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Course Proposal

Course Title: Paediatric Advanced Life Support (PALS) for Undergraduates

Course Objective: Acquire skills in Paediatric First Aid Care in emergencies
Course Outcome: On successful completion of the course, the students will have skill
in identifying and managing Paediatric lifesaving emergency

Course Audience: III MBBS students of 2021

conditions

Course Coordinator: Dr Tiroumourougane Serane
Course Faculties with Qualification and Designation:
1 Dr Tiroumourougane Serane.- MD, DNB Pediatircs— Professor Head of Department

2. Dr. Abhijeet Shrivastava — DNB Paediatrics — Assistant professor

Course Curriculum/Topics with schedule (Min of 30 hours)

SINo Date Topic Resource Person Time Hours

1. 20/10/2021 Introduction, Patient Dr 4.00- 2
Assesment, Rapid Tiroumourougane 6.00pm hours
Response Team Serane

2 21/10/2021 Anatomy and Physiology Dr. Abhijeet 4.00- 2
of Respiratory tract Shrivastava 6.00pm hours

3 22/10/2021 Respiratory Failure Dr. Abhijeet 4.00- 2

Shrivastava 6.00pm hours

4 23/10/2021 Upper and Lower Airway Dr 4.00- 2

Obstruction Tiroumourougane 6.00pm hours
Serane

5 24/10/2021 Lung tissue disease, Dr. Abhijeet 4.00- 2
Disorders of ventilator Shrivastava 6.00pm hours
control

6 25/10/2021 Procedures for Managing Dr. Abhijeet 4.00- 2
Respiratory Emergency — Shrivastava 600pm hours
Airway opening,
Suctioning, Airway
Adjuncts, Oxygen delivery
systems

7 26/10/2021 Procedures for Dr 4.00- 2
Managing Respjratory Tiroun'lourougarle 600[)111 hours
Emergency — Bag and Serane
Mask ventilation,
Advanced airway,
Nebulisation, MDI

8 27/10/2021 Shock — Anatomic and Dr. Abhijeet 4.00- 2
physiologic Shrivastava 6.00pm hours
considerations, types of
shock

9 28/10/2021 Shock — Vascular and Dr 4.00- 2
intraosseous access, Fluid Tiroumourougane 6.00pm hours
management Serane




10 29/10/2021 Bradycardias — Sinus Dr. Abhijeet 4.00- 2
bradycardia, AV block Shrivastava 6.00pm hours
11 30/10/2021 | Tachycardias — Sinus Dr 4.00- 2
Tachycardia, SVT Tiroumourougane 6.00pm hours
Serane
12 31/10/2021 | Tachycardias — VT, Vagal Dr. Abhijeet 4.00- 2
manoeuvres, electrical Shrivastava 6.00pm hours
therapy
13 01/11/2021 | Cardiac arrest — Phases of Dr 4.00- 2
cardiac arrest, VT,VF, Tiroumourougane 6.00pm hours
Asystole, PEA Serane
14 02/11/2021 | Defibrillation Dr. Abhijeet 4.00- 2
Shrivastava 6.00pm hours
15 03/11/2021 | Post Resuscitation care Dr 4.00- 2
Tiroumourougane 6.00 hours
Serane pm
Total 30
Hours

REFERENCE BOOKS: (Minimum 2)
1. Paediatric Advanced Life Support Study guide, Barbara

Aehlert, MSEd, BSPA, RN
2. AHA Paediatric Advanced Life Support (PALS), 2015
3. AIIMS PICU Protocol




VALUE ADDED COURSE

1. Name of the programme & Code

Paediatric Advanced Life Support (PALS) for Undergraduates, PECO4

2. Duration & Period

30 hrs, 20/10/2021 — 03/11/2021

3. Information Brochure and Course Content of Value Added Courses

Enclosed as Annexure- 1
4. List of students enrolled

Enclosed as Annexure- 11
5. Assessment procedures:

Multiple choice questions- Enclosed as Annexure- 111
6. Certificate model

Enclosed as Annexure- IV

7. No. of times offered during the same year:
One, 20/10/2021 — 03/11/2021

8. Year of Discontinuation: 2021

9. Summary report of each program year-wise

Value Added Course- 20/10/2021 — 03/11/2021

SL. No | Course Code Course Name Resource Persons Target Students Strength &
Year
Pacdiatric Dr. Abhijeet
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COURSE DETAILS

Particulars

Description

Course Title

Paediatric Advanced Life Support (PALS) Module

Course Code

PECO4

Objective

1. Introduction, Patient Assesment, Rapid Response Team
2. Anatomy and Physiology of Respiratory tract

3. Respiratory Failure

4. Upper and Lower Airway Obstruction

5. Lung tissue disease, Disorders of ventilator control

6. Procedures for Managing Respiratory Emergency — Airway
opening, Suctioning, Airway Adjuncts, Oxygen delivery
systems

7. Procedures for Managing Respiratory Emergency — Bag and
Mask ventilation, Advanced airway, Nebulisation, MDI

8. Shock — Anatomic and physiologic considerations, types of
shock

9. Shock — Vascular and intraosseous access, Fluid
management

10. Bradycardias — Sinus bradycardia, AV block
11. Tachycardias — Sinus Tachycardia, SVT
12. Tachycardias — VT, Vagal manoeuvres, electrical therapy

13. Cardiac arrest — Phases of cardiac arrest, VT,VF, Asystole,
PEA

14, Defibrillation

15.Post Resuscitation care

Further learning
opportunities

Intensive management of Paediatric Emergencies

Key Competencies

On successful completion of the course the students will have
skill in identifying and handling Paediatric emergency
conditions.

Target Student

39 MBBS Students

Duration

30hrs July 2021— October 2021 & November 2021 — March
2022

Theory Session

14 hrs

Practical Session

16 hrs

Assessment
Procedure

Multiple choice questions
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Patient Assessment and Teamwork

Learning Objectives
After completing this chapter, you should be able to do the following:

11 Distinguish between the components of a pediatric assessment and describe
techniques for successful assessment of infants and childreni

2 Summarize the components of the pediatric assessment triangle and the reasons for
forming a general impression of the patienti

3i Differentiate between respiratory distress and respiratory failuret
4} Summarize the purpose and components of the primary assessmenti
5i Identify normal age group related vital signsi

6i Discuss the benefits of pulse oximetry and capnometry or capnography during
patient assessmenti

7t Identify the major classifications of pediatric cardiac rhythmst
8i Differentiate between central and peripheral pulsest
9 Summarize the purpose and components of the secondary assessmentt
10+ Discuss the use of the SAMPLE mnemonic when obtaining a patient historys
114 Describe the tertiary assessmentt
120 Summarize the purpose and components of the reassessmenti
134 Discuss the purpose and typical configuration of a rapid response teamt
14i Recognize the importance of teamwork during a resuscitation efforti

151 Assign essential tasks to team members while working as the team leader of a
resuscitation efforti

16+ Discuss the phases of a typical resuscitation effort




2 PALS: Pediatric Advanced Life Support Study Guide

be skilled at the following:

patient situationt

presentationt

After completing this chapter, and with supervised practice during a PALS course, you will

+  Ensuring scene safety and the use of personal protective equipmentt

+ Assigningteam member roles or performing as ateam member in a simulated

+ Directing or performing an initial patient assessmentt

+  Obtaining vital signs, establishing vascular access, attaching a pulse oximeter and
blood pressure and cardiac monitor, and giving supplemental O if indicatedt

« Implementing a treatment plan based on the patient’s history and clinical

+ Recognizing when it is best to seek expert consultationi

+ Reviewingyour performance as ateam leaderorteam member during a postevent
debriefingt

ASSESSMENT EVIDENCE

Learning Plan
® Read this chapter before your PALS course.

@ Complete the chapter quiz and review the answers provided.

KEY TERMS

Apnea
The cessation of breathing for more than 20 seconds with or without
cyanosis, decreased muscle tone, or bradycardia

Bradypnea
A slower than normal rate of breathing for the patient’s age

Capnograph
A device that provides botha numeric reading and a waveform of
carbon dioxide concentrations in exhaled gases

Capnography
The process of continuously analyzing and recording carbon dioxide
concentrations in expired air

Capnometer
A device that measures the concentration of carbon dioxide at the
airway opening at the end of exhalation

Capnometry
A numeric reading of exhaled COz concentrations withouta con-
tinuous waveform

Crackles
Abnormalbreathsounds produced asair passesthroughairways
containing fluid or moisture (formerly called rales)

Fontanels
Membranous spaces formed where cranial bones intersect

Grunting

Ashort, low-pitched sound heard as the patient exhales against
apartially closed glottis; itisacompensatory mechanismto help
maintain the patency of the alveoli and prolong the period of gas
exchange

Gurgling
A bubbling sound that occurs when blood or secretions are present
in the upperairway

Head bobbing

Anindicator of increased work of breathing in infants; the head falls
forward with exhalation and comes up with expansion of the chest
on inhalation

Minute volume

Theamountofair movedinand outof thelungsinoneminute,
determined by multiplying the tidal volume by the ventilatory
rate

Nasal flaring
Widening of the nostrils on inhalation; an attempt to increase the
size of the nasal passages for air to enter during inhalation

Pediatric assessment triangle (PAT)

Arapid, systematicapproach to forming a general impression of the
ill or injured child that focuses on three main areas: (1) appearance,
(2) work of breathing, and (3) circulation to the skin

Petechiae

Reddish-purple nonblanchable discolorations in the skin less than

0.5 cm in diameter



PQRST

An acronym used when evaluating patients in pain: Precipitating
or provoking factors, Quality of pain, Regionand radiation of pain,
Severity, and Time of pain onset

Primary assessment

Ahands-on assessment that is performed to rapidly find and treat
life-threatening conditions by evaluating the nervous, respiratory,
and circulatory systems; also called a primary survey, initial assess-
ment, or ABCDE assessment

Pulse oximetry
Anoninvasive method of monitoring the percentage of hemoglobin
that is saturated withoxygen

Purpura
Red-purple nonblanchable discolorations greater than 0.5 cmin
diameter; large purpura are called ecchymoses

Respiratory distress
A clinical condition characterized by increased work of breathing
and arate of breathing outside the normal range for the patient’s age

Respiratory failure
Aclinical conditionin which there is inadequate oxygenation, venti-
lation, or both to meet the metabolic demands of body tissues

Retractions
Sinking in of the soft tissues above the sternum or clavicle, or
between or below the ribs during inhalation

SAMPLE

Acronymused whenobtaininga patienthistory;Signsand symptoms
(astheyrelatetothechiefcomplaint), Allergies, Medications, Pastmedi-
cal history, Last oral intake, and Events surrounding the illness or injury

Seesaw breathing

An ineffective breathing pattern in which the abdominal muscles
move outward duringinhalation while the chest movesinward; a
sign of impending respiratory failure

Sniffing position

A positionin which the patientsits upright and leans forward with
thechinslightly raised, therebyaligning theaxes of themouth,
pharynx, and tracheatoopentheairway and increaseairflow

Snoring
Noisy, low-pitched sounds usually caused by partial obstruction of
the upper airway by the tongue

Stridor

Aharsh, high-pitched sound heard oninhalation that is associated
withinflammation orswelling of the upperairway oftendescribed as
ahigh-pitched “seal bark” sound; caused by disorderssuchascroup,
epiglottitis, the presence ofa foreignbody, oraninhalationinjury

Tachypnea

Arate of breathing that is more rapid than normal for the patient’s
age

TICLS

Amnemonicdeveloped by the American Academy of Pediatrics that
isusedtorecall theareastobeassessedrelated toachild’soverall
appearance; Tone, Interactivity, Consolability, Lookor gaze,and
Speech or cry
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Tidal volume
The volume of air moved into or out of the lungs during a normal
breath

Tripod position

A positionin which the patient attempts to maintainan openairway
by sitting upright and leaning forward supported by his or herarms
withtheneckslightly extended, chin projected, and mouthopen

Wheeze

High-orlow-pitched sound produced asair passes throughairways
thathave been narrowed because of swelling, spasm, inflammation,
secretions, or the presence of a foreign body

INTRODUCTION

Assessment of an ill or injured child requires a systematic approach,
knowledge of normal growth and development, and knowledge
of the anatomic and physiologic differences between children and
adults. Approaches to obtaining historicalinformationand physical
examination vary depending on the child’s age and presentation.
Regardless of the healthcare environment in which you work,
patient care is delivered by a team of professionals. A team has been
definedas”“twoormoreindividuals who performsomework-related
task, interact with one another dynamically, have a shared pastand
a foreseeable shared future, and share a common fate” (Weinstock
& Halamek, 2008). This chapter discusses the importance of patient
assessmentand teamworkin the delivery of safe and effective patient
care.

PART I: PATIENT ASSESSMENT

Patient assessment is one of the most important skills that you per-
formasahealthcare professional. An organized approach to patient
assessmentwill help you differentiate between patients who require
immediateemergency careand those whodonotand will help
ensurethatnosignificantfindings orproblemsare missed. Make
sure that the sceneis safe before approaching the patient, and always
use appropriate personal protective equipment.

General Impression

@ Becauseapproachinganill orinjuredchild canincreasehis
orheragitation, itisimportant to forma general impres-
sion (also called a first impression or initial impression) before
approaching or touching the patient. Pause a short distance
fromthechild and, using yoursensesof sightand hearing,
use the pediatric assessment triangle (PAT) to forma general
impression. ThePATreflectsarapid, systematicapproachto
the assessment of the ill or injured child (American Academy of
Pediatrics, 2014)

@ The PAT focuses on three main areas: (1) appearance, (2) work
of breathing, and (3) circulation to the skin. Assessment of these
areascorresponds with assessmentof the nervous, respiratory,
andcirculatory systems. Anabnormalfindinginanyarea of
the PAT indicates that the child is “sick” and requires immedi-
ate intervention (Horeczko, Enriquez, McGrath, Gausche-Hill, &
Lewis,2013). Remember that your patient'sconditioncanchange
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atanytime. A patientthatinitiallyappears “notsick” mayrapidly
deteriorate and appear “sick.” Frequently reassess.

@ The PATis widely used by healthcare professionals in clini-
cal practice to distinguish between the “sick” and “not sick”
child, and has been incorporated into most pediatriclife sup-
portcoursesinthe United States (Dieckmann, Brownstein, &
Gausche-Hill, 2010). In clinical practice, the general impression
is often done while the clinician simultaneously begins obtaining
the history and the chief complaint (Mace & Mayer, 2008). Use of
the PAThas been found to be reliable inidentifying high-acuity

Table 1-1 Assessing Appearance Using the Mnemonic TICLS

Characteristic Assessment Considerations

Tone Isthe child vigorously moving oris the childlimp and
listless?
Interactivity Isthechildalertandattentive tohisorher surroundings?

Doesthe child respondto hisorhername (ifolder than 6
to8months)? Doesthechildrecognizehisorherparents
orcaregiver?Isthechild readily distracted bya person,
sound, ortoy, orisheorsheuninterestedinhisorher

pediatric patients and their category of pathophysiology (Horec- surroundings?
zko et al., 2013).
Consolability Canthechild readily be comforted by the caregiveror
Appearance healthcare professional oristhe childinconsolable?
© Assessmentofthechild’sappearanceincludesyourobserva- Lookorgaze Dothechild'sgyesﬁxtheirgazeonyourfaceoristherea
tionsofthechild’s mentalstatus, muscletone, and body posi- vacant stare?
tion (Figure 1-1). Appearanceisareflection of theadequacy of speechorcry Is the child's speech spontaneous and age-appropriate?

oxygenation, ventilation, brain perfusion, and central nervous
system function (American Academy of Pediatrics, 2014). The
mnemeonic TICLS, pronounced tickles, was developed by the
American Academy of Pediatrics and is used torecall the areas
tobeassessedastheyarerelated tothechild’soverallappear-
ance (Table 1-1). When forming a general impression, the
American Academy of Pediatrics considers identification of a
child’sabnormalappearancetobemoreeffectiveinspotting
subtle behavioral abnormalities than the use of the Alert, Ver-
bal, Pain, Unresponsive (AVPU) scale or the pediatric Glasgow
ComaScale (GCS) (American Academy of Pediatrics, 2014).

@ Whileassessinga child'sappearance, allow the child toremainin
the arms of the caregiver. As you observe the child, keep inmind
that a child’s age and developmental characteristics influence
whatis considered “normal” for his or her age group.

* Anexampleofachild withanormalappearanceisatoddler
whoisresponsive to his caregiver, attentive to hisenviron-
ment, readily consoled whenheld by hiscaregiver,and who
has good muscle tone and a strong cry.

Pam =
© LomaDreamstime.com.

Figure 1-1 Appearance isthefirstarea assessed whenforminga general
impression.

Is hisorhercry strongorisithigh-pitched? Ishisorher
speech orcry weak, muffled, orhoarse?

Usedwithpermissionofthe American AcademyofPediatrics, PediatricEducation
for Prehospital Professionals, ©@ American Academy of Pediatrics, 2006.

* Examplesof abnormal findings thatwarrantfurtherexplo-
rationinclude agitation, marked irritability, poor eye con-
tact, decreased interactivity, drooling (beyond infancy), limp
orrigid muscletone,inconsolable crying, avacantor glassy-
eyedstare, acry thatis weak or high-pitched, orspeech that
ismuffled or hoarse. If thechild exhibits abnormal findings
withregard tohisorherappearance, proceed immediately
to the primary assessment.

Breathing

@ The second component of the PAT is assessment of the work of
breathing (i.e., ventilatory effort), which reflects theadequacy
of the patient’s oxygenation and ventilation (American Acad-
emy of Pediatrics, 2014).

@ Assessmentareasinclude the child’sbody position, visiblemove-
mentofthechestandabdomen, ventilatory rate, ventilatory
effort, and audible airway sounds. Normal breathing is quiet with
equal chest rise and fall, without excessive respiratory muscle
effort,and witha ventilatory rate within normal range.

* Respiratory distress is characterized by increased work of
breathing and arate of breathing outside thenormal range
forthe patient'sage. Respiratory distress may resultfroma
probleminthetracheobronchial tree, lungs, pleura, orchest
wall.

* Respiratory failureisaclinical conditioninwhichthere
isinadequateoxygenation, ventilation, orbothtomeetthe
metabolic demands of body tissues.

® Beginyourbreathingassessmentby listening forabnormal
respiratory sounds that can be heard without a stethoscope
andthatcanindicaterespiratory compromise, suchasgasping,

grunting, gurgling, snoring, stridor, or wheezing. Next, look for



movement of the chest and abdomen to confirm that the child
is breathing and then observe the work of breathing. A patient
whoisworkinghard orstruggling tobreatheissaid tohave
labored breathing. The child may be unable to speak in full sen-
tences without pausing to take a breath. Signs associated with
increased work of breathing, whichare generally bestobserved
with the patient’s shirt removed, may include the presence of
suprasternal, clavicular, intercostal, subcostal, or substernal
retractions and accessory muscle use (i.e., muscles of the neck,
chest, and abdomen that become active duringlabored breath-
ing) (Figure 1-2). Head bobbing is an indicator of increased
work of breathing in infants. The head falls forward on exha-
lation, and comes up when the infant breathes inand its chest
expands.

@ Becausea child'snasal passages are very small, short, and nar-
row, these areas are easily obstructed with mucus or foreign
objects.

* Nasal flaring, which is widening of the nostrils while the
patientbreathesin,isthebody’sattempttoincreasethe
sizeofthenasal passages forairtoenter duringinhalation.
Nasal flaring may be intermittent or continuous (Wilson,
2011).

* Seesaw breathing, anineffective breathing patterninwhich
the abdominal muscles move outward during inhalation
whilethe chestmovesinward, isasign of impending respi-
ratory failure (Santillanes, 2014).

@ Observing the position of the child can provide important clues
withregard to the patient’slevel of distress and work of breath-
ing. For example, a child may assume a sniffing position to
decrease his or her work of breathing. In this position, the child
sits uprightand leansforward withthechinslightly raised,
aligning theaxes ofthemouth, pharynx, and tracheatoopen
the airway and increase airflow. Whena child assumes a tripod
position, also called tripoding, the child attempts to maintain an

2 . W
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Figure 1-2 Retractions are asign ofincreased ventilatory effort.
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open airway by sitting upright and leaning forward, supported
by his or her arms (or with the arms braced against the knees,
achair, orabed), withtheneck slightly extended, chin pro-
jected, and mouth open. If the child exhibits abnormal findings
withregard to breathing, immediately proceed to the primary
assessment.

Circulation

Thefinalcomponentofthe PATisassessmentofthecirculationto
the skin, whichis a reflection of the adequacy of cardiac outputand
the perfusion of vital organs (i.e., core perfusion) (American Acad-
emy of Pediatrics, 2014). The child’s skin color should appear nor-
mal for his or her ethnic group. Possible causes of flushed (i.e., red)
skinincludefever, heatexposure, and the presenceofatoxin. The
presence of pale, cyanotic, or mottled skin suggestsinadequate oxy-
genation, poor perfusion, or both (Figure 1-3). If the child exhibits
abnormal findin gs with regard tohis or her skin color, immediately
proceed to the primary assessment.

Category of Pathophysiology

Findingsof the PAT can be used to determine the severity of the
child’s condition, the general category of the physiologic prob-
lem, and the urgency with which interventions must be performed
(American Academy of Pediatrics, 2014) (Table 1-2).

Primary Assessment

Thenextphase of patientassessment isthe primary assessment,
whichisarapid, systematic, hands-on evaluation. The purpose of a
primary assessment, also called a primary survey, initial assessment,
or ABCDE assessment, is to quickly find and treatlife-threatening
conditions by assessing the nervous, respiratory, and circulatory
systems. The primary assessment consists of the following compo-
nents: Airway, Breathing, Circulation, Disability, and Exposure (for
examination).

a5, Dapartm

d Child Health Bureau

EMEC Slide Set(CD-ROM). 1536, Courtesy of the Emergency Medical Services for Children P dmini
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Figure 1-3 Pallor, cyanosis, and mottling suggest the presence of inad-
equate oxygenation, poor perfusion, or both.
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Table 1-2 Categorization of the Pediatric Assessment Triangle assessment. Ifthe child isnotbreathing (or only gasping), call for
Findings helpand check for a pulse. If a pulse is present, open the airway
andbeginrescuebreathing. Ifthereisno pulse or youare unsure
Physiologic Appearance Work of Circulation if there is a pulse, begin chest compressions.
Abnormalit Breathin to Skin
’ L @ Theassessmentsequencedescribed below assumesthe patientis
Cardiopulmonary failure ~ Abnormal Abnormal Abnormal responsiveor thata pulseis presentifhe or sheis unresponsive.
Compensated shock Normal Normal Abnormal Airway
Hypotensive shock Abnormal Normal or Abnormal

@ Assessthe patient’s ability tomaintainan open (i.e., clear of

abnorma debrisand obstruction) airway. A child whoisalertand talking
Primary brain Abnormal Normal Normal clearly orcrying withoutdifficulty hasan openairway.If the
dysfunction or systemic airway is open, move on toevaluation of the patient’s breathing,.
problem @ Sounds associated with noisy breathing suchas gurgling, snor-
Respiratory distress Normal Abnormal Normal ing, orstridor suggesta partial airway obstructionand require
: further investigation.
Respiratory failure Abnormal Abnormal Normal or * Gurglingisabubbling sound thatoccurs whenblood or

_ abnormal secretions are presentin the airway, and isanindication for

Modified from Dieckmann, R. A. (2012). Pediatric assessment. In 5. Fuchs, immediate suctigmng,

& L. Yamamoto (Eds.), APLS: The pediatric emergency medicine resource * Snoringsoundsarenoisy andlow-pitchedandare usually
(5th ed., pp. 2-37). Burlington, MA: Jones & Bartlett and Santillanes, G. (2014). caused by partial obstruction of the upper airway by the
General approach to the pediatric patient. In J. A. Marx, R. S. Hockberger, & tongue. Snoringcan generally be corrected using simple

R. M. Walls (Eds.), Rosen's emergency medicine: Concepts and clinical

practice (8th ed., pp. 2087-2095). Philadelphia: Elsevier Saunders. measuressuchasstimulating the patienttowakeup, repo-

sitioning the patient, or opening the airway using a head

Responsiveness tilt-chin lift orjaw thrust maneuver. Insertion of an oral or

nasal airway may beneeded tokeep the airway open (see
Chapter 2).

* Stridorisaharsh, high-pitched sound thatisusually an
indication of inflammation or swelling of the upper airway.
Stridor may be inspiratory or expiratory (Wilson, 2011).
Possible causes of stridorinclude the presence of a foreign
body,aninhalationinjury,and disorderssuchascroup,
epiglottitis, ortracheitis. Generally, the presence of stridor
warrants theadministration of supplemental oxygenand
additional interventions that are dependent on the cause of
the stridor.

@ Although assessment of responsiveness is technically not the
first step of the primary assessment, it is worthwhile to estab-
lish the child’s level of responsiveness using the AVPU mne-
monic before continuing your assessment.

A= Alert; the patientis awakeand aware of your presence.
V =The patient responds to a Verbal stimulus; the child opens
his or her eyes in response to your voice; the patient appropri-
ately responds to a simple command.
P=Thepatientrespondstoa Painful stimulus; thepatientis
unaware of your presence and does not respond to your loud
voice; the patientresponds only when youapply some form of
irritating stimulus.

U= Unresponsive, the patient does not respond to any stimulus.
PALS Pearl

@ Whileforminga general impression of your patient'sappear-

ance, youlearned importantinformationabouthis orher mental Theresponsivechildmay have assumedapositiontomaximize
status. Itisimportant to consider these findings when determin- his or her ability to maintain an open airwayi Allow the child to
ing your nextsteps. If your general impressionrevealed that the maintain this position as you continue your assessmenti

child wasalertor responsive to verbal stimuli, itisnotnecessary © Jones & Bartlett Learning

toreassessresponsivenessatthis point—moveontoassessmentof
the patient’s airway. However, if your general impression revealed

thatthe child was unresponsive, youmust quickly determine if Airway Interventions

the child isin cardiacarrest. This distinctionis importantbecause

current cardiopulmonary resuscitation guidelineshave established @ Achild who is decompensating may require simpleinterven-
thatthe prioritiesof careforthecardiac arrestpatientarecircu- tionssuchashead positioning, suctioning, or theinsertion
lation, airway, and then breathing (i.e., a C-A-Bapproach) rather ofanairway adjunct (see Chapter 2) to maintain an open air-
thanan ABCDEapproach. Rationales forthe C-A-Bapproach way (Box 1-1). When basic interventions are ineffective, more
includeshortening the time to the startof chestcompressionsand advanced measurestomaintainanopenairway maybeneeded
reducing the time of no blood flow (Atkins etal., 2015). suchasinsertion ofanadvancedairway (e.g., endotracheal

tube, laryngeal mask airway), direct laryngoscopy to removea
foreign body, application of continuous positive airway pres-
sure (CPAP), or cricothyrotomy.

@ Ifthe child is unresponsive, quickly check to see ifhe is breath-
ing.Ifnormalbreathing is present, continue the primary



Box 1-1 Possible Airway Interventions

Allowing the patient to assume a position of comfort to maintain
airway patency

Head positioning

Suctioning

Using a manual airway maneuver (eigi, head tilt—chin lift, jaw
thrust) to open the airway

Inserting an airway adjunct (elgt, oral airway, nasal airway)
Inserting an advanced airway (etgt, endotracheal tube, laryngeal
mask airway)

Applying continuous positive airway pressure

Removing a foreign body with directlaryngoscopy

Performing acricothyrotomy

@ Jones & Bartlett Learning

@ Ifthechildisresponsive butisunable tospeak, cry, force-
fully cough, ormakeanyothersound, hisairwayiscompletely
obstructed. Clear the obstruction by performing subdiaphrag-
matic abdominal thrusts (if the patientis 1 year or older) or back
slapsand chest thrusts (if the patientisyoungerthan1 year).

@ Ifthechildisunresponsiveand traumaisnotsuspected, open
the child’sairway by using thehead tilt-chinliftorjaw thrust
maneuver. Bothof these maneuversliftthe tongueaway fromthe
back of the throat. If the patient is unresponsive and trauma to
the cervical spineis suspected, open the child’sairway by using
the jaw thrust without neck extension maneuver to prevent addi-
tional cervical insult (see Chapter 2).

@ Iftrauma is suspected butyou are unable to open theairway (or
maintainanopenairway) by using thejaw thrustwithoutneck
extension maneuver, itis acceptable to use a head tilt-chin lift
orjaw thrust with neck extension maneuver because opening
theairwayisa priority (Kleinmanetal., 2015). If there s blood,
vomitus, orother fluid in the child’sairway, clear it with suction-
ing. After ensuring that the patient’sairway is open, moveonto
evaluation of his or her breathing,.

Breathing

Whenassessing breathing, determine the child’srateof breath-
ing, evaluate his or her ventilatory effort, listen for breath sounds,
assess his or her oxygenation by using pulse oximetry, and evalu-
ate the effectiveness of ventilation by using capnography (Box 1-2).
If the patientisbreathing, determineif breathingisadequate or
inadequate. If breathing isadequate, move on to assessment of
circulation.

Box 1-2 Breathing Assessment

Assess the rate of breathing

Evaluate ventilatory effort

Auscultate breath sounds

Measure oxygen saturation with a pulse oximeter

Measure exhaled carbon dioxide using capnography
@ Jones & Bartlett Learning.
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Ventilatory Rate

@ Determine the child’srate of breathing by counting the num-
ber of times the patient’s chest rises in 30 seconds. Double this
number to determine the breaths per minute. The patient with
breathingdifficulty oftenhasaventilatoryrateoutside thenor-
mal limits for his or her age (Table 1-3).

@ While counting therate, observe the child’s chestwall and note the
rhythm of breathing (e.g., regular, irregular, periodic). The venti-
latory rateis oftenirregular in newborns and very young infants
(Duderstadt, 2014). Prolonged inspiration suggests an upper airway
problem e.g., croup, foreignbody). Prolonged expirationsuggests
alowerairway problem (e.g., asthma, pneumonia, foreign body).

Tachypnea

Tachypneaisarateofbreathing thatismorerapid thannormal for
the patient's age. Tachypnea may be a compensatory response sec-
ondary toexcitement, anxiety, fever, and pain (among other causes),
oritmaybeassociated with disorderssuchasmetabolicacidosis,
sepsis, exposuretoatoxin,orabrainlesion. Asfatiguebeginsand
hypoxia worsens, the child progresses to respiratory failure with
slowing and possible cessation of the ventilatory rate.

PALS Pearl

At any age, a ventilatory rate greater than 60 per minute is abnormakh

@ Jones & Bartlelt Learning.

Bradypnea

Bradypnea is a slower than normal rate of breathing for the patient’s
age.ltisanominoussigninanacutelyillinfantorchild and may be
caused by respiratory muscle fatigue, hypothermia, metabolic dis-
orders, brain injury, central nervous system infection, hypoperfu-
sion, or opioids or sedative drugs, among other causes. The patient
whohasbradypnea may alsohaveepisodes ofapneaand may require
both supplemental oxygen and ventilatory assistance (National
Association of Emergency Medical Technicians, 2011).

