF)

Whether you are a team member or the Team Leader during a resuscitation attempt, you should understand how a high-
performance team can maximize CCF when performing CPR during a cardiac arrest. The team can achieve key metrics and
increase CCF by doing the following:

e Precharge the defibrillator 15 seconds before a 2-minute rhythm analysis (deliver shock immediately if VF or
pulseless ventricular tachycardia [pVT] on the monitor). This makes it possible to conduct a rhythm analysis and
give a shock (if needed) within 10 seconds or less. If the rhythm analysis shows that a shockable rhythm is not
present, dump the charge. This process will vary by manufacturer.

o Palpate a pulse during the precharge phase in anticipation of an organized rhythm during analysis (a pulse
check during compressions is not a reliable indicator of CPR quality).

e The compressor hovers over the chest (not touching it), ready to start chest compressions immediately after a
shock, a rhythm analysis, or other necessary pauses in compressions.

o Have the next compressor ready to take over immediately.

o If placing an advanced airway, do so without pausing compressions.

o Deliver medications during compressions.

High-Performance Team Roles and Dynamics




Successful resuscitation attempts often require health care professionals to simultaneously perform a variety of interventions.
Although a CPR-trained bystander working alone can resuscitate a patient within the first moments after collapse, most
attempts require multiple health care professionals. Effective teamwork divides the tasks while multiplying the chances of a
successful outcome.

Successful high-performance teams not only have medical expertise and mastery of resuscitation skills but also demonstrate
effective communication and team dynamics. This section discusses the importance of team roles, behaviors of effective Team
Leaders and team members, and elements of effective high-performance team dynamics.

Critical Concepts

Understanding Team Roles
Whether you are a team member or a Team Leader during a resuscitation attempt, you should understand your role and the
roles of other members. This awareness will help you anticipate

e What actions will be performed next
e How to communicate and work as a member or as a leader of a high-performance team

Roles in a High-Performance Team

Team Leader Role

Every high-performance team needs a leader who directs the resuscitation, focusing on the comprehensive patient care and
organizing the efforts of the team. Members of a high-performance team should focus on their individual tasks. The Team
Leader

e Organizes the group by delegating roles and tasks

e Monitors individual performance of team members

e Backs up team members

e Models excellent team behavior

e Trains and coaches

o« Communicates treatment plan and patient status

o Focuses on comprehensive patient care

o Temporarily designates another team member to take over as Team Leader if their attention is occupied by another

task such as advanced airway placement or speaking to a family



The Team Leader ensures everything is done correctly and timely by monitoring and integrating individual performances. They
help team members understand why certain tasks must be performed in specific ways, such as pushing hard and fast in the
center of the chest, ensuring complete chest recoil, minimizing interruptions in chest compressions, and avoiding excessive
ventilation.

The Team Leader also helps team members understand why they must perform certain tasks in a specific way. While any team
member can perform these skills, the Team Leader is ultimately responsible to explain why it is essential to

e Push hard and fast in the center of the chest

e Ensure complete chest recoil

e Minimize interruptions in chest compressions

o Avoid excessive ventilation

Monitoring for CPR Quality

During the resuscitation attempt, the Team Leader as well as team members should monitor CPR quality. Use of a CPR coach
along with good team communication will ensure that chest compressions are the appropriate depth and rate, that the chest is
allowed to completely recolil after each compression, and that ventilation is not excessive. Elements of high-quality CPR include
the following:

e Push fast: Push at a rate of 100 to 120/min for infants, children, and adults. Feedback devices may be helpful in
assisting team members with correct rate.

e Push hard: Push with enough force to depress the chest at least one third the AP diameter of the chest in pediatric
patients (infants [younger than 1 year] to children up to the onset of puberty). This equates to approximately 1%
inches (4 cm) in infants and 2 inches (5 cm) in children. Once children have reached puberty (ie, adolescents), use
the recommended adult compression depth of at least 2 inches (5 cm), but no greater than 2.4 inches (6 cm).

e Chest compression recoil: Allow rapid and complete chest recoil after each compression; this allows coronary
perfusion and allows the heart to refill with blood.

e Minimize interruptions: Limit interruptions in chest compressions to 10 seconds or less or as needed for
interventions (eg, defibrillation). Ideally, compressions are interrupted only for ventilation (until an advanced airway
is placed), rhythm check, and shock delivery. Once an advanced airway is in place, provide continuous chest
compressions and asynchronous ventilation (ie, without pausing compressions for ventilation).

e Avoid excessive ventilation: Each rescue breath should be given over about 1 second and should result in visible
chest rise. After an advanced airway is in place, deliver 1 breath every 2 to 3 seconds or about 20 to 30 breaths per
minute (in an infant or child), being careful to avoid excessive ventilation.



Team Member Roles

For a successful resuscitation attempt, high-performance team members must be
o Proficient in performing the skills in their scope of practice
o Clear about role assignments
o Prepared to fulfill their role responsibilities
o Well practiced in resuscitation skills
o Knowledgeable about the algorithms
o Committed to success
e Able to communicate effectively

Team Member Role: CPR Coach

Many resuscitation teams now include the role of CPR Coach. The CPR Coach supports performance of high-quality BLS
skills, allowing the Team Leader to focus on other aspects of clinical care. Studies have shown that resuscitation teams with a
CPR Coach perform higher-quality CPR with higher CCF and shorter pause durations compared with teams that do not use a
CPR Coach. It is important to train specific team members for the role of CPR Coach. The CPR Coach does not need to be a
separate role; they can be most effectively blended into the current responsibilities of the Monitor/Defibrillator. Teams with a
trained CPR Coach tend to perform better CPR and have reduced no-flow time during simulated cardiac arrest.

The CPR Coach’s main responsibilities are to help team members provide high-quality CPR and minimize pauses in
compressions. The CPR Coach needs a direct line of sight to the Compressor, so they should stand directly across from the
Compressor, next to the defibrillator. Below is a description of the CPR Coach’s actions:

Coordinate the start of CPR: As soon as a patient is identified as having no pulse, the CPR Coach says, “| am the CPR
Coach,” and tells rescuers to begin chest compressions. The CPR Coach can adjust the environment to help ensure high-
quality CPR. They can lower the bedrails or the bed, get a step stool, or roll the patient to place a backboard and defibrillator
pads to better facilitate high-quality CPR.

Coach to improve the quality of chest compressions: The CPR Coach gives feedback about performance of compression
depth, rate, and chest recoil. They state the CPR feedback device’s data to help the Compressor improve performance. This is
useful because visual assessment of CPR quality is often inaccurate. When chest compressions are being delivered
appropriately, positive feedback should be provided to promote excellent performance.





















Team Leader and team members

Show interest and listen to what others say

Speak in a friendly, controlled tone of voice

Positively acknowledge team members

Avoid displaying aggression if teammates do not initially understand each other
Understand that when one person raises their voice, others will respond similarly
Try not to confuse directive behavior with aggression

























Evaluate

Always verify that the scene is safe and assess for potential environmental dangers before you evaluate the child, especially in
out-of-hospital settings.

If no life-threatening condition is present, evaluate the child’s condition by using these clinical assessment tools:
o Initial assessment: a first, quick, “from the doorway” observation of the child’s appearance, breathing, and color,
performed within the first few seconds after encountering the child
e Primary assessment: a rapid, hands-on ABCDE approach to evaluate respiratory, cardiac, and neurologic function;
includes assessment of vital signs and pulse oximetry
e Secondary assessment: a focused medical history and a focused physical exam

ldentify

Respiratory illness can present as respiratory distress that can progress to respiratory failure:
o Upper airway obstruction
o Lower airway obstruction
e Lung tissue disease, disordered control of breathing

Compensatory shock can progress to hypotensive shock. Shock can be categorized into
e Hypovolemic shock
o Distributive shock
o Cardiogenic shock
e Obstructive shock

Respiratory failure and hypotensive shock can further progress to cardiopulmonary failure and cardiac arrest.

The child’s clinical condition can result from a combination of respiratory and circulatory problems. As a seriously ill or injured
child deteriorates, one problem may lead to others, such as cardiopulmonary failure and cardiac arrest. Note that in the initial
phase of your identification, you may be uncertain about the type or severity of problems.

Identifying the problem will help you determine the best initial interventions. Recognition and management are discussed in
detail later in this manual.



Intervene

Once you identify the child’s clinical condition, intervene with appropriate actions within your scope of practice. Interventions
may include

e Positioning the child to maintain an open/patent airway

e Activating the emergency response system

o Starting CPR

e Obtaining the code cart and monitor

e Placing the child on a cardiac monitor and pulse oximeter

e Administering O.

e Supporting ventilation

o Starting medications and fluids (eg, nebulizer treatment, I1V/IO fluid bolus)

Continuous Sequence

Continue the evaluate-identify-intervene sequence until the child is stable. Use this sequence before and after each
intervention to look for trends in the child’s condition. For example, after you give O., reevaluate the child. Is the child breathing
a little easier? Are color and mental status improving? After you give a fluid bolus, reassess the child, looking for improvement
in capillary refill, central and peripheral pulses, skin color, and temperature. For example, has capillary refill improved from 5
seconds to 4 seconds? Have peripheral pulses improved in strength, going from weak to strong? Has the skin color improved
from pale to pink? Use the evaluate-identify-intervene sequence to evaluate the need for a second fluid bolus. If capillary refill
is prolonged and the skin perfusion is poor, identify the child remains in shock and intervene by administering another fluid
bolus. After the second fluid bolus, evaluate the same signs to determine improvement. Use the evaluate-identify-intervene
sequence when the child’s condition changes.

Critical Concepts
The Evaluate-ldentify-Intervene Sequence Is Continuous

Remember to repeat the evaluate-identify-intervene sequence until the child is stable:
e After each intervention
e When the child’s condition changes or deteriorates

Primary Assessment
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Figure 28B. Chest thrusts.

Provide 5 quick downward chest thrusts with the heel of 1 hand in the middle of the chest, over the lower half of the
breastbone.

Deliver chest thrusts at a rate of about 1 per second, each with enough force to dislodge the object.

Repeat the sequence of up to 5 back blows followed by 5 chest thrusts until the object is dislodged or the infant becomes
unresponsive.

Never perform a blind finger sweep. Only try to remove the object if you can see it. If you can see the object, carefully try to
remove it. If you can’t remove it, continue the sequence of 5 back blows and 5 chest thrusts until the object is dislodged or the
infant becomes unresponsive. If the object comes out, continue to monitor the infant until advanced care arrives.

If a choking infant becomes unresponsive, shout for help and activate the emergency response system if no one has done so
already. Place the infant on a firm, flat surface and begin CPR starting with compressions. Do not perform a pulse check.

To give breaths to an infant who’s choking, the mouth-to-mouth-and-nose technique is preferred. If you can’t cover the infant’s
mouth and nose with your mouth, use the mouth-to-mouth technique instead. Start by opening the infant’s airway with the head
tilt—chin lift maneuver. Each time you open the airway to give breaths, open the infant’'s mouth and look for the object.

If you see an object that looks easy to remove, remove it with your fingers. Never perform a blind finger sweep because this
may cause the object to become lodged farther back in the airway.

Next, place your mouth over the infant's mouth and nose to create an airtight seal. Give 1 breath, blowing for about 1 second.
Watch for the chest to rise as you give the breath.









5. Continue alternating 5 back blows followed by 5 abdominal thrusts until the object is dislodged or the child becomes
unresponsive.

Figure 30. Abdominal thrusts with the child standing.
Actions After Choking Relief

You will know you successfully removed an airway obstruction in an unresponsive person if you saw and removed a foreign
body from the person’s mouth and the person starts to breathe. However, you don’t always have to remove the foreign body to
successfully relieve the obstruction. If you can feel air movement and see the chest rise when you give breaths, the airway is
no longer obstructed.

After you relieve choking in a person who is unresponsive, proceed as you would with any unresponsive person. Check again
for responsiveness, check for breathing and a pulse, confirm that someone has activated the emergency response system, and
provide high-quality CPR or breaths as needed.

Encourage a responsive person to seek immediate medical attention. A health care professional should evaluate the person for
potential complications from abdominal thrusts.

Airway Adjuncts

Use airway adjuncts (ie, oral or nasopharyngeal airways) to keep the tongue from falling back and obstructing the airway, but
don’t rely on an adjunct alone to maintain an open airway. You may still need to use a head tilt—chin lift.

Advanced Interventions to Maintain Airway
Openness/patency may include one or more of the following:












Medications that depress the respiratory control
center

Muscle diseases that cause muscle weakness
Medications that depress the respiratory drive

Apnea

e Low oxygen saturation despite high flow
supplemental oxygen

Inadequate respiratory rate or no rate
Absent respiratory effort

Absent distal air movement

No air movement (silent chest)
Cyanosis

Upper airway obstruction
Lower airway obstruction

Lung tissue disease
Disordered control of breathing

X

Critical Concepts
Bradypnea or Irregular Respiratory Rate Often Signal Impending Arrest

Bradypnea or an irregular respiratory rate in an acutely ill infant or child is an ominous clinical sign and often signals impending

arrest.

Increased Respiratory Effort

Increased respiratory effort results from conditions that increase resistance to airflow (eg, asthma, bronchiolitis) or that cause
the lungs to be stiffer and difficult to inflate (eg, pneumonia, pulmonary edema, pleural effusion). Nonpulmonary conditions that
result in severe metabolic acidosis (eg, shock, diabetic ketoacidosis [DKA], salicylate ingestion, inborn errors of metabolism)
can also cause increased respiratory rate and effort. Signs of increased respiratory effort reflect the child’s attempt to improve
oxygenation, ventilation, or both, so use these signs to assess the severity of the condition and determine the urgency of
intervention. Signs of increased respiratory effort include

Nasal flaring
Retractions
Head bobbing
Grunting
Seesaw
Gasping







during both inspiration and expiration. Retractions accompanied by grunting or labored respirations suggest lung tissue
disease. Severe retraction also may be accompanied by head bobbing or seesaw respirations.

Head Bobbing or Seesaw Respirations

Head bobbing and seesaw respirations often indicate that the child has an increased risk for deterioration.

e Head bobbing is caused by using neck muscles to assist breathing. The child lifts the chin and extends the neck
during inspiration and allows the chin to fall forward during expiration. It is most frequently seen in infants and can
be a sign of respiratory failure.

e Seesaw respirations are present when the chest retracts and the abdomen expands during inspiration, and then the
chest expands and the abdomen moves inward during expiration. In most children with neuromuscular disease,
seesaw breathing is caused by weakness of the abdominal and chest wall muscles and by strong contraction of the
diaphragm that dominates the weaker abdominal and chest wall muscles. Seesaw respirations usually indicate
upper airway obstruction, but they also may be observed in severe lower airway obstruction, lung tissue disease,
and states of disordered control of breathing. Seesaw respirations are characteristic of infants and children with
neuromuscular weakness. This inefficient form of ventilation can quickly lead to fatigue.

Inadequate Respiratory Effort

When evaluating respiratory effort, look for signs that respiratory effort is inadequate and be prepared to support airway,
oxygenation, and ventilation. These signs include

e Apnea

e Weak cry or cough

e Bradypnea

e Agonal gasps

Apnea

Apnea is when breathing stops, typically defined as longer than 20 seconds. Apnea may be further classified as central or
obstructive, depending on whether inspiratory muscle activity is present. Central apnea indicates that the child is making no
respiratory effort because of an abnormality or suppression of the brain or spinal cord, whereas obstructive apnea occurs when
the passage of air is impeded. Either can result in hypoxemia, hypercapnia, or both. Furthermore, in mixed apnea, periods of
obstructive apnea and periods of central apnea occur.

Agonal gasps commonly happen in adults after sudden cardiac arrest and may be confused with normal breathing. They also
appear late in the deterioration of a very sick child. Agonal gasps will not produce effective oxygenation and ventilation.



Chest Expansion and Air Movement

Evaluate magnitude of chest wall expansion and air movement to assess adequacy of the child’s tidal volume, the volume of air
inspired with each breath. Normal tidal volume is approximately 6 to 8 mL/kg of ideal body weight throughout life. It is difficult to
measure unless a child is mechanically ventilated, so your clinical assessment is very important.

Auscultation With a Stethoscope

Use a stethoscope to auscultate the following points during a respiratory physical exam:
o Anterior (on either side of the sternum)
o Posterior
o Lateral (under the axillae)

Chest Wall Expansion

Chest expansion (chest rise) during inspiration should be symmetrical. It may be subtle during spontaneous quiet breathing,
especially when clothing covers the chest, but chest expansion should be readily visible when the chest is uncovered. In
normal infants, the abdomen may move more than the chest. Decreased or asymmetrical chest expansion may result from
inadequate effort, airway obstruction, atelectasis, pneumothorax, hemothorax, pleural effusion, mucous plug, or foreign-body
aspiration.

Air Movement

Auscultation for air movement is critical. Listen for the intensity of breath sounds and quality of air movement in the following
areas:
e Anterior, located at mid-chest (just to the left and right of the sternum)
o Lateral, located under the armpits (the best location for evaluating air movement into the lower parts of the lungs)
o Posterior, located on both sides of the back

Critical Concepts
Auscultating Breath Sounds in Infants and Children
Because the chest is small and the chest wall is thin in infants and children, breath sounds readily transmit from one side of the

chest to the other and from the upper airway. To evaluate distal air entry, listen below both axillae. Because these areas are
farther from the larger conducting airways, upper airway sounds are less likely to be transmitted.

Listen to the loudness of the air movement:






e Infection (eg, croup)

o Congenital airway abnormalities (eg, laryngomalacia)

e Acquired airway abnormalities (eg, tumor, cyst)

o Upper airway edema (eg, allergic reaction, swelling after a medical procedure)

Snoring

Although snoring may be common in children during sleep, it also can be a sign of airway obstruction. Soft tissue swelling or
decreased level of consciousness may cause airway obstruction and snoring.