Apnea

Apnea is the cessation of breathing for more than 20 seconds, or less
than 20 seconds if it is associated with cyanosis, pallor, decreased
muscletone, orbradycardia(Merves,2012). Therearethree main

Table 1-3 Normal Ventilatory Rates by Age at Rest

Age Ventilatory Rate (breaths/min)
Infant (birth to 1 year) 30to 60
Toddler (1 to 3 years) 24 t0 40
i Preschooler (4 to 5 years) 221034
School-age child (6 to 12 years) 18 to 30

Adolescent (13to 18 years) 12to 16

@ Jones & Barllett Leamning
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types of apnea: (1) central apnea, (2) obstructive apnea, and (3) mixed
apnea. Withcentralapnea, thereisanabsenceof chestwall move-
mentand airflow thatis related to the failure of the central nervous
system to transmit signals to the respiratory muscles. With obstruc-
tiveapnea, inspiratory effortis present butairflow is absent because
of an anatomic obstruction in the upper airway, usually at the level
of the pharynx. Obstructive apnea may be accompanied by snoring
and gasping. Possible causes of obstructiveapneainclude decreased
muscletone, enlarged tonsils and adenoids, and congenital disorders
such as Pierre Robin syndrome (Betz & Snowden, 2008). With mixed
apnea, componentsof bothcentral and obstructive apneaare present.

Ventilatory Effort

@ Assess the chest for movement, evaluating the depthand sym-
metry of movement with each breath. Tidal volume is the vol-
ume of air moved into or out of the lungs during anormal
breath. Tidal volume canbeindirectly evaluated by observing
the rise and fall of the patient’s chest and abdomen.

@ Minute volumeis the amount of air moved inand out of the

lungsinone minute and is determined by multiplying the tidal
volumeby the ventilatoryrate. Thus,achangeineither thetidal
volumeorventilatory rate will affectminute volume. A ventila-

toryrate thatis too slow will decrease minute volume because
tidal volume cannotbeincreased to compensate; a ventilatory
rate that is too fast will resultin a marked decrease in tidal vol-
ume and subsequently minute volume (Dieckmann, 2012).

@ Ventilationsininfantsand children youngerthan6é or 7 yearsare
primarily abdominal (diaphragmatic) because the intercostal mus-
clesofthechestwall arenotwell developed and will easily fatigue
fromtheworkofbreathing, Effective ventilationmaybejeopardized
when diaphragmatic movement is compromised (e.g., gastric or
abdominal distension) because the chest wall cannot compensate,
Asthechildgrowsolder, thechestmusclesstrengthenandchest
expansionbecomes more noticeable. The transition fromabdominal
(diaphragmatic) breathing to intercostal breathing begins between
2 and 4 years of age and is complete by 7 to 8 years of age.

@ Lookforsigns of increased work of breathing, which may
include the following (Figure1-4):
* Restlessness, anxious appearance, concentration on
breathing
* Leaning forward toinhale
* Nasal flaring
* Head bobbing
* Use of accessory muscles of breathing
¢+ Retractions
* Seesaw breathing

PALS Pearl

Retractions indicate increased work of breathingt They may be
observed below (subcostal) or between (intercostal) the ribs with
mild to moderate breathing difficultyl As the level of breathing
difficulty worsens, retractions may extend to the sternum, supra-
sternal notch, and supraclavicular areast

@ Jones & Bartlett Learning.
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Figure 1-4 When assessing breathing, look for signs ofincreased ventila-
tory effort.

Breath Sounds

@ Audible signs of breathing difficulty include stridor, gurgling,
grunting, wheezing, and crackles. Stridor and gurgling have been
discussed.

* Gruntingisashort, low-pitched sound heard as the patient
exhalesagainsta partially closed glottis. Itisa compensa-
tory mechanism to help maintain the patency of the alveoli
and prolong the period of gas exchange.

* Wheezes are high- or low-pitched sounds produced as
air passes through airways that have narrowed because of
swelling, spasm, inflammation, secretions, or the presence
of a foreign body. If air movement is inadequate, wheezing
may not be heard.

* Crackles, formerly called rales, arecrackling sounds pro-
duced asair passes through airways containing fluid or
moisture.

@ Becausethechestofachildissmalland the chestwallisthin,
breathsoundsare easily transmitted from one side of the chest
to the other. Asaresult, breathsoundsmaybeheard despite the
presence ofa pneumothorax, hemothorax, oratelectasis. Tomin-
imize the possibility of sound transmission from one side of the
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Figure 1-5 Auscultate the anterior and posterior chest for breath sounds.

chest to the other, auscultate along the midaxillary line (under
eacharmpit) and in the midclavicular line under each clavicle.
Alternate fromside tosideand compare yourfindings. Theante-
rior and posterior chest should also be auscultated for breath
sounds (Figure 1-5).

Oxygen Saturation

@ Pulse oximetry is a noninvasive method of monitoring the
percentage ofhemoglobin (Hb) thatissaturated with oxy-
gen (SpOs) by using selected wavelengths of light. Continuous
monitoring of oxygen saturation by means of pulse oximetry is
considered the standard of care in any circumstance in which
detectionofhypoxemiaisimportant. Apulseoximeterisan
adjunct to, nota replacement for, vigilant patient assessment.
Itis essential to correlate your assessment findings with pulse
oximeter readings to determine appropriate treatment inter-
ventions for your patient.

PALS Pearl

When combined with your patientassessmentskills, pulse oxim-
etryisavaluabletoolthatisusedtoassesstheeffectivenessof
the patient's oxygenationt A capnometer or capnograph, which
measures carbon dioxide during exhalation, is used to assess the
effectiveness of the patient’s ventilationt

© Jones & Bartlett Learning.

@ Stratum/Dreamstime.com.

Figure 1-6 The sensor of a pulse oximeter is placed over thin tissue with
reasonably good blood flow such as a finger, toe, or ear lobe.

@ A pulse oximeter consistsof asensor thatis placed overthin
tissue with reasonably good blood flow (such asa finger, toe,
or ear lobe) (Figure 1-6). The sensor is connected to a moni-
tor that displays the percentage of Hb saturated with oxygen
and providesanaudiblesignal for each heartbeat, a calculated
heartrate, and in some models, a graphic display of the blood
flow past the sensor. Make certain that the wiring used to con-
nectasensor and oximeter is compatible. Considerable heat can
be generated at the tip of a sensor when incompatible wiring is
used, causing second-and third-degree burns under the sensor
(Wilson, 2011).

@ To ensure an accurate measurement when using a pulse oxim-
eter, check that the pulse rate according to the oximeter is con-
sistent with that obtained by palpation. Sensors should not
be placed on extremities used for blood pressure monitoring
because pulsatile blood flow can beaffected, thereby distorting
SpO;readings (Wilson, 2011). Check the skin under the sensor
often because tissue injury may occur when sensors are attached
tootightly. Thefrequency withwhichthesensorsiteshould
bechangedshouldbeinaccordance withthe manufacturer’s
guidelines.

@ Becausepulsatile blood flow isnecessary fora pulseoxim-
eter towork, itmay provide inaccurate resultsina child with
poor peripheral perfusion (e.g., shock, cardiacarrest). Pulse
oximetry may alsobeinaccurateinchildren withchronic
hypoxemia (e.g., cyanotic congenital heart disease, pulmonary
hypertension), significant anemia, carboxyhemoglobinemia, or
methemoglobinemia.
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Carbon Dioxide Measurement

@ Acapnometerisadevice that measures the concentration of
carbon dioxide at the airway opening at the end of exhalation.
With capnometry, a numeric reading of exhaled CO; concen-
trations is provided without a continuous waveform.

@ Acapnographisadevicethat provides bothanumericread-
ingandawaveformofcarbon dioxideconcentrationsinexhaled
gases. Capnography, the process of continuously analyzingand
recording carbon dioxide concentrations in expired air, is an
assessmenttool thatis usedin bothintubated and nonintubated
patients to assess the effectiveness of ventilation.

@ Because capnometry and capnography reflect theelimination of
CO: fromthe lungs during breathing, use of these devices can
alertthecliniciantorespiratory compromise suchasapnea, air-
way obstruction, hypoventilation, hyperventilation, and abnor-
mal breathing patterns.

Breathing Interventions

During your assessment of breathing, evaluate the child’s ventila-
tory rate and ventilatory effort, auscultate breath sounds, asses the
child’s oxygen saturation, and evaluate the effectiveness of ventila-
tion. If the child’s breathing is inadequate, necessary interventions
may include administering supplemental oxygen, assisting venti-
lation with a bag-mask device, and inserting an advanced airway
(Box 1-3). To ensure proper minute ventilation, the use of a cap-
nometer orcapnographisrecommended whenassisted ventilationis
necessary (Dieckmann, 2012).

Circulation

Whenassessing circulation, you will evaluate the patient’sheartrate
and rhythm, pulse quality, skin color and temperature, capillary
refill time, and blood pressure (Box 1-4).

Heart Rate and Regularity

@ Determine if the patient's heart rate is within normal limits
forthechild’sage (Table 1-4) andif therhythmisregularor

Box 1-3 Possible Breathing Interventions

Administering supplemental oxygen
Assisting ventilation

Inserting an advanced airway
Additional interventions as necessary

© Jones & Bartlett Laaming.

Box 1-4 Circulation Assessment

Assess the heart rate and rhythm

Evaluate pulse quality (elgl, central and peripheral pulses)
Assess skin color and temperature

Determine capillary refill time

Measure the blood pressure

@ Jones & Bartlett Leaming.

Table 1-4 Normal Heart Rates by Age at Rest

Age Heart Rate (beats/min)
Infant (birth to 1 year) 100 to 160

Toddler (1 to 3 years) 95 to 150

Preschooler (4 to 5 years) 80 to 140

School-age child (6 to 12 years) 70to 120

Adolescent (13 to 18 years) 60 to 100

@ Jones & Bartlett Learning

irregular. Heartrate may be determined by counting therate for
30 seconds and then doubling the number to calculate therate
perminute, by auscultating theheart, orby viewing the patient’s
heartrate onthemonitorofanelectrocardiogram (ECG)or
pulse oximeter.

@ Heartrateis influenced by the child’sage and level of activity. A
very slow or rapid rate may indicate or may be the cause of car-
diovascular compromise. The terms arrhythmia and dysrhythmia
are used interchangeably to refer toan abnormal heart rhythm.
In the pediatric patient, dysrhythmias are divided into four broad
categories based onheartrate: (1) normal forage, (2) slower
thannormalforage (bradycardia), (3) fasterthannormal for
age (tachycardia), or (4) absent (cardiacarrest). Inchildren, dys-
rhythmiasaretreated onlyif they compromise cardiacoutputor
ifthey have the potential for deteriorating into alethal rhythm.
Forexample, fever, pain, and fear are common causes of a tem-
porary increase in heartrate. The heart rate typically returns to
normal as the underlying causeis treated. In contrast, ventricu-
larfibrillationis a lethal rhythm thatrequires prompttreatment
with chest compressions and defibrillation.

PALS Pearl

The values used to define a tachycardia (above 100 beats/min)
andabradycardia(below 60 beats/min)inanadultarenotthe
same in the pediatric patient! In infants and children, a tachycar-
diaispresentiftheheartrateisfasterthanthe upperlimitofnor-
mal for the patient’s agei A bradycardia is present when the heart
rate is slower than the lower limit of normalf

@ Jones & Bartlett Leaming.

Pulse Quality

@ Pulse quality, which reflects the adequacy of peripheral perfu-
sion, referstothestrengthoftheheartbeatfeltwhentakinga
pulse. Pulse quality is assessed by feeling central and periph-
eral pulsesand comparing theirstrengths. Itisalsoimportant to
compare differences betweenthe upperand lowerextremities.
Lowerextremity pulsesthatareabsent or weak whencompared
withthe upperextremitiessuggestcoarctationoftheaorta (Dud-
erstadt, 2014).
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@ Acentral pulseisapulsefound close to the trunk of the body.
Central pulse locations that are generally easily accessible include
the brachial artery (ininfants), the carotid artery (in older chil-

Skin Color and Temperature

@ Skincoloris mostreliably evaluated in thesclera, conjunctiva,

dren), the femoral artery, and the axillary artery. Determining

the presence and strength of a femoral pulse can be challenging

inoverweightand obese children because of the necessity to pal-

pate through adipose tissue (Duderstadt, 2014).

@ Peripheral pulselocationsinclude theradial, dorsalis pedis,and
posteriortibial arteries (Figure 1-7), Assessa peripheral pulse
whilekeeping onehand onthecentral pulselocationtocompare
theirstrengths. Forexample, feel afemoral (central)and dorsalis
pedis (peripheral) pulse.

@ Astrong pulse is one that is easily feltand that is not easily oblit-
erated with pressure. A bounding pulse is not obliterated with
pressure, A weak pulseis difficult to feel and a thready pulse is
one thatis weak and fast. A weak, thready, or absent pulseisan
indication for fluid resuscitation, chest compressions, or both
(Lee & Marcdante, 2011).

* Severalsystemsareused for grading thestrengthorinten-
sity ofa patient’s peripheral pulse. Onesystem usesascale
of 0to4whereanabsent pulseis0, a palpablebutweak
pulseis1+,anormal pulseis2+,astrongerthannormal
(full) pulseis3+,and abounding pulseis4+. Another
systemusesascaleof0to3whereanabsentpulseis0,a
diminished or weaker than expected pulseis 1+, abrisk
(normal) pulse is 2+, and a bounding pulse is 3+. Use the
scale adopted by your organization.

@ The presence of strong central and peripheral pulses suggests
that the child has an adequate blood pressure. A weak central
pulse may indicate hypotensive shock. A peripheral pulse that is
difficulttofind, weak, orirregularsuggests poor peripheral per-

nail beds, tongue, oral mucosa, palms, and soles (Figure 1-8).
Possiblecauses of flushed (red) skininclude fever, infection,
toxic exposure, exposure to warm ambient temperatures, and
heat-related emergencies.

@ Pallor may be the result of respiratory failure, anemia, shock,

or chronic disease. Cool, pale extremities are associated with
decreased cardiacoutput,asseeninshockand hypothermia.In
children with dark skin, pallor may be observed asashen gray
skin. Pallorinbrown-skinned individualsmayappearasayel-
low color.

@ Blue (cyanosis) coloration of the nails, palms, and soles suggests

hypoxemia orinadequate perfusion. Indark skin, cyanosis may
beobserved asashen graylips, gums, or tongue. Possiblecauses
of peripheral cyanosis, whichis a blue discoloration of the hands
and feet, include anxiety, cold, shock, peripheral vascular disease,
and heart failure. Central cyanosis, whichis a blue discoloration
of the trunk or mucous membranes of the eyes, nose, and mouth,
reflects amarked decrease in the oxygencarrying capacity of the
blood. Possible causes of central cyanosis are shown in Box 1-5.
The presence of central cyanosisisanindication for the adminis-
tration of supplemental oxygen and ventilatory support (Ameri-
can Heart Association,2011).

@ Mottling is an irregular or patchy skin discoloration thatis usu-

ally a mixture of blue and white. The presence of mottling sug-
gests decreased cardiac output, ischemia, or hypoxia, but it can be
normal inan infant that has been exposed to a cool environment.
Mottled skinis usually seenin patients inshock, with hypother-
mia, or in cardiacarrest.

fusion and may be a sign of shock or hemorrhage. If no central
pulse is present, chest compressions should be started using rates
and techniques (e.g., compression depth, finger or hand place-
ment)inaccordancewithcurrentresuscitation guidelines.

@ Jaundiceisayellow colorseenintheskin, thescleraof theeyes,
and the mucus membranes of the mouth. Itis caused by elevated
levelsofbilirubinin the blood resulting from anincreased break-
down of hemoglobin.

@ The skinis normally warm and dry with good turgor. Use
thedorsalsurfacesof yourhandsand fingerstoassessskin

& Rhonda OdonnellDreamstime com, © Anita Nowack/Dreamstime. com.

Figure 1-7 Acentral pulse is a pulse found close to the trunk of the body.
The radial artery is an example of a peripheral pulse location.

Figure 1-8 Assessment of circulation includes evaluation of skin color
and temperature.
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Box 1-5 Possible Causes of Central Cyanosis

Acute respiratory distress syndrome

Asthma

Bronchiolitis

Cyanotic heart disease (eig, tetralogy of Fallot, transposition of
great vessels, hypoplastic heart syndrome)
Drug overdose

Heart failure

High altitude

Pneumonia

Respiratory failure

Traumatic brain injury

©Jones & Bartieit Learning.

temperature. As cardiac output decreases, coolness will begin in
the hands and feet and ascend toward the trunk.

* Turgorrefersto the elasticity of the skin. Toassess skin tur-
gor, grasp the skin on the upper arm orabdomen between
your thumb and index finger. Pull the skin taut and then
quickly release. Observe the speed with which the skin
returns toits original contour oncereleased. The skin
should immediately resume its shape with no tenting or
wrinkling.

* Good skin turgor indicates adequate hydration. Decreased
skin turgor is present when the skin is released and it
remains pinched (tented) beforeitslowly returns toits nor-
malshape (Figure 1-9). Decreased skin turgorisasign
of dehydration, malnutrition, or both and may also be
observed in patients with chronic disease and muscle disor-
ders (Engel, 2006c).

PALS Pearl

A positive finding is more helpful than a negative onei Never
assume a child is well hydrated based on good skin turgort
@ Jones & Barilett Learning.

EMSC Shide Sat(CO-ROM). 1996, Courtesy ofthe Emergency Medical Services Tor Children Program, administered by lhe U.3. Depariment
of Health and Human Sendce's Health Resources and Services Administration, Matemal and Child Health Bureau,

Figure 1-9 Tenting ofthe skin after it is released is a sign of dehydration,
malnutrition, orboth.

Capillary Refill Time

@ Capillary refill, also called the blanching test, is assessed by apply-
ing pressure to tissue untilitblanches and thenrapidly releasing
pressureand observing the timeit takes for the tissue toreturnto
its original color. Sites that may be used to assess capillary refill
include the nail beds, forearm, forehead, chest, abdomen, knee-
cap, and fleshy part of the palm.

@ If theambient temperature is warm, color should return within
2to3seconds. Acapillaryrefill time of 3 to5secondsissaid to
bedelayed. This may indicate poor perfusion orexposure tocool
temperatures. A capillary refill time of more than 5 seconds is
said to be markedly delayed and suggests shock.

@ If capillary refillis initially assessed in the hand or fingersand it
is delayed, recheckitinamore centrallocation suchas the chest.

PALS Pearl

Because capillaryrefillingtime can beinfluenced by manyfactors,
including environmental temperature, medications, and chronic
medical conditions, it is important to consider these findings in
conjunction with other assessments of the child's perfusion (eigi,

heart rate, quality of peripheral pulses, skin color, and temperature)

& Jones & Barilett Learning.

Blood Pressure

@ Achild’sblood pressurevaries withage (Table 1-5). Itmay be
affected by emotion, the child’s degree of activity, the presence
of pain,and medications.Inchildren youngerthan3years,a
strong central pulseis considered anacceptablesignofade-
quate blood pressure.

@ Whenmeasuring blood pressure, use a cuff that completely encir-

clesthe extremity and ensure that the width of the cuffis two-thirds
thelength of thelong bone used (such as the upper armor thigh).
Useofacuffthatis toolargewill resultina falsely low reading; use
ofacuffthatistoosmall will resultinafalsely high reading,.

@ Pulse pressure, which is the difference between the systolicand
diastolic blood pressure, provides important information about a
patient’sstroke volume. Anarrowed pulse pressureisanindica-
tor of circulatory compromise.

Table 1-5 Lower Limit of Normal Systolic Blood Pressure by Age

Age Lower Limit of Normal Systolic

Blood Pressure

Termneonate (Oto28days)  Morethan 60 mmHgorstrong centralpulse

Infant(1to 12months) More than 70 mm Hg or strong central pulse

Child1to10years Morethan70+(2x ageinyears)

Child10yearsorolder More than 90 mm Hg
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Itisimportantto knowyourfacility's policy withregardtoblood
pressure measurement because some organizations require the
assessment of blood pressure in all children and others require
that blood pressure be measured in children older than 3 years

& Jones & Barflett Learning.

Circulation Interventions

@ During your assessment of circulation, evaluate the patient’s
heart rate and rhythm, pulse quality, skin color and temperature,
capillary refill time, and blood pressure.

@ Ifnocentral pulseis present, begin chest compressionsand assist
breathing withabag-mask device (Box1-6). Applyacardiac
monitor and identify the rhythm. The next steps will be deter-
mined by therhythm onthe cardiac monitor. For example, if
the rthythmis asystole or if pulseless electrical activity is pres-
ent, vascularaccess (e.g.,intravenous, intraosseous)should be
established and medications should be given. If the rhythmis
pulseless ventricular tachycardia or ventricular fibrillation, defi-
brillation should be performed followed by vascular access and
medications.

@ If the child has a pulse but signs of shock are present (e.g,, tachy-
cardia, weak peripheral pulses, pallor or mottling, delayed capil-
lary refill), call for additional assistance, position the child on his
or her back unless breathing is compromised, administer supple-
mental oxygen, establish vascular access, and administer fluids to
stabilize perfusion, if indicated (see Chapter 3).

Disability

@ Assessment of mental status is one of the mostimportant
components of the physical examination and should be fre-
quently reassessed (Wing & James, 2013). Altered mental sta-
tus may beevidenced by irritability, moaning, oraweak or
high-pitched cry, and it may range frommild confusion to
unresponsiveness. Examples of causes of altered mental sta-
tusinthepediatric patientincludehypoxia, infection (e.g.,
meningitis, encephalitis), shock, seizures, hypoglycemia,
electrolyte abnormalities, poisoning, ora previousillness or
injury (e.g., braininjury). The patient’s caregiver, if available,

Box 1-6 Possible Circulation Interventions

Positioning the patient
Administering supplemental oxygen
Assisting ventilation

Establishing vascular access
Replacing fluids

Performing chest compressions
Performing defibrillation

©Jones & Bartleti Leaming.
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Figure 1-10 The patient's caregiver may be animportant source of infor-
mation when a child has an altered mental status.

should be asked if the child’s responsiveness, mood, eating
and sleeping habits, and level of activity are consistent with
or different from his or her normal behavior (Figure 1-10).
This is particularly important if the child is preverbal (Wing
& James, 2013).

@ Aninfant'slevel ofresponsivenessislargely based onassess-
ment of his or her alertness, cry, level of activity, response to the
environment, and recognition of parents or caregivers (Hazin-
ski, 2013). Assessment of orientation (i.e., to person, place, time,
and event) and the ability to follow commands can be assessed
ifthechildissufficiently mature tocomprehend and answer
questions (Hazinski, 2013). Significant changesina child’s men-
tal status should prompt early airway management (Bakes &
Sharieff, 2013).

PALS Pearl

Theairway of achild with analtered mentalstatusisvulner-
able to airway obstruction because of decreased muscle tone
and depressed gag and cough reflexesi This may lead to airway
obstruction, resulting in hypoxemia and respiratory failure or
respiratory arresti Repeat the primary assessment at frequent
intervals throughout your management of these patients and
revise your treatment plan based on the patient's response to
your interventionst

& Jones & Bartlett Learning.



@ In addition to evaluating appearance while forming a general
impression and the use of the AVPU scale earlier in the primary
assessment, the Pediatric Glasgow Coma Scale (GCS) is often
used during this phase of patient assessment to establish a base-
lineand forcomparisonwithlaterserial observations. The AVPU
scale evaluates whatstimulus it takes to geta response; the GCS
evaluateswhatresponseresults fromthestimulus given (Shade,
Collins, Wertz, Jones, & Rothenberg, 2007). The Pediatric GCS
hasnotbeenwellvalidated asa predictiveinstrumentinchildren
(Dieckmann, 2012).

* Threecategoriesareassessed with the GCS: (1) eye opening,
(2) verbal response, and (3) motor response (see Table 1-6).
The GCS scoreis the sum of the scores in these categories;
the lowest possible score is 3 and the highest possible score
is15.Consider theneed foraggressiveairway management
when the GCSis 8 or less.

* Motor response is the most important component of the
GCSif the patientis unresponsive, intubated, or prever-
bal (American Heart Association, 2011). Verbaland motor
responses must be evaluated withrespecttoachild’sage
(Wing & James, 2013). Inaresponsive patient, assess motor
functionand theability to follow commands by asking the
child tostick outhis or hertongue, wiggle toes, orraise two
fingers (Hazinski, 2013). If itis necessary toapplya painful

Table 1-6 Glasgow Coma Scale

Chapter1 PatientAssessmentand Teamwork

stimulus and assess the patient’s response, apply the stimu-
lus over the trunk toavoid confusion with spinal reflexes.

* Because the verbal component of the GCS may be affected
by achild’sfear or discomfort, it should bereassessed after
the child has been calmed and (ifapplicable) pain medica-
tionhas been administered (Wing & James, 2013).

PALS Pearl

When assessing a child's level of orientation, ask age-appropriate
questionst For example, ask the child to tell you about his favorite
cartoon character, pet, sports personality, toy, or television showt

@ Jones & Barilett Learning.

@ Assess pupil size, symmetry, and reactivity to light. Normally,

@

the pupilsareequal and round, and both pupils briskly constrict
whenalightshinesin oneeyeand dilate in darkness. When
atoxicexposureissuspected, pupils thataredilated or con-
stricted can be helpful in determining the substance involved.
Forexample, narcotics and exposure to organophosphate insec-
ticides typically produce small pupils. Exposure to antihista-
mines, amphetamines, and hallucinogens usually produce large
pupils.

Pupillary changes may also be observed with other conditions
such as trauma to the eye or increases inintracranial pressure.
Unilateral pupil dilation ina child with a history of trauma may
beasignofbrain herniation. Pupillary changes caused by com-
pression of the oculomotor nerve as the brain herniates are usu-

Glasgow Adult/Child Score  Infant
Coma Scale
Eye Opening  Spontaneous 4 Spontaneous
To verbal command 3 To speech
To pain 2 To pain
No response 1 No response
Best Verbal Oriented 5 Coos, babbles
Response o ,
Disoriented 4 Cries but consolable
Inappropriate words 3 Cries to pain
Incomprehensible 2 Moans to pain
sounds
No response 1 No response
Best Motor Follows commands 6 Spontaneous movement
Response ) ) .
Localizes pain 5 Withdraws to touch
Withdraws to pain 4 Withdraws to pain
Abnormal flexion 3 Abnormal flexion
Abnormal extension 2 Abnormal extension
No response 1 No response
Total=E+V+M 3to15

ally observed on the same side as the lesion. Initially, the pupil
on the same side of the lesion (i.e., the ipsilateral pupil) reacts to
light, but sluggishly. As herniation continues, the ipsilateral pupil
remains dilated. Bilateral pupil dilation may occur as intracranial
pressureincreasesand bothhalves of thebrain become affected.
Anisocoria, a condition characterized by pupils thatare unequal
in size, is a normal finding in some patients.

Disability Interventions

@ Regardless of the cause of the patient’s altered mental status,
the priorities of care remain the same. If cervical spineinjury is
suspected (by physical examination, history, or mechanismof
injury), manually stabilize the head and neck inaneutral, in-line
position or maintainspinal stabilizationif already completed.
Use positioning or airway adjuncts as necessary to maintain
airway patency.Suctionasneeded. Avoidthe use of an oral air-
way unless the patient is unresponsive; use in a semi-responsive
child may cause vomiting if a gag reflex is present. Insertion
ofanadvanced airway may be needed if the airway cannotbe
maintained by positioning or if prolonged assisted ventilation is
anticipated.

@ Patients with an altered mental status may breathe shallowly,
even when skin color and ventilatory rate appear normal. Close
observation is necessary to ensure adequate ventilation.

@ Assistbreathingwithabag-mask deviceasnecessary. Insertion
ofanadvanced airway may benecessary toensureanopenair-
way and adequateventilation.

15
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@ Pulseoximetry and continuous cardiac monitoring should be
routinely performed for any infant or child who displaysan
altered mental status.

@ Capnography or capnometry should be measured if possible.

@ Attachacardiac monitor, establish vascular access, and deter-
mine the serum glucose level.

Exposure

@ Undpress the patient for further examination, taking careto
preserve body heat. Maintaining appropriate temperature is
particularlyimportantinthe pediatric patientbecausechil-
drenhavealarge body surface area to weight ratio, providing a
greaterarea for heatloss. Respect the child’s modesty by keep-
ing thechild covered if possible. Promptly replaceclothing
after examining each body area.

@ With the patient's body exposed, look for visible external hem-
orrhage and other signs of trauma (e.g., deformity, contusions,
abrasions, lacerations, punctures, burns). Control major bleed-
ing, if present, by applying direct pressure over the bleeding site.
Note the presence of petechiae, purpura, chickenpox, measles, or
other skin rash.

Secondary Assessment

The next phase of patient assessment is the secondary assessment.
The purpose of a secondary assessment, also called a secondary sur-
vey, is to obtain a focused history and perform a head-to-toe exami-
nation to identify any problems that were notidentified during the
primary assessment.

PALS Pearl

Whencaringforthe pediatric patient, treatmentinterventions
are usually based on the weight of the childi As a result, a range
of age- and size-appropriate equipment, including bag-mask
devices, endotracheal tubes, and intravenous catheters, must be
readily available for use in pediatric emergenciest The equipment
andsupplies mustbelogically organized, routinely checked, and
readily availablel

Althoughachild's weightcanbe estimated by using thefol-
lowing formula: weightinkg=8+ (2 x age inyears), itis bestto
obtain a measured weighti If obtaining a measured weight is not
possible, alength-based resuscitation tape may be used to esti-
mate weight by length and simplify selection of the medications
and supplies needed during the emergency care of childreni
Appropriate resuscitation medication doses and equipment sizes
are listedonthetape, as well as abnormal vital signs, fluid calcu-
lations, and energy levels recommended for defibrillationt

@ Jones & Bartlett Learning.

Focused History

“How canlhelpyoutoday?” This allows the patient, caregiver,
or family an opportunity to tell their story in their own words.

@ Several mnemonicshave beensuggested inregard to obtaininga
patient history. SAMPLE stands for Signs and symptoms (as they
relateto thechiefcomplaint), Allergies, Medications, Past medi-
calhistory, Last oral intake, and Events surrounding theillness
or injury.

@ The Emergency Nurses Association (ENA) recommends use of
the CIAMPEDS mnemonic, which stands for Chief complaint,
Immunizationsorisolation (communicable disease exposure),
Allergies, Medications, Past medical history, Events surrounding
theillness or injury, Dietor diapers (bowel and bladder history),
and Symptoms associated with the illness or injury.

@ OLDCART is a mnemonic that stands for Onset of symptoms,
Location of problem, Duration of symptoms, Characteristics of
symptoms, Aggravating factors, Relieving factors, and Treatment
before arrival (Mace & Mayer, 2008).

@ PQRST is an acronym that is often used when evaluating
patients in pain: Precipitating or provoking factors, Quality of
pain, Region and radiation of pain, Severity, and Time of pain
onset. Itisimportanttokeepinmind thatwhenachild suffers
from pain because of illness or injury, his or her caregivers expe-
riencealmostequal anxiety and emotional stress (Sharieff, 2013).

Physical Examination

@ The history is often obtained at the same time as the physi-
cal examination and while therapeutic interventions are per-
formed. While performing the physical examination, ask the
patient, family, orbystanders questionsregarding the patient’s
history. When possible, useopen-ended questionssuchas,

@ Thephysical examinationusually proceedsinahead-to-toe
sequence toensure thatnoareasare overlooked. However, the
sequence may need to be altered to accommodate the child’s
temperament, developmental needs, or theseverity of the
child’sillness or injury. When circumstances permit, much of
the physical examination of infants and young childrenis per-
formed on thelap of the child's caregiver or with the caregiver
nearby to decrease fear and stranger anxiety (Figure 1-11)
(Duderstadt, 2014). Try to gain the child’s trust as you proceed
by being calm, friendly, and reassuring. Additional consider-
ations when performing a physical examination are shown in
Table 1-7.

@ Adetailed physical examinationis presented here for complete-
ness. A focused physical examination may be more appropriate,
based on the patient’s presentation, chief complaint, your pri-
mary assessment findings, and the severity of thechild'sillness
or injury.

@ During the examination, compare one side of the body with
the other. Forexample, ifanillness or injury involves oneside
of the body, use the unaffected side as the normal finding for
comparison.

Skin

@ Examine the skin for contusions, abrasions, lacerations, punc-
tures, burns, scars, and the presence of petechiae, purpura, ora
rash (Figure 1-12). Palpate for edema by pressingathumbinto
areas that look swollen (Engel, 2006c).



Figure 1-11 When circumstances permit, perform the physical
examination of an infant or young child with the patient on the caregiver's
lap or with the caregiver nearby.

@ Accidental bruises in children tend to be nonspecificin configu-
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back, buttocks, or posterior thighs and calves of a child younger
than4 years should raise concern. Dating bruises based on their
color was once practiced to help distinguish between acciden-
taland nonaccidental trauma. This practice isnow discouraged
becauserecentliterature hassuggested thatthe dating of bruises
by color has noscientific basis; however, multiple bruises in vari-
ous stages of healing should prompt concern (Leetch & Wool-
ridge, 2013).

Head

© Examine the head for bruising and swelling,. If trauma is
suspected, gently palpate the child’s head and feel for ten-
derness, swelling, or depressions that may indicate a skull
fracture. Gently palpate the facial bones for instability or
tenderness.

@ Becauseachild’shead islargein proportion totherest ofhis
orherbody until about 4 years of age, itis not unusual for
childrentohaveforehead bruisesfromhitting theirheads
ontablesandfloors. Toddlersarealsoatincreased risk of
head injuries from falls and motor vehicle crashes because of
their higher center of gravity. The relatively large occiput of
infants and young children predisposes them to flexion inju-
ries of the cervical spine during deceleration. Flexion of the
neck may compromise air exchange and increase the risk of an
anatomical airway obstruction.

A %
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@ Gently palpate the fontanels on the top of the head. Fonta-
nels are membranous spaces formed where cranial bones meet

rationandare usually distributed over bony prominencessuch
asthescalp, forehead, chin, shins, and knees. Bruises of the ears,
neck, or trunk of aninfant or bruises of the ears, neck, torso,

and intersect. Normally, only the posterior and anterior fon-
tanels can be palpated (Engel, 2006b). Pulsations of the fonta-
nel reflect the heart rate. The posterior fontanel usually closes

Table 1-7 Physical Examination Considerations by Age

Age
Infant (birth to 1 year)

Toddler (1 to 3 years)

Physical Examination Considerations

Keeptheinfantonthecaregiver'slaporinthe caregiver'sarmsduringthe physicalexaminationifpossible.

Examine while speaking softly and smiling.

Handle the patient gently but firmly, supporting head and neck.

Keep the caregiver in sight if possible to decrease separation anxiety and involve the caregiver in care of infant whenever possible.
Return the infant to the caregiver as soon as possible after procedures; allow the caregiver to comfort.
Perform the least invasive parts of the examination first.

Keeptheinfantwarm, warmanythingthattouchestheinfant(e.g.,hands, stethoscope), and keeptheenvironmentwarm.
Distract with rattle, penlight, or musical toy in the infant's field of vision.

Encourage the child's trust by gaining cooperation of caregiver.

Try not to separate child from the caregiver.

Address the child by name; smile and speak in calm, quiet tone.

Allow the child to participate in his or her care when possible.

Respect modesty; keep the child covered if possible and promptly replace clothing after examining each body area.
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Preschooler (4 to 5 years)

School-agechild (6to12
years)

Adolescent(13to18years)

@ Jones & Bartlett Learning.

Allow the child to hold comfort objects (e.g., blanket, toy).
Explainthatillnessorinjuryisnotthechild'sfault.
Reassure the child ifa procedure willnot hurt.

Donot show needles, scissorsunless necessary.

Avoid procedures on the dominant hand or arm.

When possible, examine and treatthe childinan uprightposition because the child may feelvulnerable and outof control while lying
down.

Respect the child’s modesty and keep the child warm.
Explain procedures in brief, simple terms as they are performed.

Speakquietlyinclearand simplelanguage; avoid babytalkandfrighteningor misleadingcomments (e.g., shot, deaden, cut, germs, putto
sleep).

Allow the child to hold a comfort object or keep it in sight.

Tellthe child whatwillhappen nextand encourage the child fo help with his orher care.

Warn the child of a painful procedure just before carrying it out.

Allow the caregiver fo remain with the child whenever possible to help relieve the child's fear of separation from his or her caregiver.
Enlist the child's cooperation.

Respect the child's modesty.

Explain procedures before carrying them out and warn the child of a painful procedure just before carrying it out.

Allowthe childtosee andtouch samples ofequipmentthatmay be usedinhis orher care (e.g., medicine cup, cotton swab, tongue
depressor).

Tellthe child what will happen nextand encourage the child to help with his orher care.

Answer the child’s questions honestly.

Offer the child alternatives (e.g., “Itis OK to yell, but don't move™).

Make a contractwith the child (*| promise to tell you everything | am going to do if you will help me by cooperating™).
While speaking with the caregiver, include the child.

Speakinarespectful, friendly manner, asifspeakingtoanadult.

Respectthe patient's modesty and ensure privacy.

Obtainahistory fromthe patient if possible; provide the option of having a parent presentforany orall phases ofthe history and physical
examination.

Respect independence; directly address the adolescent.
Explainthingsclearlyandhonestly; allowtime forquestions.
Address patient concerns of body integrity and disfigurement.

Include the patientindischargeinstructions.

by2months ofage. Theanteriorfontanel closesbetween12 coughing, or vomiting (Figure 1-13). Persistent bulging of the
and 18 months of age in most infants. A sunken anterior fon- anterior fontanel in an ill-appearing quiet infant may indicate
tanel is seen in dehydrated or malnourished infants. Tempo- increased intracranial pressure thatis the result of a head injury

rary bulging of the anterior fontanel may be caused by crying, or meningitis.
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Figure 1-12 Chickenpox in a young child. Figure 1-14 Inspectthe conjunctivae for redness, pus, and foreign
bodies.

blow outhis or her cheeks, and stick out his or her tongue. It may
be helpful to use anapproach suchasSimon Says to encourage a
young child toshow teeth, shrug shoulders, liftanarmorleg, or

squeeze a hand (Hockenberry, 2011).

Nose

Inspect the nose for the drainage of blood or fluid, nasal flaring, and
thepresenceofforeignobjects. A child'snasal passagesaresmall,
short,and narrow, and are easily obstructed (e.g., swellingof thenasal
mucosa, accumulation of mucus, foreign objects). Young infants are
preferential nose breathers (Miller et al., 1985; Rodenstein, Perlmutter,
&Stanescu,1985). Gently suction the nasal passagesifindicated.

© Dritry NaumoviDreamstime. com. Ears

Figure 1-13 In children 18 months or younger, gently palpate the Look for drainage from the ear canals and check for bruising behind
fontanels on the top of the head. the ears (Battlesign), whichisa sign of abasilar skull fracture.

PALS Pearl

Assumethatany child who hassignificantfacialtraumaalsohas
a cervical spine and head injury until proved otherwisel

@ Jonez & Barlelt Learming; Examine each ear canal for the presence of foreign bodies, which
may include pebbles, beans, pasta, peas, raisins, plastic toys, ora
Eyes variety of small objects (Figure 1-15).

@ Comparethesize, shape,and movementoftheeyes. Look for
symmetry and the presence of any drainage. Inspect the con-
junctivae for redness, pus, and foreign bodies by pulling down
onthelowereyelid as thechild looks up (Figure 1-14). Lookat
the color of the sclerae, which should be white.

@ Note the presence of raccoon eyes, which isa blue discoloration
associated with subcutaneous bleeding around the orbits. This
sign can occur because of direct trauma to the face and is also
associated with a basilar skull fracture.

@ Toquickly assess the cranial nervesinachild who can follow
commands, ask the child to open and close his or her eyes, follow
atoy orlight with his or her eyes, smile or show his or her teeth,
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Mouth and Throat Neck

Assess the neck for the use of accessory muscles and the presence
ofastoma. Palpatethenecktoassess the positionof thetrachea.
Itis difficult to assess distended neck veins in infants and young
children.

® Achild’stongueislargein proportiontothe mouth. Thelarge
tongue and shorter distance between the tongue and hard pal-
atemakesrapid upperairway obstruction possible. Inchil-
dren of preschool age, the tonsils and adenoids occupy a larger
proportion of the airway thaninany other age group. A small
degreeof airway edema can be significantininfantsand young
children because of the small diameter of the airway, resulting
indisproportionately higherresistancetoairflow thaninan

Chest

@ Lookat thechestand assess thechild’sworkofbreathing, the
symmetry of chest movement, the use of accessory muscles,
adult. andthe presence ofretractions or open wounds (Figure 1-17).

@ Listen for hoarseness. Note the presence of drooling, whichmay @ Listen for stridor, hoarseness, snoring, grunting, and wheezing.
be present with conditions affecting airway structures above
the glottis, such as a peritonsillar abscess and epiglottitis. If the
child hasstridor, avoid looking in the mouth (Dieckmann, 2012):

@ Noteany abnormal breathing pattern, bruises, rashes, and the
presence of vascular access devices.

Doingsomay agitate the child and worsenrespiratory distress. @ Auscultate breathsoundsand heartsounds. Encourage the child
If stridor is not present, look in the mouth for blood, vomitus, to breathe deeply by pretending toblow outacandle orby blow-
loose teeth, an injured or swollen tongue, and foreign mate- ing away a piece of tissue.

rial (Figure 1-16). Suction the upper airway asneeded. Note

@ Iftr i ted, palpate the clavicles, ribs, and chest wall
the color of the patient’slips and the mucous membranes of the e sl Ly e e e

for tend d deformity.
mouth. They should appear pink and moist, regardless of the HREEeRan oy,
child’s race.

Abdomen and Pelvis
@ Notethe presence of any odors that may help determine the

cause of the patient’s condition. Forexample, the sweet or fruity @ Assessmentofan infantoryoungchild’sabdomencanbe dif-
odorof acetone may be detected onthe breath of the child with ficult. Aninfant will naturally tense his or her abdominal mus-
diabeticketoacidosis. Anodorofbitteralmonds may be detected cleswhen palpated, simulatingguarding. A toddler mayscream
in a child with cyanide poisoning. throughouttheexamination. Itmaybenecessary toevaluate

the abdomen more than once for an accurate assessment.

& PhatagrapherlondoniDreamstime.com.

©Faul HakdmataiDreamsfime.com. Figure 1-17 Assess the child's work of breathing, the symmetry of chest
Figure 1-16 Inspect the mouth if stridor is not present. movement, the use of accessory muscles, and the presence of retractions.
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@ The abdomen of infants and young childrenisnaturally protu-
berant and round because of poorly developed abdominal mus-
cles; it may appear somewhat distended (Figure 1-18). Inspect
the abdomen for distention, bruising, use of abdominal muscles
duringbreathing, scars, feeding tubes, and stomas or pouches.

@ Auscultate the presence orabsence of bowel soundsinall
quadrants.

@ Gently palpate each abdominal quadrant for tenderness, guard-
ing, rigidity, and masses. Ifthe child complains of paininaspe-
cificabdominal area, palpatethatarealast. Observethechild as
you palpate. A child who is awake and experiencing discomfort
willtend towatch the palpatinghand ofhis or herexaminer
closely (Engel, 2006a).

@ Palpate the pelvis for tenderness and instability. If pain, crepita-
tion, or instability is elicited when assessing the pelvis, suspect a
fracture of the pelvicring. Assess the quality of femoral pulses.

Extremities

@ Assess skin temperature, capillary refill, the quality of pulses,
motor function, and sensory function in each extremity. Evalu-
ate the extremities for deformities, open injuries, tenderness,
and swelling (Figure 1-19). Because they can be a source of
significant blood loss, long bone fractures can contribute to the
development of hypovolemicshock.

@ Assess motor function in an upper extremity inan alert patient
by instructing the child to “Squeeze my fingersin your hand.” To
assess motor function in a lower extremity, instruct the child to
“Push down on my fingers with your toes.”

@ Whenassessingachild’ssensory function, carefully consider the
method you will use. Forexample, pinching a child may result
inmore distress, distrust, or alack of cooperation. Consider a
less distressing method such as, “Can you feel my hand touching
your skin? Where?”

Back

Assess theback for tenderness, bruises, purpura, petechiae, rashes,
edema, and open wounds. Auscultate the posterior chest for

& PhatogragherlondonDreamstime.com

Figure 1-18 The abdomen of a young child is naturally protuberant.

@ Drmitri Maruta/Dreamstime. com.

Figure 1-19 Assess skintemperature, capillary refill, pulse quality, motor
function, and sensory function in each extremity.

breath sounds. If trauma is suspected, ensure that manual in-line
stabilization of the head and spine is maintained throughout the

examination.

Tertiary Assessment

During the primary and secondary assessments, the diagnostic tests
performed are often limited to pulse oximetry, capnography, and
point-of-care serum glucose levels. During the tertiary assessment,
also called the diagnostic assessment, additional tests and procedures
areperformed todeterminethecause of thepatient’sillness orthe
extent of the patient’s injuries. Examples of diagnostic tests that are
used to assess problems with the respiratory and circulatory systems

are shown in Box1-7.

Box 1-7 Diagnostic Tests

Arterial blood gas

Arterial lactate

Bacterial and viral cultures
Central venous oxygen saturation
Central venous pressure monitoring
Chest radiograph

Complete blood count
Computed tomography
Echocardiogram
Electrocardiogram

Invasive arterial pressure monitoring
Peak expiratory flow rate

Serum electrolytes

Venous blood gas

© Jones & Bartlett Learning.



Reassessment

@

@

<]

@

Reassessment of the patient’s condition is essential to assess
the effectiveness of the emergency care provided, to iden-
tify any missed injuries or conditions, to observe subtle
changes or trends in the patient’s condition, and to alter the
patient’s treatment plan as needed based on your findings.
Reassessments should be repeated and documented every
5 minutes for an unstable patient and every 15 minutes for a
stable patient.

Reassessment consists of the following components:
* Repeating the PAT and primary assessment
* Reassessing and documenting vital signs
* Repeating the focused physical examination
* Reevaluating the emergency care provided

Repeatthe PATand primary assessment toidentify and treat
life-threatening conditions that may have been missed. Reas-
sess the patency of the patient’s airway and use pulse oximetry
tomonitor the patient’s oxygensaturation. Ifindicated, give
supplemental oxygen to maintainanoxygensaturation level of
94% or higher. If an oral airway or nasal airway has been placed,
ensure that it is properly positioned. Ensure that suction is
within arm’s reach.

Early warning signs of impending breathing difficulty include
depthof breathing and changes in the patient's ventilatory rate
and rhythm. Reassess breathing effectiveness (e.g., riseand fall
of the chest, ventilatory rate and effort, depth and equality of
breathing, rhythmof breathing, breathsounds, capnography).
Anticipate the need for ventilatory assistance. For example, if the
PATand primary assessmentinitially revealed that the patient
wasbreathingadequately butuponreassessmentyoufind that
the patientnow has marked tachypnea, is usingaccessory mus-
cles,and is paleand tachycardic, ventilatory assistance witha
bag-mask device that is connected to supplemental oxygen is
warranted (see Chapter2).

' Reassess the patient’s circulatory status to detect early warn-

ingsigns of shock. Assessthechild'sheartrate and thestrength
of centraland peripheral pulses. Evaluate the patient’scardiac
rhythmand blood pressure. Look for changes in the color of the
skin and mucous membranes. Reassess skin temperature and
capillary refill time. If present, ensure that bleeding is controlled.
Assessand documentthetypeand amountofdrainage through
dressings. If vascularaccess hasbeenobtained, assess thesite for
patency.

Reassess the child'slevel of responsiveness, noting any changes
in his or her mental status. Early indicators of inadequate oxy-
genation include increased restlessness, confusion, and irritabil-
ity, which can be easily overlooked or attributed to fear or pain.
Ifthe patienthasanaltered mental status, documentthe patient’s
response to a specific stimulus.

@ Reassess and document vital signs. Compare these values with

previously taken vital signs, carefully noting any changes or
trends in the patient’s condition. Reevaluate the emergency care
provided and assess the patient's response to therapy. Ensure

thatthetrauma patient'scervical spineisadequatelystabilized,
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injured extremities are effectively immobilized, and open
wounds are properly dressed and bandaged.

PART IIl: TEAMS AND TEAMWORK

Teamworkisimportant when providing patient careand isessential
topatientsafety. Tobeeffective, team members mustcommuni-
cate,anticipatethe needs of other team members, coordinate their
actions, and work cooperatively (Salas, DiazGranados, Weaver, &
King, 2008). Itis essential that all members of the team demon-
strate respect for each other and communicate using a calm, confi-
dent tone.

Rapid Response Teams

@ The concept of rapid response systems has emerged from the
awareness that early recognition and treatment of respiratory
failureand shockmay reduce theincidence of respiratory or
cardiac arrest and improve patient outcome. A rapid response
team (RRT), also knownas a medicalemergency team (MET),
typically consists of multidisciplinary members such asa phy-
sician, a critical care nurse, and a respiratory therapist who are
mobilized by other hospital staff based on predetermined cri-
teria. A fundamental goal of the RRT istoidentify patientsat
risk for sudden deterioration. The Joint Commission National
PatientSafety Goalsrequirehospitalstoimplementsystems
thatenable healthcare workers to request additional assistance
from specially trained individuals when a patient’s condition
appears to be worsening (Joint Commission on Accreditation of
Healthcare Organizations, 2007).

PALS Pearl

Useofastandardized communication method suchas Situation,
Background, Assessment, and Recommendation (SBAR)is recom-
mended to decrease theincidence of errors and to ensure rapid,
effectivecommunicationamong members ofthehhealthcare
teami

© Jones & Bartlett Learning.

@ Criteriafor RRTactivation vary widelyamonghospitalsand
may include warning signs of patient deteriorationsuchas
acutechanges in ventilatory rate or effort, heartrate, blood
pressure, and mental status, in addition to clinical judgment.
Whenabedsidenurseactivates the RRT, itisimportantthat
he orsheremain with the patientafter thearrival of the RRT
to convey the reason or reasons for activating the team, to pro-
vide information with regard to the patient’s medical history,
medications, and laboratory studies, and to assist members of
the RRT.

@ Inkeeping with the philosophy of patient-and family-centered
care, some hospitals have incorporated patient and family acti-
vation of the RRT into their rapid response systems. In others,
“family concern” isincluded in protocolsasatrigger foractiva-
tion of the RRT by a nurse (McCurdy & Wood, 2012).
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Inmosthospitals, the Rapid Response Team (RRT)is separate
from the resuscitation teami In some facilities, RRT members may
begin resuscitation protocols before the arrival of the code team
ifthe RRT members have beentrainedin pediatric advanced ife
supportt

@ Jones & Bartlett Learning.

Resuscitation Team

@ The configuration of a resuscitation team, also called a code

members of the resuscitation team may include pharmacists,
clergy, and security personnel.

@ Although the teamleader is responsible for directing the over-

allactions of theteam, aresuscitation effortrequires teamwork.
Each member of the resuscitation team must:

* Be familiar with current resuscitation algorithms.

+ Know the location of resuscitation equipment.

+ Clearly understand his or her assigned role.

* Know his or herlimitations.

* Be proficient with the hands-on skills required during

resuscitation.

team, and the skills of each team member vary.

¢ In the prehospital setting, an ambulance may be staffed with
either EMTs, paramedics, or somecombinationof both,
orinsomestates,anEMT and aregistered nurse. A fire
departmentresponse to arequest for assistance typically
includes a vehicle staffed with two EMTs and two paramed-
ics. Anair transport team may be composed of registered
nurses, paramedics, physicians, or respiratory therapists,
depending on the type of patient transport.
Inthe hospital setting, an overhead paging system orteam
pagersare typically used tosummona predesignated team
ofindividuals tothe patient’sbedside whena patientexperi-
encesarespiratory arrest, a cardiac arrest, or both. Within
most hospitals, this situation is referred to as a code or code
blue. Youmustknow your facility’s procedure foractivating
the code team.

@ The code director or team leader is the person who guides the

efforts of the resuscitation team. The team leader should beina
position to “stand back” while overseeing and directing the resus-
citation effort (Figure 1-20). Chest compressions, ECG monitor-
ingand defibrillation, airway management, vascularaccessand
medicationadministration, and documentation of allaspects of
the eventare essential tasks that must be coordinated during a
resuscitationeffort. The American College of Critical Care Medi-
cinerecommends thata family support personbe a recognized
memberof thecodeteam (Davidsonetal.,2007). Additional

2 Monkery Businass Imagas/Draamstime,cam,

Figure 1-20 The team leader of a resuscitation effort should be ina
positionto“stand back”while overseeing and directing the code team.

* Maintain situational awareness and anticipate the needs of
other team members.

Maintain professional behavior throughout the resuscita-
tion effort.

@ Because cardiac arrests occur infrequently, it is essential that
resuscitation skills be practiced frequently using methods
such as simulation-based mock codes to minimize errors,
maintain skills, and optimize patient outcome (Morrison
et al., 2013).

Phases of Resuscitation

A resuscitation effort has been described as having seven phases,
witheach phase encompassingspecific priorities for the resuscita-
tion team (Burkle & Rice, 1987).

PALS Pearl

Regardlessofyourlevel oflicensure or certification, if you know
thata mistake is being made oris about to occurduring a resus-
citation effort, step up and tactfully question the interventiont
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Anticipation Phase

During the anticipation phase of a resuscitation effort, team mem-
bers either move to the scene of a possible cardiac arrest or await the
patient’sarrival from outside of the hospital. As the members of the
team come together, the team leader is identified and then he or she
assigns roles to team members (if they had not been preassigned).
During this time, team members position themselves for optimum
access to the patientand equipment, and resuscitation equipmentis
checked and readied foruse.

Entry Phase

® During the entry phase, the team leader identifies him- or
herselfand acoordinated butrapid and efficientexchangeof
informationoccurs astheresuscitation effortbegins or con-
tinues. For example, the caregiver or clinician who first identi-
fied signs of patient deterioration or the patient’s cardiac arrest
relaysimportant patient-related information to the code team.
At the same time, team members ensure that the patient is posi-
tioned on a firm surface. If the patient is being transferred from
anotherbed, they ensurethatthetransferoccursinasafeand
orderly manner fromthestretcher or gurney to theresuscita-
tion bed or anotherstretcher.



@ Teammembers obtain baseline vital signs and physical examina-
tion information while the team leader obtains a concise history
of thecircumstancessurrounding the patient'sarrestand thecare
givenbeforethe team’sarrival. Theteamleaderalsoconsidersbase-
linelaboratory values (ifavailable) and other relevant patient data.

Resuscitation Phase

@ During this phase, the teamleader directs the code team through
the variousresuscitation protocols. Clearcommunicationis par-
ticularly important during this phase of theresuscitation effort.
Closed-loop communication methods should be used to avoid
errorsand promote patientsafety. Forexample, the team leader
should state his or her instructions one ata time using the team
member’sname, if known (e.g., “Tanya, please startan IV and let
me know when that is done”). Team members should acknowl-
edgethatthe message hasbeenreceived andisunderstood (e.g.,
“StartingIVnow”). By repeating backthemessagereceived,
the team leader who conveyed the message is assured thatthe
received message wastheintended one. This practice allows
those sending and receiving messages an opportunity torecog-
nizeand correcterrorsand also helpstoensureaccurate docu-
mentation of the interventions performed.

@ Itisimportant that team members request clarification of any
messagesthatare unclear. Teammembers mustalsoconveyany
changein the status of the patient’s pulse, cardiacrhythm, oxy-
genation, or ventilation to the team leader. Forexample, “Dr.
Lowrey, therhythmonthe monitor haschanged fromasystoleto
ventricular fibrillation.”

PALS Pearl

Havingcurrentcopies ofresuscitation algorithms inthe pockets
ofteammembers, onthecode cart, orinthe paramedicdrug
boxcanhelpreducetheriskoferrorsandcanalsoserveasa
resource during a resuscitation efforti
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Maintenance Phase
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Family Notification Phase

During the maintenance phase of the resuscitation effort, a sponta-
neous pulse has returned. Efforts of the code team should be focused
on the following;:

@ Anticipating changes in the patient’s condition (and preventing
deterioration)

@ Repeating the primary assessment

@ Stabilizing vital signs

@ Securing tubes and lines

@ Troubleshooting any problem areas

@ Preparing the patient for transport or transfer

@ Accurately documenting the events that took place during the
resuscitation effort

@ Drawing blood forlaboratory tests and treating the patientas
needed on the basis of results

@ Although family notificationis described hereasaseparate
phase, itactually occurs throughout the resuscitation effort. At
least one member of the code team should be a designated liai-
sonwiththefamily, whether ornotthefamilyis presentinthe
resuscitationroom (Mellick & Adams,2009). Beforeentering
theroom, itisimportantthattheassigned liaison preparethe
family for what they will see. Upon entering the room, the liai-
sonshould instruct the family withregard to where they should
stand and the liaison should then remain with the family.
Clear explanations of the procedures being performed and the
expected responses should be provided (Sharieff, 2013). While
speaking with the family, questions should be answered hon-
estly and with sensitivity, using nonmedical terms. Enlist the
assistance of a professional language interpreter to explain the
patient’s condition to the family if needed.

[=]

» Allowing Family Presence During Resuscitation (FPDR) or proce-
duresis consistent with the philosophy of family-centered patient
careandhassteadilyevolved withsupportfromprofessionalorga-
nizations (e.g., Emergency Nurses Association, American Heart
Association, American Association of Critical Care Nurses, Ameri-
can Academy of Pediatrics, American Collegeof Critical Care
Medicine)and researchrelated to this topic. Concerns withregard
to disruption of a resuscitation effort or the performance of inva-
sive proceduresbecause of family interference, the distraction of
staff, or fear that family members who witness errors may be more
likely to sue have not been borne out in the literature.

@ Research hasshownthat75% or more of families surveyed
would like to be offered the option of being in the resuscitation
room (Davidsonetal., 2007). From the perspective of the family
member, perceived benefitsof FPDRincludethefollowing;:

* Decreased anxiety and fear with regard to what is happen-
ing to their loved one (American Association of Critical
Care Nurses, 2010).

* Removalof doubtabout theseriousness of the patient’scon-
dition; family members can see, rather thanbeing told, that
everything possibleis being done (Royal College of Nurs-
ing, 2002).

* Family memberswill beable totouch the patientand say
whatneeds to be said while there is still a chance that the
patient can hear (Royal College of Nursing, 2002).

* Sustaining the family’sneed tobetogether andletthe
patient know that they are present (American Association
of Critical Care Nurses, 2010).

+ Allowance of closure and facilitation of the grieving process
should death occur (Davidson et al., 2007).

@ Written policies and procedures with regard to FPDR should be in
placeand should includecriteria for assessing the family to ensure
uninterrupted patient care, the role of the family liaison in prepar-
ing families for being at the bedside and supporting them before,
during, and after theevent, supportfor the patient's or family mem-
bers’ decisionnottohavefamily members present,and documenta-
tionstandardsfor family presence, includingtherationale for when
family presence would not be offered as an option to family mem-
bers (American Association of Critical Care Nurses, 2010).
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@ Contraindications to family presence may include family mem-
bers who demonstrate combative or violent behaviors, uncon-
trolled emotional outbursts, behaviors consistent with an altered
mental state from drugs or alcohol, or those suspected of abuse
(American Association of Critical Care Nurses, 2010).

Transfer Phase

Theresuscitation team’s responsibility to the patient continues until
patient care is transferred to a healthcare team with equal or greater
expertise. When transferring care, provide information thatis well
organized, concise, and complete.

Critique Phase

® Becauseeveryresuscitationeffortis different, itisimportant
thattheteamleaderensurethatapostevent debriefingtakes
place. The purpose of a debriefing is to provide an opportunity

£)

for each team member to reflect on what they did, when
they did it, how they did it, why they did it, and how they can
improve. A debriefingalso provides an opportunity toaddress
performance gaps (the gap between desired and actual per-
formance)and perception gaps(thedifferencebetweenthe
teammember’s perceptionof their performanceandactual
performance as defined by objective measures) (Phrampus &
O'Donnell, 2013).

@ Duringthedebriefing,and underthe guidance of afacilitator,

each team member has an opportunity toreflect on their critical
thinkingability, clinical judgment,and clinical performanceand
to compare their actions with currentresuscitation algorithms,
professional standards, institution policies, andlocal protocols.
Data captured from the defibrillator, the code sheet, checklists,
and other sources should be provided as feedback to the code
team. The debriefingalso providesameansby whichteam mem-
bers can process their reactionsand feelings related to the resus-
citation event (Wickers, 2010).
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PUTTINGITALLTOGETHER

The chapter quizand casestudies presented on the following pages

are provided to help you integrate the information presented in this

chapter.

Chapter Quiz
Multiple Choice

Identify the choice that best completes the statement
or answers the question.

1. A 7-month-old infant has a 2-day history of poor feeding.

Which of the following should be used to assess a central
pulse in this patient?

a. Radial pulse
b. Carotid pulse
c. Femoral pulse
d. Brachial pulse

2. The pediatric assessment triangle (PAT):

a. Isahands-on assessment of an infant or child.

b. Requires a minimum of 15 minutes to complete.

c. Isused to quickly determine if a child is “sick” or “not
sick.”

d. Isasystematic head-to-toe assessment that requires
theuse ofastethoscopeandblood pressure cuff.