Grunting

Grunting is typically a short, low-pitched sound heard during expiration that can sometimes be misinterpreted as a soft cry. It
occurs as the child exhales against a partially closed glottis. Although grunting may accompany the response to pain or fever,
infants and young children often grunt to help keep the small airways and alveolar sacs in the lungs open to optimize
oxygenation and ventilation.

Grunting often signifies lung tissue disease resulting from small airway collapse, alveolar collapse, or both. It may indicate
progression of respiratory distress to respiratory failure. Pulmonary conditions that cause grunting include

e Pneumonia

e Pulmonary contusion

e Acute respiratory distress syndrome (ARDS)

o Pulmonary edema (may be caused by cardiac conditions such congestive heart failure [CHF])

e Pain

Identify and treat the cause as quickly as possible, and be prepared to quickly intervene if the child’s condition worsens.
Gurgling
Gurgling is a bubbling sound heard during inspiration or expiration that results from upper airway obstruction due to airway

secretions, vomit, or blood.

Wheezing

Wheezing is a high-pitched or low-pitched whistling or sighing sound heard most often during expiration and less frequently
during inspiration. This sound typically indicates lower (intrathoracic) airway obstruction, especially of the smaller airways.



Common causes of wheezing are bronchiolitis and asthma. Isolated inspiratory wheezing suggests a foreign body or other
cause of partial obstruction of the trachea or upper airway.

Crackles

Crackles, also known as rales, are sharp, crackling inspiratory sounds. Dry crackles sound similar to the sound made when you
rub several hairs together close to your ear. Dry crackles are more often heard with atelectasis (small airway collapse) and
interstitial lung disease. Moist crackles indicate accumulation of alveolar fluid and are typically associated with lung tissue
disease (eg, pneumonia, pulmonary edema) or interstitial lung disease. Note that you may not hear crackles despite the
presence of pulmonary edema.

Change in Cry/Phonation

If an infant’s cry becomes very soft with only short sounds during expiration (ie, so the cry sounds more like the soft “mewing”
of a cat) or an older child begins to talk in short phrases or single words instead of sentences, this may indicate severe
respiratory distress and shortness of breath.

Identifying Respiratory Distress vs Respiratory Failure

Identifying the severity of a respiratory problem will help you decide the most appropriate interventions. Be alert for signs of
o Respiratory distress
e Respiratory failure

Respiratory Distress

Respiratory distress is a clinical state characterized by increased respiratory rate and effort, spanning a spectrum from mild
tachypnea with increased effort to severe distress with impending respiratory failure. A description of respiratory distress
severity typically includes a description of the respiratory rate and effort, quality of breath sounds, and mental status. These
indicators may vary in severity. Note that signs of severe respiratory distress can indicate respiratory failure.




e Mild respiratory distress

o

o

o

—Mild tachypnea
—Mild increase in respiratory effort (eg, nasal flaring, retractions)
—Abnormal airway sounds (eg, stridor, wheezing)

e Severe respiratory distress

o

O O O O

o

—Marked tachypnea

—Marked increase in respiratory effort (eg, nasal flaring, retractions)
—Paradoxical thoracoabdominal breathing (eg, seesaw breathing)
—Accessory muscle use (eg, head bobbing)

—Abnormal airway sounds (eg, grunting)

—Decreased level of consciousness (eg, less responsive)

e Impending respiratory arrest

o

O O O O

—Bradypnea, apnea, or respiratory pauses

—Low oxygen saturation (hypoxemia) despite high-flow supplemental oxygen
—Inadequate respiratory effort (eg, shallow respirations)

—Decreased level of consciousness (eg, unresponsive)

—Bradycardia

Respiratory distress is apparent when a child tries to maintain adequate gas exchange despite airway obstruction, reduced
lung compliance, or lung tissue disease. As the child tires or as respiratory function or effort or both deteriorate, adequate gas
exchange cannot be maintained. When this happens, clinical signs of respiratory failure develop.

Respiratory Failure

Respiratory failure is a clinical state of inadequate oxygenation, ventilation, or both. It is recognized typically by abnormal
appearance (particularly an altered level of consciousness, which may be characterized by agitation or a depressed level of
consciousness), poor color, and reduced responsiveness. Although respiratory failure often results from respiratory distress
progression, it may occur with little or no respiratory effort. At times, recognizing respiratory failure requires laboratory data (eg,
blood gas) to confirm the diagnosis. In other patients, the clinical examination suffices to identify respiratory failure.

Suspect probable respiratory failure if some of the signs in the following list are present.
e Signs of severe respiratory distress

o

o

—Marked tachypnea
—Increased or decreased respiratory effort



—Poor distal air movement

—Tachycardia

—Low oxygen saturation (hypoxemia) despite high-flow oxygen administration
—Cyanosis

O O O O

e Signs of probable respiratory failure

—Very rapid or inadequate respiratory rate or possible apnea

—Significant, inadequate, or absent respiratory effort

—Absent distal air movement

—Lack of airflow (silent chest)

—Extreme tachycardia; bradycardia often indicates life-threatening deterioration
—Low oxygen saturation (hypoxemia) despite high-flow supplemental oxygen
—Decreased level of consciousness

—Cyanosis

O

o O O O O O O

Respiratory failure can result from upper or lower airway obstruction, lung tissue disease, and disordered control of breathing
(eg, apnea or shallow, slow respirations). When respiratory effort is inadequate, respiratory failure can occur without typical
signs of respiratory distress. Respiratory failure is a clinical state that requires intervention to prevent deterioration to cardiac
arrest.

Strict criteria for respiratory failure is difficult to define because the baseline respiratory function of an infant or child may be
abnormal. For example, an infant with cyanotic congenital heart disease and a baseline arterial O, saturation (Sao.) of 75% is
not in respiratory failure on the basis of low O. saturation. But the same degree of hypoxemia would be one sign of respiratory
failure in a child with normal baseline cardiopulmonary physiology.






An O; saturation (Sp0:) of 94% or more while a child is breathing room air usually indicates that oxygenation is adequate;
conversely, an Spo: less than 94% when the child is breathing room air indicates hypoxemia. Consider administering
supplemental O: if the O, saturation is below this value in a critically ill or injured child. An Spo. of less than 90% in a child
receiving 100% O: is an indication for additional intervention.

When to Use Pulse Oximetry

Use pulse oximetry to monitor oxygen saturation and trends in oxygen saturation. The pulse oximeter measures the percent of
hemoglobin that is fully saturated or bound with oxygen. Because pulse oximetry can indicate low O saturation (hypoxemia)
before it causes cyanosis or bradycardia, health care professionals can use pulse oximetry to monitor trends in O. saturation in
response to treatment. Continuously monitor pulse oximetry for a seriously ill or injured child during stabilization, transportation,
and post—cardiac arrest care.

The pulse oximeter consists of a probe that is linked to a monitor and attached to the child’s finger, toe, or earlobe. The pulse
oximeter has 2 parts that must be placed opposite each other, so they are located on either side of a pulsatile tissue bed. It
must detect a consistent pulsatile signal. Lights of different wave lengths originate from one side of the probe, and the light is
captured on the other side of the tissue by the other side of the probe. A processor in the oximeter calculates the percent of
each light that has been absorbed by the tissues. Hemoglobin that is fully saturated with oxygen absorbs light differently

than hemoglobin that is not fully saturated with oxygen. By determining the absorption of the different wavelengths of light, the
pulse oximeter can estimate the percent of hemoglobin saturated with blood. The unit displays the calculated percentage of
saturated hemoglobin. Most units make an audible sound for each heartbeat at and display the heart rate, while some models
display the quality of the pulse signal as a waveform or with bar.

Correct Use of Oximetry Equipment

Correct probe positioning, typically on a finger or toe, is critical for accurate oxygen saturation values. The probe is to be placed
across an area of pulsatile blood flow. Falsely low values can occur when the probe is not positioned correctly. When this
occurs, repositioning the probe can result in immediate improvement in detecting oxygen saturation by the device. Bright light
in the room can interfere with accurate light absorption detection by the pulse oximeter.

In addition to applying the probe to a finger or toe, the following locations can be used to solve placement problems: If infant
probes are unavailable, use an adult probe around the hand or foot of an infant. If blood flow is significantly reduced and no
signal is detected in the extremities, assess and support systemic perfusion and apply an infant probe to the earlobe.



Confirm the Validity of Oximeter Data

Different brands of pulse oximeters vary in how quickly they reflect hypoxemia development and in their accuracy when the
child has decreased blood flow; all pulse oximetry devices are inaccurate unless the pulse rate displayed by the oximeter is
consistent with the heart rate displayed by the cardiac monitor. Although published studies have resulted in mixed conclusions,
pulse oximetry may have different accuracy/validity across races and ethnicities due to varying levels of skin pigmentation.
Further reviews of the available evidence and recommendations by the AHA will be forthcoming.

Critical Concepts

Validity of Oximeter Data

o Confirm validity of oximeter data by evaluating the child’s appearance. Compare the heart rate displayed by the
pulse oximeter with the heart rate displayed by the bedside cardiorespiratory monitor or counted during physical
examination.

o Immediately evaluate the child if the oximeter fails to detect a signal, displays an inaccurate pulse rate, indicates a
weak signal, or indicates a fall in oxygen saturation.

o If the oximeter fails to detect a signal or indicates a fall in oxygen saturation, immediately evaluate the child. Do not

assume that the pulse oximeter is malfunctioning.

Caution in Interpreting Pulse Oximetry Readings

Be careful to interpret pulse oximetry readings in conjunction with your clinical assessment, including considering signs such as
respiratory rate, respiratory effort, and level of consciousness. A child may be in respiratory distress yet maintain normal
O. saturation by increasing respiratory rate and effort, especially if receiving supplemental O..

If the pulse oximeter displays a different heart rate or inaccurate waveform tracing from the one determined by ECG monitoring,
the displayed O saturation is not reliable. When the pulse oximeter does not detect a consistent pulse or there is an irregular or
poor waveform, the child may have poor distal perfusion and the pulse oximeter may not be accurate—check the child and
intervene as needed. The pulse oximeter may not be accurate if the child develops severe shock and won’t be accurate during
cardiac arrest.

Pulse oximetry indicates only O, saturation and not O. delivery. For example, if the child is profoundly anemic (hemoglobin is
very low), the saturation may be 100%, but O. content in the blood and O. delivery may be low.

The pulse oximeter does not accurately recognize methemoglobin or carboxyhemoglobin (hemoglobin bound to carbon
monoxide). If carboxyhemoglobin (from carbon monoxide poisoning) is present, the pulse oximeter will reflect a falsely high
O. saturation because it counts the carboxyhemoglobin as fully saturated hemoglobin. If methemoglobin concentrations are





















Acrocyanosis (bluish Hands and feet and around the Normal in the newly born

discoloration) mouth (ie, the skin around the lips)
Peripheral cyanosis Hands and feet (beyond newborn e Shock
(bluish discoloration) period) e CHF
e Peripheral vascular disease
e Conditions causing venous stasis
Central cyanosis (blue Lips and other mucous membranes e Ventilation/perfusion imbalance (eg, asthma, bronchiolitis,
color) acute respiratory distress syndromes)

e Intracardiac shunt (eg, cyanotic congenital heart disease)

e Low ambient O. tension (eg, high altitude)

e Alveolar hypoventilation (eg, traumatic brain injury, drug
overdose)

o Diffusion defect (eg, pulmonary fibrosis)

You must interpret pallor within the context of other signs and symptoms because it is not necessarily abnormal and can result
from lack of exposure to sunlight or inherited paleness.

Pallor is often difficult to detect in a child with dark skin and in those with thick skin and variation in the vascularity of
subcutaneous tissue. However, family members often can tell you if a child’s color is abnormal. Central pallor (ie, pale color of
the lips and mucous membranes) strongly suggests anemia or poor perfusion. Pallor of the mucous membranes (the lips, lining
of the mouth, tongue, lining of the eyes) and pale palms and soles are more likely to be clinically significant.

e Areas that are mottled may appear as an uneven combination of pink, bluish gray, or pale skin tones.

o Blood saturated with O; is bright red, whereas unoxygenated blood is dark bluish-red. The location of cyanosis is

important.

e Acrocyanosis is a hormal neonatal finding in the first 24 to 48 hours after delivery.

o Peripheral cyanosis can be caused by diminished O. delivery to the tissues.

e Central cyanosis is a blue color of the lips and other mucous membranes.

Critical Concepts
Variability in Appearance of Central Cyanosis
Cyanosis is not apparent until at least 5 g/dL of hemoglobin are desaturated (not bound to O). The O, saturation at which a

child will appear cyanotic depends on the child’s hemoglobin concentration. For example, in a child with a hemoglobin
concentration of 16 g/dL, cyanosis will appear at an O. saturation of approximately 70% (ie, 30% of the hemoglobin, or 5 g/dL,













Disability

D

Disability is assessed by evaluating
e AVPU (Alert, Responsive to Voice, Responsive to Pain, Unresponsive) Pediatric Response Scale
e Glasgow Coma Scale (GCS)
e Pupil response to light
e Blood glucose test

Perform the disability assessment to quickly evaluate neurologic function, using one of several tools to evaluate
responsiveness and level of consciousness. Perform this evaluation at the end of the primary assessment and repeat it during
the secondary assessment to monitor for changes in the child’s neurologic status.

Clinical factors that reflect brain perfusion can provide indirect evidence of circulatory function in the ill or injured pediatric
patient.

AVPU Pediatric Response Scale

To rapidly evaluate cerebral cortex function, use the AVPU Pediatric Response Scale. This scale is a system for rating a child’s
level of consciousness, an indicator of cerebral cortex function. The scale consists of 4 ratings:

o Alert: The child is awake, active, and appropriately responsive to caregivers and external stimuli. Assess
“appropriate response” in terms of the anticipated response based on the child’s age and/or developmental level
and the setting or situation.

o Voice: The child responds only to voice (eg, calling the child’s name, speaking loudly).

e Pain: The child responds only to a painful stimulus, such as a sternal rub or pinching the trapezius.

e Unresponsive: The child does not respond to any stimulus.



Decreased level of consciousness in children can be caused by
e Hypoglycemia
e Poor cerebral perfusion
e Severe shock
e Traumatic brain injury
e Seizure activity
o Encephalitis, meningitis
e Medications
e Hypoxemia
o Hypercarbia

A common mnemonic that can be used is AEIOU-TIPS
e A: alcohol
E: epilepsy
I: insulin
O: opiate
U: uremia/uremic poisoning
T: trauma
I: infection
P: poisons/psychogenic
S: stoke/subdural (in the head) hematoma/epidural hematoma

Altered mental status refers to the range of mental states from agitation to coma. For a pediatric patient with altered mental
status, consider hypoglycemia and evaluate blood glucose as soon as possible.

If an ill or injured child has decreased responsiveness, immediately assess oxygenation, ventilation, perfusion, and blood
glucose.

Signs of inadequate O. delivery to the brain correlate with the severity and duration of cerebral hypoxia.

Sudden and severe cerebral hypoxia may cause the following neurologic signs:
o Decreased level of conscioushess
¢ Loss of muscular tone
¢ Generalized seizures
e Pupil dilation


















Secondary Assessment

Secondary assessment consists of a focused history and detailed physical examination with ongoing reassessment of
physiologic status and response to treatment.

Focused History

Obtain a focused history to gather information about the patient and the incident, particularly information that might help explain
impaired respiratory or cardiovascular function. You can use the SAMPLE mnemonic, a systematic method for gathering
information on a sick child, as a memory aid for obtaining a focused history. Obtain an accurate timeline for all signs,
symptoms, and events leading up to the current presentation and previous visits to a health care professional for the child with
the same symptoms. Gather the following information for each category:
e Signs and symptoms at onset of illness, such as
o —Breathing difficulty (eg, cough, rapid breathing, increased respiratory effort, breathlessness, abnormal

breathing pattern, chest pain on deep inhalation), wheezing
—Tachypnea
—Tachycardia
—Diaphoresis
—Decreased level of consciousness, fatigue
—Agitation, anxiety
—Fever, headache
—Decreased oral intake
—Diarrhea, vomiting, decreased urine output, number of wet diapers
—Abdominal pain
—Bleeding
—Duration of symptoms
Allergies
—Medications, foods, latex, etc

o —Associated reactions
e Medications

o —Patient medications (eg, over-the-counter, vitamins, inhalers, herbal supplements), medications that can

be found in the child’s environment
o —Last dose and time of recent medications
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Past medical history

o

o

o

o

—Health history (eg, premature birth, previous illnesses, hospitalizations)

—Significant underlying medical problems (eg, asthma, chronic lung disease, congenital heart disease,
arrhythmia, congenital airway abnormality, seizures, head injury, brain tumor, diabetes, hydrocephalus,
neuromuscular disease)

—Past surgeries

—Immunization status

Last meal/last menstrual period

—Time and nature of last intake of liquid or food (including breast or bottle feeding in infants)
—Elapsed time between last meal and presentation of current illness can affect treatment and
management of the condition (eg, possible anesthesia, possible intubation)

—As appropriate, date of last menstrual period

—Events leading to current illness or injury (eg, onset sudden or gradual, type of injury)

—Hazards at scene

—Treatment during interval from onset of disease or injury until evaluation, estimated time of onset (if out-
of-hospital onset)

Focused Physical Examination

Next, perform a focused physical examination based on the severity of the child’s illness or injury. Carefully assess the primary
area of concern of the illness or injury (ie, respiratory assessment with respiratory distress) and perform a brief head-to-toe
evaluation. Some examples of areas to assess for certain illnesses include

The nose/mouth (signs of obstruction, nasal congestion, stridor, mucosal edema), chest/lungs, heart (tachycardia,
gallop, or murmur), and level of consciousness (somnolence secondary to hypercarbia, anxiety secondary to
hypoxia) for respiratory distress

The heart (gallop or murmur), lungs (crackles, difficulty breathing, intolerance of supine position), abdomen
(evidence of hepatomegaly consistent with right heart failure), and extremities (peripheral edema) for suspected
heart failure or arrhythmias

The abdomen and back for trauma



Ongoing Reassessment

Ongoing reassessment of all patients is essential to evaluate the response to treatment and to track the progression of
identified physiologic and anatomic problems. Apply this reassessment in real time as needed based on the child’s clinical
condition through all phases of assessment. Do not limit it to the last part of the assessment sequence. You may also identify
new problems on reassessment. Data from the reassessment will guide ongoing treatment. The elements of ongoing
reassessment involve continuous application of the initial, primary, and secondary assessments to determine the effectiveness
of interventions.

Diagnostic Assessments

Diagnostic assessments help detect and identify the presence and severity of respiratory and circulatory problems. You may
use some of these assessments (such as rapid bedside glucose or point-of-care laboratory testing) early in your evaluation.

The clinical situation will determine which diagnostics will be needed for the child. Diagnostics may include
e Blood gas (arterial blood gas [ABG], venous blood gas [VBG], capillary blood gas)
e Hemoglobin concentration
e Central venous O; saturation
e Arterial lactate
o Central venous pressure monitoring
e Invasive arterial pressure monitoring
e Chest x-ray
e ECG
o Echocardiogram (if within scope of practice)

o Point-of-care ultrasound sonography (if within scope of practice)
o Peak expiratory flow rate

Arterial Blood Gas

An ABG analysis measures the partial pressure of arterial O, (Pao.) and CO. (Paco:) dissolved in the blood plasma (ie, the
liquid component of blood). An additional tool to assess the adequacy of arterial oxygenation is the pulse oximeter, a device
that estimates hemoglobin saturation with O.. It may also be calculated from the Pao. and pH (by using an oxyhemoglobin
dissociation curve) or directly measured by using a co-oximeter. Obtain co-oximeter measurement if there is uncertainty about
the calculated O. saturation and to rule out the presence of carbon monoxide intoxication or methemoglobinemia.



Critical Concepts
Normal Pao. Does Not Confirm Adequate Blood O. Content

Pao: reflects only the O. dissolved in the arterial blood plasma. If the child’s hemoglobin is only 3 g/dL, the Pao. may be normal
or high, but O. delivery to the tissues will be inadequate. Because most O is carried by hemoglobin in the red blood cells rather
than the plasma, a hemoglobin of 3 g/dL is inadequate to carry sufficient O.. In this case, the pulse oximeter may reflect 100%
saturation despite inadequate O. content and delivery.

Identify respiratory failure on the basis of inadequate oxygenation (hypoxemia) or inadequate ventilation (hypercarbia). Use an
ABG analysis to confirm your clinical impression and evaluate the child’s response to therapy. An ABG analysis, however, is
not required to initiate therapy or to make the diagnosis of respiratory failure. The following list will help you interpret an ABG:

e Hypoxemia: low Pao.

e Hypercarbia: High Paco.

e Acidosis: pH less than 7.35

o Alkalosis: pH greater than 7.45

Critical Concepts
ABG and Treatment Decisions in Seriously Ill or Injured Children

Don’t wait for an ABG so you can start treatment or determine therapy. Limitations of ABG analysis in pediatric critical care
include the following:
e« An ABG analysis may not be available (eg, during transport); do not delay therapy initiation.
e Asingle ABG analysis provides only information at the time the sample was obtained. It does not provide
information about trends in the child’s condition. Monitoring clinical response to therapy by using serial ABG
analyses is often more valuable than any single ABG analysis.

To interpret ABG results, consider the child’s clinical appearance and condition. For example, an infant with bronchopulmonary
dysplasia (a form of chronic lung disease) may have chronic hypercarbia. Diagnosing acute respiratory failure in this infant
requires clinical examination and evaluating the arterial pH. The infant will compensate for chronic hypercarbia by renal
retention of bicarbonate, and, as a result, the child’s arterial pH is likely to be normal or nearly normal at baseline. Deterioration
will be apparent if the child’s respiratory status (ie, hypercarbia) is significantly worse than the baseline status and acidosis
develops.

Hyperoxia is increased arterial partial pressure detected by ABG sample. This has been associated with worse outcomes, such
as after ROSC, in the newly born and in patients with some forms of cyanotic heart disease. Because of the uncertainty of












Echocardiogram

Echocardiography is a valuable noninvasive tool for determining
o Cardiac chamber size
e Ventricular wall thickness
e Ventricular wall motion (contractility)
e Valve configuration and motion
o Pericardial space
o Estimated ventricular pressures
e Interventricular septal position
o Congenital anomalies

It can be useful in diagnosing and evaluating cardiac disease. Technical expertise in performing and interpreting the
echocardiogram is essential.



Part &

Recognizing Respiratory Problems

Respiratory distress is defined as abnormal respiratory rate or effort, encompassing a spectrum of signs from tachypnea with
retractions to agonal gasps. It includes

e Increased work of breathing

e Inadequate respiratory effort (eg, shallow respirations) or rate (bradypnea)

e lrregular breathing

PALS providers must identify respiratory conditions that are treatable with simple measures, such as by clearing airway
secretions or administering O.. Yet it may be even more important to identify those respiratory conditions that are subtly but
rapidly progressing toward respiratory failure. These conditions require timely interventions with more advanced airway
techniques (eg, assisted bag-mask ventilation).

In infants and children, respiratory distress can quickly progress to respiratory failure and finally to cardiac arrest. Good
outcome (ie, neurologically intact survival to hospital discharge) is more likely after respiratory arrest than after cardiac arrest.
Once the child with a respiratory problem develops cardiac arrest, the outcome is often poor, so you can greatly improve
outcome by identifying and managing respiratory distress and failure before the child deteriorates to cardiac arrest.

Learning Objective

After completing this Part, you should be able to differentiate between respiratory distress and failure.

You need to understand the concepts in this Part to be able to quickly identify signs of respiratory distress and respiratory
failure as well as be able to recognize respiratory problems by type so that you can choose appropriate interventions.

Fundamental Issues Associated With Respiratory Problems

Children with respiratory problems have impaired oxygenation, ventilation, or both. This section discusses
o Impaired oxygenation and ventilation
o Physiology of respiratory disease



Impaired Oxygenation and Ventilation in Respiratory Problems

Physiology of the Respiratory System

The main function of the respiratory system is gas exchange, in which air is taken into the lungs with inspiration. From there,

O:. diffuses from the alveoli into the blood, where some O dissolves in plasma. Most O. that enters the blood is bound to
hemoglobin. The percent of hemoglobin that is bound to O: is called oxygen saturation. When blood passes through the lungs,
CO:. diffuses from the blood into the alveoli and is exhaled. Acute respiratory problems can result from alterations in any part of
this system, from the airway to the alveoli (lung parenchyma). Central nervous system disease, such as seizures or head
trauma, can impair respiration control, leading to decreased respiratory rate or an irregular respiratory pattern and/or ineffective
respirations. Muscle weakness, either primary (eg, muscular dystrophy) or secondary (eg, fatigue), may also impair
oxygenation or ventilation.

Children have a high metabolic rate, so O. demand per kilogram of body weight is high. Therefore, hypoxemia and tissue
hypoxia can develop more rapidly in a child than in an adult if apnea or inadequate alveolar ventilation occurs.

Respiratory problems can result in
e Hypoxemia
e Hypercarbia
e A combination of both hypoxemia and hypercarbia

Hypoxemia (Low Oxygen Saturation)

Hypoxemia is defined as a decreased arterial oxygen saturation detected by pulse oximetry or directly measuring oxygen
saturation in an ABG sample. It is generally defined as arterial oxygen saturation below 94% in a normal child breathing room
air. Various conditions may lower the threshold, such as altitude or cyanotic heart disease. Permissive hypoxemia is a pulse
oximetry percentage of less than 94%, which may be appropriate in certain circumstances (eg, some cases of congenital heart
disease).

It is important to distinguish between hypoxemia and tissue hypoxia. Hypoxemia is low arterial O, saturation (Sao. less than
94%), while hypoxia is a pathologic condition in which the body as a whole (generalized hypoxia) or a region of the body (tissue
hypoxia) is deprived of an adequate oxygen supply. Note that hypoxemia does not necessarily lead to tissue hypoxia and that
tissue hypoxia may occur when arterial oxygen saturation is normal. For example, when hypoxemia is chronic (eg, unrepaired
cyanotic heart disease), compensatory increases in blood flow (ie, increased cardiac output) or hemoglobin concentration
(polycythemia) increase the O.-carrying capacity of the blood and helps maintain arterial O. content at near-normal












children with or without advanced airways. The end-tidal CO. (or exhaled CO. measured at the end of exhalation) measured by
capnography may not be identical to the arterial CO.. However, if the airway is open/patent, there is no increased dead space
from air trapping (eg, asthma), and cardiac output is adequate, the end-tidal CO. will increase in the presence of hypercarbia.
End-tidal CO:. reflects both the cardiac output produced and ventilation efficacy and may provide feedback on the quality of
CPR. A sudden rise in the end-tidal CO. may be an early sign of ROSC.

When to Suspect Hypercarbia

Decreased level of consciousness is a critical symptom of both inadequate ventilation and hypoxia. If a child’s clinical condition
deteriorates from agitation and anxiety to decreased responsiveness despite supplemental O, this may indicate that the
Paco: is rising. Note that even if the pulse oximeter indicates adequate O. saturation, ventilation may be impaired and
hypercarbia may be present. If a child with respiratory distress has a decreased level of consciousness despite adequate
oxygenation, ventilation may be inadequate and hypercarbia and respiratory acidosis may be present.

Signs of inadequate ventilation are nonspecific and include one or more of the following:
o Tachypnea or inadequate respiratory rate for age and clinical condition
o Nasal flaring, retractions, accessory muscle use
e Change in level of consciousness: initial anxiety, agitation, and then decreased level of consciousness

Physiology of Respiratory Disease

One may accomplish normal spontaneous breathing with minimal work. Breathing is quiet with unlabored, smooth inspiration
and passive expiration. In children with respiratory disease, “work of breathing” becomes more apparent. Important factors
associated with increased work of breathing include

e Increased airway resistance (upper and lower)

o Decreased lung compliance

o Use of accessory muscles of respiration

o Disordered central nervous system control of breathing

Airway Resistance

Airway resistance, or the impedance to airflow within the airways, is primarily increased by reducing the size of the conducting
airways (either by airway constriction or inflammation). Turbulent airflow also causes increased airway resistance. Airflow may
become turbulent when the flow rate increases, even if the airway size remains unchanged. When airway resistance increases,
work of breathing increases in an attempt to maintain airflow.






Airway Resistance in Turbulent Airflow

When airflow is turbulent (ie, irregular), resistance is inversely proportional to the fifth power of the radius of the airway lumen, a
10-fold increase over the resistance to airflow that occurs during reduction in the airway radius when airflow is normal and
laminar. In this state, a much larger driving pressure is required to produce the same rate of airflow. A patient who is agitated
(causing rapid, turbulent airflow) has a significant increase in airway resistance and thus work of breathing compared to a
patient who is calm (allowing for laminar airflow). To prevent turbulent airflow from generating (eg, during crying), try to keep a
child with airway obstruction as calm as possible.

Lung Compliance

Compliance refers to the distensibility of the lung, chest wall, or both. Lung compliance, specifically, is defined as the change in
lung volume produced by a change in driving pressure across the lung. When lung compliance is high, the lungs easily inflate
(a large change in volume produced by a slight change in driving pressure). The lungs are stiffer in a child with low lung
compliance, so it takes more effort to inflate them. To create a significant pressure gradient to produce air flow into the stiff
lung, the diaphragm contracts more forcefully, increasing intrathoracic volume and reducing intrathoracic pressure. Poorly
compliant lungs will also lead to increased work of breathing. During mechanical ventilation, increased positive airway pressure
is needed to achieve adequate ventilation when lung compliance decreases.

Causes of decreased compliance include extrapulmonary conditions like pneumothorax and pleural effusion as well as
intrapulmonary conditions such as pneumonia and inflammatory lung tissue diseases, such as ARDS, pulmonary fibrosis, and
pulmonary edema. These conditions are associated with an increase in the water content in the interstitial space and alveoli.
The impact of this on lung compliance is similar to what happens when a sponge becomes saturated with water. A normal
sponge re-expands quickly when compressed, while a wet sponge is harder to compress and re-expands more slowly because
its normal elasticity is opposed by the extra weight of the fluid in the sponge.

The chest wall in infants and young children is much more compliant than in older children and adults. Therefore, relatively
small pressure changes can move the chest wall. During normal breathing, diaphragm contraction in infants pulls the lower ribs
slightly inward but does not cause significant chest retraction. However, forcefully contracting the diaphragm results in a large
drop in pressure within the chest, pulling the child’s compliant chest inward (ie, retracting it) and pushing the abdomen out
during inspiration, which can actually limit lung expansion during inspiration. These muscular contractions are useful in older
children and adolescents when the chest wall is more rigid, but in infants and young children, the compliant chest wall (which is
not fully calcified) actually can be counterproductive.



Children with neuromuscular disorders have a weak chest wall and weak respiratory muscles that can make breathing and
coughing ineffective. Muscle weakness can result in characteristic seesaw breathing (the chest wall retracts and the abdomen
expands simultaneously).

Inspiratory and Expiratory Flow

The inspiratory muscles of respiration include the diaphragm, intercostal muscles, and accessory muscles (primarily of the
abdomen and neck). During spontaneous breathing, inspiratory muscles (chiefly the diaphragm) increase intrathoracic volume,
resulting in decreased intrathoracic pressure. When intrathoracic pressure is less than atmospheric pressure, air flows into the
lungs (inspiration); the intercostal muscles stabilize the chest wall to optimize intrathoracic inspiratory air flow. Accessory
muscles of respiration are not typically needed during normal ventilation; however, in respiratory disorders that increase airway
resistance or reduce lung compliance, activation of these accessory muscles helps to improve the child’s ability to augment
inspiratory air flow.

Expiratory flow results from the inspiratory muscles relaxing and the lung and chest wall elastically recoiling, decreasing
intrathoracic volume and, thus, increasing intrathoracic pressure to a higher level than that of the atmospheric pressure. During
spontaneous breathing, expiratory flow is primarily a passive process. However, expiration may become an active process in
the presence of increased lower airway resistance and may require the abdominal wall muscles and the intercostal muscles.

Critical Concepts
The Diaphragm’s Role in Breathing

The normal diaphragm is dome-shaped and contracts most forcefully in this shape. When the diaphragm flattens, as occurs
with lung hyperinflation (eg, acute asthma), contraction is less forceful and ventilation is less efficient. Respiration is
compromised if diaphragm movement is impeded by abdominal distention and high intra-abdominal pressure (eg, gastric
inflation) or by air trapping caused by airway obstruction. During infancy and early childhood, the intercostal muscles serve
primarily to stabilize the chest wall. They cannot effectively lift the chest wall to increase intrathoracic volume and compensate
for loss of diaphragm motion.

Central Nervous System Control of Breathing

Breathing is controlled by complex mechanisms involving
e Brainstem respiratory centers
e Central and peripheral chemoreceptors
e Voluntary control



A group of respiratory centers located in the brainstem control spontaneous breathing. Voluntary control from the cerebral
cortex, such as breath holding, panting, and sighing, can also override breathing. Conditions like infection of the central
nervous system, traumatic brain injury, and drug overdose can impair respiratory drive, resulting in hypoventilation or even
apnea.

Note that central chemoreceptors respond to changes in the hydrogen ion concentration of cerebrospinal fluid, which is largely
determined by the arterial CO. tension (Paco.). Peripheral chemoreceptors (eg, in the carotid body) respond primarily to a
decrease in arterial O, (Pa0.); some receptors also respond to an increase in Paco..

Identifying Respiratory Problems by Type

Respiratory distress or failure can be classified into one or more of the following types:
e Upper airway obstruction
e Lower airway obstruction
e Lung tissue disease
o Disordered control of breathing

Respiratory problems do not always occur one at a time. A child may have more than 1 cause of respiratory distress or failure,
such as disordered control of breathing caused by a head injury and then pneumonia (lung tissue disease). A patient may also
exhibit symptoms consistent with more than 1 class of respiratory abnormality.

Upper Airway Obstruction

Obstruction of the upper airways (ie, the airways outside the thorax) can occur in the nose, pharynx, or larynx and can range
from mild to severe.

Causes of Upper Airway Obstruction

Common causes of upper airway obstruction are foreign-body aspiration (eg, food, a small object), and airway swelling (eg,
anaphylaxis, tonsillar hypertrophy, croup, epiglottitis). Other causes include a mass that compromises the airway lumen (eg,
pharyngeal or peritonsillar abscess, retropharyngeal abscess, tumor), thick secretions obstructing the nasal passages, or any
congenital airway abnormality (eg, congenital subglottic stenosis) resulting in narrowing of the airway, or poor control of the
upper airway due to a decreased level of consciousness. It also may be hospital acquired. For example, subglottic stenosis
may develop secondary to trauma induced by ET intubation.



Due to their small airway, infants and small children may easily develop upper airway obstruction. Because an infant’s tongue
is large in proportion to the oropharyngeal cavity, if the infant has a decreased level of consciousness, the muscles may relax
and allow the tongue to fall back and obstruct the oropharynx. Infants also have a prominent occiput. If the infant with a
decreased level of consciousness is supine, resting on the large occiput can cause flexion of the neck, resulting in upper airway
obstruction.