3. Youarethedesignated team leader of an emergency
department resuscitation team. As your team gathers
to begin the resuscitation effort, which of the following
reflects the essential tasks that must be delegated to your
team members?

a. Vascularaccess, vital signs, eventrecording, and chest
compressions

b. Vitalsigns, family support, crowd control,and event
recording

c. Crowd control, airway management, chest compres-
sions, medicationadministration, and defibrillation

d. Cardiac monitoring and defibrillation, airway man-
agement, vascular access and medication administra-
tion, chest compressions, and eventrecording

4. Anormalventilatory rateforatoddler (agelto3years)
is -Anormalheartrateforachild of thisage
is
a. 12to16breaths/min; 60 to 100 beats,/ min
b. 22 to 34 breaths,/ min; 70 to 120 beats/ min
¢. 24to40breaths/min; 95to 150 beats/ min
d. 30to 60 breaths/min; 100 to 160 beats / min

5. Togain the cooperation of a 2-year-old presenting with
shortness of breath, you should:

a. Introduce yourself and try to hold him.

b. Separate the mother and child and performa primary
assessment.

¢. Remove thechild’s clothingand inspect hisairway
with a penlight.

d. Sitdownand attentively listen while speaking with the
child’s mother.

6. Althoughconfigurations may vary by institution, which
of the following reflects the typical members of a rapid
response team?

a. Anesthesiologist, pharmacist, andclergy

b. Physician, pharmacist, and respiratory therapist

¢. Medical-surgical nurse, physician, and pharmacist

d. Critical care nurse, physician, and respiratory
therapist

7. The formula used to approximate the lower limit of nor-
malsystolicblood pressureinchildren1to10years of
age is:

a. Age in years x2.2

b. 2 x 90/age inyears

¢. 16 + age in years x4
d. 70 + (2 x age in years)

8. Which of the following should you keep in mind while

caring for anadolescent?

a. Adolescentstypically fearseparation fromtheir
caregiver.

b. Adolescents appreciate being told the truth, value
their privacy, and relate toadults who demonstrate
respect.

c. Mostadolescents are likely to view their illness or
injury as punishment for bad behavior or thoughts.

d. Although the influence of peers is important to chil-
drenofotheragegroups, itisoflittleimportanceto
most adolescents.

—— 9. During which patient assessment phase are diagnos-

tictests suchaslaboratory specimens and radiographs
usually obtained?

a. Tertiary assessment

b. Reassessment

c¢. Secondary assessment
d. Primary assessment
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10.  Which of the following statements is true?

a. Capnographyisauseful tool for assessing the effec-
tiveness of oxygenation.

b. Pulse oximetry may beinaccurate in patients with
poor peripheral perfusion.

¢. Whencapnometryisused,anumericreadingof
exhaled CO; concentrationsis provided withouta
continuous waveform.

d. Pulse oximetry canalert the clinician to signs of
respiratory compromise such as hypoventilation and
hyperventilation.

Matching

Match each description below with its corresponding
answer:

Radial artery
Abdominal thrusts
TICLS
Anticipation phase
Seesaw breathing
PQRST
Glasgow Coma Scale
Work of breathing
Wheezing
Back slaps and chest thrusts
Stridor
SAMPLE

. Carotid artery
Snoring
Resuscitation
Circulation to the skin
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11. Anineffective breathing pattern in which the abdominal
muscles move outward during inhalation while the chest
moves inward

12. Noisy, low-pitched sounds thatareusually caused by
partial obstruction of the upper airway by the tongue

13. Foreign body airway obstruction techniques for those
younger than 1year

14. Third area assessed with the pediatric assessment
triangle

15. Scoring tool used to evaluate the patient’sresponsetoa
stimulus

16. Peripheral pulse location

17. Mnemonic used to recall the areas to be assessed related
to appearance

18. Aharsh, high-pitched inspiratory orexpiratory sound

thatis usually an indication of inflammation or swelling
of the upperairway

19. Stage of a resuscitation effort during which communica-
tionis particularly important while the team is directed
through resuscitation protocols

20. Foreign body airway obstruction techniques for those 1
year or older

21. Mnemonic used when evaluating patients inpain
22. Central pulse location

23. Secondareaassessed with the pediatricassessment
triangle

24. Stage of a resuscitation effort during which the roles of
team members are delegated, if not preassigned

— 25. High-orlow-pitched sounds producedasair passes
through narrowed airways

26. Common mnemonic used when obtaining a focused
history

Chapter Quiz Answers
Multiple Choice

1. D. Central pulse locations that are generally easily accessible
include the brachial artery (in infants), carotid artery (in older
children), the femoral artery, and the axillary artery. Peripheral
pulselocations include the radial, dorsalis pedis, and posterior
tibial arteries.

OBJ: Differentiate between central and peripheral pulses.

2. C.The PAT s used to (1) establish the severity of the child’s
illness or injury (sick or notsick), (2) identify the general cat-
egory of physiologic abnormality (cardiopulmonary, neurologic,
etc.),and (3)determinetheurgency of furtherassessmentand
intervention. Becauseapproachinganill orinjured child can
increase agitation, possibly worsening the child’s condition, the
PATisan “across theroom” assessment that is performed before
approaching or touching the child and that can usually be com-
pleted in 60 seconds or less. No equipment is required.

OBJ: Summarize the components of the pediatric assessment trian-
gle and the reasons for forming a general impression of the patient.

3. D. Chest compressions, electrocardiogram monitoring and defibril-
lation, airway management, vascular access and medication admin-
istration, and documentation of all aspects of the event are essential
tasksthatmustbecoordinatedduringaresuscitationeffort. Ateam
membershouldalso beassigned to provide family support. There
are many supportrolesinaresuscitation effort, including desig-
natinga nurse to contact the patient'sattending physician, crowd
control, ensuringtheavailability of acritical care bed, and the pro-
visionof ongoing careto other patientsin the department.

OBJ: Given a patient situation, and working as the team leader of a
resuscitation effort, assign essential tasks to team members.

4. C.Anormalventilatoryrateforatoddleris24to40breaths/
min. Anormalheartrateforachild of thisageis95to150beats/
min.

OBJ: Identify normal age-group-related vital signs.



5. D.Togain the child’s cooperation, sit down and attentively lis-
ten while speaking with the child's mother. Toddlers distrust
strangers, are likely to resist examination and treatment, and do
notlike having their clothing removed. They fear pain, separa-
tion from their caregiver, and separation from comfort objects
(e.g., blanket, toy). Slowly approach the child and talk to him or
herateye level using simple wordsand phrasesand areassuring
tone of voice. The child will understand your tone, evenifhe or
she does not understand your words.

OBJ: Distinguish among the components of a pediatric assessment
and describe techniques for successful assessment of infants and
children.

6. D. Arapid response team (also known as a medical emergency
team) typically consists of multidisciplinary members (e.g., phy-
sician, critical care nurse, respiratory therapist) who are mobi-
lized by other hospital staff based on predetermined criteria for
activation of the team.

OB]J: Discuss the purpose and typical configuration of arapid
response team.

7. D.The formula used to approximate the lower limit of systolic
blood pressureinchildren1tol0yearsofageis70+(2x agein
years).

OBJ: Identify normal age-group-related vital signs.

8. B.Adolescentsappreciatebeingtold the truth, valuetheir pri-
vacy, relate toadults who demonstraterespect, and arecon-
cerned about maintaining their independence. Adolescentsare
capableof making up or misrepresenting physical ormental
symptomsand may be greatly influenced by the opinions of
their peers. Common fearsof thisage groupinclude beingleft
outorsocially isolated, fear that they will inherit their parent’s
problems (e.g., alcoholism, mental illness), fear of an early and
violent death, loss of control, altered body image (e.g., scarring,
disfigurement),and separationfrom theirpeer group. When
providing care for an adolescent, speak inarespectful, friendly
manner as if speaking toan adult. Respect the patient’s modesty,
ensure privacy, and obtain a history from the patient, if possible;
providea choice of having a parent present for any orall phases
ofthehistory and physical examination. Directly addressthe
adolescentand provide clearand honest explanations, allowing
time for questions.

OBJ: Distinguish among the components of a pediatric assessment
and describe techniques for successful assessment of infants and
children.

9. A.During the primary and secondary assessments, the diagnos-
tic tests performed are often limited to pulse oximetry, capnog-
raphy, and serum glucose levels. During the tertiary assessment
(alsocalled the diagnostic assessment), additional tests and pro-
cedures are performed to determine the cause of the patient’sill-
ness or the extent of the patient’s injuries.

OBJ: Describe the tertiary assessment.
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10. B. Capnography, the process of continuously analyzing and record-
ing carbon dioxide concentrations in expired air, is an assessment
toolthatisusedinbothintubatedand nonintubated patientsto
assess the effectiveness of ventilation. With capnometry, a numeric
reading of exhaled CO; concentrationsis provided withoutacon-
tinuouswaveform. Becausecapnographyand capnometryreflect
theelimination of COxfromthelungsduringbreathing, useof
these devices can alert the clinician to respiratory compromise such
asapnea,airway obstruction, hypoventilation, hyperventilation,
and abnormal breathing patterns. Pulse oximetry is a noninvasive
method of menitoring the percentage of hemoglobin thatis satu-
rated withoxygen (SpO:) by using selected wavelengths of light.
Because pulsatile blood flow isnecessary fora pulse oximeter to
work,itmay provideinaccurateresultsinachild with poor periph-
eral perfusion (e.g., shock, cardiacarrest). Pulse oximetry may also
beinaccurate in children with chronichypoxemia (e.g., cyanotic
congenital heart disease, pulmonary hypertension), significant ane-
mia, carboxyhemoglobin, or methemoglobinemia.

OB]J: Discuss the benefits of using pulse oximetry and capnometry
or capnography during patient assessment.

Matching

11. E
12.
13
14.
165

3
g T £ 9 @ 0O &R 0O = O %W = 2

24,

26. L

REFERENCES

American Academy of Pediatrics. (2006). Pediatric assessment. In R. A. Dieck-
mann (Ed.), Pediatric education for prehospital professionals (2nd ed.,
pp. 2-31). Sudbury, MA: Jones & Bartlett.

American Academy of Pediatrics. (2014). Pediatric assessment. In 5. Fuchs &
M. D. Pante (Eds.), Pediatric education for prehospital professionals (3rd ed.,
pp. 30-97). Burlington, MA: Jones & Bartlett.

American Association of Critical Care Nurses, (2010). Family presence during
resuscitation and invasive procedures: Practice alert. Retrieved from http: / /
www.aacn.org/ wd/ practice/ content/ family-presence-practice-alert.pcms?
menu=practice



28 PALS: Pediatric Advanced Life Support Study Guide

American Heart Association. (2011). Systematic approach to the seriously ill or
injured child. InL.Chameides, R. A.Samson, S. M. Schexnayder, &M.F.
Hazinski (Eds.), Pediatric advanced life support provider manual (pp. 7-30).
Dallas, TX: American Heart Association.

Atkins, D.L., Berger, S., Duff, ]. P, Gonzales, ]. C., Hunt, E. A,, Joyner, B.L,, ...
Schexnayder, 5. M. (2015). Part 11: Pediatric basic life support and cardiopul-
monary resuscitation quality: 2015 American Heart Association Guidelines
Updatefor Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care. Circulation, 132(Suppl. 2),5519-5525.

Bakes, K., &Sharieff, G.Q. (2013). Pediatric trauma. In].G. Adams (Ed.), Emer-
gency medicine: Clinicalessentials (2nd ed., pp.190-199). Philadelphia, PA:
Saunders.

Betz, C.L., &Snowden, L. A.(2008). Apnea.In Mosby 'spediatricnursing refer-
ence (6th ed., pp. 17-20). St. Louis, MO: Elsevier.

Burkle, Jr,F.M., & Rice, M. M. (1987). Code organization. American Journal of
Emergency Medicine, 5(3), 235-239.

Davidson, J. E., Powers, K., Hedayat, K. M., Tieszen, M., Kon, A. A., Shepard, E.,
... Armstrong, D. (2007). Clinical practice guidelines for support of the family
in the patient-centered intensive care unit: American College of Critical Care

Medicine Task Force 2004-2005. Critical Care Medicine, 35(2), 605-622.

Dieckmann, R. A. (2012). Pediatricassessment. InS.Fuchs & L. Yamamoto
(Eds.), APLS: The pediatricemergency medicine resource (Sthed., pp.2-37).
Burlington, MA: Jones &Bartlett.

Dieckmann, R. A., Brownstein, D., & Gausche-Hill, M. (2010). The pediatric
assessment triangle: Anovel approach for the rapid evaluation of children.
Pediatric Emergency Care, 26(4), 312-315.

Duderstadt, K. G. (2014). Assessment parameters. In Pediatric physical examina-
tion: An illustrated handbook (2nd ed., pp. 9-23). St. Louis, MO: Mosby.

Engel,]. K. (2006a). Abdomen. In Mosby s pocket guide to pediatricassessment
(5th ed., pp. 238-273). St. Louis, MO: Elsevier.

Engel,]. K. (2006b). Head and neck. In Mosby's pocket guide to pediatric assess-
ment (5th ed., pp. 144-152). St. Louis, MO: Elsevier.

Engel,]. K. (2006¢). Integument. In Moshy 's pocket guide to pediatric assessment
(5th ed., pp. 123-143). 5t. Louis, MO: Elsevier.

Hazinski, M.F.(2013). Childrenaredifferent. InM. F. Hazinksi (Ed.), Nursing
care of the critically ill child (3rd ed., pp. 1-18). St. Louis, MO: Mosby.

Hockenberry, M. J. (2011). Communication and physical assessment of the child.
InM.]. Hockenberry & D. Wilson (Eds.), Wong'snursing care ofinfants and
children (9th ed., pp. 117-178). St. Louis, MO: Elsevier.

Horeczko, T, Enriquez, B.,, McGrath, N. E., Gausche-Hill, M., & Lewis, R.].
(2013). The pediatric assessment triangle: Accuracy of its application by nurses
in the triage of children. Journal of Emergency Nursing, 39(2),182-189.

Joint Commission on Accreditation of Healthcare Organizations. (2007). 2008
National patient safety goals. foint Commission Perspectives, 27(7), 1-12.

Kleinman, M. E., Brennan, E. E., Goldberger, Z.D., Swor, R. A, Terry, M.,
Bobrow, B. ], ... Rea, T. (2015, October). 2015 American Heart Association
Guidelines for CPR & ECC. Retrieved from American Heart Association.
Web-based Integrated Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care — Part 5: Adult Basic Life Supportand Car-
diopulmonary Resuscitation Quality: https:/ /eccguidelines. heart.org/ index
.php/ circulation/ cpr-ecc-guidelines-2/

Lee, K.]., &Marcdante, K. ]. (2011). Assessmentand resuscitation. In K. J. Marc-
dante, R.M. Kliegman, H. B. Jenson, &R. E. Behrman (Eds.), Nelson essen-
tials of pediatrics (6th ed., pp. 141-144). Philadelphia, PA: Saunders.

Leetch, A.N.,& Woolridge, D.(2013). Emergency departmentevaluationof
child abuse. Emergency Medicine Clinics of North America, 31(3),853-873.

Mace, S.E., & Mayer, T. A. (2008). Triage. InJ. M. Baren, 5. G. Rothrock, ]. A.
Brennan, & L. Brown (Eds.), Pediatric emergency medicine (pp. 1087-1096).
Philadelphia, PA: Saunders.

McCurdy, M. T., & Wood, S. L. (2012). Rapid response systems: Identification
and managementofthe” prearreststate.” Emergency Medicine Clinics of
North America, 30(1), 141-152.

Mellick, L. B., & Adams, B. D. (2009). Resuscitation team organization for emer-
gency departments: A conceptual review and discussion. The Open Emer-
gency Medicine Journal, 2, 18-27.

Merves, M. H. (2012). Neonatology. InM. M. Tschudy &K. M. Arcara (Eds.),
The Harriet Lane handbook: A manual for pediatric house officers (19thed.,
pp. 455-475). Philadelphia, PA:Elsevier.

Miller, M. ]., Martin, R. ., Carlo, W. A., Fouke, ]. M., Strohl, K. P., & Fanaroff,
A.A.(1985).Oralbreathing innewborninfants. Journalof Pediatrics, 107(3),
465-469.

Morrison, L. ], Neumar, R. W, Zimmerman, ]. L., Link, M. 5., Newby, L. K.,
McMullan, Jr, P.W.,, ... Edelson, D. F.(2013). Strategies forimproving sur-
vival after in-hospital cardiac arrest in the United States: 2013 consensus
recommendations. Circulation, 127,1538-1563.

National Association of Emergency Medical Technicians. (2011). Advanced
medical life support assessment for the medical patient. In L. M. Abraham-
son & V.N.Mosesso, Jr(Eds.), Advanced medical life support: An assessment-
based approach (pp. 1-49). St. Louis, MO: Mosby.

Phrampus, P.E., &O'Donnell, ]. M. (2013). Debriefing usinga structured and
supportedapproach. InA.IL Levine, 5. DeMaria, Jr, A.D.Schwartz, & A.].
Sim (Eds.), The comprehensive textbook ofhealthcaresimulation (pp.73-84).
New York, NY: SpringerScience.

Rodenstein, D. O., Perlmutter, N., & Stanescu, D. C. (1985). Infants are not

obligatory nasal breathers. American Review of Respiratory Disease, 131(3),
343-347.

Royal College of Nursing. (2002). Witnessing resuscitation: Guidance for nursing
staff. London, UK:Royal College of Nursing. Retrieved from http:/ /www.rcn
.org.uk/_data/assets/pdf_file/0006,/78531/001736.pdf

Salas, E., DiazGranados, D., Weaver, 5. ], & King, H. (2008). Does team train-
ing work? Principles for health care. Academic Emergency Medicine, 15(11),
1002-1009.

Santillanes, G. (2014). General approach to the pediatric patient. InJ. A.
Marx, R. S. Hockberger, & R. M. Walls (Eds.), Rosen's emergency medicine:
Concepts and clinical practice (8th ed., pp. 2087-2095). Philadelphia, PA:
Saunders.

Shade, B.R., Collins, T.E., Wertz, E. M., Jones, 5. A., & Rothenberg, M. A.
(2007). Techniques of physical examination. In Moshy's EMT-Intermediate
textbook for the 1999 nationalstandardcurriculum (3rded., pp.330-373).
St. Louis, MO: Mosby.

Sharieff, G. Q. (2013). General approach to the pediatric patient. In ]. G. Adams
(Ed.), Emergency medicine: Clinical essentials (2nd ed., pp. 113-116).
Philadelphia, PA: Saunders.

Weinstock, P., & Halamek, L. P. (2008). Teamwork during resuscitation.
Pediatric Clinics of North America, 55(4), 1011-1024.

Wickers, M. P. (2010). Establishing the climate for a successful debriefing,.
Clinical Simulation in Nursing, 6(3), e83-386.

Wilson, D. (2011). Thechild with disturbance of oxygenand carbon dioxide

exchange.InM.]. Hockenberry & D. Wilson (Eds.), Wong 'snursing careof
infants and children (9thed., pp. 1181-1218). St. Louis, MO: Elsevier.

Wing, R., & James, C. (2013). Pediatric head injury and concussion. Emergency
Medicine Clinics of North America, 31(3), 653-675.



CHAPTER 2
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Respiratory Emergencies

Learning Objectives
After completing this chapter, you should be able to:

11 Identify key anatomic and physiologic differences between children and adults and
discuss their implications in the patient with a respiratory ilinessi

2i Differentiate among respiratory distress, respiratory failure, and respiratory arrest

3i Describe the pathophysiology, assessment findings, and treatment plan for the infant
or child experiencing respiratory distress, respiratory failure, or respiratory arresti

4 Differentiate between upper and lower airway obstructiont

5 Describe the general approach to the treatment of children with upper or lower
airway obstructioni

6t Describe the pathophysiology, assessment findings, and treatment plan for the child
experiencing croup, epiglottitis, foreign body aspiration, and anaphylaxist

7t Describe the pathophysiology, assessment findings, and treatment plan for the child
experiencing asthma or bronchiolitist

8i Describe the pathophysiology, assessment findings, and treatment plan for the child
who has lung tissue disease or disordered ventilatory controli
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ASSESSMENT EVIDENCE

Learning Plan

@ Read this chapter before your PALS course. Create flashcards
and memory aids to help yourecall key points. Carefully review
each of the medications discussed in this chapter.

@ Complete the chapter quiz and review the answers provided.

KEY TERMS

Anaphylaxis
Asevereallergicresponse toaforeign substance with which the
patient has had priorcontact

Asthma

Adisease of thelowerairway characterized by chronicinflamma-
tion of bronchial smooth muscle, hyperreactive airways, and epi-
sodes of bronchospasm that limit airflow

Bilevel positive airway pressure (BPAP)
The delivery of positive pressure during inspirationand a lesser pos-
itive pressure duringexpiration

Bronchiolitis
An acute infection of the bronchioles, most commonly caused by
respiratory syncytial virus

Bronchopulmonary dysplasia (BPD)
Achroniclungdiseasecharacterized by persistentrespiratory
distress

Continuous positive airway pressure (CPAP)

The delivery of a continuous, fixed pressure of air throughout the
respiratory cycle by means of a medical device through a soft mask
worn over the nose or over the mouth and nose

Cystic fibrosis (CF)
Ahereditary disease of the exocrine glands characterized by produc-
tion of viscous mucus that obstructs the bronchi

Noninvasive positive pressure ventilation (NPPV)

The delivery of mechanical ventilatory support, typically by means
ofasnug fitting nasal or facial mask, without using an endotracheal
or tracheostomy tube

Toxidrome
A constellation of signs and symptoms useful for recognizing a spe-
cific class of poisoning

INTRODUCTION

Caring for a patient with a respiratory emergency requires patient
assessment and knowledge of the interventions for the manage-
mentof upperairway obstruction, lower airway obstruction, lung
tissue disease, and disordered ventilatory control. This chapter dis-
cusses the anatomic differences between children and adults, cat-
egories of respiratory compromise, common types of respiratory
problems, and the initial emergency care for respiratory emergen-
cies. Procedures formanagingrespiratory emergenciesare dis-
cussed in Chapter 3.

ANATOMIC AND PHYSIOLOGIC
CONSIDERATIONS

Awareness of the anatomic differences between children and adults
will help you to understand the signs and symptoms exhibited by
children who have a respiratory illness. Anatomic differences are
mostpronouncedinchildrenyoungerthan2years; theairway of
children older than 8 years is anatomically similar to that of an adult
(Luten & Mick, 2012).

Head

@ Ininfants and young toddlers, the head is large in proportion
to the body with a larger occipital region. Because of thelarge
occiput, natural flexion of the neck occurs while the patient
isina supine position, which can compromise air exchange
(Figure 2-1). Arolled towel placed beneath theshoulders will
elevate the upper torso relative to the head and help toensure a
neutral position.

@ Musclesthat supportthehead are weak. Head bobbing often
occurs inan infant experiencing respiratory distress.

Nose and Pharynx

@ Nasal passages are soft, narrow, and distensible; they havelittle
supportingcartilage;andthey have moremucosaand lymphoid
tissuethan those ofanadult. Because younginfantsare pref-
erentialnosebreathers, itisimportanttokeep thenaresclear.
Any degree of obstruction (e.g., swelling of the nasal mucosa,
accumulation of mucus) can resultin respiratory difficulty and
problems with feeding.

@ Tonsilsand adenoids enlarge during early childhood and may
force the child to become a mouth breather. Because of their
increasedsize, traumatothese tissues duringinsertion ofanasal
airway canresultinsignificantbleeding. Generally, tonsilsand
adenoids begin to decrease in size during middle childhood.

@ Thetongueis disproportionatelylarge inrelation to the oral cav-
ity (Figure 2-2), The large tongue and shorter distance between

@ Mobilior/Dreamstime. com.

Figure 2-1 The large occiput of an infant or young toddler can result in
neck flexion, predisposing the patient to airway obstruction.
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Figure 2-2 A child’s tongue is large in relation to his mouth.

the tongue and hard palate increase the potential for obstruction
byaforeignbodyand makerapid upperairway obstruction pos-
sibleif the tonguerelaxes ina posterior position because of aloss
of muscle tone (Padlipsky & Gausche-Hill, 2008).

PALS Pearl

Anychildwithanaltered mentalstatusisatrisk ofan upperair-
way obstruction secondary to aloss of muscle tone affecting the
tonguel
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Larynx and Trachea

@ Aseriesofopen (incomplete) C-shapedringsofcartilage on
the posterior surface of the trachea supportand hold open the
walls of the trachea. The three largest cartilages of the larynx
are the epiglottis, the thyroid cartilage, and the cricoid cartilage
(Figure 2-3).

@ The epiglottis is a small cartilage located at the top of the larynx.
Theadultepiglottisisbroad and flexible. In infantsand tod-
dlers, the epiglottis is large, long, and U-shaped. It extends
vertically beyond the opening of the cords, making a clear view
of the airway difficult. A straight blade directly lifts the epiglot-
tis during endotracheal intubation and is recommended for use
in children younger than three years but may be used inachild
of any age (Luten & Mick, 2012).

@ The thyroid cartilage is the largest cartilage of the larynx. In
anadult, the glottic opening (the space between the true vocal
cords) is located behind the thyroid cartilage.

@ The cricoid cartilage is the most inferior of the laryngeal carti-
lages. Itis the only completely cartilaginousringin thelarynx
and helpsto protect theairway from compression. Inan adult,
thenarrowest partof the larynxisat thelevel of the vocal cords.
The smallest diameter of the pediatric airway is at the cricoid
ring, below the vocal cords (Hendry, 2012).
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Figure 2-3 Larynx and trachea.

@ The cricothyroid membrane is a fibrous membrane located
betweenthecricoidand thyroid cartilages. Itis virtuallynonexis-
tentin children younger than 3 to 4 years (Luten & Mick, 2012).

@ Inanadult, thelarynxislocated opposite the fifth tosixth
cervical vertebrae (C5 to C6). The larynx of the pediatric air-
way is higher and more anterior in the neck. The larynx of the
infantand young child resembles a funnel, with the narrow-
est portion being at the cricoid ring. This area createsa natural
seal (aphysiologiccuff) aroundatracheal tube, making cuffed
tubes generally unnecessary inchildrenyounger than8 years. If
acuffed tubeis used, itisimportant to ensure that the cuff is not
overinflated (Padlipsky & Gausche-Hill, 2008).

@ The trachea is smaller and shorter than that of an adult. Move-
mentof anendotracheal (ET) tube may occur during changesin
head position. Thesmall, short trachea may resultinintubation
oftherightprimarybronchus, orinadvertentextubation. Secur-
ingan ET tube before movement of anintubated infant or child
is important to prevent tube displacement.

@ Asmallchangeinairway sizeresultsin asignificantincrease in
resistanceto air flow while edema oraforeign body is present.
Amarkedincrease inairway resistance can resultin partial or
complete airway obstruction.

PALS Pearl

Thetrachealrings are softand susceptible tocompressionwith
improper positioning of the neckt
© Jones & Bartleft Leaming.
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Chest and Lungs

@ Thechestwall of the infantand young child is thinand more
compliantthanthatoftheadult. Becausetheribsaremore pli-
able, they offerless protection to underlying organs. Significant
internal injury can be present without external signs. The thin
chest wall allows for easily transmitted breath sounds, which
can make it easy to miss a pneumothorax or misplaced ET tube.

@ The diaphragmand intercostal muscles are the primary muscles
of ventilation. Respiratory movementis primarilyabdominal or
diaphragmaticininfantsand children youngerthan6or7years
(Hockenberry, 2011). Young children cannot sustain rapid ventila-
tory rates forlong periods because of immature intercostal mus-
cles thateasily fatigue from the work of breathing. Because the
chest wall cannot compensate, effective breathing may be jeopar-
dized when pressure above or below the diaphragm impedes dia-
phragmatic movement (Rowan James, Nelson, & Weiler Ashwill,
2013). Consider insertion of an orogastric or nasogastric tube if
gastric distention is present and impairs ventilation,

@ Children have fewerand smaller alveoli, thus the potential area
forgasexchangeissmaller. Toincrease minute volume, thechild
must increase his or her ventilatory rate.

@ Infantsand children have a higher metabolic rate than doadults.
Their oxygen requirements are approximately twice those of ado-
lescents and adults, yet children have proportionally smaller oxy-
genreserves. Hypoxiacanrapidly develop becauseofincreased
oxygenrequirements and decreased oxygenreserves.

PALS Pearl

The compliantchestwall of aninfantor young child should

expand easily during positive-pressure ventilationi If the chest

wall does notexpand equally during positive-pressure ventila-

tion, ventilation is inadequate or the airway may be obstructed
@ Jones & Bartlett Learning.

RESPIRATORY COMPROMISE

Respiratory illnesses are common in children and can be acute,
chronic, or life threatening. You must be able to differentiate
among respiratory emergencies by type (Table 2-1) and severity
(Table 2-2).

Respiratory Distress
Respiratory distress is characterized by increased work of breath-
ing and a rate of breathing outside the normal range for the patient’s
age. Respiratory distress may result from a problemin the tracheo-
bronchial tree, lungs, pleura, or chest wall. As the child’s ventilatory
rate increases, carbon dioxide levels in the blood initially decrease.
With continued respiratory distress, the child will begin to tire and
carbon dioxide levels will increase. If uncorrected, respiratory dis-
tressleadstorespiratory failure. Causes of respiratory distressin
children are shown in Box 2-1.

Signsand symptomsofrespiratory distressincludethefollowing:

@ Audible wheezing

® Central cyanosis that resolves with oxygen

Box 2-1 Causes of Respiratory Distress in Children

Aspiration

Asthmalreactive airway disease

Congenital heart disease

Foreign body

Infection (elgl, pneumonia, croup, epiglottitis, bronchiolitis)
Medication or toxin exposure

Trauma

© Jonas & Bartlett Learning.

@ Increased depth of breathing (hyperpnea)

@ Inspiratory stridor

@ Irritability, anxiety, restlessness

@ Labored breathing (dyspnea)

@ Mild tachycardia

@ Nasal flaring

@ Pallor or mottled color

@ Retractions

® See-saw breathing (abdominal breathing)

@ Ventilatory rate faster than normal for age (tachypnea)

Approachachild inrespiratory distress promptly and work at
amoderate pace. Permit the child to assume a position of comfort.

Correct hypoxia by giving oxygen without causing agitation. Pro-
vide further care based on your assessment findings.