Signs of Upper Airway Obstruction

The major clinical signs, such as stridor, hoarseness, or a change in voice or cry, typically occur during the inspiratory phase of
the respiratory cycle. Inspiratory retractions, use of accessory muscles, and nasal flaring are often present. The respiratory rate
is often only mildly elevated because upper airway obstruction is worse with faster breathing. Examples include foreign body
obstruction, croup, and epiglottitis. Other signs of upper airway obstruction include

e Increased respiratory rate and effort

e Drooling, snoring, or gurgling sounds

e Poor chestrise

e Poor air entry on auscultation

Lower Airway Obstruction

Obstruction of the lower airways (ie, the airways within the thorax) can occur in the lower trachea, the bronchi, or the
bronchioles.

Causes of Lower Airway Obstruction
Common causes of lower airway obstruction are asthma and bronchiolitis.

Signs of Lower Airway Obstruction

The major clinical signs typically occur during the expiratory phase of the respiratory cycle, wherein the child often has
wheezing and a prolonged expiratory phase that requires increased expiratory effort. The respiratory rate is usually elevated,
particularly in infants. Inspiratory retractions become prominent when the lower airway obstruction impairs inspiration and
exhalation, requiring increased respiratory effort. Examples include asthma and bronchiolitis. Signs of lower airway obstruction
include

e Cough

o Prolonged expiratory phase

e Wheezing



e Retractions
e Decreased air movement
e Poor air entry on auscultation or silent chest

Lower Airway Obstruction and Respiratory Rate

Small airways are obstructed through a variety of mechanisms in acute lower airway obstruction. In asthma, small airways are
obstructed via smooth muscle bronchial constriction, mucus plugging, inflammation, and external collapse due to high
intrathoracic pressures. In bronchiolitis, small airway obstruction occurs predominantly because of mucus plugging and
bronchial edema. If these obstructions are severe, air trapping and lung hyperinflation occur, further exacerbating the
obstruction of the smaller airways. An infant with lower airway obstruction, by comparison, typically has a rapid respiratory rate.
The infant has a compliant chest wall. If the infant attempts to breathe more deeply, the resulting decrease in intrapleural
pressure may result in greater chest wall retractions. When lower airway obstruction is significant, it is more efficient for the
infant to breathe at a fast rate with small tidal volumes to maintain minute ventilation, keeping a relatively larger volume of gas
in the lungs.

Lung Tissue Disease

This condition describes diseases involving the substance (ie, parenchyma or tissue) of the lung. In this state, the child’s lungs
become stiff because of fluid accumulation in the alveoli, interstitium, or both, requiring increased respiratory effort during
inspiration and exhalation. Therefore, retractions and accessory muscle use are common. Hypoxemia is often marked due to
alveolar collapse or reduced oxygen diffusion caused by pulmonary edema fluid and inflammatory debris in alveoli. Tachypnea
is common and often quite marked. Patients frequently attempt to counteract alveolar and small airway collapse by increasing
efforts to maintain an elevated end-expiratory pressure, often manifested by grunting respirations. Signs of lung tissue disease
include

e Crackles on auscultation

e Grunting

o Decreased breath sounds

e Tachypnea

e Hypoxemia

Causes of Lung Tissue Disease

Causes of lung tissue disease vary and can include pneumonia or pneumonitis from any cause (eg, bacterial, viral, chemical,
aspiration) and cardiogenic (eg, CHF) and noncardiogenic pulmonary edema (eg, ARDS). Other potential causes include



e Pulmonary contusion (trauma)

e Allergic reaction

e Toxins

e Vasculitis

e Infiltrative disease

e Allergic, vascular, widespread inflammatory, environmental, and other factors

Signs of Lung Tissue Disease

Children with lung tissue disease can often maintain ventilation (ie, CO. elimination) with a relatively small number of functional
alveoli, but they cannot maintain oxygenation as effectively. Tachycardia and hypoxemia are earlier signs of lung tissue
disease than hypercarbia. Compromised ventilation, indicated by hypercarbia, is typically a late manifestation of the disease
process.

Grunting produces early glottic closure during expiration. Grunting is a compensatory mechanism to maintain positive airway
pressure and prevent collapse of the alveoli and small airways. Grunting is an ominous sign of impending respiratory failure.

Disordered Control of Breathing

In this state, there is inadequate respiratory effort, and the parent may say that the child is “breathing funny.” There may be
periods of increased respiratory rate, effort, or both followed by decreased rate, effort, or both, or the child’s respiratory rate or
effort may be continuously inadequate. Often the net effect is hypoventilation leading to hypoxemia and hypercarbia.

Causes of Disordered Control of Breathing

Disordered control of breathing may result from a host of conditions, including neurologic disorders (eg, seizures, central
nervous system infections, head injury, brain tumor, hydrocephalus, neuromuscular disease), metabolic abnormalities, and
drug overdose. Because disordered control of breathing is typically associated with conditions that impair neurologic function,
these children often have a decreased level of consciousness.

Signs of Disordered Control of Breathing

Signs of disordered control of breathing include
o Variable or irregular respiratory rate and pattern (tachypnea alternating with bradypnea)
o Variable respiratory effort
o Shallow breathing with inadequate effort (frequently resulting in hypoxemia and hypercarbia)



o Central apnea (ie, apnea without any respiratory effort)
e Normal or decreased air movement

Summary: Recognizing Respiratory Problems

This section summarizes the recognition and identification of respiratory problems. This summary does not include all
respiratory emergencies but instead provides key characteristics for a limited number of diseases.

Upper Airway Obstruction
e Airway: patent airway open and maintainable/not maintainable
e Breathing:

o —Respiratory rate/effort increased
o —Breath sounds:
= Stridor (typically inspiratory)
= Barking cough
= Hoarseness
= Change in pitch or cry
o —Decreased air movement
Circulation:
o —Heart rate: tachycardia (early); bradycardia (late)
o =Skin: pallor, cool skin (early); cyanosis (late)
Disability: level of consciousness: anxiety, agitation (early); lethargy, unresponsiveness (late)
Exposure: variable temperature

Lower Airway Obstruction
o Airway: patent airway open and maintainable/not maintainable
e Breathing:
o —Respiratory rate/effort increased
o —Breath sounds:
=  Wheezing (typically expiratory)
= Prolonged expiratory phase
o —Decreased air movement



Circulation:

o —Heart rate: tachycardia (early); bradycardia (late)

o —Skin: pallor, cool skin (early); cyanosis (late)
Disability: level of consciousness: anxiety, agitation (early); lethargy, unresponsiveness (late)
Exposure: variable temperature

Lung Tissue Disease

Airway: patent airway open and maintainable/not maintainable
Breathing:
o —Respiratory rate/effort increased
o —Breath sounds:
= Grunting
= Crackles
= Decreased breath sounds
o —Decreased air movement
Circulation:
o —Heart rate: tachycardia (early); bradycardia (late)
o —Skin: pallor, cool skin (early); cyanosis (late)
Disability: level of consciousness: anxiety, agitation (early); lethargy, unresponsiveness (late)
Exposure: variable temperature

Disordered Control of Breathing

Airway: patent airway open and maintainable/not maintainable
Breathing:
o —Variable respiratory rate/effort
o —Normal breath sounds
o —Variable air movement
Circulation:
o —Heart rate: tachycardia (early); bradycardia (late)
o —Skin: pallor, cool skin (early); cyanosis (late)
Disability: level of consciousness: anxiety, agitation (early); lethargy, unresponsiveness (late)
Exposure: variable temperature









Airway e Support an open airway (allow child to assume position of comfort) or, if necessary, open the airway with
o —Head tilt—chin lift
o —Jaw thrust without head tilt if you suspect cervical spine injury. If this maneuver does not open the airway,
use the head tilt—chin lift or jaw thrust with gentle head extension
o Clear the airway if indicated (eg, suction nose and mouth, remove visualized foreign body, do not perform a blind finger
sweep)
e Consider an OPA or nasopharyngeal airway to improve airway openness/patency

Breathing e Monitor O; saturation by pulse oximetry

e Provide O, (humidified if available). Use a high-concentration delivery device such as a nonrebreathing mask or heated
high flow O, therapy for treating severe respiratory distress or possible respiratory failure

e Administer inhaled medication (eg, albuterol, epinephrine) as needed

e Assist ventilation with bag-mask device and supplemental O; if needed

e Prepare to insert an advanced airway if indicated

Circulation e Monitor heart rate, heart rhythm, and blood pressure
e Establish vascular access (for fluid therapy and medications) as indicated

Principles of Targeted Management

Once you stabilize both oxygenation and ventilation, identify the type of respiratory problem to help prioritize the next
interventions. This Part reviews principles of targeted management for the following 4 types of respiratory problems:
e Upper airway obstruction
e Lower airway obstruction
e Lung tissue disease
o Disordered control of breathing

Managing Upper Airway Obstruction

Upper airway obstruction is a mild to severe obstruction of the large airways outside the thorax (ie, in the nose, pharynx, or
larynx). Causes of upper airway obstruction are airway swelling, foreign body, or infection. Other causes include edema or










e Frequent barking cough

e Prominent inspiratory and occasional
expiratory stridor

e Marked retractions

¢ Significant agitation

e Decreased air entry by auscultating the lungs

After giving nebulized epinephrine, observe for
at least 2 hours to ensure continued
improvement (no recurrence of stridor)
Consider using heliox (helium-oxygen mixture)
for severe disease if the child requires no
higher than 40% inspired oxygen
concentration. If the obstruction is severe the
oxygen concentration will need to be less

Respiratory distress
or impending
respiratory failure

Barking cough (may not be prominent if the child’s
respiratory effort is growing weaker with the development
of severe hypoxemia and hypercarbia), audible stridor at
rest (can be difficult to hear with failing respiratory effort),
retractions (may not be severe if respiratory effort is
failing)

Administer a high concentration of O; use a
nonrebreathing mask or heated high-flow nasal
oxygen therapy, CPAP, or bilevel positive
airway pressure (BiPAP) if available
Administer dexamethasone IV/IM

Provide assisted ventilation (ie, bag-mask
ventilation timed to support the child’s own
inspiration) for persistent, severe hypoxemia
(<90% O, saturation) despite O, administration,
inadequate ventilation, or changes in level of
consciousness

Perform ET intubation if indicated; to avoid
injury to the subglottic area, use a smaller ET
tube size (a half size smaller than predicted for
the child’s age

Prepare for surgical airway if needed

Respiratory
failure/impending
respiratory arrest

Poor air movement on auscultation, lethargy or decreased
level of consciousness, and, sometimes, pallor or
cyanosis despite administering supplemental O.

Administer a high concentration of O,; use a
nonrebreathing mask or heated high-flow nasal
oxygen therapy, CPAP, or BiPAP if available
Administer dexamethasone I1V/IM

Provide assisted ventilation (ie, bag-mask
ventilation timed to support the child’s own
inspiration) for persistent, severe hypoxemia
(<90% O; saturation) despite O, administration,
inadequate ventilation, or changes in level of
consciousness











































This section summarizes general management of respiratory emergencies and specific management by etiology. This
summary does not include all respiratory emergencies but provides key management strategies for a limited number of
diseases.

General Management for Respiratory Emergencies
e Airway positioning
e Suction as needed
o« Oxygen
e Pulse oximetry
e ECG monitor as indicated
e BLS as indicated

Specific Management for Selected Conditions

Upper Airway Obstruction

e Croup
o —Nebulized epinephrine
o —Corticosteroids

e Anaphylaxis
o —IM epinephrine (or autoinjector)
o —Albuterol
o —Antihistamines
o —Corticosteroids

e Aspiration of foreign body
o —Allow position of comfort
o —Specialty consultation

Lower Airway Obstruction
e Bronchiolitis
o —Nasal suctioning
o —Consider bronchodilator trial
e Asthma
o —Albuterol * ipratropium



—Corticosteroids
—Magnesium sulfate

—IM epinephrine (if severe)
—Terbutaline

O O O O

Lung Tissue Disease
e Pneumonia/pneumonitis (infectious, chemical, aspiration)
o —Albuterol
o —Antibiotics (as indicated)
o —Consider noninvasive or invasive ventilatory support with PEEP
e Pulmonary edema (cardiogenic or noncardiogenic [ARDS])
o —Consider noninvasive or invasive ventilatory support with PEEP
o —Consider vasoactive support
o —Consider diuretic

Disordered Control of Breathing
e Increased ICP
o —Avoid hypoxemia
o —Avoid hypercarbia
o —Avoid hyperthermia
o —Avoid hypotension

Poisoning/Overdose
e Noninvasive or invasive ventilatory support as needed
e Antidote (if available)
o Contact poison control

Neuromuscular Disease
Consider noninvasive or invasive ventilatory support.

Resources for Managing Respiratory Emergencies



Suction Devices

Suction devices can be either portable or wall-mounted units.
o Although portable suction devices are easy to transport, they may not have adequate suction power. A suction
force of =80 to —120 mm Hg is generally needed to remove airway secretions.
e Bulb or syringe suction devices are simple to use and require no outside vacuum source. These devices may be
inadequate in larger patients or when secretions are thick or copious.
o Wall-mounted suction units can provide a high suction force of more than —300 mm Hg.

Suction devices used in children should have adjustable suction regulators so that you can use sufficient suction force and
minimize tissue trauma. Large-bore, noncollapsible suction tubing should always be joined to the suction unit. Semirigid
pharyngeal tips (tonsil suction tips) and appropriate sizes of catheters should be available.

Indications

You may need to suction secretions, blood, or vomit from the oropharynx, nasopharynx, or trachea to achieve or maintain an
open/patent airway.

Complications

Complications of suctioning can include
e Hypoxia
e Vagal stimulation resulting in bradycardia
o (Gagging and vomiting
e Soft tissue injury
e Agitation

Soft vs Rigid Catheters

Both soft, flexible and rigid suctioning catheters are available. Use a soft, flexible suction catheter for aspirating thin secretions
from the oropharynx and nasopharynx and for suctioning an advanced airway (eg, ET tube). Use a rigid wide-bore suction
cannula (“tonsil tip”) for suctioning the oropharynx, particularly if thick secretions, vomit, or blood are present.

Catheter Sizes

For a guide to selecting the appropriate-sized suction catheter, use a color-coded length-based resuscitation tape or other
reference.



Oropharyngeal Suctioning Procedure

Follow these steps to suction the oropharynx:
1. Gently insert the distal end of the suction catheter or device into the oropharynx over the tongue. Guide it into the
posterior pharynx (back of the throat).
2. Apply suction by covering the catheter side opening. At the same time, withdraw the catheter with a rotating or
twisting motion.
3. Try to limit suction attempts to 10 seconds or less to help reduce the risk of hypoxemia (low oxygen saturation).
You may give short periods of 100% oxygen immediately before and after each suctioning attempt.

Note: Suction attempts may need to be longer than 10 seconds if the airway is obstructed (eg, by blood). You cannot adequately oxygenate or
ventilate unless the airway is open and clear.

Critical Concepts
Monitoring During Suctioning
Monitor the child’s heart rate, oxygen saturation, and clinical appearance during suctioning. In general, if bradycardia develops

or clinical appearance deteriorates, interrupt suctioning. Give high-flow oxygen and bag-mask ventilation, if needed, until the
heart rate and clinical appearance return to normal.

Oropharyngeal Airway

Description

Usually made of plastic, the OPA consists of a flange, a short bite-block segment, and a curved body. It is shaped to provide an
air channel and a passage for a suction catheter to the pharynx. The OPA fits over the tongue to prevent it and other soft
structures of the throat from obstructing the airway. It is not intended to be used long-term as a bite-block device in agitated
patients.

Indications

An OPA may relieve upper airway obstruction caused by the tongue. Using a correct-sized OPA will not damage laryngeal
structures. It may be used in the unconscious child with no gag reflex if procedures to open the airway (eg, head tilt—chin lift,
jaw thrust) fail to provide and maintain a clear, unobstructed airway. However, an OPA should not be used in a conscious or
semiconscious child because it may stimulate gagging and vomiting. Before using an OPA, check if the child has a gag reflex.
If so, do not use an OPA.









Oral/tracheal suction equipment (appropriate size); confirm that it is working

Oral and nasopharyngeal airways (appropriate size)

Endotracheal tubes with stylets (all sizes) and sizes 0.5 mm (internal diameter) above and below anticipated size for patient; it is
reasonable to choose cuffed ET tubes over uncuffed ET tubes

Laryngoscope (curved and straight blades) and/or video laryngoscope; backup laryngoscope available

3-, 5-, and 10-mL syringes to test inflate endotracheal tube balloon

Adhesive/cloth tape or commercial endotracheal tube holder to secure tube

Towel or pad to align airway by placing under head or torso

Specialty equipment as needed for difficult airway management or anticipated complications (supraglottic, transtracheal, and/or
cricothyrotomy)

Sudden

Deterioration in an Intubated Patient (DOPE Mnemonic)

Sudden deterioration in an intubated patient may be caused by one of several complications. Use the mnemonic DOPE to help
remember these:

Displacement of the tube/distention of the abdomen: The tube may be displaced out of the trachea or advanced
into the right or left main bronchus. If the abdomen becomes sufficiently distended, it can impair the ability of the
lungs to fill and may require decompression with a nasogastric/orogastric tube or opening up a G-tube to allow for
decompression.

Obstruction of the tube: Obstruction may be caused by secretions, blood, pus, a foreign body, or kinking of the
tube.

Pneumothorax/PEEP requirement: Simple pneumothorax usually results in a sudden deterioration in oxygenation
(reflected by a sudden decrease in Sp0:) and decreased chest expansion and breath sounds on the involved side.
Tension pneumothorax may result in the above plus evidence of hypotension and decreased cardiac output. The
trachea is usually shifted away from the involved side (this is a late sign).