Respiratory Failure

Respiratory failureis aclinical conditioninwhichthereisinad-
equate blood oxygenationand /orinadequate ventilationtomeetthe
metabolic demands of body tissues. It is often, but not always, pre-
ceded by respiratory distress in which the child’s work of breathing
is increased in an attempt to compensate for hypoxia (Padlipsky &
Gausche-Hill, 2008). Possible causes of respiratory failure are listed
in Box 2-2.
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Box 2-2 Causes of Respiratory Failure in Children

Asthma/reactive airway disease
Congenital abnormalities
Foreign body

Heart failure

Infection (eigl, croup, epiglottitis, bronchiolitis, pneumonia)
Medication or toxin exposure
Metabolic disease with acidosis
Neuromuscular disease
Pneumothorax, hemothorax
Smoke inhalation

Submersion syndrome
Trauma

33
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Table 2-1 Differentiating Respiratory Emergencies

Upper Airway Lower Airway Obstruction Lung Tissue Disease Disordered Ventilatory
Obstruction Control
Locationofobstruction ~ Nose, pharynx, or larynx Lowertrachea, bronchi,orbronchioles  Lungs Respiratory system
| Possible causes - Anaphylaxis - Asthma - Bronchopulmonary dysplasia - Acute poisoning
Congenital anomalies Bronchiolitis Cystic fibrosis Brain tumor
Croup Foreign body aspiration Pneumonia CNS infections
Epiglottitis Pulmonary edema Head injury
Foreign body aspiration Submersion injury Increased infracranial pressure

Neuromuscular disease

Seizures
Ventilatory rate Increased Increased Increased Irregular
Work of breathing Increased Increased Increased Varies
Airway/breath sounds  Coughing Forcedorprolongedexpiratoryphase  Coughing Normal
Gurgling Wheezing (usually expiratory) Crackles
Hoarse voice Grunting
Nasal flaring Decreased breath sounds
Snoring Possible wheezing
Stridor of varying degrees
Air movement Decreased air movement Accessory muscle use Decreased air movement Normal or decreased air
Inspiratory retractions Decreased air movement mepinee:
o S Possible accessory muscle use
Heartrate Tachycardia (early) - bradycardia (late)
Skin Normal - pallor - cyanosis (late)
Mentalstatus Alert - restless, agitated - drowsy, lethargic - unresponsive
CNS = central nervous system.
© Jones & Bartlett Learning.
Signsand symptoms ofimpendingrespiratory failureinclude @ Tachypnea (early) slowing to bradypnea and apnea (late)

the following: @ Weak or absent speech or cry

@ Acute mental status changes; inability to focus

® Central cyanosis despite being given oxygen; mottling Ifaninfantorchild showssigns of respiratory failure, move
quickly tosupport the patient’sairway and breathing and to prevent
deterioration to cardiac arrest. Open the airway and providesuction
@ Low oxygen saturation despite being given oxygen ifnecessary. Correcthypoxiaby giving supplemental oxygen. Begin
assisted ventilation with a bag-mask device connected to 100% oxy-
genif the patient does notimprove. Noninvasive positive pressure
@ Retractions and accessory muscle use ventilation (NPPV), which is the delivery of mechanical ventilatory
@ Tachycardia (early) slowing to bradycardia (late) support without the use of an endotracheal or tracheostomy tube,

@ Inadequate ventilatory rate, effort, or chest excursion

@ Normal or decreased muscle tone



Table 2-2 Determining the Severity of Respiratory Emergencies

Respiratory Distress Respiratory Failure
Audible wheezing

Central cyanosis that resolves with oxygen
Increased depth of breathing
Inspiratory stridor

Irritability, anxiety, restlessness

Acute mental status changes

Central cyanosis despite giving oxygen; mottiing
Inadequate ventilatory rate, effort, or chest excursion
Low oxygen saturation despite giving oxygen

Normal or decreased muscle tone

Chapter 2 Respiratory Emergencies

Respiratory Arrest

Absent chest wall motion

Absent ventilations

Bradycardia deteriorating to asystole
Limp muscle tone

Mottling; peripheral and central cyanosis
Unresponsiveness to voice or touch

Weak to absent pulses

Labored breathing Retractions and accessory muscle use
Mild tachycardia Tachycardia (early) slowing to bradycardia (late)
Nasal flaring Tachypnea (early) slowing to bradypnea and apnea (late)

Pallor or mottled color
Retractions
See-saw breathing (abdominal breathing)

Ventilatoryrate fasterthan normalforage

© Jones & Bartlett Learning.

may berequired. NPPVistypically applied by delivering positive
airway pressure throughasnug-fittingnasal or facial mask.

Continuous positive airway pressure (CPAP) and bilevel posi-
tive airway pressure (BPAP) are twomodes that may be used to
provide NPPV.CP AP deliversacontinuous fixed pressure through-
outtherespiratory cycle, whereas BPAP provides positive pressure
during inspiration and a lower positive pressure during expiration,
decreasing the work of the muscles of breathing. Give further care
based on your assessment findings.

PALS Pearl

Bradycardiaina child with respiratory failure is awarning of
imminent cardiopulmonary arrest

@ Jones & Bartlett Learning.

Respiratory Arrest
Respiratory arrest is the absence of breathing. Signs and symptoms
of respiratory arrest include the following;:

@ Absent chest wall motion

@ Absent ventilations

@ Bradycardia deteriorating to asystole

@ Limp muscle tone

@ Mottling; peripheral and central cyanosis
@ Unresponsiveness to voice or touch

@ Weak to absent pulses

If an infant or child shows signs of respiratory arrest, move
quickly. Immediately open the airway and suction if necessary. Ven-
tilate with a bag-mask device connected to 100% oxygen. Frequently
reassess for the return of spontaneous breathing. Endotracheal intu-
bation may be needed if positive-pressure ventilation does not rap-
idly improve the child’s condition. Indicators of improvementin the
child’s conditionincludeimprovementinthelevel of responsiveness,
color, oxygensaturation, and pulserate. Provide further care based
on your assessment findings.

UPPER AIRWAY OBSTRUCTION

) Children are susceptible to upper airway obstruction because
ofthesmall diametersof theirnose, pharynx, andlarynx.
Evenslight decreases in the diameter of any of these structures
cancausesignificantresistance toair flow. Possible causes
of upper airway obstruction include secretions that block the
nasal passages, airway swelling (e.g., croup, epiglottitis, ana-
phylaxis), the presence ofaforeignbody, and congenitalairway
abnormalities.

@ Upper airway obstruction is a common cause of stridor in chil-
dren. Additional signs and symptoms that may accompany upper
airway obstruction appear in Box 2-3.

@ Consider the following measures when caring for a child withan
upper airway obstruction:
* Allow the child to assume a position of comfort
(Figure 2-4), Do not force the child to lie down.
* Ifnecessary, use manual airway maneuvers to open the
airway,suchasaheadtilt-chinliftor,iftraumatothe
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Box 2-3 Signs and Symptoms of Upper Airway Obstruction

Barking cough

Hoarse voice

Increased work of breathing
Inspiratory retractions

Nasal flaring

Respiratory distress of varying degrees
Stridor of varying degrees
Tachypnea

Jones &Bartiett Learing.

@ TempuraE+Gelty,

Figure 2-4 Allow a child with a respiratory complaint to assume a posi-
tion of comfort.

cervical spine is suspected, a jaw thrust without neck
extension (see Chapter 3).

+ Ifaforeignbodyisvisibleintheupperairway,removeit.

* Clear the nose and mouth of secretions with suctioning, if
doing so will not worsen the child’s agitation and respira-
tory distress.

+ Ifthechildisunresponsive, consider the use ofanoral
airway to prevent the tongue fromblocking theairway (see
Chapter 3). Use ofan oral airway inresponsive or semi-
responsive patients may stimulate the gag reflex when the
back of the tongue or posterior pharynx is touched, result-
inginretching, vomiting, and/or laryngospasm. Consider
theuseofanasalairwayinachild whohasanintactgag
reflex when an oral airway is contraindicated or impossi-
ble (e.g., seizing patient, biting, clenched jawsor teeth).

* Applyapulse oximeterand monitor the child’s oxygensat-
uration. [findicated, administer supplemental oxygen.

* Applyacardiac monitor and assess the child’s heartrate
and rhythm. Obtain the child’s blood pressure.

+ Ifindicated, establish vascular access.

+ Itis prudenttohave equipmentreadily available for per-
formingendotracheal intubationand equipment for per-
formingasurgical airwayincase thechild’scondition
worsens.

Croup

@ Croup (laryngotracheobronchitis) is typically caused by a respi-
ratory virus thatisspread by person-to-person contactorby
large droplets and contaminated nasopharyngeal secretions.
Itprimarily affectschildrenbetween 6 monthsand 6 yearsof
ageandisthemostcommoncauseof upperairway distressin
childhood (Cukor &Manno, 2014). Croup affectsthe upper
respiratory tract, causing inflammation and swelling of muco-
saland submucosal tissues at the level of the cricoid ring, which
isthenarrowest part of the pediatricairway (Luten & Mick,
2012).

@ The diagnosis of croupis usually based onthe history and physi-

calexamination. Thechild typically hasa history ofarunny
nose, cough, and sore throat for one to two days before the onset
of croupsymptoms.Symptomsareoftenworseatnightand
while the child is agitated (Wright & Klassen, 2008). Narrow-
ing of the upperairway because of laryngeal inflammationand
swelling leads to associated hoarseness, stridor,and a barking
“seal-like” coughthatmay last5to10days (Figure 2-5). Alow-
grade fever may bepresent.

® Theinitial emergency care for croupis determined by the sever-

ity of the child’sillness.

* Mild croupischaracterized by anabsence of stridor at
rest, minimal respiratory distress, and an occasional
cough (Choi & Lee,2012).

+ With moderate croup, the child’s behavior and mental
status are normal but inspiratory stridor and retractions

& Thomas Perkins/Dreamstime.com

Figure 2-5 Arunny nose, cough, and sore throat are often present for one
to two days before the onset of croup symptoms.



are present atrestand theamount of respiratory distress is
increased.

* Severecroupischaracterized by mental status changes
accompanied by significant respiratory distress and
decreasingairentry,indicatingimpendingrespiratory
failure (Choi & Lee, 2012). Suprasternal and intercos-
tal retractions and inspiratory and expiratory stridor are
often present (Wright & Klassen, 2008).

Mild Croup

@ Perform an initial assessment and obtain a focused history.

@ Maintaining an airway takes precedence over any other pro-
cedures. Becauseagitationcanworsenhypoxia, keepthechild
calm. Allow the child to assumea position of comfort to main-
tainairway patency, usually sitting up on the caregiver’slap.

@ Initiate pulse oximetry and cardiacmonitoring. Ifindicated, give
supplemental oxygeninamanner thatdoesnotagitatethechild.

@ Consider administration ofasystemicsteroid, suchasdexameth-
asone (Table2-3), toreduceinflammation. Signsof decreased
respiratory distressare usually apparentabout30 minutesafter
administration (Bjornson, Russell, Vandermeer, Klassen, & John-
son, 2013). Studies have shown that when compared witha pla-
cebo, the administration of corticosteroids for croupresulted in
improved symptoms within 6 hours, reduced the length of hos-
pitalstays, and reduced the number of emergency department
return visits (Bjornson et al., 2013).

Moderate to Severe Croup

@ Initiate pulse oximetry and cardiac monitoring,

@ Although some experts recommend the administration of
humidified Oz (American Heart Association, 2011), significant

Table 2-3 Dexamethasone

Trade name Decadron

Classification Long-acting glucocorticoid

Mechanismof action Reduces inflammation; enhancesthe
responsiveness of bronchial smooth muscle to
beta-adrenergicreceptor stimulation

Indications Asthma, croup

Dosage IVAMIPQ: 0.6 mg/kg as a single dose
(maximum dose 16 mg)

Contraindications Hypersensitivity tothe drug

Adverseeffects Pharyngealirritation, drymouth, coughing,

oral fungalinfections

IV = intravenous, IM = intramuscular, PQ = oral.
© Jones & Bartlett Learning.
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benefitsofthistherapy have notbeen demonstrated inclinical
trials (Hendry, 2012).

@ Children with moderate to severe croup should receive nebu-
lized epinephrine (Figure 2-6, Table 2-4). The clinical effects
of nebulized epinephrineareusuallyapparent30 minutesafter
treatment and disappear within 2 hours following treatment
(Bjornsonetal., 2013). A systemic steroid, such as dexametha-
sone or budesonide, should be given early because of its anti-
inflammatory effects. Atpresent, thereisalack of sufficient
evidence to establish a beneficial effect of heliox (a mixture of
helium and oxygen)in the treatment of croupinchildren (Hen-
dry, 2012).

@ Thechild withsevere croup may progress torespiratory fail-
ure. If signs of respiratory failure are present, assist ventilation
using a bag-mask device with supplemental oxygen. If endo-
tracheal intubation is required, this high-risk procedure should
only be performed by those with significantskill in pediatric
intubation (American Heart Association, 2011). Use of a tra-
cheal tube one-half to one full size smaller than that calculated
forageandsizeisrecommended because of theswellingand
inflammation of the trachea at the subglottic level (Choi &
Lee, 2012).

Epiglottitis

@ Epiglottitisisanacutebacterialinfectionoftheupperairway
that may progress to complete airway obstruction and death
within hours unless adequate treatment is provided. Hae-
mophilus influenzae type b (Hib) was once the most commonly

Courtesy of Barbara Aehlart.

Figure 2-6 The child with moderate to severe croup should receive nebu-
lized epinephrine and a systemic steroid.
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Table 2-4 Racemic Epinephrine

Trade name Asthmanephrine, VapoNefrin

Classification Catecholamine, sympathomimetic
Mechanism of Epinephrine acts on alpha- and beta-adrenergic receptors. The alpha-adrenergic effect of epinephrine causes vasoconstriction and reduces mucosal
action edema. Beta-adrenergiceffects cause relaxation ofthe smoothmuscle ofthe bronchioles. Afternebulized therapy, these effects are noted within
10 o 30 minutes and last for about 1 hour.
Indications Moderate to severe croup
Dosage * Childrenagedoryounger. 0.25 mL ofracemicepinephrine 2.25%inhalation solution mixedin 3mL NS or0.5mL/kgof 1:1,000(1mg/mL)
epinephrine mixed in 3mL NS (maximum dose 2.5mL)
+ Childrenolderthan4 years: Upto0.5mL ofracemicepinephrine 2.25%inhalation solutionmixedin3mLNS or0.5mL/kgof 1:1,000(1mg/mL)
epinephrine mixed in 3 mL NS (maximum dose 5 mL)
Adverseeffects Moderate anxiety, agitation, tremor, tachycardia, hypertension, weakness, dizziness, palpitations, nauseaand vomiting, headache
Notes * Epinephrineuseistypicallyreservedforpatients whohave moderate tosevere croupbecauseofthe potential foradverse effects, including

agitation, tachycardia, and hypertension.

+ Cardiacmonitoringiswise becauseofepinephrine’stachycardiceffectandthe potentialfordysrhythmias. Observethechildforatieast2hours,

and preferably for 3 to 4 hours, after treatment to monitor for rebound symptoms. Rebound symptoms refer to an improvement in the child's condition
forashortperiodaftertreatment, withasubsequentreturntothe pretreatmentlevelofobstruction ordeteriorationtoa more severe state afew

hours later.

+ Some oral inhalation solutions may contain sulfites.

NS = normal saline.
© Jones & Bartlett Learning.

identified cause of acute epiglottitis in the United States.
Because of thewidespread useof the Hibvaccinesince 1988,
the incidence of epiglottitis caused by Hibin pediatric patients
has beensignificantly reduced. Althoughepiglottitis can occur
atany age, ittypically affects children between 2and 7 years of
age. Diagnosis is often based on history and observation of the
child from a distance.

@ Drooling, dysphagia, and distress (the “three D's”) are consid-
ered the classic clinical findings of acute epiglottitis (Sobol &
Zapata, 2008). The child appearsacutely illand usually prefers
tositupand leanforward with his orhermouth open. Signs
and symptoms typically include restlessness accompanied by a
sorethroat, muffled voice, increased ventilatoryrate, increased
heartrate,and elevated temperature, usually 102°to 104°F
(38.9° to 40°C). The child’s muffled voice may bereferred toas
“hotpotatovoice” becauseitsoundsasifthechildistalking
withahotpotatoinhisorher mouth (Padlipsky & Gausche-
Hill, 2008). Stridorisa late finding and suggests near-complete
airway obstruction.

Emergency Care

The most common complication of epiglottitis is airway
obstruction (Hendry, 2012). Allow the child's caregiver to remain
withthe patient. Becausean aggressive physicalexamination,
attemptstovisualize theepiglottis, blood drawing and diagnostic

tests, or establishing vascular access may provoke anxiety and
worsen the child’s respiratory distress, these procedures should
be deferred until the diagnosis of epiglottitis is confirmed and the
airway is secured. Close observation and frequent reassessment
are essential. Ensure that the resuscitation cart, including equip-
ment for bag-mask ventilation, intubation, and suctioning, is at the
patient’s bedside.

@ Allow the child to assume a position of comfort and disturb the
child aslittleas possible. Initiate pulse oximetry and, ifindi-
cated, give supplemental oxygen ina manner that does not agi-
tate the child (e.g., blow-by) (see Chapter 3). Do notadminister
anything by mouth.

@ If the child is stable, the diagnosis of epiglottitis is uncertain,
andnoevidenceof obstruction exists, obtainalateral neck
radiograph. The child should be accompanied by a clinician
capableof intubating the patientand intubationequipmentat
all times, including during the trip to and from the radiology
department.

@ Ifthechildisstablewithahighsuspicionof epiglottitis, the
patientshouldbeescorted withanepiglottitisteam (e.g., anes-
thesiologist, critical careintensivist, otolaryngologist) to the
operatingroomforintubation under general anesthesia.

@ Ifthechild hassevere respiratory distress with signs of complete
or near-complete airway obstruction, the clinician most skilled in
pediatric intubation should emergently intubate (Hendry, 2012).



Endotracheal intubation should be performed using a tracheal
tube thatis one to two sizes smaller than that calculated forage
and size (Hendry, 2012).

@ After the airway is secured, establish an intravenous (IV) line.
Blood cultures, cultures of the epiglottis and supraglottic sur-
faces, and other diagnostic tests are generally ordered and anti-
biotic therapy started. The patient should be observed in the
intensive care unit.

Foreign Body Aspiration

@ Foreign body airway obstruction (FBAO) may be seen atany
age, but most often occurs in children between 9 months
and 5years of age (Betz & Snowden, 2008a). Inadults, an
FBAOmostoftenoccursduringeating. Ininfantsandchil-
dren, mostepisodes of choking occur during eating or
play. Occasionally, poor supervision by adults or older sib-
lings is a contributing factor. Suspect FBAO in any previ-
ously well, afebrile child with a sudden onset of respiratory
distress and associated coughing, choking, stridor, or
wheezing,.

@ Commonculpritsassociated withforeignbodyaspirationin
children include small foods, such as nuts, raisins, sunflower
seeds, watermelon seeds, popcorn, and improperly chewed
pieces of meat, grapes, hot dogs, raw carrots, or sausages
(Figure 2-7). Other items commonly found in the home that
may cause FBAOinclude disc (button cell) batteries, pins, rings,
nails, buttons, coins, plastic or metal toy objects, and marbles.
Aspirationofballoons, including those made frominflated
examination gloves, can be fatal. Frequently, the child presents
afterasuddenepisodeof coughingorchokingwhileeating,
withsubsequent wheezing, coughing, or stridor. The longer a
foreign body remainslodged in place, the higher thelikelihood
of complications related to increasing edema, inflammation,
and thethreatofinfection (Betz& Snowden, 2008a). Possible
signs and symptoms associated with foreign body aspiration are
shown in Box 2-4.

Chapter 2 Respiratory Emergencies

Box 2-4 Possible Signs and Symptoms of Foreign Body
Aspiration

Agitation
Coughing orgagging
Cyanosis
Diminished breath sounds distal to the foreign body
Fever
Hoarseness
Inspiratory stridor
Respiratory distress
Respiratory arrest
Wheezing

2 Jones & Barted Learming.
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Because they absorb moisture, dried foods (such as beans and
peas) may cause progressive airway obstructiont
£ Jones & Bartiett Leaming.

Emergency Care

@ Perform an initial assessment and obtain a focused history.

@ Ifthe infant or child is conscious, maintaining his or her own air-
way,and able to cough and make some sounds, donotinterfere.
Allow the child to assumea position of comfort and continue his
or hereffortstocleartheforeign body. Administer supplemental
oxygenifindicated. Encourage thechild to cough while you pro-
vide emotional support.

@ Ifthe conscious infant or child cannot cough or make any sound,
clear the obstruction by performing abdominal thrusts (if the
patientis1yearorolder)orbackslapsand chestthrusts (if the
patient is younger than 1 year) (Figure 2-8).

39

EMSC Slide Set (CO-ROM). 1996, Courtesy of the Emergency Medical Services for Children Program, administered by the LS. Depa iment of Health and Human Senvice's Health Resources and Services Administration, Matemal and Child Health Bureau.

Figure 2-7 Common culprits associated with foreign body aspiration in children.
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& Jones & Bartlett Leaming. Photograpned by Kimbery Patvin,

Figure 2-8 Ifa conscious infant (the patientis youngerthan 1 year) can-
not cough or make any sound, clear the airway obstruction by performing
back slaps and chest thrusts.

@ Ifthe infant or child becomes unresponsive, begin cardiopulmo-
nary resuscitation (CPR), starting with chest compressions. Chest
compressions should be performed evenifa pulse is present.
The rationale for this action is that performing chest compres-
sions may help to dislodge the foreign body (American Heart
Association, 2011). Before ventilating the patient, look into the
mouth and remove the foreign body, if visualized. Continue with
cycles of chest compressions and ventilations until the object is
expelled.

Anaphylaxis

Anaphylaxis occurs when the body is exposed to a substance that
produces a severe allergic reaction, usually within minutes of the
exposure. Although there is more than one mechanism by which
anaphylaxis occurs, type | hypersensitivity is the most common
(Hendry, 2012). Type I hypersensitivity occurs when an individ-
ual is exposed to a specific allergen and develops IgE antibodies.
These antibodies attach to mast cells in specific body locations,
creating sensitized mast cells. Histamine and other chemical

Table 2-5 Epinephrine for Anaphylaxis

Box 2-5 Possible Signs and Symptoms of Anaphylaxis

Anxiety, restlessness
Coughing

Crampy abdominal pain
Difficulty breathing
Difficulty swallowing (dysphagia)
Hives (urticaria)
Hoarseness

Hypotension

ltching (pruritus)
Retractions

Stridor

Swelling of the face and lips
Tachycardia

Vomiting, diarrhea

Warm, flushed skin
Wheezing

@ Jones & Bartlett Learning.

mediators are released on reexposure to the same allergen, caus-
ing widespread responses in the skin, respiratory tract, and car-
diovascular and gastrointestinal systems. Common causes of
anaphylaxis include insect stings, latex, medications (e.g., peni-
cillin, sulfa), and some foods (e.g., shellfish, nuts, strawberries).
Signs and symptoms associated with anaphylaxis are shown in
Box 2-5.

Emergency Care

@ Perform an initial assessment and obtain a focused history.
Remove/discontinue the causative agent.

@ Applyapulseoximeterand administer supplemental oxygenif
indicated; ensure effective oxygenation and ventilation. Initiate
cardiac monitoring.

@ Give epinephrine via intramuscular (IM) injection (Hendry,
2012) (Table 2-5). The anterolateral thigh is the preferred injec-
tion site (Hendry, 2012).

Trade name Adrenalin, EpiPen

Classification Catecholamine, sympathomimetic

Mechanism of action

+ Canreduce the release ofinflammatory mediators from mast cells and basophils

+ Alpha-adrenergiceffects of vasoconstriction can reduce mucosal swelling andincrease blood pressure

+ Betas-adrenergic effects result inincreased rate and force of myocardial contractions

+ Betaz-adrenergic effects resultin the dilation of bronchial smooth muscle

(Continues)



Table 2-5 Epinephrine for Anaphylaxis (continued)

Chapter 2 Respiratory Emergencies

Trade name Adrenalin, EpiPen

Indications Anaphylaxis

Dosage

+ 0.01mgtkg(0.01mL/kg)of1:1,000solutionvialMinjection (Hendry, 2012). Maximum single dose 0.3 mg. May be repeated every

5to 15minutes if necessary to control symptoms and maintain blood pressure (Hendry, 2012).

+ Whenusing anepinephrine auto-injector, administer 0.3 mg IM for patients weighing 30 kg ormore and 0.15mg IM for patients

weighing 10 to 30 kg.

+ Ifhypotension is present, give 0.01 mg/kg (0.1 mLikg) of 1:10,000 solution IV/1O every 3 to 5 minutes to a maximum dose of 1mg.

+ Consideracontinuousepinephrineinfusionifhypotension persistsdespite bolus therapyandfluidadministration. Startat0.1megrkg/
min and titrate according to patient response up to 1 mcg/kg/min.

Adverse effects Increases myocardial oxygen demand

Notes + Becauseofitsvascularity, thesite of choice forIM administrationisthe anterolateralaspect of the thigh (Valente, 2012).

+ Acontinuous epinephrineinfusion should only beinfused using aninfusion pump. Check the IV/IOsite frequently for evidence of

tissue sloughing.

+ Low-dose infusions (less than 0.3 megfkg/min) primarily produce beta-adrenergic effects. Infusions above 0.3 meg/kg/min produce a

mix of beta- and alpha-adrenergic effects.

+ Epinephrine’s onsetofactionisimmediate whenadministered IV/10 and within 5to 10 minuteswhenadministered IM.

IM = intramuscular, 10 = intracsseous, IV = intravenous
@ Jones & Bartlett Learning.

@ Administer albuterol by metered-dose inhaler (MDI) or nebu-
lizer forbronchospasm (Table 2-6). Listentobreathsounds
beforeand afteradministrationtoassess thechild’sresponseto
treatment.

@ Establish IV access and administer additional medications to
help stop the inflammatory reaction. Give diphenhydramine IV
toreducehivesanditching(Table 2-7). Administrationofan
H:blocker (e.g., ranitidine) IV isalso recommended (American
Heart Association, 2011). Give methylprednisolone (Table 2-8)
oranequivalent corticosteroid IV to stabilize capillary mem-
branes and toreduce angioedema and bronchospasm.

Table 2-6 Albuterol

@ If the child is hypotensive, give a20 mL/kg fluid bolus of an iso-
toniccrystalloidsolution (e.g., normalsaline or Lactated Ringer’s
solution). If perfusion does notimprove, repeat the fluid bolus
and reassess the child'sresponse, repeating the primary assess-
ment after each fluid bolus. Monitor closely for increased work
of breathing and the development of crackles.

@ Anepinephrine IV infusion may be necessary if the child shypo-
tension persists despite fluid boluses and the administration
of IMepinephrine. Titrate the infusion to achieve anadequate
blood pressure for the child’s age (American Heart Association,
2011).

Proventil‘ Vento“n

Classification

Synthetic sympathomimetic, betaz-adrenergic agonist, bronchodilator

Mechanism of action

Albuterol possesses arelatively selective specificity for betaz-adrenergic receptors. Stimulation of these receptor sites in bronchial smooth

muscle results inrelaxation and decreased resistance to the flow of airinand out of the lungs.

Indications

Dosage

Bronchospasm associated with asthma or anaphylaxis

+ Formildtomoderate symptoms, administer4 to8 puffs usingaMDlequipped withaspacerevery 20 minutes asneeded. Alternately,

administerby nebulizerevery 20 minutesasneeded. Forpatients weighing 20 kg ormore administer 5mg/dose; give 2.5mg/dose for

patients weighing less than 20 kg.

+ Forseveresymptoms, administeralbuterol by continuous nebulization (0.5mg/kg/hour)toamaximumdose of 20mg/hour.
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Contraindications Hypersensitivity to albuterol or to sympathomimetics
Adverse effects + CV:Dysrhythmias, palpitations, tachycardia, angina, peripheral vasodilation, systolic hypertension, diastolic hypotension
+ CNS: Tremors, anxiety, headache, dizziness, restlessness, irritability
+ Gl: Nausea, vomiting, heartburn
+ Resp: Bronchospasm (paradoxical with excessive use)
+ Skin: Flushing
+ Other: Dry nose, irritation of nose and throat, hyperglycemia, hypokalemia

Notes + Assess clinical signs of respiratory distress, including ventilatory rate, oxygen saturation, and peak expiratory flow rate. Any
deterioration may require prompt intervention.

+ Because stimulation ofbeta-adrenergic receptors affects the shifting of potassiumionsinto cells, serum potassium levels can be
affected, contributing to hypokalemia. Consider obtaining a serum potassium level before beginning therapy to be used as a baseline
for later comparison.

+ Albuterol's onset of action is within S to 15 minutes. Its duration of action is generally 4 to 6 hours but may vary with the severity of the
patient's disease.

CNS = central nervous system, CV = cardiovascular, Gl = gastrointestinal, MDI = metered-dose inhaler, Resp = respiratory.

@ Jones & Bartlett Learning.

Table 2-7 Diphenhydramine

Trade name Benadryl

Classification Antihistamine, a receptor antagonist

Mechanism of action Decreases the allergic response by binding to histamine receptor sites and blocking the effects of histamine
Indications Anaphylaxis and moderate to severe allergic reactions (after epinephrine)

Dosage + 1to2mglkg per dose every 4 to 6 hours; do not exceed 50 mg per single dose

+ Maximum dose: 50 mg/dose and 300 mg/24 hours (Lee, Tschudy, & Arcara, 2012)
| Contraindications Known hypersensitivity to diphenhydramine or drugs of similar chemical structure

Adverse effects + CV: Hypotension, reflex tachycardia, palpitations
+ CNS:; Drowsiness, dizziness, poor coordination, confusion, paradoxical excitation (especially in children), seizures, dystonic reaction
+ GI: Diarrhea, nausea, vomiting, loss of appetite
+ Resp: Wheezing, chest tightness, increased thick secretions
+ Other: Blurred vision, pupil dilation; dry nose, throat, mouth

Notes + Do not give subcutaneously because of its irritating effects.

+ Diphenhydramine'sonsetofactionisimmediate whengiven|Vandwithin 30 minuteswhenadministered IM. ltsduration ofactionis
4fo8hours.

CNS = central nervous system, CV = cardiovascular, Gl = gastrointestinal, IM = intramuscular, IV = intravenous, Resp = respiratory.
@ Jones & Bartlett Learning.
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Table 2-8 Methylprednisolone Sodium Succinate

Trade name Solu-Medrol, A-Methapred, Depo-Medrol

Classification Corticosteroid

Mechanism of action Reduces the inflammatory response and diminishes the allergic response

Indications Asthma, anaphylaxis

Dosage 2 mg/kg loading dose IV/IO/IM, maximum dose 60 mg/24 hours

Contraindications Hypersensitivity to corticosteroids

Adverse effects (seen with + MS: Pathologic fractures of long bones, osteoporosis, muscle weakness, loss of muscle mass
long-term use)

+ Other: Increased vulnerability to infection, glucose intolerance, peplic ulcer disease
Notes + Methylprednisoloneis considered anintermediate-acting steroidwith aduration of action of 18to 36 hours.
+ Whenadministering IM, avoid using the deltoid muscle. Inject deep into a large muscle mass.

+ Tissue damage may result if administered subcutaneously.

IM = intramuscular, 10 = intraosseous, IV = intravenous, MS = musculoskeletal.

@ Jones & Bartlett Learning.