Equipment failure: Equipment may fail for several reasons, such as disconnection of the O. supply from the
ventilation system, leak in the ventilator circuit, failure of power supply to the ventilator, and malfunction of valves in
the bag or circuit.




Evaluating the Patient’s Status

If an intubated patient’s condition deteriorates, first support oxygenation and ventilation. While attempting this, rapidly assess
the child and attempt to determine and correct the cause of deterioration. If the child is being mechanically ventilated, hand
ventilate with a bag while you assess the patient’s airway, ventilation, and oxygenation as follows:

e Observe for chest rise and symmetry of chest movement.

e Auscultate over both sides of the anterior chest and at the midaxillary line and over the stomach. Listen carefully
over the lateral lung fields for asymmetry in breath sounds or abnormal sounds such as wheezing.

o Check monitors (eg, pulse oximetry; if available, capnography).

e Check heart rate.

e Suction the ET tube or SGA if you suspect obstruction with secretions.

o Use sedatives or analgesics, with or without neuromuscular blockers, if needed to reduce the child’s agitation and
control ventilation. Administer these agents only after you rule out a correctable cause of the acute distress and are
sure that you can provide positive-pressure ventilation. Caution should be used with neuromuscular blockades as
there is significant risk of losing an effective airway if the advanced airway is not properly placed and secured.

Your initial assessment will determine the urgency of the required response. If you cannot verify that the ET tube is in the
airway, direct visualization of the tube passing through the glottis is advised. If the child’s condition is deteriorating and you
strongly suspect that the tube is no longer in the trachea, you may need to remove it and ventilate with a bag-mask device.

Patient Agitation

Once you confirm the ET tube position and openness/patency and rule out failure of ventilation equipment and pneumothorax,
evaluate oxygenation and perfusion. If oxygenation and perfusion are adequate or unchanged, it is possible that agitation, pain,
or excessive movement is interfering with adequate ventilation.

If so, try one or more of the following:
e Analgesia (eg, fentanyl, morphine) to control pain
e Sedation (eg, lorazepam, midazolam) for anxiety or agitation
o Neuromuscular blocking agents and analgesia or sedation to optimize ventilation and minimize the risk of
barotrauma and unintentional tube displacement

Continuous capnography is the gold standard during mechanical ventilation as an adjunct to clinical assessment. A sudden
decrease in exhaled CO. can indicate ET or SGA tube displacement or cardiac arrest, while a gradual decrease in exhaled
CO:. may indicate development of ET tube obstruction or decreasing cardiac output. In addition, capnography may help to



detect hypoventilation or hyperventilation, and is particularly useful during transport and diagnostic procedures. Use a
colorimetric detector or capnography during intrahospital and interhospital transport.

Oxygen Delivery Systems

Indications for Oxygen

For children with respiratory distress or shock, oxygen uptake by the lungs and oxygen delivery to the tissues typically reduce.
At the same time, tissue demand for oxygen may increase. Give high-flow oxygen to all seriously ill or injured children with
severe respiratory distress, shock, or changes in mental status. As soon as possible, add humidification to the oxygen delivery
system to help prevent airway dryness.

Giving Oxygen to a Conscious Child

Because agitation can increase oxygen demand and respiratory distress, balance the need to improve oxygen delivery against
possible agitation that may result from applying an oxygen delivery device to an alert child in respiratory distress. If a child is
agitated by one method of oxygen delivery, try an alternative technique. For example, if the child is upset by an oxygen mask,
try directing a “blow-by” stream of humidified oxygen toward the child’s mouth and nose. It may be helpful to have a person
familiar to the child, such as a parent, introduce the oxygen delivery equipment.

When giving oxygen to an alert child in respiratory distress, allow the child to remain in a position of comfort to minimize
respiratory effort and help keep the airway as open as possible. For infants and young children, the best position might be in
the arms of the parent or caregiver.

Giving Oxygen to a Child With a Decreased Level of Consciousness

If a child has a decreased level of consciousness, the airway may become obstructed by a combination of the following:
e Flexing the neck
e Relaxing the jaw
o Displacing the tongue against the back of the throat
e Accumulating secretions

If the child is unconscious with no cough or gag reflex, open the airway and insert an OPA. Use the head tilt—chin lift maneuver
or a jaw thrust to open the airway.

If you don’t suspect trauma and the child is breathing normally, roll the child onto their side in a neutral position. Place the child
on their side only if you do not need to perform any other interventions.
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Figure 33. Nonrebreathing mask with reservaoir.

A nonrebreathing mask consists of a face mask and reservoir bag with the addition of 2 one-way valves:
e Avalve in 1 or both exhalation port(s) to prevent room air from entering the mask during inspiration
e Avalve placed between the reservoir bag and the mask to prevent the flow of exhaled gas into the reservoir

Adjust the oxygen flow rate into the mask to prevent bag collapse (usually greater than 10 L/min). The bag is filled with oxygen
to meet the child’s total maximum inspired flow requirements. During inspiration, the child draws 100% oxygen from the

reservoir bag and the oxygen inflow. Room air does not enter the mask if the mask is tight-fitting and the delivery system is
closed.

High-Flow Nasal Cannula

The nasal cannula can also be used as a high-flow delivery device by adjusting the oxygen flow rate and adding heat and
humidity for comfort. Flow rates vary from 4 L in infants to up to 40 L or more in adolescents. The flow can be titrated to adjust
Fl0., provide a low level of pressure, and improve dead space washout. Together, these improve respiratory efficiency and can

improve work of breathing. The cannulas come in multiple sizes. Choose a size with a goal of not occluding more than 50% of
the nare.

High-flow nasal cannula systems deliver a combination of both room air and oxygen which can be titrated from 21% to 100%.
With these systems, the oxygen concentration is titrated based on the patient’'s needs and oxyhemoglobin saturations.















6 Critical Concepts

Shock and Blood Pressure

The definition of shock does not require the presence of hypotension. Shock can be present with a normal, increased, or
decreased systolic blood pressure.

Shock can result from
o Inadequate blood volume or oxygen-carrying capacity (hypovolemic shock, including hemorrhagic shock)
e Inappropriate distribution of blood volume and flow (distributive shock)
e Impaired cardiac contractility (cardiogenic shock)
e Obstructed blood flow (obstructive shock)

Conditions such as fever, infection, injury, respiratory distress, and pain may contribute to shock by increasing tissue demand
for O. and nutrients. Whether due to inadequate supply, increased demand, or a combination of both, O. and nutrient delivery
to the tissues is inadequate relative to metabolic needs. Inadequate tissue perfusion can lead to tissue hypoxia, anaerobic
metabolism, accumulating lactic acid and CO., irreversible cell damage, and, ultimately, organ damage. Death may then result
rapidly from cardiovascular collapse or more slowly from multiorgan failure.

Critical Concepts

Goal for Treating Shock
When treating shock, the goal is to improve systemic perfusion and O. delivery to help prevent end-organ injury and stop the
progression to cardiopulmonary failure and cardiac arrest.

Pathophysiology of Shock

The major function of the cardiopulmonary system is to deliver O to body tissues and remove metabolic by-products of cellular
metabolism (primarily CO.). When O. delivery cannot adequately meet tissue demand, cells use anaerobic metabolism to
produce energy, but this generates lactic acid as a by-product. Anaerobic metabolism can only maintain limited cell function.
Unless O: delivery is restored, organ dysfunction or failure will result.

Critical Concepts
Central Venous O, Saturation (Scv0.) and Cardiac Output






When hypoxemia is chronic (eg, unrepaired cyanotic heart disease), hemoglobin concentration increases (polycythemia). The
increased hemoglobin concentration will increase the O.-carrying capacity of the blood and help maintain arterial O. content at
near-normal concentrations, despite hemoglobin oxygen saturation being low.

If cardiac output decreases or hypoxemia worsens, these compensatory mechanisms may not be sufficient to maintain tissue
0. delivery, and tissue hypoxia will likely develop.

Cardiac output and vascular resistance determine adequate blood flow to the tissues. Cardiac output (the volume of blood
pumped by the heart per minute) is the product of stroke volume (the volume of blood pumped by the ventricles with each
contraction) and heart rate (number of times the ventricles contract per minute):

Cardiac Output = Stroke Volume x Heart Rate

According to this formula, if the heart rate decreases, stroke volume must increase commensurately to maintain the cardiac
output. Cardiac output can increase either by an increase in heart rate, in stroke volume, or both. However, the increased
cardiac output produced by increasing heart rate does have its limit. If the heart rate is too fast, as can happen with extreme
tachyarrhythmias (eg, SVT), stroke volume can fall because there is inadequate time to fill the heart (ie, the diastolic phase is
too short). Some arrhythmias, such as complete heart block or junctional tachycardia, can be associated with a decrease in
ventricular filling because atrial contraction (which normally contributes about 25% of ventricular filling) does not precede
ventricular contraction.

Critical Concepts
Infant Cardiac Output Dependent on Heart Rate

Infants have a very small stroke volume with limited ability to increase it, therefore making them dependent on an adequate
heart rate to maintain or increase cardiac output. Adolescents and adults are better able to increase stroke volume, and cardiac
output is less dependent on the heart rate. Tachycardia can be an early sign of shock, particularly in infants.

Appropriate blood flow distribution is determined by the size of the blood vessels supplying a specific organ. This property is
known as vascular resistance. If the vessel is large, vascular resistance is low; if the vessel is small, vascular resistance is
high. Vascular resistance is adjusted by tissues to locally regulate blood flow to meet metabolic demands. Abnormally
increased resistance (vasoconstriction) or decreased resistance (vasodilation) can interfere with blood flow distribution, even if
cardiac output is adequate.

Stroke Volume
Stroke volume, the amount of blood ejected by the ventricles with each contraction, is determined by the following 3 factors:



o Preload: volume of blood present in the ventricle before contraction
o Contractility: strength of contraction
o Afterload: resistance against which the ventricle is ejecting

Inadequate preload is the most common cause of low stroke volume and, therefore, low cardiac output. Several conditions (eg,
hemorrhage, severe dehydration, vasodilation) can cause inadequate preload, which results in hypovolemic shock.

You may assess preload indirectly by measuring the central venous pressure, but the relationship between central venous
pressure and preload is complex. Preload to the ventricles is the volume of blood in the ventricles that stretches the ventricular
fibers before a contraction (ie, the end-diastolic volume). However, the measurements used clinically measure pressure, not
volume. The relationship between changes in ventricular volume and changes in ventricular end-diastolic pressure is affected
by ventricular compliance (or, conversely, ventricular stiffness).

In general, assess the right ventricle preload by measuring the central venous pressure, measured in the superior vena cava or
right atrium. Generally, increased central venous pressure corresponds to increased right ventricular end-diastolic volume and
preload. However, if there is increased pressure around the right atrium and ventricle from a tension pneumothorax or
pericardial tamponade, or if the right ventricle is stiff (ie, not compliant) because of a congenital heart defect or pulmonary
hypertension, ventricular end-diastolic pressure increases despite no increase (or even a decrease) in right ventricular end-
diastolic volume and preload.

Preload is not the same as total blood volume. At steady state, most of the blood (about 70%) is in the veins. If the veins dilate
while the total blood volume is maintained, an inadequate amount of blood may return to the heart (reduced preload) because
of a drop in the driving pressure. This is part of the problem with sepsis: there is often severe venodilation, so preload to the
heart may be inadequate. In addition, the maldistribution of blood flow results in some tissue hypoxia.

Poor contractility (also referred to as myocardial dysfunction) impairs stroke volume and cardiac output, potentially leading to
cardiogenic shock. Poor contractility can be due to an intrinsic problem with pump function or an acquired abnormality, such as
an inflamed heart muscle (ie, myocarditis). Poor contractility also can occur from metabolic problems, such as hypoglycemia, or
from toxic ingestions (eg, calcium channel blockers).

Increased afterload is an uncommon primary cause of low stroke volume and impaired cardiac output in children. When cardiac
output reduces, the body responds with vasoconstriction to maintain blood pressure and blood flow to vital organs.
Paradoxically, vasoconstriction increases impedance to ventricular ejection and further decreases stroke volume and cardiac
output. Certain conditions, such as severe pulmonary or systemic hypertension or congenital abnormalities of the aorta, can
increase afterload so significantly that cardiogenic shock results.



Compensatory Mechanisms

As shock develops, compensatory mechanisms attempt to maintain O. delivery to vital organs. These mechanisms include
e Tachycardia
e Increased SVR (vasoconstriction)
e Increased strength of cardiac contraction (contractility)
e Increase in venous smooth muscle tone

The body’s first action to maintain cardiac output is to increase heart rate (tachycardia), which can increase cardiac output to a
limited degree.

When O. delivery to the tissues is compromised, blood flow is redirected or shunted from nonvital organs and tissues (eg, skin,
skeletal muscles, gut, kidneys) to vital organs (eg, brain, heart). This redirection occurs by a selective increase in SVR
(vasoconstriction).

Clinically, this results in reduced peripheral perfusion (ie, delayed capillary refill, cool extremities, weaker peripheral pulses) and
reduced perfusion to the gut (vomiting, feeding intolerance) and kidneys (decreased urine volume).

Another compensatory mechanism to maintain stroke volume and cardiac output is increased strength of cardiac contractions
(contractility) with more complete emptying of the ventricles. Stroke volume may also be supported by increased venous
smooth muscle tone, improving venous return to the heart and preload.

Effect on Blood Pressure

Blood pressure is determined by cardiac output and SVR. As cardiac output decreases, blood pressure can be maintained by
an increase in SVR. In children with shock, this compensatory mechanism can be so effective that systolic blood pressure may
initially remain normal or even slightly elevated. Pulse pressure, the difference between the systolic and diastolic blood
pressure, often narrows because increased SVR raises the diastolic pressure. In contrast, if SVR is low (as in sepsis), diastolic
blood pressure decreases and pulse pressure widens.

If cardiac output is inadequate, tissue perfusion is compromised, even if blood pressure is normal. Signs of poor tissue
perfusion—including cool, pale skin, delayed capillary refill, lactic acidosis, end-organ dysfunction, and weak peripheral or
central pulses (late finding)—will be present even if blood pressure is normal.

When SVR cannot increase further, blood pressure begins to decline. Then, O. delivery to vital organs is severely
compromised. Clinical signs include metabolic acidosis and evidence of end-organ dysfunction (eg, impaired mental status,



decreased urine output). Ultimately O. delivery to the myocardium becomes inadequate, causing myocardial dysfunction,
decreased stroke volume, and hypotension. These may rapidly lead to cardiovascular collapse, cardiac arrest, and irreversible
end-organ injury.

Identifying Shock by Severity (Compensated vs Hypotensive)

Shock severity is frequently characterized by its effect on systolic blood pressure. Shock is described as compensated if
compensatory mechanisms can maintain a systolic blood pressure within a normal range (ie, above the fifth percentile systolic
blood pressure for age). When compensatory mechanisms fail and systolic blood pressure declines, shock is classified as
hypotensive (previously referred to as decompensated). It's important to remember that shock may be present even if the
child’s blood pressure is normal.

You can easily identify hypotensive shock by measuring blood pressure, while you may find it more difficult to diagnose
compensated shock. Shock can range from compensated to hypotensive, with its manifestations affected by the type of shock
and the child’s compensatory responses. Use blood pressure to determine shock severity; however, children with both
compensated and hypotensive shock are at high risk for deterioration. The child with low cardiac output (ie, hypovolemic shock)
but normal mean blood pressure associated with severe vasoconstriction may have more end-organ compromise than the child
with normal or increased cardiac output (ie, septic shock) and low diastolic blood pressure.

Because blood pressure is one method of categorizing shock severity, it is important to recognize that automated blood
pressure devices are accurate only when there is adequate distal perfusion. If you cannot feel peripheral pulses, and the
extremities are cool and poorly perfused, automated blood pressure values may not be reliable. Treat the child based on your
entire clinical evaluation. If measuring blood pressure is not feasible, clinically evaluate tissue perfusion to guide treatment.

Compensated Shock

Compensated shock refers to a clinical state in which clinical signs of inadequate tissue perfusion appear, but the patient’s
blood pressure is in the normal range. In this stage of shock, the body can maintain blood pressure despite impaired delivery of
0. and nutrients to the vital organs. Clinical findings include tachycardia, delayed capillary refill, mental status changes, and
decreased urine output.

Critical Concepts
Systolic Blood Pressure in Identifying Shock









Early recognition and rapid intervention are critical to halting the progression from compensated shock to hypotensive shock to
cardiopulmonary failure and cardiac arrest.

These and other clinical manifestations are discussed in greater detail later in this Part.

Identifying Shock by Type

Shock can be categorized into 4 basic types:

o Hypovolemic: resulting from gastroenteritis, burns, hemorrhage, inadequate fluid intake, increased body fluid
losses, or osmotic diuresis

o Cardiogenic: resulting from congenital heart disease, myocarditis, cardiomyopathy, or arrhythmia

o Distributive: resulting from sepsis, anaphylaxis, or spinal cord injury (neurogenic)

o Obstructive: resulting from tension pneumothorax, cardiac tamponade, pulmonary embolism, or constriction of the
ductus arteriosus in infants with ductal-dependent congenital heart lesions (eg, coarctation, hypoplastic left
ventricle)

Although some signs and symptoms of shock fit just one category, there may be instances when the type of shock is not as
clear, presenting a mixed picture.