LOWER AIRWAY OBSTRUCTION associated with asthma are shown in Box 2-6. Symptoms may be pre-
cipitated by or worsenin the presence of viral respiratory infections,
Whereas an upper airway obstruction typically produces inspira- specificallergens (e.g., animal dander, dust, mold, cigarette smoke,
tory symptoms, a lower airway obstruction produces more expiratory pollen),and other factors, suchasweather changes, chemicalirritants,
symptoms. Asthma and bronchiolitis are common causes of lower exercise, strongemotional responses, and gastroesophageal reflux.

airway obstruction in children. These conditions are characterized by
coughing, wheezing, and a prolonged expiratory phase (Valente, 2012).

Asthma Box 2-6 Clinical Manifestations of Asthma

Aslhm-‘f ,alsoknownas reactiveairway fﬁsease, isadiseaseofthe Accessory muscle use
lower airway characterized by chronic inflammation of bronchial

Anxiety, irritabili
smooth muscle, hyperreactive airways, and episodes of broncho- 2 ty

spasm thatlimit airflow (Figure 2-9). Common signs and symptoms Chest tightness
Decreased expiratory flow rate
During asthma
Normal airway symptoms Dry cnugh. )
Contiactsd Dyspneawith prolonged expiratory phase

smooth Hypoxia

muscle :
Nasal flaring
Poorairentry
Retractions
Shortness of breath with exertion
Tachypnea

Blood vessels Wheezing (most common finding)

infiltrated by © Jones & Bartlett Learning.

immune cells
Inflammation
and swelling
PALS Pearl
Excess
mueus Decisad Wheezing is an unreliable sign when evaluating the degree of
Lumen Blood lumen distress in an asthmatic patienti An absence of wheezing may
vessels diameter represent severe obstructiont With improvement, wheezing may
©Jones3 BarlettLearning. become more prominentt

Figure 2-9 Asthma is a chronicinflammatory disorder of the airways. @ Jones & Bartlett Leaming.
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Anasthma exacerbation is an episode of progressively increas-
ing shortness of breath, coughing, wheezing, or chest tightness, or
some combination of these symptoms (Global Initiative for Asthma,
2012). Assessment of the severity of an asthma exacerbation helps
to determine management, evaluate the patient’s response to treat-
ment, and communicate with other medical providers (Smith, 2008).
Asthma exacerbations are categorized as mild, moderate, or severe.

theairwaysand the degree of obstruction (Smith, 2008). Because
PEF measurements require the child’scooperation inmaking a

maximalexpiratory effort, PEF measurementsare usedtoassess
theseverity ofanepisodeand theresponseto therapyinchildren
over5yearsofage with mild tomoderate exacerbationsand who
currently perform peak flow with home management. PEF mea-
surements should be compared to the patient’s own previous best

@ The child withmild signsand symptomstalks insentences, e svremEns;

may beagitated butisable tolie down, has dyspnea with activ-
ity (e.g., walking), has an increased ventilatory rate, and has
moderate end-expiratory wheezing (Global Initiative for
Asthma, 2012).

@ If ventilation is adequate and the patient exhibits signs of respi-
ratory distress, givesupplemental oxygeninamanner thatdoes
not agitate the child. Maintain an oxygen saturation of 95% or
higher (Global Initiative for Asthma, 2012). If signs of respiratory

© Thechild with moderate signs and symptoms talks in phrases, failure or respiratory arrest are present, ventilate using a bag-

preferssitting, isusually agitated, commonly usesaccessory
muscles, and has an increased ventilatory rate. Loud wheezing
canoftenbeheard throughoutexpiration (Global Initiative for
Asthma, 2012).

@ Thechild with severesignsand symptomsis usually breathless
atrestand talksin words rather than phrases or sentences, often

mask device with supplemental oxygen.

=

@ Assessthestatusofthechild’shydration. Aninfantoryoung
child canquickly become dehydrated because of anincreased
ventilatory rate and decreased oral intake. Be sure to assess fluid
status and treatappropriately.

@ Obtain vascularaccessif the patientshowssigns of severerespi-

sits uprightand may be hunched forward, is usually agitated,
usually uses accessory muscles, and has an increased ventilatory
rate. Loud wheezing can often be heard throughoutinspiration
and expiration (Global Initiative for Asthma, 2012).

ratory distress, respiratory failure, orrespiratory arrest.

@ Children with mild asthma should receive albuterol (a short-
actingbetazagonist) by MDIornebulizer and oral cortico-
steroids (Figure 2-11, see Table 2-6). Listen tobreath sounds
beforeandafteradministrationto assessthechild’sresponse to
treatment.

@ Signs of imminent respiratory arrest include drowsiness or
confusion, bradycardia, an absence of wheezing, and paradoxi-
cal movement of the chestand abdomen (Global Initiative for

@ Childrenexperiencinga moderate episodeshould receive alb-
Asthma, 2012).

uterol by MDI or nebulizer and oral corticosteroids. Nebulized

Emergency Care

@ Performaninitial assessmentand obtaina focused history.
Ask the child’s caregiver about triggers (e.g., cigarette smoke,
allergies, infection, exercise), infectious symptoms, duration of
asthma symptoms, frequency of rescue medications, chronic
medications, time of last medication doses, and peak flow rates
(discussed below) (Smith, 2008).

@ Allow the child to assume a position of comfort. Initiate pulse
oximetry and place the child on a cardiac monitor.

@ Assessment of the child's peak expiratory flow (PEF) rate may
beusefulindetermining theseverity ofanasthmaexacerbation
(Figure2-10). Peak expiratory flow ratesreflect the caliber of

© Nagy-bagoly llona/Dreamstime.com.

Figure 2-11 The administration of supplemental oxygen, short-acting
inhaled bronchodilators, and corticosteroids are the primary therapies used
for asthma exacerbations.

£ Patrickmak03% Dreamstime.com,

Figure 2-10 Peak expiratory flow meter.



ipratropium bromide, an anticholinergic, should also beadminis-
tered (Table 2-9). Consider establishing vascular access for fluid
and medication administration (American Heart Association,
2011). Assess the child’s response to treatment.

@ Childrenexperiencingasevere episodeshouldreceivealbuterol

by MDI or nebulizer and IV corticosteroids. Continuous alb-
uterol administration may be necessary if symptoms do not
improve. Give nebulized ipratropium bromide. Establish vascu-
laraccessand consideradministeringamagnesium IV infusion
(Table 2-10) over 20 to 30 minutes while monitoring the child's
heart rate and blood pressure (American Heart Association,
2011). Assess the child’s response to treatment.

Chapter 2 Respiratory Emergencies

@ Acute bronchiolitis is one of the most frequent causes of

emergency department visits in infants (Jat & Mathew, 2015).
The virus causes inflammation, the production of thick
mucus, and swelling of varying degrees in the small bronchi
and smaller bronchioles. The resulting narrowing of the bron-
chiolesleadstolimitationsinairflow and anincreased work
of breathing,.

@ The child with bronchiolitis typically presents with symptoms

similar to the common cold withacough, runny nose, low-

grade fever, and irritability (Figure 2-12). Within one to three
days, signs and symptoms progress to anincreasingly produc-
tive cough, increasing respiratory distress, and wheezing. As

a5

the disease progresses, coughing and wheezing increase and
air hunger follows. These signs and symptoms are accompa-
nied by restlessness, an increased ventilatory rate, intercostal
andsubcostal retractions,and hy perexpansion of the chest.
Signsofdehydration (e.g., sunkeneyes, dry mucous mem-
branes, sunken fontanel, and fatigue) may be present because
of decreased fluid intake and increased fluid losses from fever
and tachypnea.

PALS Pearl

Because asthma accompanied by an upper respiratory infection
and bronchiolitis presentsimilarly, itmay be difficulttodistin-
guish between these conditionst

@ Jones & Bartlett Learning

@ The mostcommon cause of acuterespiratory failurein the
asthmatic child is ineffective ventilation resulting from severe
obstructionand muscle fatigue (Smith, 2008). If endotracheal
intubation becomes necessary, this high-risk procedure should
only be performed by those with significantskill in pediatric
intubation.

Bronchiolitis

@ Bronchiolitis is an acute infection of the bronchioles, most
commonly caused by respiratory syncytial virus (RSV). It
occurs primarily inlate fall, winter,and early spring and is
uncommon in children older than 5 years. RSV is highly conta-
gious and is primarily transmitted through direct contact with
respiratory secretions.

Table 2-9 Ipratropium Bromide

Trade name Atrovent

Classification Bronchodilator, anticholinergic, parasympathetic blocker, parasympatholytic
Mechanismofaction ~ Antagonizes muscarinic receptors in bronchial smooth muscle, preventing bronchoconstriction and reducing secretions
Indications Bronchospasm associated with asthma
Dosage For acute symptoms, administer by nebulizer
+ Childrenyoungerthan 12years: Administer 250 mcg/dose every 20 minutes x 3, thenevery 2to4 hoursasneeded(Leeetal.,2012)
+ Children12yearsandolder: Administer 500 mcg/dose every 20 minutes x 3, thenevery 2to4 hoursasneeded(Leeetal.,2012)
Contraindications Known hypersensitivity to ipratropium bromide or to atropine and its derivatives
Adverseeffects * CNS: Dizziness, nervousness, headache, tremor, insomnia
+ CV: Palpitations
+ Gl: Nausea, vomiting
+ Other: Cough, skin rash, dry mouth, nasal irritation
Notes + Minimal systemicabsorption

+ Slightlyslowertoactthanbeta-adrenergicagonists

CNS = central nervous system, CV = cardiovascular, Gl = gastrointestinal.
@ Jones & Bartlett Learning.
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Table 2-10 Magnesium Sulfate

Classification Electrolyte, bronchodilator, antiarrhythmic

Mechanism of action ~ Plays an important role with regard to neurochemical transmission and muscular excitability; mild vasodilator; CNS depressant

Indications Moderate to severe asthma exacerbation, documented hypomagnesemia, Torsades de pointes (TdP)

Dosage + Asthma; 25to 50 mg/kg slow IV/10 infusion over 15to 30 minutes. Maximum recommended single dose: 2g.

+ Hypomagnesemia: 25ta50mg/kgV/IQinfusion over 10to 20 minutes. May repeatat4-to6-hourintervals forthree orfourdoses. Maximum

recommended single dose: 2g.

+ TdP: 25to 50 mg/kg IV/IOinfusion over 10to 20 minutes. Maximum recommended single dose: 2g.

Contraindications + Heart block

+ Respiratory depression

Adverse effects + CNS: Depressed deep tendon reflexes, flaccid paralysis, confusion, weakness, stupor

+ CV: Hypotension (may be transient), complete AV block, increased PR interval, widened QRS complex, prolonged QT interval, circulatory collapse

+ Gl: Nausea, vomiting
+ Resp: Respiratory depression and failure

+ Skin: Flushing, sweating

Notes + Magnesium is available in multiple concentrations. Before administration, carefully check the concentration of the solution to avoid medication errors.

+  During administration, continuous monitoring of heart rate and rhythm and oxygen saturation is essential. Closely monitor the patient's blood pressure.

+ Rapid administration may resultin severe hypotension, bradycardia, and cardiovascular collapse.

+ Monitor magnesiumlevels.

+ Havecalciumavailable for IV/IO injection to reverse AV block and respiratory depression.

+ Whiletreating TdP, search for possible reversible causes of the dysrhythmia, such as an electrolyte disturbance.

+ Usewith caution in patients withimpaired renal function and with patients who are taking digoxin.

+ Onset of action is immediate and lasts for about 30 minutes.

AV = atrioventricular, CNS = central nervous system, CV = cardiovascular, Gl = gastrointestinal, 10 = intraosseous, |V = intravenous, Resp = respiratory.

@ Jones & Bartlett Learning.

& Lightkeeper/Dreamstime.com,

Figure 2-12 The initial symptoms of bronchiolitis resemble those of the
common cold.

Emergency Care

Supportive care with suctioning, maintaining adequate hydration,
and the use of antipyretics are the mainstays of treatment. Standard
precautions and handwashing are essential to prevent thespread of
the virus.

@ Perform an initial assessment and obtain a focused history.

@ Assist the child into a position of comfort, usually sitting up on
the caregiver’slap. Keep the child as calm and as comfortable as
possible.

@ Perform nasal suctioning if needed to clear secretions.

@ Initiate pulse oximetry and maintain adequate oxygenation. If
ventilationisadequateand the patientexhibitssignsof respira-
tory distress, give supplemental oxygenina manner thatdoes
notagitatethechild. Ifsignsofrespiratory failureorrespiratory



arrest are present, ventilate using a bag-mask device with supple-
mental oxygen.

@ Mild dehydration is often present. Ensure adequate fluid intake.
Becausethechild may betachypneic, weak, and tired, close
monitoringis essential. IV fluids may be preferred over fluids
by mouth, particularly if the child’s respiratory distress is severe
enough that aspiration is a concern.

@ The use of bronchodilators in the management of bronchiolitis
iscontroversial. Currentliterature does notsupport the routine
useofbronchodilatorsbutdoessupportatrial dose of nebulized
epinephrine oralbuterol tobe continued only ifimprovementis
observed after treatment (Hendry, 2012).

LUNG TISSUE DISEASE

Lung tissue diseases are disorders that affect the tissues surround-
ing thealveoliand bronchi of the lungs or that directly affect the
alveoliand bronchi. Lung tissue diseases have many causes, includ-
ing aspiration, autoimmune diseases (e.g., collagen vascular disease),
infectious diseases (e.g., pneumonia), inherited conditions (e.g., cys-
tic fibrosis, surfactant disorders), cardiogenic and noncardiogenic
pulmonary edema, connective tissue disorders (e.g., rheumatoid
arthritis), trauma (e.g., pulmonary contusion), and exposure toenvi-
ronmental substances (e.g., chemicals, molds). Selected lung tissue
diseases are discussed below.

Bronchopulmonary Dysplasia

Bronchopulmonary dysplasia (BPD), also known as chronic lung
disease ofinfancy,isadiseasethat occursinfull-termand preterm
infants who experienced respiratory problems in the first few days
after birth thatrequired mechanical ventilation, oxygen under pres-
sure, or bothfor prolonged periods. Signsand symptoms of BPD
include the following:

@ Bronchospasm @ Mucus plugging

@ Cough @ Retractions
@ Crackles @ Tachypnea
@ Hypoxia @ Wheezing

@ Increased ventilatoryrate
atrest

Complications associated with BPDincluderecurrentrespira-
tory infections, increased airway resistance, trapping of air in the
lungs, and exercise-inducedbronchospasm.

Emergency Care

@ Perform an initial assessment and obtain a focused history.
Avoid agitating the infant, which can worsen hypoxia.

@ Applya pulse oximeter. Hypoxia may occur because of a decrease
inrespiratory drive,alterationsin pulmonary mechanics, exces-
sivestimulation, and bronchospasm. If ventilationisadequate
and the patient exhibits signs of respiratory distress, give supple-
mental oxygenina manner that does notagitate the infant. Keep
the oxygensaturationat92% or higher (Hendry, 2012). If signs of
respiratory failure or respiratory arrest are present, ventilate using
abag-mask device with supplemental oxygen.

Chapter 2 Respiratory Emergencies

@ Ifwheezingis present, nebulized bronchodilator therapy may be
used toimproveairflow inthelungs. Inhaled corticosteroids may
be used to reduce airway swelling and inflammation. Use of these
therapies is controversial because bronchial smooth muscle may
not be fully developed in infants (Hendry, 2012).

@ Diuretics may beadministered to decrease fluidaccumulationin
the lungs.

@ Antibiotics may beadministered to manageasuspected bacterial
infection.

Cystic Fibrosis

@ Cysticfibrosis (CF)isa chronic progressiveinherited disease
thatis associated with abnormal sodiumand chloride transport
across the epithelium. The disorder causes the body to produce
thick, sticky mucus thataffects multiple organs, mostcom-
monly thelungs, pancreas, liver, bile ducts, and small intestine
(Figure 2-13). CF most often presents in early childhood with
persistent respiratory illness, malnutrition and poor growth,
diarrhea, or a combination of these.

@ Signsand symptoms associated with CF vary. Physical findings
associated with cystic fibrosis include poor weight gain, abdomi-
nal distention, thinextremities, muscle wasting, mild tosevere
clubbing of nail beds because of chronic hypoxia, salty-tasting

Normal airway

Airway wall  Ajrway lined with a

thin layer of mucus

Thick, sticky mucus
blocks airway

Widened
airway

Blood in
mucus

Bacterial -
infection

‘& Jones & Bartlett Leaming.

Figure 2-13 With cystic fibrosis, a defective gene causes the body to
produce abnormally thick, sticky mucus that affects multiple organs.
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skin, profusesweatinginwarm temperatures, and fatty, foul-
smelling diarrhea. The effects of CF on therespiratory system
includea chroniccoughthatisinitially dry and hacking. Over
time, the coughbecomes productive of thick sputum. Vomit-
ing may occur after a prolonged coughing episode. During

an acute pulmonary exacerbation, the child may present with
fatigue, fever, accessory muscle use, and an increased cough-
ing frequency that is productive of purulent sputum that may be
blood-streaked.

Emergency Care

Because the management of the CF patient is complex, emergency
care should be coordinated with a CF care team or pulmonologist
(Hendry, 2012).

@ Perform an initial assessment and obtain a focused history.

@ Allow the child toassumea position of comfort, usually sitting
up on the caregiver’slap.

@ Apply a pulse oximeter. If ventilationis adequate and the patient
exhibits signs of respiratory distress, give supplemental oxygen
inamanner that does notagitate the child. If signs of respiratory
failure or respiratory arrestare present, ventilate using abag-
mask device with supplemental oxygen.

@ Obtainvascularaccess forhydration or medicationadministration
if necessary. Because CF patients have frequentinfections, many
will have animplanted central vascular access device in place.

@ Chest physiotherapyisused tohelploosenand drainmucus
from the lungs.

@ Decongestants, bronchodilators, or both (before and after chest
physiotherapy)are used torelieve bronchospasm, enable the
removal of thick secretions, and improveairflow in the lungs.

@ Mucolytics may beadministered to alter the consistency of
mucus, makingitmorefluid and easier toexpectorate.

@ Corticosteroids maybeused toreduceairwayswellingand
inflammation.

@ Antibiotics may be administered to controlinfection. More than
one antibiotic is often necessary to treat suspected pathogens.

Pneumonia

Pneumonia is an inflammation and infection of the lower airway
andlungscausedbyaviral, bacterial, parasitic, orfungal organ-
ism. It may occur as a primary infection or as secondary to another
illness or infection. Pneumonia is often preceded by symptoms of
an upper respiratory infection. Signs and symptoms may include
cough, decreased breathsounds, fever, hypoxia, malaise, nasal flar-
ing, pleuritic chest pain, retractions, shortness of breath, and tachy-
pnea. Abdominal pain caused by irritation of the diaphragm by the
adjacentinfected lung may be present (Betz & Snowden, 2008b).

Emergency Care

@© Perform an initial assessment and obtain a focused history.

@ Assist the child into a position of comfort, usually sitting upon
the caregiver'slap.

@ Applyapulseoximeter. Administer supplemental oxygenifindi-
cated. If ventilationis adequate and the patient exhibits signs of
respiratory distress, give supplemental oxygen in a manner that
doesnotagitate thechild. If signs of respiratory failure or respi-
ratory arrestare present, ventilate with abag-mask device with
supplemental oxygen. Noninvasive positive pressure ventilation
may be needed.

@ Assesshydration. Aninfantor youngchild canbecome quickly
dehydrated because of an increased ventilatory rate and
decreased oralintake. Obtain vascular access for hydrationor
medication administration if necessary.

@ Albuterol,administered by MDIornebulizer, may be ordered to
treat wheezing and to help clearing of secretions.

@ Antibiotics may be used to treat bacterial pneumonia. Most viral
pneumonias are treated symptomatically; however, specific anti-
viral therapy may be beneficial in certain situations.

@ Antipyretics may be used to control fever.

Pulmonary Edema

Pulmonary edema may result from cardiogenic or noncardiogenic
causes. The child may present with varying degrees of respiratory
distressthatmay progresstorespiratory failure. Commonfind-
ingsinclude amoistcough, crackles, labored breathing, tachypnea,
tachycardia, and anxiety or confusion that is associated with poor
oxygenation. The child’s sputum is oftena frothy white that may be
blood-tinged.

Noncardiogenic Pulmonary Edema

Noncardiogenic pulmonary edema (NCPE)isa conditioninwhich
fluid flows from the pulmonary capillaries and accumulates in the
interstitial spaces orin the alveoli, impairing the diffusion of oxygen
and carbon dioxide. Examples of conditions or factors that may lead
to NCPEinclude acute head injury, aspiration, high altitude, inhala-
tion injuries (e.g., ammonia, chlorine), allergic reactions, overzeal-
ousfluid administration, drowning, metal poisoning (e.g.,iron,
lead), and some overdoses (e.g., salicylates, opioids).

Cardiogenic Pulmonary Edema

Cardiogenic pulmonary edema is most commonly caused by left-
sided heart failure, but it may also result from congenital heart dis-
ease, myocarditis, mitral, or aortic valve disease, cardiomyopathies,
andcardiac depressantmedications (e.g., beta-blockers),among
other causes. When the left ventricle is unable to pump out all of the
blood thatitreceives from the lungs, blood pressureincreases within
the pulmonary veins and capillaries. The increased pressure forces
fluid fromthe pulmonary capillaries, throughthecapillary walls,
and into the alveoli, resulting in pulmonary edema.

Emergency Care

@ Management of the patient with pulmonary edema often s
dependent on its cause.

@ Allow the child to assume a position of comfort, which is typi-
cally sitting up. Closely monitor for signsand symptoms of



impendingrespiratory failure. Apply a pulse oximeterand ECG
monitor. Administer supplemental oxygen. The patient in mod-
erate to severe respiratory distress typically requires mechanical
ventilation to maintain adequate gas exchange. This may include
noninvasive ventilatory support with CPAP or mechanical venti-
lation with positive end-expiratory pressure (PEEP).

@ Treatment of cardiogenic pulmonary edema may require the
administrationof diureticstoassistwith fluid removaland the
use of inotropicagents toimprove myocardial contractility. If
cardiogenic shock ensues, the administration of vasopressors to
improve blood pressure may also be necessary.

DISORDERS OF VENTILATORY CONTROL

Respiratory centersin the brainstemare responsible for the pri-
mary control of breathing. Central and peripheral chemoreceptors
areresponsive to O, COy, and pH levels in the body. Imbalances in
these control mechanisms can resultin disorders of ventilatory con-
trol. Examples of conditions that may disrupt control of ventilation
include increased intracranial pressure, neuromuscular disease, and
acute poisoning or drug overdose.

Increased Intracranial Pressure

@ Maintenance of an adequate blood volume and blood pressure
is critical for brain perfusion. Cerebral mechanisms (referred
to as autoregulation) adjust the diameter of cerebral blood ves-
sels to maintain cerebral blood flow ata relatively constant rate
despite fluctuationsinblood pressure. Cerebral perfusion pres-
sure (CPP)is determined by the difference between mean arte-
rial blood pressure and intracranial pressure (ICP). Cerebral
perfusion pressure may decrease if the MAP decreases or ICP
increases; thus, cerebral autoregulation can become impaired
because of edema or hypotension, among other causes. Severe
increases in ICP can result in disruptions in cerebral perfusion
or result in cerebral herniation.

@ Head trauma isthe mostcommon cause of increased ICPin
children (Mar, 2010). Examples of other possible causes include
braintumor, meningitis, ashuntobstructionfroma patientwith
hydrocephalus,subdural orepiduralhematomas, and hemor-
rhage from a vascular malformation.

@ Signsofincreased ICPinaninfantincludeahigh-pitchedcry,
irritability, distended scalp veins, vomiting, altered feeding hab-
its, and a tense or bulging fontanel. Ina verbal child, signs may
include blurry vision, headache, an inability to follow simple
commands (e.g., hold up two fingers), intermittent visionloss,
neck pain, seizures, restlessness and irritability, and then lethargy
and drowsiness.

@ Cushingtriad consistsof acombination of systolichyperten-
sion, achangeinheartrate (bradycardia or tachycardia in chil-
dren), and an altered breathing pattern. This triad isa late sign
of increased ICP and may signal impending cerebral hernia-
tion; however, theabsence of Cushing triad does not rule out the
presence of increased ICP. Inaddition to Cushing triad, signs
of impending brain herniation include hemiparesis or hemiple-
gia, unequal pupilsize, failure of the pupil toreacttolight,and
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possible decorticate or decerebrate posturing. Progression from
decorticate to decerebrate posturing is an ominous sign.

@ Because management of increased ICP can differ depending
onits cause, obtain a neurosurgical consultifincreased ICP is
suspected. Regardlessofthecause, itisessential tomaintainan
openairway, toensureadequate oxygenationand ventilation,
and to ensure adequate systemic perfusion.

@ The use of pulse oximetry and capnography is useful in recog-
nizing hypoxemia and increasing carbon dioxide levels. Endotra-
chealintubationwith mechanical ventilationis oftennecessary.

) Establish vascular access. Isotonic crystalloid fluid boluses of
20mL/kgmay be orderedif signs of poor perfusion are pres-
ent. Reassess the child’s response after each bolus. Vasopressors
may be ordered if hypotension persists despite an adequate intra-
vascular volume. Hypertonicsaline and osmotic agents may be
ordered to control ICP.

@

@ Performserial neurologicchecks, including vital signs, arous-
ability, size and reactivity of the pupils tolight, and the extent
and symmetry of motor responses. Use the Glasgow Coma
Scale (GCS) for serial comparisons. A GCSscore thatfallstwo
points suggests significant deterioration requiring urgent patient
reassessment.

@ Compromised cerebral perfusion can produceashiftin brain tis-
sueresulting in herniation. When signs of impending brain her-
niation are present, short-term hyperventilation may be ordered.
Hyperventilation induces vasoconstriction by decreasing the
amountofcarbondioxidedissolved intheblood. Although
hyperventilation causes a transient reduction in ICP, it also
decreasescerebral blood flow. Therefore, hy perventilationmay
be used as a temporizing measure in the management of acute
elevationsinincreased ICPuntil more definitive treatmentmea-
sures can be undertaken (Robertson, 2004).

Neuromuscular Disease

@ Respiratory muscle weakness associated with neuromuscu-
lar disorders (e.g., Duchenne muscular dystrophy, Friedreich
ataxia, spinal muscular atrophy) can affect breathing. Respira-
tory failure can result from chronic respiratory muscle weak-
ness, altered control of breathing, and pneumonia.

@ Physical examination findings in the patient who has a chronic
neuromuscular disease may include bilateral limited chest
expansion, chaotic breathing patterns, diminished breath sounds,
increased work of breathing, ineffective cough, and ineffective
clearing of secretions.

@ Respiratory muscle weakness and resulting respiratory failure
may necessitate noninvasive or invasive ventilatory support.

Acute Poisoning or Drug Overdose

@ Respiratory distress or failure may occur because of central
respiratory depression orrespiratory muscle weakness thatis
associated with atoxicologicemergency (e.g., intentional over-
dose, unintentional poisoning, envenomation, environmental
exposure) (Figure 2-14).
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Figure 2-14 Young children are curious by nature and are unable to dis-

@ When performingaphysical examinationonapatientwitha
known or suspected toxic exposure, be vigilantin your search
for information regarding the severity and cause of the exposure
(Box 2-7).

@ Changesin the patient’s mental status, vital signs, skin tempera-
tureand moisture, and pupil size may providea patternof physi-
calfindings thatare typical of aspecific toxin. Characteristic
findings that are useful in recognizing a specific class of poison-
ingare called toxidromes (see Tables 2-11, 2-12). Your physical
examination findings may provide the only clues to the pres-
enceofatoxinifthe patientisunresponsive. Familiarity with

Box 2-7 Toxic Exposure History

Inadditiontothe SAMPLE history, considerthe following ques-
tions when obtaining a focused history for a patient with a toxic
exposurel Critical questions to ask include what, when, where,
why, and howt

* Whatis the poison? Determine the exact name of the product,
if possiblef

+ How was it taken (itel, ingested, inhaled, absorbed, or injected)
and when?

+ Wherewasthe child found? How long was the child alone?
Any witnesses? Any other children around?

* How much wastaken?

+ Whatis the child's age? Weight?

* Has the child vomited? How many times?

+ Has a poison control center been contacted? If so, what instruc-

£ Will & Dar Mclntyre/Corbis Documentary/Gety. tionswerereceived? Whattreatmenthas alreadybeengiven?

+ Why was it taken (eig, depression, recent emotional stress)?

tinguish between toxic and nontoxic substances. € Jones & Bartlett Learning.

Table 2-11 Clinical Presentations of Specific Toxidromes

Anticholinergic  Signs/symptoms

Typical agents

Agitation or reduced responsiveness, tachypnea, tachycardia, slightly elevated temperature, blurred vision, dilated pupils, urinary
retention, decreased bowel sounds; dry, flushed skin

Atropine, diphenhydramine, scopolamine

Chalinergic Signs/symptoms

Altered mental status, tachypnea, bronchospasm, bradycardia or tachycardia, salivation, constricted pupils, polyuria, defecation,
emesis, fever, lacrimation, seizures, diaphoresis

Typical agents
Opioid Signs/symptoms
Typical agents

Organophosphate insecticides (malathion), carbamate insecticides (carbaryl), some mushrooms, nerve agents
Altered mental status, bradypnea or apnea, bradycardia, hypotension, pinpoint pupils, hypothermia

Codeine, fentanyl, heroin, meperidine, methadone, morphine, oxycodone

Sedative/Hypnotic ~ Signs/symptoms

Slurred speech, confusion, hypotension, tachycardia, pupil dilation or constriction, dry mouth, respiratory depression, decreased
temperature, delirium, hallucinations, coma, paresthesias, blurred vision, ataxia, nystagmus

Typical agents

Sympathomimetic ~ Signs/symptoms

Typical agents

© Jones & Bartlett Learning.

Ethanol, anticonvulsants, barbiturates, benzodiazepines

Agitation, tachypnea, tachycardia, hypertension, excessive speech and motor activity, tremor, dilated pupils, disorientation,
insomnia, psychosis, fever, seizures, diaphoresis

Albuterol, amphetamines, cocaine, epinephrine, ephedrine, methamphetamine, phencyclidine, pseudoephedrine



Table 2-12 Odors and Toxins

Chapter 2 Respiratory Emergencies

@ Many toxins can produce changes in the patient’sblood pressure,
heart rate, ventilatory rate, and temperature (Table 2-13). Fre-
quentreassessmenttonoteany trends or changes inthe patient’s
condition isimportant.

@ Consult withamedical toxicologist or poison control center as
needed for specifictreatmentto prevent furtherabsorption of
the toxin or to provide antidotal therapy.

EmergencyCare

Management of the patient with disordered ventilatory controlis
dependent on the cause.