Hypovolemic Shock

Hypovolemic shock refers to a clinical state of reduced intravascular volume. The most common type of shock in pediatric
patients, it can be caused by extravascular fluid loss (eg, diarrhea, dehydration) or intravascular volume loss (eg, hemorrhage)
and results in decreased preload and cardiac output. Volume loss leading to hypovolemic shock can result from

e Diarrhea

e Vomiting

o Hemorrhage (internal and external)

e Inadequate fluid intake

e Osmotic diuresis (eg, DKA)

e Third-space losses (fluid leak into tissues, eg, in sepsis)

e Large burns









increased capillary permeability, so the vascular space loses plasma. This increases hypovolemia severity. Myocardial
contractility may also be depressed in septic shock.

In anaphylaxis, shock is caused by arterial and venous dilation and increased capillary permeability leading to reduced blood
pressure. A compensatory increase in cardiac index may be seen, but ultimately, relative hypovolemia will impair blood
pressure.

Neurogenic shock is characterized by generalized loss of vascular tone, most often after a high cervical spine injury, leading to
severe vasodilation and hypotension. Normally, the sympathetic nervous system increases heart rate in response to
hypotension. Children with neurogenic shock may be unable to generate a faster heart rate in response to hypotension and
typically have a normal or low heart rate for age. As a result, cardiac output and blood flow to tissues decrease dramatically.

Pathophysiology of Distributive Shock

In distributive shock, cardiac output may be increased, normal, or decreased. Although myocardial dysfunction may be present,
stroke volume can be adequate, particularly if there is aggressive volume resuscitation and decreased SVR. Tachycardia and
increased ventricular end-diastolic volume (from volume resuscitation) help maintain cardiac output. Tissue perfusion is
compromised by maldistribution of blood flow. Some tissue beds (eg, splanchnic circulation, renal circulation) may be
inadequately perfused; in other tissues (eg, some skeletal muscle and skin) perfusion may exceed metabolic needs. Hypoxic
tissues generate lactic acid, leading to metabolic acidosis. Early in the clinical course, a child with distributive shock may
present with decreased SVR and increased blood flow to the skin, producing warm extremities and bounding peripheral pulses,
and flash capillary refill (“warm shock”).

The typically high cardiac output and low SVR often observed in distributive shock differ from the low cardiac output and high
SVR seen in cardiogenic and obstructive shock. As distributive shock progresses, concomitant hypovolemia and/or myocardial
dysfunction produce a decrease in cardiac output. SVR can then increase, resulting in inadequate blood flow to the skin, cold
extremities, and weak pulses (“cold shock”). The late phase of distributive shock, therefore, can be similar to the clinical picture
of cardiogenic shock.

Distributive shock is most often characterized by many changes in cardiovascular function, including
e Low SVR, which typically leads to a lower diastolic blood pressure, is the etiology of the wide pulse pressure that is
commonly, but not always, present in the early phases of distributive shock
e Increased blood flow to some peripheral tissue beds
e Inadequate perfusion of the splanchnic and kidney vascular beds
e Release of inflammatory and other mediators and vasoactive substances


















e Contractility: normal
o Afterload: decreased

Signs of Neurogenic Shock

Primary signs of neurogenic shock are
e Hypotension with a wide pulse pressure
o Normal heart rate or bradycardia
e Hypothermia

Other signs may include increased respiratory rate, diaphragmatic breathing (the use of muscles in the diaphragm rather than
the chest wall), and other evidence of a high thoracic or cervical spine injury (ie, motor or sensory deficits). Loss of
diaphragmatic innervation may lead to apnea.

You must differentiate neurogenic shock from hypovolemic shock. Hypovolemic shock is typically associated with hypotension,
a narrow pulse pressure from compensatory vasoconstriction, and compensatory tachycardia. In neurogenic shock, these
compensatory mechanisms are not apparent because sympathetic innervation of the heart and blood vessels is interrupted,
and SVR will not increase.

Cardiogenic Shock

Cardiogenic shock refers to reduced cardiac output secondary to abnormal cardiac function or pump failure, resulting in
decreased systolic function and cardiac output. Common causes of cardiogenic shock include

o Congenital heart disease

e Myocarditis (inflamed heart muscle)

o Cardiomyopathy (an inherited or acquired abnormality of pumping function)

e Arrhythmias

e Sepsis

e Poisoning or drug toxicity

e Myocardial injury (eg, trauma)

Physiology of Cardiogenic Shock

Marked tachycardia, high SVR, and decreased cardiac output characterize cardiogenic shock. End-diastolic volume within the
left and right ventricles increases, resulting in congestion within the pulmonary and systemic venous systems. This pulmonary
venous congestion leads to pulmonary edema and increased work of breathing. Typically, intravascular volume is normal or



increased unless a concurrent illness causes hypovolemia (eg, in a child who has viral myocarditis with recent vomiting, fever,
poor oral intake).

e Preload: variable

o Contractility: decreased

e Afterload: increased

Cardiogenic shock is often characterized by sequential compensatory and pathologic mechanisms, including

e Increased heart rate and left ventricular afterload, which increases left ventricular work and myocardial
O. consumption

o Compensatory increase in SVR to redirect blood from peripheral and splanchnic tissues to the heart and brain

o Decreased stroke volume due to decreased myocardial contractility and increased afterload

e Increased venous tone, which increases central venous (right atrial) and pulmonary capillary (left atrial) pressures

o Diminished renal blood flow resulting in fluid retention

o Pulmonary edema resulting from myocardial failure and high left ventricular end-diastolic, left atrial, and pulmonary
venous pressures, and from increased venous tone and fluid retention

The same compensatory mechanisms that maintain perfusion to the brain and heart in hypovolemic shock are often detrimental
during cardiogenic shock. For example, compensatory peripheral vasoconstriction can maintain blood pressure in hypovolemic
shock, but it increases left ventricular afterload (commonly thought of as increased resistance to left ventricular ejection) in
cardiogenic shock.

Because the heart muscle also needs O, almost all children with severe or sustained shock may eventually have inadequate
myocardial O. delivery relative to myocardial O. demand. Therefore, severe or sustained shock of any type eventually causes
impaired myocardial function (ie, these children develop cardiogenic shock in addition to the primary cause of shock). Once
myocardial function declines, the child’s clinical status usually deteriorates rapidly.

Signs of Cardiogenic Shock
A B




























obstructive shock. Without them, children with obstructive shock often progress rapidly to cardiopulmonary failure and cardiac
arrest.

Summary: Recognizing Shock

This section summarizes the 4 basic types of shock.

Clinical Signs of Hypovolemic Shock
e Airway

o —Open and maintainable/not maintainable
Breathing

o —Increased respiratory rate

o —Normal to increased respiratory effort

o —Normal breath sounds
o Circulation

o —Compensated shock can progress to hypotensive shock if left untreated

—Narrow pulse pressure
—Increased heatrt rate
—Weak peripheral pulses
—Pale, cool skin
—Delayed capillary refill
o —Decreased urine output

O O O O O

o Disability
o —Level of consciousness: irritable early, lethargic late
e Exposure

o —Variable temperature

Clinical Signs of Distributive Shock
e Airway
o —Open and maintainable/not maintainable
e Breathing
o —Increased respiratory rate



o —Normal to increased respiratory effort
o —Normal breath sounds (+ crackles)
o Circulation
o —Compensated shock can progress to hypotensive shock if left untreated
—Variable pulse pressure
—Increased heart rate
—Bounding or weak peripheral pulses
—Warm or cool skin
—Variable capillary refill
o —Decreased urine output

O O O O O

e Disability
o —Level of consciousness: irritable early, lethargic late
e Exposure

o —Variable temperature

Clinical Signs of Cardiogenic Shock
e Airway
o —Open and maintainable/not maintainable
e Breathing
o —Increased respiratory rate
o —Labored respiratory effort
o —Normal breath sounds, crackles, grunting
o Circulation
o —Compensated shock can progress to hypotensive shock if left untreated
—Narrow pulse pressure
—Increased heart rate
—Weak peripheral pulses
—Pale, cool skin
—Delayed capillary refill
o —Decreased urine output
o Disability
o —Level of consciousness: irritable early, lethargic late

O O O O O






Anaphylactic Decreased Decreased Decreased Decreased
Neurogenic Decreased Normal Decreased Decreased
Cardiogenic Variable Decreased Increased Decreased
Obstructive Variable Normal Increased Decreased




Part

Managing Shock

Once you identify shock in a critically ill or injured child, intervene early to reduce morbidity and mortality. This Part discusses
the goals and priorities of shock management, treatment fundamentals, general and advanced management, and specific
management according to etiology.

Learning Objective

After completing this Part, you should be able to perform early interventions for treating shock.

During the course, you will be asked to manage children in shock. To do this, you must know general and specific treatment
based on the different types of shock.

Goals of Shock Management

The goals in treating shock are to
e Improve O. delivery
o Balance tissue perfusion and metabolic demand
e Support organ function
e Prevent progression to cardiac arrest

Immediate intervention for a child in shock may be lifesaving. The more time that passes between the onset of signs of shock
and the restoration of adequate O. delivery and organ perfusion, the poorer the outcome is. Once a child in shock progresses
to cardiac arrest, prognosis is poor.

Warning Signs
Watch for signs that compensatory mechanisms are failing in a seriously ill or injured child. Once you recognize that the child’s
condition is deteriorating, act decisively with the resuscitation team to provide effective resuscitation therapy. Identifying
compensated shock early is critical to effective treatment and good outcome. Warning signs that indicate progression from
compensated to hypotensive shock include

e Increasing tachycardia



o Diminishing or absent peripheral pulses

e Weakening central pulses

o Narrowing pulse pressure

o Cold distal extremities with prolonged capillary refill
o Decreasing level of consciousness

e Hypotension (late finding)

Once the child develops hypotensive shock, organ perfusion is typically severely compromised, and organ dysfunction may
develop even if the child does not progress to cardiac arrest.

Fundamentals of Shock Management

The acute treatment of shock focuses on restoring O. delivery to the tissues and improving the balance between tissue
perfusion and metabolic demand. This treatment consists of

e Optimizing O. content of the blood

e Improving volume and distribution of cardiac output

e Reducing O, demand

o Correcting metabolic derangements

Try to identify and reverse the underlying cause of shock while promptly intervening.

Optimizing Oxygen Content of the Blood

O. content of the blood is determined by the hemoglobin concentration and its saturation with oxygen. To optimize O. content
e Administer a high concentration of O. (use nonrebreathing mask to deliver 100% O.)
e Use invasive or noninvasive mechanical ventilation to improve oxygenation by correcting a ventilation/blood flow
(V/Q) mismatch or other respiratory disorders
o If hemoglobin concentration is low, consider packed red blood cell (PRBC) transfusion

Improving Volume and Distribution of Cardiac Output

For most forms of shock, use bolus fluid administration to improve volume and distribution of cardiac output. You may consider
noninvasive or invasive positive-pressure ventilation to reduce the work of breathing and improve oxygenation. Children in
shock may also benefit from vasoactive agents such as vasopressors, vasodilators, indicators, and/or inotropes.



Reducing Oxygen Demand

For all forms of shock, try to improve the balance between O, delivery and supply by reducing O. demand. The most common
factors that contribute to increased O. demand are

e Increased work of breathing

e Pain and anxiety

e Fever

Support breathing with noninvasive or invasive ventilation and assisted ventilation. To facilitate intubation and mechanical
ventilation, you may administer sedatives or analgesics and neuromuscular blockade. You may also need to control pain and
anxiety with analgesics and sedatives. Use sedative and analgesic agents with extreme caution; they may suppress the child’'s
endogenous stress response, impair compensatory mechanisms such as tachycardia, reduce blood pressure, and potentially
lead to cardiac arrest. The sedative effects of these agents can also make it more difficult to evaluate the child’s level of
consciousness and response to treatment. Control fever by administering antipyretics and other cooling measures.

Correcting Metabolic Derangements

Many conditions that lead to shock may result in or be complicated by metabolic derangements, such as
e Hypoglycemia
e Hypocalcemia
e Hyperkalemia
e Metabolic (lactic) acidosis

All of these conditions can adversely affect cardiac contractility. Metabolic acidosis is characteristic of all forms of shock.

Hypoglycemia is low serum glucose concentration that, if left untreated, can cause seizures and brain injury. Glucose is vital for
proper cardiac and brain function. Glucose stores may be low in infants and chronically ill children.

Hypocalcemia is a low serum ionized calcium concentration. Calcium is essential for effective cardiac function and vasomotor
tone. Hypocalcemia can result from administering blood products, colloid, and buffering medications such as sodium
bicarbonate.

Hyperkalemia is a high serum potassium concentration, which may result from renal dysfunction, cell death, excess potassium
administration, or acidosis. Acidosis causes a shift of potassium from the intracellular to the extracellular—including the
intravascular—space. As a result, acidosis, or a fall in serum pH, typically is associated with a rise in serum potassium. The
serum potassium will fall when acidosis is corrected or alkalosis develops.



Metabolic acidosis develops from production of acids, such as lactic acid, when tissue perfusion is inadequate. Renal or
gastrointestinal dysfunction can also cause metabolic acidosis. Renal dysfunction can cause organic acid retention or
bicarbonate ion loss while gastrointestinal dysfunction, such as diarrhea, can result in bicarbonate ion loss. Severe metabolic
acidosis may depress myocardial contractility and reduce the effect of vasopressors. Unless metabolic acidosis is due solely to
bicarbonate losses, it does not respond well to buffer therapy. Treat the acidosis by attempting to restore tissue perfusion with
fluid resuscitation and vasoactive agents. If treatment is effective, the metabolic acidosis will resolve.

On occasion, you may need buffers (eg, sodium bicarbonate) to acutely correct profound metabolic acidosis that is impairing
vital organ function. Sodium bicarbonate works by combining with hydrogen ions (acids) to produce carbon dioxide and water;
increased alveolar ventilation then eliminates the carbon dioxide. Ventilation support is always important in the critically ill child,
but it is especially important for treating metabolic acidosis with sodium bicarbonate. One scenario in which sodium bicarbonate
should be avoided is DKA, where the serum bicarbonate can be profoundly low but giving sodium bicarbonate can result in
worse outcomes.

Correcting metabolic derangements may be essential to optimizing organ function. Measure glucose concentration, and
replenish as indicated. It is important to measure glucose a few times during resuscitation, particularly if it is borderline or the
patient has already received dextrose for a previously low glucose. Replacement of calcium and sodium bicarbonate is
occasionally used in critically ill children with heart disease.

General Management of Shock

Components of General Management

General management of shock consists of the following:
e Positioning
e Supporting airway, oxygenation, and ventilation
o Establishing vascular access
e Providing fluid resuscitation
e Monitoring
o Performing frequent reassessment
e Obtaining laboratory studies
e Providing medication therapy
o Consulting appropriate subspecialists






@ Critical Concepts

Fluid Resuscitation

In general, isotonic crystalloid should be given as a bolus over 5 to 20 minutes: 10 to 20 mL/kg for children with suspected
septic shock, 20 mL/kg for hypovolemic shock, and 5 to 10 mL/kg for cardiogenic shock. In children with severe, hypotensive,
hypovolemic shock, fluid should be given over 5 to 10 minutes. Keep a high level of suspicion for cardiogenic shock as you fluid
resuscitate. If after a fluid bolus there is no improvement in vitals or they worsen, stop fluid bolus. If you suspect
cardiogenic shock, use smaller fluid boluses of 5 to 10 mL/kg given over 10 to 20 minutes. Carefully monitor for signs of

pulmonary edema or worsening tissue perfusion. Stop the infusion if such signs occur. Be prepared to support oxygenation and
ventilation as necessary.

Reassess and repeat boluses to restore blood pressure and tissue perfusion.

Rapid, appropriate fluid bolus administration is a priority. Inadequate intravascular volume leads to low stroke volume and
hypotension. A child in septic shock often requires a large volume of fluid to restore perfusion. It may be necessary to rapidly
infuse 10 to 20 mL/kg of isotonic crystalloid solution (up to 40-60 mL/kg total). Titrate the volume and rate of fluid administration
during and after each bolus by assessing the child’s mental status, heart rate, temperature, blood pressure, and organ
perfusion (including presence and quality of central and peripheral pulses, capillary refill, skin temperature and color, and urine
output).

Specific Treatment Considerations

o Use individualized patient evaluation before administering IV fluid boluses.

e Do not delay vasoactive support if needed. Delay is associated with increased length of stay and mortality in
pediatric septic shock. Begin within the first hour if shock persists in spite of fluid boluses.

o Determine diseases such as anemia and malnutrition when providing fluid boluses.

e In limited resource settings, when access to mechanical ventilation and inotropic support may not be available, use
caution when treating the febrile child. Fluid boluses may be more harmful than therapeutic.

e When fluid overload is present—such as hepatomegaly or pulmonary edema—use smaller fluid volumes if
additional fluid is required.

o |If fluid overload develops, be prepared for potential ET intubation and mechanical ventilation with PEEP.

o Pulmonary edema may develop with cardiogenic shock. Use smaller fluid volume if additional fluid is required.

o Correct metabolic derangements immediately. Hypoglycemia and ionized hypocalcemia contribute to myocardial
dysfunction.
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o —Antidote for poisoning
o —Consider expert consultation

Specific Management for Obstructive Shock

o Ductal-dependent (left ventricular outflow obstruction)
o —Prostaglandin E.
o —Expert consultation

e Tension pneumothorax
o —Needle decompression
o —Tube thoracostomy

e Cardiac tamponade
o —Pericardiocentesis
o —5-10 mL/kg isotonic crystalloid bolus
o —Expert consultation

e Pulmonary embolism

o —5-10 mL/kg isotonic crystalloid bolus, repeat as needed

o —Consider thrombolytics, anticoagulants
o —Expert consultation

Fluid Therapy

The primary objective of fluid therapy in shock is to restore intravascular volume and tissue perfusion. Rapid fluid resuscitation
is required for hypovolemic and distributive shock, including septic shock. Cardiogenic and obstructive shock, as well as special
conditions such as severe poisonings or fluid loss with DKA, may dictate alternative approaches to fluid resuscitation.

In general, boluses of isotonic crystalloid will expand intravascular volume. Blood and blood products are generally not used for
volume expansion in children with shock unless shock is due to hemorrhage or existing significant anemia. Blood products may

also be indicated for correction of some coagulopathies.

Isotonic Crystalloid Solutions

For most children with shock, isotonic crystalloid solutions, such as normal saline or lactated Ringer’s, are the preferred initial
fluids for volume replacement in managing shock. They are inexpensive, readily available, and do not cause sensitivity

reactions.









Rapid Fluid Delivery

IV fluid administration systems generally used for pediatric fluid therapy do not deliver fluid boluses as rapidly as required for
managing some forms of shock. To help deliver fluid rapidly
o Place as large an IV catheter as possible, especially if blood or colloid administration is needed; ideally, insert 2
catheters.
e Place an in-line 3-way stopcock in the IV tubing system.
o Deliver fluid by using a 20- to 60-mL syringe to push fluids through the stopcock, or use a pressure bag (beware of
risk of air embolism) or a rapid infusion device.
e If IV access cannot be established, establish IO access.

Note: Standard infusion pumps—even if set at the maximum infusion rate—do not provide a sufficiently rapid rate of fluid
delivery, especially in larger children. For example, a 50-kg patient with septic shock should ideally receive 1 L of crystalloid in
5 to 10 minutes, but standard infusion pumps may have a maximum rate of 999 mL for the hourly rate.

Frequently Reassess During Fluid Resuscitation

Frequently reassess during fluid resuscitation to manage shock effectively. Monitor to
o Assess the physiologic response to therapy after each fluid bolus
o Determine the need for further fluid boluses
e Assess for signs of detrimental effects (eg, pulmonary edema) during and after fluid resuscitation
e Assess lung sounds and liver position before and after every fluid bolus

Signs of physiologic improvement include improved perfusion, increased blood pressure, decreasing heart rate (toward
normal), decreased respiratory rate (toward normal), increased urine output, and improved mental status. If the child’s condition
does not improve or worsens after fluid boluses, try to identify the cause of the shock to help determine the next interventions.
For example, persistently delayed capillary refill despite initial fluid administration may indicate ongoing hemorrhage or other
fluid loss or need for vasopressor therapy. Deterioration of the child’s condition after fluid therapy may signal cardiogenic or
obstructive shock. Increased work of breathing may indicate pulmonary edema.

Indications for Administering Blood Products

Administering PRBCs is recommended for replacing traumatic blood loss if the child’s perfusion is inadequate despite receiving
2 to 3 boluses of 20 mL/kg of isotonic crystalloid. Under these circumstances, administer 10 to 20 mL/kg PRBCs as soon as
available.



Fully crossmatched blood is generally not available in emergencies because most blood banks require about 1 hour for the
crossmatching process. It may become available for children who are stabilized with crystalloid but have ongoing blood losses.
Priorities for the type of blood or blood products used in order of preference are

e Crossmatched

o Type specific

o Type O-negative (O[] preferred for female patients and either O[+] or O[] for male patients)

Unmatched, type-specific blood may be used if ongoing blood loss results in hypotension despite administration of crystalloid.
Most blood banks can supply type-specific blood within 10 minutes. Type-specific blood is ABO and Rh compatible but, unlike
fully crossmatched blood, may have other antibodies that are incompatible with the patient’s blood.

Use type O blood if blood should be administered immediately to prevent circulatory collapse or cardiopulmonary arrest,
because it can be given to children of any blood type. O-negative blood is preferred for female patients of childbearing age to
avoid Rh sensitization. Either O-negative or O-positive blood may be administered to male patients.

Complications of Rapid Administration of Blood Products

Rapid infusion of cold blood or blood products, particularly in large volume, may produce several complications, including
e Hypothermia
e Myocardial dysfunction
e lonized hypocalcemia

Hypothermia may adversely affect cardiovascular function and coagulation as well as compromise several metabolic functions,
including metabolism of citrate, which is present in stored blood. Inadequate citrate clearance, in turn, causes ionized
hypocalcemia. The combined effects of hypothermia and ionized hypocalcemia can result in significant myocardial dysfunction
and hypotension.

To minimize these problems, warm blood and blood products, if possible, with an approved commercial blood-warming device
before or during rapid IV administration. Prepare calcium if the child becomes hypotensive during rapid transfusion; in some
cases, it may be beneficial to administer calcium empirically to prevent hypocalcemia.

Glucose

Monitor blood glucose concentration as a component of shock management. Hypoglycemia, a common finding in critically ill
children, can result in brain injury if not rapidly identified and effectively treated. In one pediatric study, hypoglycemia was



present in 18% of children who received resuscitative care in an ED for decreased level of consciousness, status epilepticus,
respiratory failure, cardiopulmonary failure, or cardiac arrest.

Glucose Monitoring

Measure serum glucose concentration as soon as possible in all critically ill infants and children (eg, those with altered mental
status, respiratory compromise, shock) from capillary, venous, or arterial blood samples with a point-of-care device. Do not
delay treatment waiting on lab analysis. Small infants and chronically ill children have higher glucose utilization rates and
limited stores of glycogen. This limited supply may rapidly deplete during episodes of physiologic stress, resulting in
hypoglycemia. Infants receiving non—glucose-containing IV fluids are at increased risk for developing hypoglycemia.

Critical Concepts

Identify Hypoglycemia
In all critically ill or injured children, perform a rapid glucose test to rule out hypoglycemia as a cause of or a contributing factor
to shock or decreased level of consciousness.

Hyperglycemia, also frequently present in seriously ill or injured children, may result from a relative insulin-resistant state
induced by high concentrations of endogenous catecholamines and cortisol. Although controlling serum glucose concentration
within a narrow range by using insulin infusion improved survival in critically ill adult and pediatric patients, tight glucose control
was also associated with more frequent episodes of hypoglycemia. Insufficient data support routine use of this tight control of
glucose concentration in critically ill children. Consider treating hyperglycemia in high-risk groups, such as brain-injured
children, while monitoring closely to prevent hypoglycemia.

Diagnosing Hypoglycemia
Hypoglycemia may be difficult to recognize clinically by the child’s appearance. Some children have no outward signs or
symptoms (ie, asymptomatic hypoglycemia), while others may show nonspecific clinical signs, such as

e Poor perfusion

o Diaphoresis

e Tachycardia

e Hypothermia

o Irritability or lethargy

e Hypotension

These clinical signs are also common to many other conditions, including hypoxemia, ischemia, or shock.






e Cardiogenic
e Obstructive

Managing Hypovolemic Shock

Rapid administration of isotonic crystalloids is the primary therapy for hypovolemic shock. Children with hypovolemic shock
who receive an appropriate volume of fluid within the first hour after resuscitation have the best chance for survival and
recovery. Timely administration of fluid is key to preventing deterioration from compensated hypovolemic shock to hypotensive
and refractory shock.

Critical Concepts

Timely Fluid Resuscitation in Hypovolemic Shock
It is important to provide rapid, adequate fluid resuscitation for hypovolemic shock. Avoid the common errors of inadequate or
delayed administration of fluid resuscitation.

Other components in effectively managing hypovolemic shock are
o ldentifying the type of volume loss (nonhemorrhagic vs hemorrhagic)
e Replacing volume deficit
e Preventing and replacing ongoing losses (eg, bleeding, Gl losses)
e Restoring acid-base balance
o Correcting metabolic derangements

Determining Adequate Fluid Resuscitation

Dehydration is defined as a loss of water with varying loss of electrolytes leading to a hypertonic (hypernatremic), isotonic, or
hypotonic (hyponatremic) state. The losses can be from some combination of the interstitial, intracellular, and intravascular
compartments; the relative loss from each component helps determine clinical symptoms. Severity of dehydration is generally
related to the percentage of total body water loss (ie, percent dehydration), but the percentage is not consistent across all age
groups because the relative proportion of fluid loss based on total body weight is size dependent.

Adequate fluid resuscitation in hypovolemic shock is determined by the
o Extent of volume depletion
o Type of volume loss (eg, blood, electrolyte-containing fluid, electrolyte-and-protein—containing fluid)


















—Complete blood cell count

—Type and crossmatch

—ABG with particular attention to the base deficit

—Electrolyte panel to calculate anion gap, glucose, and ionized calcium
—Serum or plasma lactate concentration

—Diagnostic imaging to identify the source of bleeding or volume loss

o O O O O O

Managing Distributive Shock

Initial management of distributive shock focuses on expanding intravascular volume to correct hypovolemia and fill the
expanded dilated vascular space. Use vasoactive agents if the child remains hypotensive or poorly perfused despite rapid
bolus fluid administration or if the diastolic pressure remains low with a wide pulse pressure.

This section discusses managing the following types of distributive shock:
e Septic shock
e Anaphylactic shock
e Neurogenic shock

Managing Septic Shock
The clinical, hemodynamic, and metabolic changes observed in septic shock result from the host’s response to an infection,
including the release or activation of inflammatory mediators. The primary goals in the initial management of septic shock are
o Restoration of hemodynamic stability
e Support of organ function
o Identification and control of infection

Fundamental principles of management include increasing tissue O. delivery by optimizing cardiac output and arterial
O:. content and minimizing O. consumption.

Identifying septic shock early is key to initiating resuscitation and preventing multisystem organ failure and cardiac arrest from
developing. Hemodynamic support to maintain O delivery can reduce pediatric morbidity and mortality from septic shock.






Identify signs of septic shock

« Alteredheart only. bradycardia)
+ Altered tompe

« Hypotension: May or may

l Immediate (10-15 min)

Flgure39Ped|atr|c éébtic Shock Algorithm.

Abbreviation: A-B-C, airway, breathing, and circulation.

Algorithm legend: Red hexagon = decision or question; green box = action/steps to consider; orange box = assessment; gray box =
assessment/action; blue box = CPR; white box with gray header = notes; and red, bold text = possible answers or decisions.

Weiss SL, Peters MJ, Alhazzani W, et al. Surviving Sepsis Campaign international guidelines for the management of septic shock and sepsis-
associated organ dysfunction in children. Pediatr Crit Care Med. 2020;21(2):e52-e106. doi;:10.1097/PCC.0000000000002198.

Identify signs of septic shock: Shock in an infant or child can have devastating outcomes. Timely identification of the signs of
shock is important to begin treatment.

Initial stabilization: Initial stabilization in the first hour after the onset of symptoms is critical to maximize survival for septic
shock. Immediately in the first 10 to 15 minutes:
o Support the ABC’s, establish monitoring of the child, and give a fluid bolus of 10 to 20 mL/kg of isotonic crystalloid
(10 mL/kg for neonates and those with preexisting heart disease) of isotonic crystalloid.

Within the first hour: Administer antibiotics within 1 hour after first medical contact. Draw labs (if possible, draw a blood
sample for culture before antibiotic administration, but do not delay antibiotics). When a child is in shock, considering critical
care consultation is prudent. The consultant may suggest initiation of further fluid boluses or pressor therapy such as
epinephrine or norepinephrine. They may assist with transfer to a pediatric critical care facility. Once in critical care, other
therapies may include intra-arterial monitoring or stress dose hydrocortisone for signs of shock such as poor perfusion or
hypotension in spite of fluid resuscitation and vasoactive medication therapy.



Caution With Fluid Resuscitation

When caring for children with severe febrile illness (such as those included in the FEAST trial) in settings with limited access to
critical care resources (ie, mechanical ventilation and inotropic support), use extreme caution when administering bolus IV
fluids because it may be harmful (refer to Maitland et al. N Engl J Med. 2011;364[26]:2483-2495 for details). In the absence of
hypotension, start with maintenance 1V fluids and with hypotension, bolus with 10 to 20 mL/kg per bolus up to 40 mL/kg in total
while reassessing throughout. Consider clinical status thereafter.

The other scenario in which you should exercise caution with fluid boluses is in patients with evidence of fluid overload. Signs
and symptoms of fluid overload include hepatomegaly as well as increased respiratory distress and pulmonary edema, such as
rales/crackles, which may result from increased vascular permeability. If such signs develop, stop rapid bolus fluid
administration. The child requires supplemental O. and may require noninvasive positive pressure or even ET intubation and
mechanical ventilation with PEEP. If additional fluid boluses are needed, give smaller volumes more slowly (eg, 5-10 mL/kg
over 10-20 minutes).

Pulmonary edema may also develop with cardiogenic shock because of poor myocardial contractility and manifest with
hepatomegaly and cardiomegaly. In both instances, you may need to reduce the volume and rate of fluid administration.

Anticipate the possible need for vasopressors and stress-dose hydrocortisone. Order these medications from the pharmacy
early so that they will be at the bedside. They should be immediately available if the shock is fluid refractory or if adrenal
insufficiency is suspected.

Vasopressors can be administered via peripheral venous or 10 access, so initiation of vasopressor therapy should not await
transfer to a critical care unit. Because delaying initiation of vasoactive support has been associated with increased length of
stay and mortality in pediatric septic shock, it is important to begin vasoactive medication therapy within the first hour if shock
persists despite bolus fluid administration.

Identify and correct metabolic derangements immediately. Hypoglycemia and ionized hypocalcemia are commonly seen in
septic shock and may contribute to myocardial dysfunction.

Managing Fluid-Refractory Septic Shock

Vasoactive medications are appropriate to initiate after 40 to 60 mL/kg of fluid has been administered and the patient continues
to have signs/symptoms of compromised perfusion. Vasoactive medications may be appropriate to administer before this fluid
threshold if there is evidence of or concern about fluid overload (eg, vital signs fail to improve, rales or hepatomegaly develop,
there is a suspicion of cardiogenic shock).



Administer vasoactive therapy to improve tissue perfusion and blood pressure.

Either epinephrine or norepinephrine are appropriate as the first vasoactive agent being initiated; there is no
evidence to support one over the other based on the patient being in cold shock vs warm shock.

Despite the lack of evidence, the majority of the expert authors of the 2020 Surviving Sepsis Campaign
International Guidelines preferred epinephrine as the initial vasoactive agent in patients with low cardiac output,
myocardial dysfunction, or both. For patients in septic shock with low SVR, norepinephrine was the initial
vasoactive agent of choice among this panel of experts.

Both epinephrine and norepinephrine are preferable to dopamine in pediatric septic shock. Administer additional
fluid boluses of 10 to 20 mL/kg isotonic crystalloid as deemed clinically appropriate on the basis of the patient’s
clinical assessment.

Consider ET intubation and early assisted ventilation with supplemental O. and PEEP as needed.

If the patient continues with hypotension, inadequate perfusion, or both, despite high-dose catecholamine
infusion(s), consider initiating a vasopressin infusion.

After initial stabilization/resuscitation, including administration of antibiotics, fluid boluses, and vasoactive therapy within the first
hour of care, evaluate heart rate, blood pressure, and peripheral perfusion to determine the next intervention. If heart rate,
blood pressure, and perfusion are returning to normal, arrange admission or transfer to an appropriate pediatric facility. Initiate
consultation with a pediatric critical care unit or transport team. If the child remains hypotensive or poorly perfused, proceed to
the next level in the algorithm. Continue fluid and vasoactive therapy while preparing for admission or transfer.

Critical Care of Septic Shock

Once critical care expertise is available for the child with persistent shock despite initial fluid bolus and vasoactive medication
therapy, additional hemodynamic monitoring can be established and additional vasoactive medications and fluid boluses can
be provided.

Establish intra-arterial pressure monitoring.

Assess the child’s heart rate, blood pressure, and perfusion and consider advanced hemodynamic monitoring,
including invasive arterial blood pressure monitoring. Analyze laboratory data (eg, serum glucose, electrolytes, end-
organ function, lactate).

Continue epinephrine/norepinephrine and add additional vasoactive medications as needed.

Provide fluid boluses as needed to treat shock; assess the child frequently and after each fluid bolus.

Consider stress-dose hydrocortisone (particularly if the child has been on chronic systemic steroids). Cortisol levels
are not routinely indicated or recommended.



It is not always clear from the physical examination whether a child has vasodilation or vasoconstriction. For example, some
children with cool extremities may have vasodilation but be poorly perfused because of low stroke volume and poor cardiac
function. The reasons for specific medication selection according to type of shock are described later in this manual.

While managing septic shock, it is important to monitor and support, as needed, organ function, serum electrolytes, acid-base
balance, and lactate, glucose, and calcium concentrations. In titrating medication and fluid therapy, goals of care are to improve
the child’s lactate, blood pressure, and organ perfusion.

Correction of Adrenal Insufficiency

A child in septic shock with fluid-refractory and epinephrine- or norepinephrine-resistant shock may have adrenal insufficiency.
If you suspect adrenal insufficiency, or a patient is at known risk for adrenal insufficiency (ie, history of steroid use), give
hydrocortisone 1 to 2 mg/kg IV bolus early. Obtain expert consultation for any additional evaluation and management.

Therapeutic End Points

Titrate vasoactive agents in septic shock to therapeutic end points, including
o Normalized heart rate (declining from very rapid rate toward normal)
e Adequate blood pressure
e Good peripheral pulses and perfusion with capillary refill 2 seconds or less
e Improved level of consciousness/responsiveness
e Appropriate urine output
e Improving lactate concentration

Strict adherence to end points is recommended to avoid excessive vasoconstriction in key organs.

Poststabilization Care

Once signs of shock are resolved, the child requires continued monitoring and support of organ function. The source infection
must be treated appropriately. In addition, the health care team should evaluate the cause of the infection to determine if it
could have been prevented (and how) and the speed of the recognition of the septic shock (could it have been improved), and
identify any potential improvements that could be made to increase the efficiency and effectiveness of shock resuscitation for
future patients with septic shock.