Acetone Acetone, isopropyl alcohol, salicylates

Alcohol Ethanol, isopropyl alcohol

Bitter almonds  Cyanide

Carrots Water hemlock

Fishy Zinc or aluminum phosphide

Fruity Isopropyl alcohol, chlorinated hydrocarbons
(e.g., chloroform)

Garlic Arsenic, organophosphates, DMSO, phosphorus,
thallium

Glue Toluene

Mothballs Camphor

Pears Chloral hydrate, paraldehyde

Rotten eggs Sulfur dioxide, hydrogen sulfide

Shoe polish Nitrobenzene

Vinyl Ethchlorvynol

Wintergreen Methyl salicylates

& Jones & Barflett Learning.

common toxidromes will enable you to recognize the diagnostic
significance of your history and physical examination findings
and to implement an appropriate treatment plan. Itis impor-
tanttonotethatapatientmaynot presentwithallof thesigns
and symptoms associated with a single toxidrome, and it may be
impossible toidentify a specific toxidrome when multiple sub-
stances are involved.

Table 2-13 Toxins and Vital Sign Changes

@ Perform an initial assessment and obtain a focused history. Sta-
bilize the cervical spine when indicated.

@ Continually assess and reassess the child’s level of responsive-
ness, pupillary reaction, and vital signs. Closely monitor for signs
and symptoms of impending respiratory failure and abnormal
breathing patterns.

@ Apply a pulse oximeter and ECG monitor. Administer supple-
mental oxygen as indicated. The patient may require noninvasive
ventilatory support or intubation with mechanical ventilation.

@ Consider hypoglycemiainanunresponsive or seizing patient.
Assess the child's serum glucose level and administer glucose if
indicated.

@ Obtain vascular access for hydration or medicationadministra-
tionifnecessary.Ifthechildishypotensive, givea20mL/ kg fluid
bolus of an isotonic crystalloid solution (e.g., normal saline or
lactated Ringer'ssolution). Assess the child'sresponseaftereach
fluidbolus. Closely monitor forincreased work of breathingand
the development of crackles.

@ Administer hypertonicsaline, osmoticagents (e.g., mannitol), or
both, if required, to reduce intracranial pressure.

@ Incasesof poisoningordrugoverdose, consultwithapoison
control centerasneeded forspecifictreatment to prevent further
absorption of the toxin (or antidotal therapy).

Vital Sign Increased Decreased

Temperature Amphetamines, anticholinergics, antihistamines, antipsychotic agents, Barbiturates, carbon monoxide, clonidine, ethanol, insulin, opiates, oral
cocaine, monoamine oxidase inhibitors, nicotine, phenothiazines, hypoglycemic agents, phenothiazines, sedative/hypnotics
salicylates, sympathomimetics, theophyliine, tricyclic antidepressants,
serotonin reuptake inhibitors

Pulse Amphetamines, anticholinergics, antihistamines, cocaine, phencyclidine,  Alcahol, beta-blockers, calcium channel blockers, carbamates, clonidine,
sympathomimetics, theophylline digoxin, opiates, organophosphates

Ventilations Amphetamines, barbiturates (early), caffeine, cocaine, ethylene glycol, Alcohols and ethanol, barbiturates (late), clonidine, opiates, sedative/
methanol, salicylates hypnotics

Blood Pressure Amphetamines, anticholinergics, antihistamines, caffeine, clonidine, Antinypertensives, barbiturates, beta-blockers, calcium channel

@ Jones & Bartlett Learning.

cocaine, marijuana, phencyclidine, sympathomimetics, theophylline

blockers, clonidine, cyanide, opiates, phenathiazines, sedative/hypnotics
tricyclic antidepressants (late)
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PUTTINGITALLTOGETHER

The chapter quiz and case studies presented on the following pages
are provided to help you integrate the information presented in this
chapter.

Chapter Quiz

True/False

Indicate whether the statement is true or false.

1. When administered to a child experiencing a respiratory
emergency, corticosteroids may be ordered to alter the
consistency of mucus.

2. Before administering inhaled medications, listen to
breath sounds to establish a baseline and for comparison
with later observations.

_ 3. The child with severe signs and symptoms of asthma
talks in phrases, prefers sitting, is usually agitated, com-
monly uses accessory muscles, and has an increased ven-
tilatory rate.

4. Drowsiness, dyspnea, and dry cough are classic findings
associated with acuteepiglottitis.

5. Control of breathing may be disrupted in a patient with
increased intracranial pressure.

6. Bronchiolitis is most commonly caused by haemophilus
influenzae type b.

Multiple Choice

Identify the choicethat best completesthe statement
or answers the question.

~ 7.Which of the following statements is true?

a. The tongueis proportionally smaller in children than
in adults.

b. Aslow ventilatory rateisan early sign of impending
respiratory distress.

¢. Grunting during exhalation is a common but insignif-
icant finding inchildren.

d. Ayounginfantis primarily a nose breather and may
notopen his or her mouth tobreathe ifthe noseis
obstructed.

8. Absent chest wall motion, limp muscle tone, and mot-
tlingareallsignsof whichrespiratory emergency?

a. Bronchiolitis

b. Respiratory arrest
c. Respiratory failure
d. Respiratory distress

Matching

Match each description with the appropriate term.
Cystic fibrosis

Respiratory syncytial virus

Anaphylaxis

Pneumonia

Epiglottitis

Bronchopulmonary dysplasia

Croup

Cardiogenic pulmonary edema

Foy e oan 5o

A disease that occurs in infants who have required

mechanical ventilation, oxygen under pressure, or both

for prolonged periods

— 10. Anemergency that typically results froma severealler-
gicreaction and usually occurs within minutes of the
exposure

11. Respiratory distress that is most commonly caused by
left-sided heart failure

—— 12. Aninherited disease caused by a gene mutation thatleads
toabnormalsodiumandchloridetransportacrossthe
epithelium

13. Ahighly contagious disease thatis transmitted through
direct contact with respiratory secretions and that pri-
marily affects children younger than 5 years

14. An acute bacterial infection of the upper airway that typ-
ically affects children between 2 and 7 years of age

15. Aninflammation and infection of the lower airway and
lungs causedby aviral, bacterial, parasitic, orfungal
organism

16. A respiratory disease caused by a virus that primarily

affects the upper airway, most commonly the subglottic

area, of children between 6 monthsand 6 years ofage

Chapter Quiz Answers

True/False

1. F.Corticosteroids may be used to reduce airway swelling and
inflammation. Mucolytics alter the consistency of mucus, mak-
ing it more fluid and easier to expectorate.

OB]J: Describe the general approach to the treatment of children
with upper or lower airway obstruction.

2. T.Listen to breath sounds before and after administra-
tion of inhaled medications to assess the child’s response to
treatment.

OBJ: Describe the general approach to the treatment of children
with upper or lower airway obstruction.
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3. F.Theseverity ofasthma exacerbationscanbecategorized as
mild, moderate, or severe. The category of exacerbation is used
to determine the treatment administered. The child with mild
signsand symptomstalksinsentences, maybeagitated butis
able tolie down, has dyspnea with activity (e.g., walking), has
anincreased ventilatory rate, and has moderate end-expiratory
wheezing. The child with moderate signs and symptoms talks
in phrases, prefers sitting, is usually agitated, commonly uses
accessory muscles,and hasanincreased ventilatoryrate. The
child with severe signs and symptoms is usually breathless at
restand talksinwordsrather than phrasesorsentences, often
sits upright and may be hunched forward, is usually agitated,
usually usesaccessory muscles,and hasanincreased ventilatory
rate.

OBJ: Describe the pathophysiology, assessment findings, and treat-
ment plan for the child experiencing asthma or bronchiolitis.

4. F.Drooling, dysphagia (difficulty swallowing),and distress (the
“three D’s”) are considered the classic clinical findings of acute
epiglottitis.

OB]J: Describe the pathophysiology, assessmentfindings, and treat-

mentplanforthechild experiencing croup, epiglottitis, foreign
body aspiration, and anaphylaxis.

5. T.Increasedintracranial pressure, neuromuscular disease,and
acute poisoning or drug overdose are examples of conditions
that may disrupt control of ventilation.

OBJ: Describe the pathophysiology, assessmentfindings, and treat-
ment plan for the child who has lung tissue disease or disordered
ventilatory control.

6. F.Bronchiolitis is most commonly caused by respiratory syncy-
tial virus (RSV). Haemophilus influenzaety peb(Hib) wasonce
the most commonly identified cause of acute epiglottitis in the
United States; however, because of the widespread use of the Hib
vaccine since 1988, the incidence of epiglottitis caused by Hib in
pediatric patients has been significantly reduced.

OBJ: Describe the pathophysiology, assessmentfindings, and treat-
ment plan for the child experiencing asthma or bronchiolitis.

Multiple Choice

7. D. The tongue is proportionately larger in children and infants
than inadults. A slow ventilatory rateisa late and worrying sign
of distress. Infants and children compensate for distress much
longerthandoadults, butwhenthey crash, they crashfast. Do
notwaitformeasurablesigns of injury orillness beforestart-
ing treatment. Grunting with each exhalationisasignificant
sign of possible respiratory collapse. If grunting is presentand
breathing isadequate, provide supplemental oxygenand often
reassess the child. If breathing is inadequate, assist ventilations
withabag-mask deviceand supplemental oxygen. Younginfants
areobligate nose breathers who depend onopennasal passages
for breathing. If the nasal passages are obstructed, these infants
may not “think” to breathe through their mouths.

OB]J: Identify key anatomic and physiologic differences between
childrenand adults and discuss their implications in the patient
with a respiratory illness.

8. B.Respiratory arrestis the absence of breathing. Signs and
symptomsofrespiratory arrestinclude the following:

* Absent chest wall motion

* Absent ventilations

* Bradycardia deteriorating toasystole

* Limp muscle tone

* Mottling; peripheral and central cyanosis
* Unresponsiveness to voice ortouch

* Weak to absent pulse

OB]J: Differentiate amongrespiratory distress, respiratory failure,
and respiratory arrest,

Matching

9B
10.
ikl
2
13.
14.
15;
16.
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& IxSamara.comiShutterstock.

Procedures for Managing
Respiratory Emergencies

Learning Objectives
After completing this chapter, you should be able to:

1t Describe the methods used for opening the airway and discuss the preferred method
of opening the airway in cases of suspected cervical spine injuryt

2i Describe suctioning, including its indications, correct technique, and possible
complications associated with this proceduret

3i Describe the method of correct sizing, insertion technique, and possible
complications associated with the use of the oropharyngeal airway and
nasopharyngeal airwayt

4i Discuss oxygen delivery systems used for infants and childreni
5 Discuss the blow-by technique for administering oxygent

6t Discuss positive-pressure ventilation using a bag-mask device and troubleshooting
ineffective bag-mask ventilationt

7t Describe types of advanced airways and methods used to confirm their correct
placementt

8i Discuss the DOPE mnemonic with regard to the intubated patienti

9 Describe the delivery of inhaled medications by means of a small-volume nebulizer
and by a metered-dose inhalen

10t Given a patient situation, and working in a team setting, competently direct the initial
emergency care for a patient experiencing a respiratory emergencyi
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After completing this chapter, and with supervised practice during a Pediatric Advanced
Life Support (PALS) course, you will be skilled at the following:

Ensuring scene safety and the use of personal protective equipmentt

Assigning team member roles or performing as ateam memberin a simulated
patient situationt

Directing or performing an initial patient assessmentt

Obtaining vital signs, establishing vascular access, attaching a pulse
oximeterandblood pressure and cardiac monitor, and giving supplemental O
if indicatedt

Recognizingtheclinical signs of upperairway obstruction, lowerairway obstruction,
lung tissue disease, and disordered ventilatory controlt

Determining if a patientis demonstrating signs and symptoms consistent with
respiratory distress, respiratory failure, or respiratory arrestt

Implementing a treatment plan based on the type and severity of the patient’s
respiratory emergencyt

Using manual methods for opening the airway

Oral airway and endotracheal tube suctioningi

Sizing and inserting an oral airway and a nasal airwayt
Assisting ventilations with a bag-mask device when indicatedi

Demonstrating howto confirmthe position of an advanced airway using assessment
techniques and an exhaled CO; detectort

Securing an endotracheal tubei

Troubleshooting sudden deteriorationinthe intubated patientusingthe DOPE
mnemonici

Demonstrating knowledge ofthe indications, dosages, and effects ofthe medications
used when managing respiratory emergenciesi

Recognizing when it is best to seek expert consultationt

Reviewing your performance as ateam leader orteam member during a postevent
debriefing
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ASSESSMENT EVIDENCE

Performance Tasks

During the PALS course, you will be functioning as the teamleader
oftheRapid Response Teamor Code Teamwithin yourorganization.
Yourclassmates are similarly trained members of the team who will
assistyou. Yourtaskisto direct, without prompting, the emergency
care efforts of your team according to current resuscitation guidelines,

Key Criteria

Assessment of your ability to managea patient who is experiencing a
respiratory emergency and your ability to manage the team who will
assistyouinproviding patientcareis partof the PALScourse. An
evaluation checklist that reflects key steps and interventions in the
patient management process will be used to assess your performance
(see Checklists 3-1through 3-4). Theappropriate boxis checked by
a PALS instructor as you complete each step during your manage-
ment of the patient.

Learning Plan
@ Read this chapter before your PALS course.
@ Complete the chapter quiz and review the answers provided.

@ Complete the casestudiesattheend of thechapter. Read the
scenario and answer each question that follows it. The ques-
tionsare intended toreinforce important points pertinent to the
case thatarediscussed in this text. Compare your answers with
the answers provided at the end of the case study and with the
checklist pertinent to the case study.

INTRODUCTION

Managementof arespiratory emergency mayrequire proce-
duressuchas openingtheairway, suctioning, inserting anairway
adjunct, administering supplemental oxygen, performing bag-mask

Table 3-1 Manual Airway Maneuvers

ventilation, inserting an advanced airway, or administering inhaled
medications by nebulizer or metered-dose inhaler.

OPENING THE AIRWAY

Thetongueisacommoncauseofairway obstructionintheunre-
sponsive patient. When the unresponsive patientis supine and the
softtissues of thethroatand thebase of the tonguerelax because of
aloss of muscletone, thetongue can fall into theback of the throat
and block the airway. If the patient is breathing, snoring respirations
areacharacteristic sign of airway obstruction caused by tongue
displacement. In the apneic patient, an airway obstruction caused
by the tongue may go undetected until ventilationisattempted.
Because the tongueis attached to the mandible, moving the patient’s
jaw forward lifts the tongue away from the back of the throat. Thus,
manual airway maneuvers such as the head tilt-chin lift orjaw
thrust may be all that is needed to open the airway.

Head Tilt—Chin Lift

The head tilt-chinliftis the preferred technique for opening the
airway ofanunresponsive patient withoutsuspected cervical spine
injury (Table 3-1). To perform the head tilt-chin lift, place the
patientin a supine position. Place the hand closest to the child’s head
onthe patient’s forehead (Figure 3-1). Apply firm backward pres-
sure with your palm to tilt the patient’s head gently back into a neu-
tral or slightly extended position. Place the tips of the fingers of your
otherhand under the bony partof the patient’s chin. Gently lift the
chinanteriorly (i.e., toward the ceiling) to open the airway.

PALS Pearl

Hyperextension of the patient's neck orcompression of the soft
tissue under the patient’s chin can obstruct the airwayt

@ Jones & Bartlett Learning.

Head Tilt—Chin Lift Jaw Thrust without Neck Extension

Indications + Unresponsive patient who does not have a mechanism

for cervical spine injury

+ Unresponsive patientwith possible cervical spine injury

+ Unresponsive patientwhoisunabletoprotecthisorherownairway

+ Unresponsive patientwhois unabletoprotecthisorher

own airway
Advantages + Simple procedure
* Noninvasive

* Requires no special equipment

+ Noninvasive
+ Requires no special equipment

+ May be used with cervical collar in place

Disadvantages + Headtilthazardousto patientswith cervicalspineinjury ¢+ Difficult tomaintain

* Neck hyperextension can cause an airway obstruction + Requires second rescuer for bag-mask ventilation

+ Doesnotprotectthelowerairwayfromaspiration + Does notprotectthe lower airway against aspiration

@ Jones & Bartlett Learning.
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Box 3-1 Possible Complications of Suctioning

Agitation
Bronchospasm
Cardiacdysrhythmias

Gagging

Hypertension or hypotension
Hypoxia

Increased intracranial pressure
Increased respiratory distress
Local edema

Hemorrhage

©Jones & Barlletl Leaming Hypertension

Figure 3-1 Head tilt—chin lift. Soft tissue injury

Vagal stimulation resulting in bradycardia

Vomiting
Jaw Thrust
The manual maneuver recommended for opening the airway of a
patient with suspected cervical spine injury is the jaw thrust with-
out neck extension maneuver. To perform this maneuver, place the
patientina supine position. While stabilizing the patient’s head ina
neutral position, grasp the angles of the patient’s lower jaw with the
tipsofthemiddle orindexfingersofboth hands, oneoneachside,

@ Jones & Bartlett Learning.

@ Preoxygenate the patient before suctioning. Monitor the child’s
color, vital signs, and oxygen saturation before, during, and after
the procedure. Bradycardia may result fromstimulation of the

and lift, displacing the mandible upward and outward (Figure 3-2). poster. iot" P haryf"_" larynx, ortr ?‘Chea‘ If brad}fcarldia accurg or 1
The combination of a head tilt, forward displacement of thejaw, and the Ch_lld s condition worsens, mtl.errupt sluc’tl(mmg and venti-
opening of themouthis called the triple airway maneuver, or jaw late with supplemental oxygen until the child’s heart rate returns
thrust maneuver. to normal. Possible complications of suctioning are shown in
Box 3-1.
SUCTIONING
Bulb Syringe
@ Suctioningisa procedureused toremovesecretionsfromthe @ Abulbsyringe,alsocalledanasalaspirator,is mostoften used
patient's nose (nasopharynx), mouth (oropharynx), or trachea. to remove secretions from the nose and mouth of newborns and
Suctioningisindicated whentherearesignsofsecretionsin infants (Figure 3-3).

theairway suchasamoistcough, bubbling of mucus, drool-
ing, noisy breathing, or when visible secretions are present (e.g.,
saliva, blood, vomitus, mucus).

©.Jones & Barflett Leaming. © Rocky Reston/Dreamsfime.com.

Figure 3-2 Jaw thrust without neck extension maneuver. Figure 3-3 Bulb syringe.
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@ Touseabulbsyringe, depress therounded end of thebulbto
remove air from the device. Place the tip of the syringe snugly
into one side of the nose (or mouth). Release the bulb slowly; the
bulbwill operateas a vacuum to remove the secretions from the
nose or mouth. When the bulbisreinflated, remove the syringe
and empty the contents.

Soft Suction Catheter

@ A soft suction catheter is a long, narrow, flexible piece of plastic
usedtoclearthinsecretionsfrom the oropharynx, nasophar-
ynx, or trachea. A side opening is present at the proximal end of
mostcathetersthatiscovered withthe thumbtoproducesuc-
tion (Figure 3-4). (Insome cases, suctioning isinitiated when
a button is pushed on the suction device itself.) A soft suction
catheter can be inserted into the nares or mouth, through an
oral airway or nasal airway, or through an endotracheal (ET)
tube or tracheostomy tube.

@ Before using a soft suction catheter, ensure that the suction
deviceis powered onand thatmechanical suctionis present.
When preparing to suction throughan ET tube or tracheostomy
tube, selecta suction catheter with a diameter that is about one
half that of the tube. This helps to ensure that the ET or tracheos-
tomy tube is not blocked or dislodged during the procedure. To
determine the proper flexible catheter insertion depth for naso-
pharyngeal suctioning, a rule of thumb is to measure from the
tip of the nose or corner of the mouth to the bottom of the ear-
lobe orangle of the mandible. Note this distance on the catheter.
This distance is typically 2 to 3 inches (4 to 8 cm) in infants and
young childrenand 3 to 5inches (8 to 12 cm) in older children.

@ Gently insert the catheter withoutapplying suction. Toapply
suction, coverthe portonthe catheter with your nondomi-
nant thumb while withdrawing the catheter. Rotate the catheter
between your dominant thumb and forefinger as it is withdrawn.
Whilesuctioning an ET tube or tracheostomy tube, rotating the
catheterasitiswithdrawnallowstheremoval of secretionsonall
sidesofthetube. Ventilatethe patient withsupplemental oxygen
before repeating the procedure.

©Janies & Barllett Leaming. Courlesy of MIEMSS.

Figure 3-4 Soft suction catheter.

Rigid Suction Catheter

@ Rigid suction catheters, also called “tonsil tip” suction cath-
eters, are made of hard plasticangled to aid in the removal of
thick secretions and particulate matter from the oropharynx
(Figure 3-5). Arigid suction catheter typically hasonelarge
and several small holes atthe distal end through which blood
and secretions may be suctioned.

@ Ensure that the suction deviceis powered onand that mechani-
cal suction is present. Withoutapplying suction, gently place
the tip of the catheter in the child’s mouth along one side until
itreachesthe posterior pharynx.Slowly withdraw the catheter
whileapplyingsuction, sweeping fromside toside across the
oropharynxtocleartheairway. Ventilatethe patientwithsupple-
mental oxygen before repeating the procedure.

PALS Pearl

Insertion ofa suction catheter and routine suctioning should
take no longer than 10 seconds per attempti When suctioning to
remove material thatcompletely obstructs the airway, more time
may be necessaryt

@ Jones & Bartlett Learning.

AIRWAY ADJUNCTS

Oropharyngeal and nasopharyngeal airways are adjuncts used to
maintain an open airway by keeping the tongue away from the
posterior pharynx. An oropharyngeal airway is inserted into the
mouth and a nasopharyngeal airway is inserted into a nostril.
Airway adjuncts are devices used to help keep a patient’s airway
open. When using an airway adjunct, the patient’s airway must
first be opened by using one of the manual airway maneuvers
previously described. After the patient’s airway is open, insert the
airway adjunct and maintain proper head position while the device
is in place.

@ Jones & Barllelt Learning. Courtesy of MIEMSS.

Figure 3-5 Rigid suction catheter.



Chapter3 ProceduresforManaging Respiratory Emergencies 59

Oropharyngeal Airway

@ Anoropharyngeal airway (OPA), also called an oral airway, is
acurved plastictube. Thebody of thedevicecurvesoverthe
unresponsive patient’s tongue, holding it away from the back of
throat. Because insertion may stimulate vomiting, an oral air-
way is not used in responsive or semi-responsive patients with a
gag reflex.

© Whencorrectly positioned, theflange (orouterflatsurface) of
theoralairwayrestsonthe patient’slipsand thedistal tip lies
betweenthebase ofthetongueand the back of thethroat, pre-
venting the tongue from blocking theairway. Air passes around
and throughthedevice. Because anoral airway doesnotiso-
late the trachea, it does not protect the lower airway from
aspiration.

@ Oral airwaysare available in many sizes that vary in length and
internal diameter (ID) (Figure 3-6). The size of the airway is
based on the distance in millimeters from the flange to the dis-
tal tip. Proper airway size is determined by holding the device
against the side of the patient’s face and selecting an airway that
extends from the corner of themouthtotheangleof thelower
jaw ortotheearlobe (Figure3-7). Selecting anairway of proper
size is important because insertion of an improperly sized
device can compromise the airway. If the airway istoo long, it
may press the epiglottis against the laryngeal opening, result-
ingincompleteairway obstruction. If theairway istooshort,
the device will not bypass the tongue and the obstruction by the
tonguewillnotberelieved (Shilling & Durbin, Jr,2010) or the
tongue may be pushed back into the throat, causing an airway
obstruction.

@ Before inserting an oral airway, use personal protective equip-
ment, opentheairway,and ensurethatthe mouthand pharynx
areclear of secretions. After selecting an airway of propersize,
openthe patient'smouthand gently insertthe airway with the
curvedownward and the tip following the base of the tongue.
Placetheairway overthetongueand downintothemouth
untilthe flange of theairway rests against the patient’slips

& Jones & Bartlett Learning. Courtesy of MIEMSS.

Figure 3-6 Oral airways are available in many sizes.

e Py =
EMSC Slide Set(CD-ROM). 1896, Courtesy ofthe Emergency Medical Servicesfor Children Pre 1.8, Department
ofHaalth and Human Service's Health R and Seni ini | and Child Health Buraau.

Figure 3-7 Sizing an oropharyngeal airway.

(Table 3-2). A tongue blade may be used to depress the tongue
while inserting the airway to aid in placement.

@ Ifthepatientbeginstogagorchoke duringorafterinsertion
ofanoralairway, removeitandsuction theairwayif necessary.
Proper positioning of the patient’shead mustbe maintained after
anairway adjunctisin place to ensure an open airway.

PALS Pearl

While ventilating a patient with a bag-mask device, be vigilant
aboutobservingthepositionofthe oralairwayinthepatient’s
mouthi An important sign that the airway adjunct is displaced

is seeing the distance between the flange of the airway and the
patient'slipsincreaseas itadvances outofthe mouthduring
ventilatory effortsi Removing and replacing the device may be
necessaryt

© Jones & Bartlett Leaming.

Nasopharyngeal Airway

@ A nasopharyngeal airway (NPA), also called a nasal trumpet or
nasalairway, isasoftrubber, latex, or polyethylenetubedesigned
tokeepthetongueaway fromthebackof thethroat. Placethe
deviceinone nostril and advance until the bevel-shaped distal
tipliesin the posterior pharynxjust below the base of the tongue
and above theepiglottis, while the proximal tiprests at the exter-
nalnasal opening. The use of anasal airway doesnot protect the
patient’slowerairway fromaspiration and itdoes noteliminate
the need for maintaining proper head position.

@ Nasal airways are available in many sizes that vary in length
and ID. Properairway sizeis determined by holding the device
against theside of the patient’sfaceand selectinganairway that
extends from the tip of the nose to the earlobe (Figure 3-8). A
nasal airway that is too long may stimulate the gag reflex or enter
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Table 3-2 Airway Adjuncts

Oropharyngeal Airway Nasopharyngeal Airway

Indications * Toaidin maintaining an open airway in an unresponsive patient * Toaidinmaintaining an open airway when use of an oral airway
who is not intubated is confraindicated or impossible (e.g., jaw fractures, clenched jaws
o - - orteeth, softtissue trauma tothe tongue)
* Toaidinmaintainingan openairwayinanunresponsive patient
with no gag reflex who is being ventilated with a bag-mask or + Maybeusefulin patients who require frequentsuctioning
other positive-pressuredevice (decreases tissue trauma, bleeding)
+ Maybeusedasabiteblockafterinsertionofanendotracheal
tube or orogastric tube
Contraindications + Patientwith an intact gag reflex + Patientintolerance
+ Jawfractures + Nasal obstruction
+ Significantsofttissueinjurytothetongueorpharynx + History of nasal facial surgery
+ Significant mid-facetrauma
* Presence of cerebrospinal fluid drainage from the nose
* Moderate to severe head trauma
* Known or suspected basilar skull fracture
+ Suspected foreign body aspiration
Advantages * Positions the tongue away from the back of the throat + Reasonablywelltoleratedinthe patientwith anintact gag reflex
* Enables suctioning of the pharynx + Does not require the mouth to be open
+ Canbeinserted quickly + Can be inserted quickly
Disadvantages * Improperinsertion technique may resultin damage to the teeth, + Improper insertion technique may result in severe epistaxis or
soft tissue injury to the mouth, or both adenoid bleeding thatmay bedifficultto control
+ Doesnotprotectthelowerairway fromaspiration + Does not protect the lower airway from aspiration
+ Mayinduce vomitingifusedinapatientwithagagreflex + Difficult to suction through
* Can easily be dislodged
Sizing Selectan airway thatextends from the comerofthe mouth to the Selectanairway thatextends from the tip ofthe nose tothe earlobe

angle of the lower jaw or to the earlobe

@ Jones & Bartlett Learning.

the esophagus, causing gastric distentionand hypoventilation
whenventilating withabag-mask device. Anasal airway thatis
too short will not extend past the tongue, thus it will not keep the
tongue away from the posterior pharynx.

@ Before inserting a nasal airway, use personal protective
equipment and open the airway. The nasal cavity is deli-
cate and vascular. During insertion, do not force the airway
because it may cause abrasions or lacerations of the nasal
mucosa and result in significant bleeding, increasing the risk
of aspiration. After selecting a nasal airway of the proper size,
liberally lubricate its distal tip with a water-soluble lubricant
to minimize resistance and decrease irritation to the nasal
passage.

@ Hold thedeviceatitsflange endlikea penciland slowlyinsert
itinto the patient’snostrilwith thebevel pointing toward the
nasal septum. Because of its design, this is most easily accom-
plished by placing the nasal airway into the patient’sright nos-
tril. If the left nostril is selected, insert the nasal airway with the
device turned upside down until the distal tip is past the nasal
turbinates (National Association of Emergency Medical Techni-
cians, 2011).

® Advancetheairwayalongthefloorof thenostril, following
thenatural curvature ofthenasal passage, until the flangerests
against the outside of the nostril. During insertion, do not direct
the bevel of the airway upward. If resistance is encountered, a
gentle back-and-forth rotation of the device between your fingers
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Figure 3-8 Sizing anasopharyngeal airway.

may ease insertion. If resistance continues, withdraw the airway,
reapply lubricant, and attempt insertion in the other nostril. If
blanching of the nostril is present after insertion of a nasal air-
way, the diameter of the deviceis too large. Remove the airway,
selectaslightly smaller size, and reinsert. Be sure to maintain the
patient’s proper head positionafterinsertion of theairway.

@ Although mostresponsiveand semi-responsive patients cantol-
erateanasal airway, the gag reflex may be stimulated in sensi-
tive patients, precipitating coughing, laryngospasm, or vomiting.
Small diameter nasal airways can easily become obstructed with
blood, mucus, or vomitus. Suctioning may be necessary tokeep
the nasal airway free of secretions.

OXYGEN DELIVERY SYSTEMS

@ Oxygen therapy is referred to as the fraction of inspired gas that
is oxygen (FiOz).

@ Alow-flow oxygendelivery system such asanasal cannula or
simplefacemask providesoxygenataflowratethatislessthan
the patient’'smaximum inspiratory flow. Theinspired oxygen
isdiluted with roomair and the FiO; that enters the patient’s
airway is affected by the relationships among oxygen flow, the
patient’sinspiratory flow,and the patient'sbreathing pattern.

@ Ahigh-flow oxygen delivery systemcan provide aspecific deliv-
ered oxygenconcentrationat flow rates that exceed the patient’s
inspiratory flow requirement so that the patient’sbreathing pat-
tern and inspiratory flow do not affect the FiO..

Nasal Cannula

@ Anasal cannulaisalow-flow oxygen delivery device thatis
used for the infant or child who requires only low levels of

Figure 3-9 Nasal cannula.

supplemental oxygen. It consists of plastic tubing with two soft
prongs that project from the tubing (Figure 3-9). The prongs
areinserted into the patient’s nares, and the tubing is secured
tothepatient’sface. Oxygen flows fromthecannulaintothe
patient’snasopharynx, whichactsasananatomicreservoir
(Box 3-2).

@ The oxygen flow rate used with this device is0.25 to4 L/min-
ute, which candeliver an oxygen concentration of 22% to 60%
(American Heart Association,2012).