Many children with cardiogenic shock have high preload and do not require additional fluid therapy. Others may require a
cautious fluid bolus to increase preload. The most effective way to increase stroke volume in these patients is to reduce
afterload (SVR) rather than give an inotropic agent. Inotropes may increase cardiac contractility but will also increase
myocardial O. demand. However, children who are already hypotensive may require fluid therapy and inotropic support before
they will tolerate afterload reduction. Specific management includes

o Early consultation with an expert in pediatric cardiology and/or pediatric critical care

e Cautious fluid administration and monitoring

e Laboratory and other diagnostic studies

e Medications

e Mechanical circulatory support

Consult a pediatric critical care or pediatric cardiology specialist at the earliest opportunity. This will help to establish a
diagnosis (eg, echocardiogram), guide ongoing therapy, and facilitate direct transfer to definitive care.

Cautious Fluid Administration and Monitoring

Large heart size on the chest x-ray in a child with evidence of shock and poor cardiac output is the hallmark of cardiogenic
shock with adequate intravascular volume. Obtain an echocardiogram for more objective and accurate data about preload and
cardiac function.

Do not give large or rapid fluid boluses to a child with cardiogenic shock. The boluses can worsen heart function and increase
fluid in the lungs. If objective data or the child’s history (eg, vomiting, poor intake) are consistent with inadequate preload, you
may give a small fluid bolus cautiously. Remember the following:
e Give small isotonic fluid boluses (5-10 mL/kg)
o Give fluid boluses over relatively longer periods of time (eg, 10-20 minutes)
e Monitor the child closely during fluid infusion
o —Assess respiratory function frequently
o —Watch for development of pulmonary edema and deterioration in pulmonary function

Give supplemental O.. Be prepared to provide assisted ventilation. Noninvasive positive pressure support may reduce the need
for mechanical ventilation by decreasing the work of breathing and improving oxygenation.

In the intensive care unit, consider establishing central venous access to facilitate measurement of central venous pressure as
an index of preload status and to assess right ventricular end-diastolic pressure and to provide access for multiple infusions.












over-the-needle catheter over the top of the child’s third rib (second intercostal space) in the midclavicular line. A gush of air is
a sign that needle decompression has been successful. This indicates relief of pressure buildup in the pleural space. A chest
tube can be placed by trained professionals thereafter.

Specific Management of Ductal-Dependent Lesions

Ductal-dependent lesions are a group of congenital cardiac abnormalities. These abnormalities result in pulmonary or systemic
blood flow that must pass through an open/patent ductus arteriosus. The infant can deteriorate rapidly once the ductus begins
to close during the first days or weeks of life.

Congenital heart defects with ductal-dependent pulmonary blood flow usually have a severe obstruction to pulmonary blood
flow such that the ductus arteriosus supplies all or most blood flow into the lungs. When the ductus begins to close, the infant
initially becomes hypoxemic and cyanotic, which can progress to shock if not recognized and intervened upon early.

Congenital heart defects with ductal-dependent systemic blood flow usually consist of an obstruction to systemic outflow such
that all or most is through the ductus arteriosus. In these patients, when the ductus starts to close, signs of shock develop with
severe deterioration in systemic perfusion.

For any infant with ductal-dependent pulmonary or systemic blood flow, immediate treatment with continuous infusion of
prostaglandin E. can restore ductal openness/patency and may be lifesaving.

Other management actions for ductal-dependent obstructive lesions are
o Ventilatory support with O, administration
o Expert consultation to direct therapy
o Echocardiography to establish diagnosis and guide therapy
o Administration of inotropic agents to improve myocardial contractility
e Judicious administration of fluids to improve cardiac output
o Correction of metabolic derangements, including metabolic acidosis

Specific Management of Massive Pulmonary Embolism

Massive pulmonary embolism is a sudden block in the main or large-branch pulmonary artery. This block is usually caused by a
blood clot that has traveled to the lungs from another part of the body. The block also can result from other substances,
including fat, air, amniotic fluid, catheter fragment, or injected matter. Blood flow through the pulmonary circulation to the left
side of the heart is obstructed, resulting in decreased left ventricular filling and inadequate cardiac output.



Initial treatment is supportive, including O. administration, ventilatory assistance, and fluid therapy if the child is poorly perfused.
Consult a specialist who can perform echocardiography, a computed tomography scan with IV contrast, or angiography to
confirm the diagnosis. Anticoagulants (eg, heparin, enoxaparin) are the definitive treatment for most children with pulmonary
embolism who are not in shock. Because anticoagulants do not act immediately to relieve obstruction, consider thrombolytic
agents (eg, recombinant tissue plasminogen activator, systemically or by image-guided direct thrombolysis) in children with
severe cardiovascular compromise. Obtain expert consultation early upon the presentation of the patient as some may need
interventional or surgical management.

Computed tomography angiography (specified by local protocol for PE) is the diagnostic assessment of choice because it can
be rapidly obtained and does not require an invasive angiogram. Additional diagnostic studies that might be useful are an ABG,
CBC, D-dimer, electrocardiography, chest x-ray, ventilation-perfusion scan, and echocardiography.

Resources for Managing Circulatory Emergencies

IO Access

IO cannulation is a relatively simple and effective method of rapidly establishing vascular access for emergency fluids or
medications. It provides access to a noncollapsible marrow venous plexus, serving as a safe and reliable route for
administering medications, crystalloids, colloids, and blood during resuscitation. One can achieve IO access in children of all
ages, often in about 30 to 60 seconds. In certain circumstances (eg, cardiac arrest or severe shock with severe
vasoconstriction), it may be the initial vascular access attempted. Any medication that can be administered IV can be given by
the 10 route. Fluids and medications delivered via an 10 catheter can reach the central circulation within seconds. If you cannot
readily obtain peripheral vascular access in a child with compensated or hypotensive shock, be prepared to establish IO access
as soon as it is needed.

Sites for IO Access

Many sites, such as the proximal tibia (just below the growth plate), are appropriate for 10 infusion. Other sites include the
distal tibia (just above the medial malleolus), the distal femur, proximal humerus, and the anterior-superior iliac spine. 10 drills
are approved for use in infants, children, adolescents, and adults.

Contraindications

Contraindications to 10 access include
e Fractures and crush injuries near the access site






8. Any medication that can be administered IV can be given by the IO route, including vasoactive medication infusions
such as epinephrine. Follow all bolus medications with a saline flush.

Figure 40A. Locations for 10 insertion. A, General landmarks for 1O insertion in the leg of an infant.
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Figure 40B. Locations for IO insertion in the proximal tibia and distal femur in older children.
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Figure 40C. Location for 10 insertion in the iliac crest.
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Figure 40E. Technique for immobilizing the leg while twisting the IO needle into the leg of an infant.

After 10 Insertion

After inserting an 10 needle/catheter, do the following:
o Check the site and the underside of the leg for signs of swelling and 10 needle displacement; fluids or medications
delivered via a displaced needle can cause severe complications (eg, tissue necrosis, compartment syndrome).

Because 10 needles are intended for short-term use (generally less than 24 hours) and are often displaced early in a
resuscitation, prioritize ongoing attempts to establish vascular access.
Removal of an IO

To remove an 10 needle/catheter, do the following:
e Attach a syringe to the 10 needle.






OPA (mm) 50 50 50 50 50 60 60 60 70 80 80

NPA (F) 14 14 14 14 14 18 20 22 24 26 26

Bag-mask 450 450 450 450 450 450 450 450-750 750-1000 750-1000 1000

device

(minimum

mL)

ETCO., detect Ped Ped Ped Ped Ped Ped Ped Adult Adult Adult Adult

or

LMA 1 1 1 1.5 1.5 2 2 2 2-2.5 2.5 3

Tidal volume | 20-30 | 24-40 | 30-50 | 40-65 | 50-85 | 65-105 80-130 100-165 125-210 160-265 200-330

(mL)

Frequency 20- 20- 20- 20- 20- 15- 15-25/min 15-25/min 12-20/min 12-20/min 12-20/min
25/mi | 25/mi | 25/mi | 25/mi | 25/mi | 25/min

Abbreviations: ETT, endotracheal tube; F, French; LMA, laryngeal mask airway; NPA, nasopharyngeal airway; OPA, oropharyngeal

airway; Ped, pediatric.

Adapted from Broselow™ Pediatric Emergency Tape. Distributed by Armstrong Medical Industries, Lincolnshire, IL. © 2025 AirLife;

used with permission.







e The child’s typical heart rate and baseline rhythm
e The child’s activity level and clinical condition (including baseline cardiac function)

Children with congenital heart disease may have underlying conduction abnormalities. Interpret the child’s heart rate and
rhythm by comparing them to the child’'s baseline heart rate and rhythm. Children with poor baseline cardiac function are more
likely to become symptomatic from arrhythmias than children with normal cardiac function.

Tissue hypoxia is the leading cause of symptomatic bradycardia in children. Therefore, symptomatic bradycardia in children is
usually the result of (rather than the reason for) progressive hypoxemia and respiratory failure or shock. Priorities in initial
assessment and management should be to support the airway and adequately oxygenate and ventilate.

Bradycardia may be classified as
e Primary bradycardia
e Secondary bradycardia

Primary bradycardia is the result of congenital or acquired heart conditions that slow the spontaneous depolarization rate of the
heart’s normal pacemaker cells or slow conduction through the heart’s conduction system. Causes of primary bradycardia
include

o Congenital abnormality of the conduction system

e Surgical injury to the conduction system

e Cardiomyopathy

e Myocarditis

Secondary bradycardia is the result of noncardiac conditions that alter the normal function of the heart (ie, slow the sinus node
pacemaker or slow conduction through the AV junction). Causes of secondary bradycardia include

e Hypoxia

e Acidosis

e Hypotension

e Hypothermia

e Drug or medication effects

e Increased vagal tone (suctioning, gagging, vomiting)

Recognizing Bradycardia









Causes

Characteristics

Symptoms

First degree

Note: May be present in
healthy children
Enhanced vagal tone
Myocarditis

Electrolyte disturbances
(eg, hyperkalemia)
Hypoxemia

Myocardial infarction
Cardiac surgery
Medications (eg, calcium
channel blockers, B-
adrenergic blockers,
digoxin)

Acute rheumatic fever
Intrinsic AV nodal
disease

Prolonged PR interval with 1:1 P:QRS

Asymptomatic

Second-degree Mobitz
type | (Wenckebach
phenomenon)

Note: May be present in
healthy children
Medications (eg, calcium
channel and B-
adrenergic blockers,
digoxin)

Any condition that
stimulates vagal
(parasympathetic) tone
Myocardial infarction
Lyme disease

In Mobitz type | or Wenckebach-type second-
degree AV block there is successive prolongation
of the PR interval preceding nonconducted P
waves

Occasionally, may
cause presyncope
(light-headedness)




Second degree Mobitz Typically results from Mobitz type Il is identified by intermittently May cause
type ll intrinsic conduction nonconducted P waves with a constant PR e Sensed
system abnormalities interval on conducted beats irregulariti
Rarely caused by es of
increased heartbeat
parasympathetic tone or (palpitatio
medications ns)
Cardiac surgery e Presynco
Myocardial infarction pe (light-
Lyme disease headedne
SS)
e Syncope
Third degree Extensive conduction e No relationship between P waves and e Most
system disease or injury, QRS complexes frequent
including myocarditis e No atrial impulses reach ventricles symptoms
Cardiac surgery e Ventricular rhythm maintained by a are
Congenital complete slower pacemaker e Fatigue
heart block e Light-
Myocardial infarction headedne
Can also result from ss
increased e Syncope

parasympathetic tone,
toxic drug or medication
effects, or severe
hypoxia/acidosis

Lyme disease

Figure 41A. Exampleé of AV bIock.IA', Sinué bradycardia with' firs't-degree AV block.




























e Hypokalemia
Drugs that prolong the QTc (eg, Class IA, quinidine, procainamide, disopyramide; Class IC, flecainide; Class IlI,

sotalol, amiodarone; phenothiazines)

It is important to recognize that VT, especially polymorphic VT (including torsades de pointes), can rapidly deteriorate to VF.
The long QT syndromes and other inherited arrhythmia syndromes (ie, channelopathies) are associated with sudden death
from either primary VF or torsades de pointes. Polymorphic VT not associated with a prolonged QT interval during sinus rhythm

is treated as generic VT.












e Obtain appropriate laboratory studies (eg, potassium, glucose, ionized calcium, magnesium, blood gas for pH,
toxicology screen)

A child with primary bradycardia may benefit from evaluation by a pediatric cardiologist.

Medications

If bradycardia and cardiopulmonary compromise continue despite oxygenation, ventilation, and CPR, administer epinephrine.
Consider atropine for increased vagal tone or primary AV block.

Epinephrine
Epinephrine is indicated for symptomatic bradycardia. Epinephrine has both a- and B-adrenergic activity. -adrenergic activity
increases heart rate and cardiac contractility, and a-adrenergic activity causes vasoconstriction. The effects of epinephrine and
other catecholamines may be reduced by acidosis and hypoxia. This makes support of the airway, ventilation, oxygenation, and
perfusion (with chest compressions) essential.
e For IV/IO route, give 0.01 mg/kg (0.1 mg/mL concentration)
e Repeat every 3 to 5 minutes as needed
o Note: IV/IO administration is preferred, but if it is not available, epinephrine can be administered by ET tube.
e For ET route, give 0.1 mg/kg (1 mg/mL concentration)
o For persistent bradycardia, consider a continuous infusion of epinephrine (0.1 to 0.3 mcg/kg per minute). A
continuous epinephrine infusion may be useful, particularly if the child has responded to a bolus of epinephrine.
Titrate the infusion dose to clinical response.

Atropine

Atropine sulfate is a parasympatholytic (or anticholinergic) medication that accelerates sinus or atrial pacemakers and
enhances AV conduction. Administer atropine instead of epinephrine for bradycardia caused by increased vagal tone,
cholinergic medication toxicity (eg, organophosphates), or complete AV block. Atropine (and pacing) are preferred over
epinephrine as the first-choice treatment of symptomatic AV block due to primary bradycardia. Atropine is not indicated for AV
block from secondary bradycardia (ie, treatable causes such as hypoxia or acidosis). The rationale for using atropine rather
than epinephrine in these situations is that epinephrine can cause ventricular arrhythmias if the myocardium is chronically
abnormal or hypoxic/ischemic. If the child does not respond to atropine, use epinephrine.









Initial Management Priorities

As soon as you recognize a tachyarrhythmia in an infant or child, assess and look for signs of hypotension, altered mental
status, shock (ie, poor perfusion), or life-threatening hemodynamic instability. Initial management priorities include the
following:
e Maintain a patent airway; assist breathing as necessary.
e Use a cardiac monitor to identify the rhythm, and monitor pulse, blood pressure, and oximetry.
o Establish IV/IO access.
e Obtain a 12-lead ECG if available (but do not delay urgent intervention).
e Assess neurologic status.
o Anticipate the need for medications depending on the type of rhythm disturbance (ie, supraventricular vs
ventricular).
e Simultaneously try to identify and treat reversible causes.
o Obtain laboratory studies (eg, potassium, glucose, ionized calcium, magnesium, blood gas to assess pH and cause
of pH changes) as appropriate. Note: Do not delay urgent intervention for these studies.

Emergency Interventions
Specific emergency interventions used to treat tachyarrhythmias with a pulse are dictated by the severity of the child’'s
condition. Treatments also vary based on the width of the observed QRS complex (narrow vs wide). Interventions may include
the following:

o Vagal maneuvers (if the child with a narrow-complex tachycardia is stable)

e Medication therapy

e Synchronized cardioversion

Vagal Maneuvers

In normal infants and children, the heart rate decreases when the vagus nerve is stimulated. In patients with SVT, vagal
stimulation may terminate the tachycardia by slowing conduction through the AV node. Several maneuvers can stimulate vagal
activity. The success rates of these maneuvers in terminating tachyarrhythmias vary, depending on the child’s age, level of
cooperation, and underlying condition.

Critical Concepts
Vagal Maneuvers









e Inhibits a-and (B-adrenergic receptors, producing perfusing rhythm than for cardiac arrest.
vasodilation and AV nodal suppression (this slows Health care professionals must weigh the
conduction through the AV node) potential for causing hypotension against

¢ Inhibits the outward potassium current so it prolongs the QT the need to achieve a rapid medication
duration effect

e Inhibits sodium channels, which slows conduction in the e Repeat doses of 5 mg/kg may be given up
ventricles and prolongs QRS duration to a maximum of 15 mg/kg per day as

Precautions needed (should not exceed the maximum

» Medication effects may be beneficial in some patients but recommended adult cumulative daily dose
may also increase the risk for polymorphic VT (torsades de of 2.2 g over 24 hours)
pointes) by prolonging the QT interval Administration

e Potential significant acute side effects of amiodarone ¢ Rapid administration of amiodarone may
include bradycardia, hypotension, and polymorphic VT cause vasodilation and hypotension; it may

e Use with caution if hepatic failure is present also cause heart block or polymorphic VT

e Because the pharmacology of amiodarone is complex and it e Monitor blood pressure frequently during
has slow and incomplete oral absorption, long half-life, and administration
potential for long-term adverse effects, a pediatric e Seek expert consultation when using
cardiologist should direct long-term amiodarone therapy amiodarone

¢ Routine use of amiodarone and another
agent that prolongs the QT interval (eg,
procainamide) is not recommended
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Figure 48. SVT converting to sinus rhythm with administration of adenosine.

Synchronized Cardioversion

Electrical cardioversion is painful. Whenever possible, establish vascular access and provide procedural sedation and
analgesia before cardioversion, especially in a hemodynamically stable infant or child. If the child’s condition is unstable, do not
delay synchronized cardioversion to achieve vascular access. Sedation in the setting of an arrhythmia carries increased risk.