Simple Face Mask

@ A simple face mask, also called a standard mask, is alow-flow
oxygendelivery systemthatconsists ofaplasticreservoir
designed to fitover the patient’s nose and mouth. Small holes
oneach side of the mask allow for the passage of inspired and
expiredair (Figure3-10).Supplementaloxygenisdelivered

Box 3-2 Nasal Cannula

Advantages
Allows the patient to eat and drink

Does notinterfere with patientassessment orimpede patient
communication with healthcare personnel

Does not require humidification

Easy to use

No rebreathing of expired air

Disadvantages

Canonly be used inthe spontaneously breathing patient
Drying of mucosa

Easily displaced

May irritate nose

May cause sinus pain

Nasal passages must be open

@ Jones & Bartlett Learning.
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Figure 3-10 Simple face mask.

through asmall diameter tube connected to the base of the
mask. The maskis secured in position by means ofan elastic
strap around the back of the patient’s head. The internal capac-
ity of the mask produces a reservoir effect.

@ The oxygen flow rate used with this deviceis 6 to 10 L/ min-
ute, whichcandeliveranoxygenconcentration of 35% to
60% (American Heart Association, 2012). The patient'sactual
inspired oxygen concentration will vary because the amount of
airthat mixes withsupplemental oxygenis dependenton the
patient’s inspiratory flow rate and breathing pattern (Box 3-3).

Box 3-3 Simple Face Mask

Advantages
Higheroxygenconcentration deliveredthanbynasalcannula
Patient accessibility

Disadvantages
Can be uncomfortable
Can only be used with spontaneously breathing patients

Dangerous for the child with poor airway control and at risk for
emesis

Difficult to hear the patient speaking when the device is in place
FiOz varies with inspiratory flow rate
Must be removed at meals

Nottolerated well by severely dyspneic patients (feeling of
suffocation)

Requires a tight face seal to prevent leakage of oxygen

& Jones & Bartlat! Leaming
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When using a simple face mask, the oxygen flow rate must be
atleast6 L/minutetoflushtheaccumulationofthe patient’s
exhaled carbon dioxide from the maski

@ Jones & Bartlett Leaming.

Nonrebreather Mask

@ Anonrebreathermask, alsocalled anonrebreathing mask, isa
high-flow oxygen delivery system that does not permit mixing
of the patient’s exhaled air with 100% oxygen (Box 3-4). A one-
way valvebetweenthe maskandreservoirbag preventsthe
inhalation of room air. When the patient breathes in, oxygen is
drawn into the mask from the reservoir (bag) through the one-
way valvethatseparates thebag from the mask (Figure 3-11).
Whenthepatientbreathesout, theexhaled airexitsthrough
anopenside port on the mask. The one-way valve prevents the
patient’sexhaled air from returning to the reservoir bag (thus
thename “nonrebreather”). This ensures asupply of 100% oxy-
gen to the patient with minimal dilution from the entrainment
of room air.

@ Anonrebreather mask candeliver aninspired oxy gen concentra-
tionofupto95% ataflowrateof10to15L/ minute (American
Heart Association,2012). Whenapplyinganonrebreather mask,

Box 3-4 Nonrebreather Mask

Advantages

Higheroxygen concentration deliveredthan by nasalcannula
and simple facemask

Disadvantages
Same as for simple mask

& Jones & Bartlett Learning.
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Figure 3-11 Nonrebreather mask.
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be sure to fill the reservoir bag with oxygen before placing the
mask on the patient. After placing the mask on the patient, adjust
the flow ratesothebag doesnotcompletely deflatewhenthe
patient inhales.

PALS Pearl

When using a nonrebreather mask, ensure thatthe bag does
not collapse when the child inhalesi Should the bag collapse,
increase the oxygen flow rate in small increments until the bag
remains inflatedl The reservoir bag must remain at least two-
thirds full so that sufficient supplemental oxygen is available for
each breathi

@ Jones & Bartlett Learning.

Blow-by Oxygen Delivery

Becauseaninfantorchild may becomeagitated withtheuseofan
oxygenmask, use of the blow-by method of oxygen delivery may be
necessary (Figure 3-12). Ask the child or the child’s caregiver to
hold oxygen tubing or an oxy gen mask with a flow rate of atleast 10
L/minute closeto thechild’s noseand mouth. Alternately, consider
attaching the oxygentubingtoatoyand encouraging thechild to
hold the toy near the face; or try placing the tubingina papercup,
then asking the child to “drink from the cup.”

BAG-MASK VENTILATION

@ Ifthe patient’s ventilatory efforts are inadequate, breathing may
be assisted by forcing air into the lungs (i.e., delivering positive-
pressure ventilation). Bag-mask ventilation (BMV)is one of
several methods that may be used to deliver positive-pressure
ventilation.

® Abag-mask device consistsofaself-inflatingbag, anoxygen
inlet, a one-way valve that prevents the patient’s exhaled air from
entering the bag, anadapter that can be attached to a mask or to

anadvanced airway,and asee-through maskequipped withan
air-filled cuff thatisattached to the bag (Figure 3-13). A bag-
mask device may also be referred to as a bag-valve-mask device
or bag-maskresuscitator (when the maskis used), ora bag device
(whenthemaskis notused, i.e., whenventilating a patient with

an advanced airway in place).

@ Abag-mask used for resuscitation should have eitherno pop-off
(pressure-release) valve ora pop-off valve that can be disabled
during resuscitation. Pop-off valves were originally added to
pediatric devices to guard against pulmonary hyperinflation and
barotrauma. However, some situations require higher ventilatory
pressure, such as drowning, CPR, pulmonary edema, or asthma.
Toeffectively ventilate a patientin these situations, the needed
ventilatory pressure may exceed the limits of the pop-off valve.
Thus, a pop-off valve may prevent generation of sufficient tidal
volumetoovercometheincreaseinairwayresistance. Disabling
the pop-off valve, or using a bag-mask with no pop-off valve,
helpstoensuredelivery of adequate tidal volumes tothe patient
duringresuscitation. Follow the manufacturer’sdirectionswith
regard to disabling pop-off valves.

©® Bag-mask devicesareavailable in various sizes. Itisimpor-
tanttoselectadevicewithsufficientvolumeforthe patient’s
size. Usea pediatricbag (atleast450to500mL) forinfantsand
youngchildren (Atkins etal., 2015) (Figure 3-14). When venti-
lating older children and adolescents, an adultbag (1,000 mL or
more)may beneeded toachievechestrise (Atkinsetal., 2015).
A child canbe ventilated withalarger bag aslongas proper
technique is used: squeeze the bag just until the chest begins to
rise, and then release the bag,.

@ Abag-mask deviceused withoutsupplemental oxygenwill
deliver21% oxygen (roomair) to the patient. Abag-maskshould
be connected to an oxygen source. Attach one end of a piece of
oxygen-connecting tubing to the oxygeninlet on the bag-mask
and the other end to an oxygen regulator. The oxygen flow rate
should be 10 to 15 L/minute when using a pediatric bag and at
least15 L/minute when usingan adultbag (American Heart



64 PALS: Pediatric Advanced Life Support Study Guide

SN
& Igor PershinDreamsiime.com. @ Sudok1/Dreamstime.com,

Figure 3-12 Blow-by oxygen delivery. Figure 3-13 Bag-mask device.
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@ Because of the relatively large occiput of infants and young tod-
dlers, and if trauma to the cervical spine is not suspected, itmay
benecessary toplaceathinlayer of paddingunder theshoul-
dersor upper torso toalign the airway and optimize ventilation
(Figure3-15).Incontrast, achild olderthan 2years may require
padding under the occiput.

@ Select an appropriate bag for ventilation based on the patient’s
size. Thebagshould haveanoxygenreservoir. Connectone
end of the oxygen tubing toan oxygen source and the other
end toanoxygen flow meter. Set the flow meter to theappro-
priateliter flow. Open the patient’sairway usingahead tilt-
chin lift or, if trauma is suspected, use a jaw thrust without
neckextension. If needed, clear the patient’sairway of secre-

Figure 3-14 Pediatric bag-mask device. tions or vomitus with suctioning. If the patient is unresponsive,

insert an oral airway.

& HsmejustDreamstime, com.

Association,2012). A pediatricbag-mask device used withsup- @ Select a mask of appropriate size and place it on the patient’s face.
plemental oxygensetata flowrate of 10 L/ minute will deliver + Aproperlysized mask extends from the bridge of the

about 30% to 80% oxygen to the patient (Atkins etal., 2015). An patient’s nose to the groove between his or her lower lip
adultbag-maskdevice used withsupplemental oxygen setata andchin. Useofanimproperly sized maskallowsairto
flowrateof15L/minute willdeliverapproximately 40% to 60 % leak from between the mask and the patient’s face, result-

oxygen to the patient. ing inless oxygen being delivered to the patient.

* Thetransparent mask of abag-mask device helps ensure
thatblood, vomit, or other secretions in the patient’s
mouth can easily be seen during bag-mask ventilation.

* Themask onmostbag-mask devices hasaninflatable
cushionthatcan beadjusted with theuse ofasyringe.
Because too much air in the cushion will notallow a
tight seal between the patient’s face and the mask, assess
the cushion’s firmness before applying the mask to the
patient’sface.Ifindicated, inflate the cushion withair
sothatitisflexibleenoughtomakeatight seal overthe
patient’s mouthand nose — this limits theamount of
room air that enters or oxygen that escapes from
the mask.

@ Anoxygen-collecting device (i.e., areservoir) should beattached
to the bag-mask to deliver high-concentration oxygen. The res-
ervoir collects a volume of 100% oxygen equal to the capacity
ofthebag. After squeezing the bag, the bagreinflates, drawing
100% oxygen from the reservoir into the bag. A pediatric bag-
mask device used withsupplemental oxygen (setataflowrateof
10to15L/minute)and anattached reservoirwill deliverapprox-
imately 60% to95% oxygentothepatient (Atkinsetal.,2015).
An adult bag-mask device used with supplemental oxygen (set at
aflowrateof15L/minute)and anattached reservoir willdeliver
approximately 90% to100% oxygen to the patient (Box 3-5).

Technique

@ Using personal protective equipment, position yourself at the
top of the supine patient’shead. The patient should be con-
nected to a pulse oximeter, capnometer, and cardiac monitor to
ensure effective bag-maskventilation.

Box 3-5 Bag-Mask Ventilation

Advantages

Canbe used with the spontaneously breathing patientas well as
the apneic patient

Conveys a sense of the compliance ofthe patient's lungs tothe
bag-mask operator

Providesa means fordelivery of an oxygen-enriched mixture to
the patient

Provides a means for immediate ventilatory support

Disadvantages i b L s oy

i 4 ] EMSC Slide Set (CO-ROM). 1936, Courtesy of the ! i Children Program, i 1.3, Def
Gastric distention oftfeslth and Human Service's Heallh R 14 Senices Administration, Materal and Childh
Inability to deliver adequate ventilatory volumes Figure 3-15 To optimize ventilation, padding under the shoulders or

© Jones & Barflett Learning. occiput may be necessary depending on the child's age.
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* Position the narrow portion (apex) of the mask over the
bridge of the patient’snoseand the wideend (base) of
the mask over the groove between thelower lipand chin
(Figure 3-16). If the mask has a large, round cuff sur-
roundinga ventilation port, center the port over the
mouth. Avoid compressing the soft tissues of the face and

neck, and ensure that the mask does not compress the eyes.

@ Finger and hand placement for bag-mask ventilation is called

the E-C clamp. Stabilize the mask in place with your thumband
index finger, creating a “C” around the ventilation port. With
gentle pressure, push down on the mask to establish an adequate
seal. Place your third, fourth, and fifth fingers along the bony
portion of the patient'sjaw, forming an “E.” Use these fingers to
liftthejaw and pullthe patient'schinintothe mask, creatinga
good mask seal (Figure 3-17). Connect the bag to the mask (if
not already done) and ensure that the bag is connected to oxy-
gen. Slowly squeeze the bag with your other hand (or withone
hand and your arm or chest if necessary) so that each breath is
delivered overabout1second (Atkinsetal., 2015).Saying “one-
one thousand” to yourself while the bag is squeezed is a tech-

nique thatcan be used to estimate the delivery of one breath over
aperiod of 1 second. Stop ventilation when you see a gentle chest

rise. Ventilateatarate of 1 breath every 3 to5seconds (12 to
20 breaths per minute) until spontaneous breathing resumes
(Atkins et al., 2015).

@ Bag-mask ventilation is optimally a two-rescuer operation: one

to hold the mask to the face (ensuring a good mask to face seal)

Figure 3-16 Position the narrow portion of the mask over the bridge of
the patient's nose, the wide end of the mask over the groove between the
lower lip and chin, and center the ventilation port over the mouth.

© Chanawit/Dreamstime.com.

Figure 3-17 The E-C clamp is recommended for bag-mask ventilation.

and maintainanopenairway, the other tocompress the bag with
two hands. Askanassistanttosqueeze the bag with twohands
until the patient’schest begins to rise while you press the mask
firmly against the patient'sface withbothhandsand simultane-
ously maintain proper head position. Release the bag as soonas
chest rise is visible.

@ Assess the effectiveness of ventilation by doing the following:

* Ensure the mask forms an airtight seal on the patient’s
face.

* Evaluate lung compliance (resistance to ventilation).

* Observe therise and fall of the patient’s chest with each
ventilation.

+ Assessforanimprovementinthe patient’s mental status,
heartrate, color of the patient’s skin ormucous mem-
branes, and blood pressure.

* Auscultate for bilateral breath sounds.

Troubleshooting

The most frequent problem with bag-mask ventilation is the inabil-
ity to deliver adequate ventilatory volumes to patients who do not
have an advanced airway in place. Inadequate tidal volume delivery
may betheresultof gastric distention, animproper mask seal, or
incomplete bag compression.

@ Excess air may enter the stomach during positive-pressure ven-
tilation with a bag-mask device causing gastric distentionand
leading to vomiting and subsequent aspiration. If enough air
builds upin the patient’s stomach to push onthelungsand



diaphragm, effective breathing can be compromised. Toreduce
the risk of gastric distention while performing bag-mask venti-
lation, avoid using excessive forceand volume. Only useenough
volume to cause a gentle chest rise.

@ Acommon problem when ventilating withabag-mask device
istightly placing the mask on the face without performingan
adequatemaneuvertoopen the patient'sairway. Thisresultsin
an airway obstruction because of improper airway positioning.
Readjust the patient’shead position, ensure themouthis open,
and try again toventilate.

@ Aninadequate maskseal may resultin hypoxiaorhypoventila-
tion. If airis escaping from under the mask, reposition your fin-
gersand the mask. If theleak persists, ask for assistance with the
patient'sairway and use the two-rescuer technique or consider
using another mask.

@ Incomplete bag compression can occur if the bag is large or the
rescuer’shandsare small and only onehand is used tosqueeze
the bag. If the patient’s chest does notrise and fall during bag-
mask ventilation, recheck the technique that is being used to
squeeze the bag.

@ Remember thathigher than normal inspiratory pressures may
berequired foradequate ventilationincertainsituations (e.g.,
drowning, asthma). Check to see if the bag-mask device has a
pop-off valve. If a pop-off valve is present, disable the valve and
attemptto ventilate again. Reevaluate theeffectiveness of bag
compression.

ADVANCED AIRWAYS

@ Advanced airways may be categorized as extraglottic airway
devices (formerly called supraglottic airways) and intraglottic
airway devices. Endotracheal intubation is an example of an
intraglottic airway procedure.

@ Extraglottic airways are blindly inserted (i.e., they do not
require visualization of the vocal cords) and rest between the
baseofthetongue and the glottis, permittingrapid oxygen-
ationand ventilation. Examples of extraglotticairway devices
available for pediatric use include the Air-Q (Cookgas, St.
Louis, MO), i-Gel (Intersurgical LTD, Wokingham, Berkshire,
UK), Laryngeal Mask Airway (LMA), and laryngeal tube (King
LT-D, Kingsystems, Noblesville, IN). The Combitube is an
extraglottic device that may be used for childrenwhoareat
least 4 feet tall.

@ Endotracheal intubation is an advanced airway procedure in
which a tube is placed directly into the trachea. This procedure
requires special training and frequent refresher training to main-
tain skill proficiency. Endotracheal intubation may be performed
tor a variety of reasons including for delivering anesthesia, main-
taining oxygenation, providing positive-pressure ventilation, and
protecting the patient’s lower airway from aspiration (Box 3-6).
Because extraglottic airways are relatively easy to insert, it is pru-
dentto have themimmediately availablein caseof a failed intu-
bation attempt.
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Box 3-6 Endotracheal Intubation

Advantages
Ensures delivery of a high concentration of oxygen

Ensures delivery of aselected tidal volume to maintain lung
inflation

Isolates the airway

Keeps the airway patent

Permits suctioning of the lower airway
Providesarouteforadministration ofsome medications
Reduces the risk of aspiration of gastric contents
Disadvantages

Bypasses physiologic functions of upper airway (eigi, warming,
filtering, humidifying of inhaled air)

Requires considerable training and experience
Requires direct visualization of vocal cords
Needs special equipment

@ Jones & Bartlett Learning.

@ Before endotracheal intubation is performed, itis essential that
all necessary equipment be available and functional (Box 3-7).
The patient should be preoxygenated and attached to a pulse
oximeter, blood pressure monitor, and cardiac monitor. Vascular
access, either intravenous or intraosseous, should be established.
Although a length-based resuscitation tape should be used to
determine the correct endotracheal tube size, it is desirable to
haveseveral sizesofendotracheal tubesonhand. Ataminimum,
haveendotracheal tubes (ETT)available thatare 0.5 mmsmaller
and 0.5 mm larger than the estimated tube size. If a cuffed ETT
isinserted, useacuff pressure monitor and follow the manufac-
turer’s recommendations.

@ Length-based resuscitation tapes are more accurate than
age-based formula estimates for determining the correct
endotracheal tubesizeup toabout35kg (de Caenetal., 2015).
If an uncuffed tracheal tube is used for intubation, use of a
3.5-mmID tube forinfants up to 1 year of ageand a4-mmID
tube for patients between 1 and 2 years of ageis considered
reasonable (de Caenetal., 2015). Afterage 2, the following
formulacanbeused toestimateuncuffed tracheal tubesize:
Uncuffed tracheal tube ID (mm) =4 + (age in years/4) (de
Caen et al., 2015).

PALS Pearl

Selection of an endotracheal tube of the correct size is impor-
tantt An ETT that is too small may provide too little airflow and
may lead to the delivery of inadequate tidal volumest A tube
thatistoolarge maycausetrachealedema, vocalcorddamage,
or bothi

© Jones & Barilett Learning.
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Box 3-7 Endotracheal Intubation Equipment Checklist

3-,5-, and 10-mL syringes forinflation of the tracheal tube cuff (if
present)

Adhesive tape or commercial tube-holder

Bag-mask device of appropriate size with supplemental oxygen
and a reservoir

Blood pressure and cardiac monitors
Cuffedanduncuffedendotrachealtubesofvarioussizes
Curvedandstraight pediatriclaryngoscope blades
End-tidal COz detector

Esophageal detector device

Extraglottic airway devices

Oral airways of assorted sizes with tongue blades
Oxygen source

Padding for placement underthe occiput, shoulders, orupper
torso

Pediatric ventilation face masks
Pediatric laryngoscope

Pediatric stylets

Personal protective equipment

Pulse oximeter

Spare laryngoscope bulbs and batteries
Suction equipment

Surgical airway equipment
Water-soluble ubricant

@ Jones & Bartlett Learning.

Confirming Proper Tube Placement

@ After placementofan ETT, confirm proper positioning of
the tube using both clinical assessments and an exhaled CO»
device. Initially, the clinician performing the intubation can
confirm placement of the ETT in the trachea by seeing the tube
pass through the vocalcords.

@ While providing positive-pressure ventilation with a bag device,
auscultate for bilateral breath sounds over the chest and then
confirm the absence of sounds over the stomach. After intuba-
tion, the presence of bubbling or gurgling sounds during aus-
cultationof the stomachsuggests thatthe tubeisincorrectly
positioned in the esophagus. Tocorrect this problem, deflate the
ETT cuff (if a cuffed tube was used), remove the tube, and oxy-
genate before reattempting intubation. Breath sounds may be
heard over the stomachininfants but should notbelouder than
midaxillary sounds. If baseline breath sounds (i.e., breath sounds
before intubation) were equal bilaterally, diminished breath
sounds on the leftside after intubation suggest that the ETT has
entered theright primary bronchus. Tocorrectthis problem,
deflate the ETT cuff (if a cuffed tube was used) and auscultate
theleftside of the chestwhileslowly withdrawing the tube until

breath sounds are equal and chest expansion is symmetric, and
then reinflate the ETT cuff.

@ Usecapnography to measure the concentration of CO; atthe end
of exhalation and confirm proper ETT placement. Waveform
capnography is preferred.

* Alternately,acolorimetriccapnometer maybe used when
waveformcapnographyisnotavailable (Figure 3-18).
Acolorimetriccapnometeris placed betweenan ETT
(orotheradvanced airway) and a ventilation device, The
patient’s breath causes a chemical reaction on pH-sensi-
tivelitmus paper housed in the detector. The paper color
isinitially purple and changes to yellow upon exposure
to normal or high levels of CO». During bag-mask ven-
tilation, color changes should be observed as CO; levels
increase and decrease with each breath. A yellow color
suggests placement of the ETT in the trachea, but may also
be observed if the pH-sensitive paper is exposed to acidic
stomach contents. A lack of COz (nocolor change) suggests
tube placement in the esophagus, particularly in patients
withspontaneous circulation. Regardless of the CO> moni-
toring method used, and because CO2 may inadvertently
enter the stomach, wash out any retained CO; by ventilat-
ing the patient atleast six times before obtaining a reading.

@ Anesophageal detector device (EDD)may beusedasanaid
in verifying correct placement of an ETT. Esophageal detec-
tor devices are inexpensive, easy-to-use, and may be used in
children with a perfusing rhythm who weigh more than 20
kilograms. These devices operate under the principle that the
esophagusis a collapsible tube and the trachea is a rigid one.
The syringe-type EDD is connected to an ETT with the plunger
fully inserted into the barrel of the syringe. If the ETT isin the
trachea, the plunger can easily be withdrawn from the syringe
barrel. If the ETT isin the esophagus, resistance will be feltas

© 2016 Medtronic. All rights reserved. Used with the permission of Medtronic,

Figure 3-18 Colorimetric capnometer.
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False-positiveresults (COzis detected despitetube placementin
the esophagus) have been reported when large amounts of car-
bonated beverages were ingested before a cardiac arresti False-
negativeresults (lack of COzdetection despite tube placementin
thetrachea)mayoccurincardiacarrestorinapatientwhohasa
significant pulmonary embolus because of reduced blood flow
and delivery of COz to the lungs (Neumar et alt, 2010}t Colorimet-
riccapnometers aresusceptibletoinaccurate results because of
theageofthepaper,exposureofthe papertotheenvironment,
patientsecretions (suchas vomitus), oracidicdrugs suchastra-
cheally administered epinephrinet

@ Jones & Bartlett Learning.

the plunger is withdrawn because the walls of the esophagus
will collapse when negative pressureisapplied to the syringe.
Thebulb-type EDDiscompressed beforeitisconnected to
anETT. A vacuumis created as the pressure onthebulbis
released. Ifthe ETTisinthetrachea, thebulbwill easilyrefill
when pressure is released, indicating proper tube placement.
If the ETT is in the esophagus, the bulb will remain collapsed,
indicating improper tube placement.

® Ifan EDDis used toconfirm placement of acuffed ETT,donot
inflatethecuffbefore using theesophageal detector. Inflating the
cuff moves the distal end of the ETT away from the walls of the
esophagus. If the tube was inadvertently inserted into the esoph-
agus, this movement will cause the detector bulb to reexpand,
falsely suggesting that the tube was in the trachea.

@ After confirming proper position of the ETT, note the tube depth
atthe patient'steethand thensecurethetubeinplaceusinga
commercial tube-holder or tape. The correcttube depthcan

be found on a length-based resuscitation tape. Alternately, the

appropriate depth in centimeters can be estimated by multiplying
the ETT size by three. For example, if a 3-mm ETT was inserted,
the centimeter marking that should appear at the patient'slips
is nine, Provide ventilatory support with supplemental oxygen.
Aftersecuring the tube, reassess to ensure that the ETTis in the
proper position. Reassess and document the tube depth at the
patient’s teeth. On chest radiography, the tip of the ETT should

be positioned midway between the vocal cords and the carina.

PALS Pearl

Movementofthe headand neckofanintubatedinfantorchild
can affect the placement of the endotracheal tubet Reassess and
confirm the position of the tube:

+ Immediately after ETT insertion

* Wheneverthe patientis moved or repositioned

+ Whenever a procedure is performed (eigt, suctioning)
+ Whenthereis achangeinthe patient’s clinical status
+ During interhospital and intrahospital transport

& Jores & Bartlelt Learning
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DOPE

@ The status of the patient’s airway must immediately be
reevaluated if sudden deterioration occurs inan intubated
patient. Clinical signs of acute deterioration may include the
following:

* Asymmelric or decreased breath sounds
* Asymmetricor decreased chest rise

* Bradycardia

* Decreased oxygen saturation

v Decreased exhaled CO-

* Decreased lung compliance during bag-mask ventilation

* Jugular venous distention
* Tracheal deviation

@® The DOPE mnemonic (Box 3-8) is a useful tool forrecalling
commoncausesofacuteairway compromiseintheintubated
patient (American Heart Association, 2011). Itis essential that
equipment to perform suctioning and a bag-mask device be
within arm’s reach should complications occur.

@ Observe the patient’s chest rise, skin color, and heartrate while
ventilating with a bag device. If poor skin color and bradycardia

persistafter intubation, consider these possible causes:

* The ETT is too small, allowing air leaks

* The ETT cuff (if used) is underinflated

* The pop-off valve on the bag device is not disabled

+ Thebagdevice operatorisnotdeliveringan adequate
volume for each breath

* A pneumothorax is present

* The ETT is clogged or kinked

* Esophageal intubation

* Primary bronchus intubation

* Thereisaleak (orothermalfunction)inthebagdevice
(mechanical failure)

* Disconnected oxygen source (mechanical failure)

@ Ifthe patientisconnected toamechanical ventilator, yousus-
pecta ventilator malfunction, and you cannot quickly find and

correct the problem, take the following steps:
* Disconnect the ventilator tubing from the ETT.

* Displaced tube (eig}, right primary bronchus or esophageal
intubation) or Disconnection of the tube or ventilator circuit—
reassess tube position, ventilator connections

+ Obstructed tube (eig, kinked tube, blood or secretions are
obstructing air flow)—suction, remove tube if obstruction
cannot be cleared, and ventilate with bag-mask

+ Pneumothorax (eigf, tension pneumothorax)—needle
thoracostomy

+ Equipment malfunction (eigi, empty oxygen source, dis-
connected oxygen tubing, inadvertent change in ventilator
settings, airleak aroundtube, pop-off valve activated, low bat-
tery)—check equipment and oxygen source

@ Jones & Bartlett Learning.
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+ Attachabag-mask device to the tube and provide manual
ventilation with supplemental oxygen. Watch for equal
chest rise and listen for equal breath sounds.

* Ifthe patient’s chestrise is shallow, ensure that the bag-
mask deviceis securely connected to the tube.

+ Ifchestrise does notimprove, assess the tube for obstruc-
tion. Quickly suction the tube to relieve the obstruction.
Ifthe obstructioncannotquickly beremoved, itmay
benecessary toremove the ETT and provide bag-mask
ventilationuntilreintubationcan beperformedbya

@ When using a nebulizer, begin by assembling the necessary
equipment. Assess the patient’s lung sounds, oxygen saturation,
ventilatory rate, and heart rate to establish a baseline.

* Remove the cap from the nebulizer cup, pour the medica-
tion into the cup, and then reattach the cap.

*+ AttachaT-piecetothenebulizer cap. Connecta spacer
to one end of the T-piece and the mouthpiece to the other
end. Attach the nebulizer’s oxygen tubing to an oxygen
regulatorand set theregulatorataflowrateof5to6L/
minute.

healthcare professional whoisskilled inairway manage- * While holding the nebulizer cup upright, place the mouth-

ment (Kline-Tilford, Sorce, Levin, & Anas, 2013). pieceinthechild’smouthandinstructhimorhertoseal
hisorherlipsaround it. Tell thechild tobreathe slowly
in and out through the nebulizer's mouthpiece. Alter-
nately, a face mask may be used instead of the handheld
mouthpiece.

* Have the child continue breathing through the nebulizer
face mask or mouthpiece until the nebulizer cupisempty.
AtypicalSVNtreatmenttakesabout10to15minutesto
complete.

¢+ Ifanoxygendelivery device wasbeingused before the
nebulizer treatment (e.g., nasal cannula, simple face mask,
nonrebreather mask), reattachit tothe patientafterthe
treatmentiscompleted. Reassess the patient’slungsounds,

NEBULIZER

@ Inhaled medications such as bronchodilators, corticosteroids,
and mucolytics may be administered by a small-volume nebu-
lizer (SVN), also called a nebulizer or handheld nebulizer, or by
ametered-doseinhaler (MDI). Whenanebulizerisused,lig-
uid medicationis placed intoaclosed chamber consisting of
anebulizer reservoir (cup) and cap through which oxygen or
compressed air flows, forming a fine mist. The patientinhales
the mist using a face mask or handheld mouthpiece. Aface
mask may be required for children younger than 5 years who
are unable to effectively seal their lips around the nebulizer’s
mouthpiece (Figure 3-19).

oxygen saturation, and vital signs and compare your find-
ings with the previously obtained baseline values.

METERED-DOSE INHALER

@ Ametered-doseinhaler (MDI) consists of ahandheld medi-
cation canister that fits into a plastic dispenser with a mouth-
piece. Eachsqueeze of the canister deliversa premeasured (i.e.,
metered)dose of thedrug. Aspacer, whichisaplastichold-
ingchamber thatattaches tothecanister’s mouthpiece orto
aspacer face mask, is often used with the MDI toincrease
the amount of medication delivered into the respiratory tract
(Figure 3-20). When the medication canister is squeezed, a
fine mist of medication is dispersed into the spacer, which is
then inhaled by thepatient.

& Aprescindere/Dreamstime.com.

2 : 2 i 5 @ Vitaly Pakulov/Dreamstime.com
Figure 3-19 A small-volume nebulizer is used to administerinhaled

medications directly to the respiratory tract. Figure 3-20 Metered-dose inhaler andspacer.
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When using an MDI, begin by assessing the patient’s lung
sounds, oxygen saturation, ventilatory rate, and heart rate to
establish a baseline.

@ Remove themouthpiececovers fromtheMDIland themouth-

piece of the spacer device. Vigorously shake the inhaler five or
six timesto ensure that the medication mixes within the canister.
Insert the MDI into the spacer device.

Askthechild totakea deepbreathand thenexhale. Placethe
mouthpieceend of the spacer deviceinto the patient’smouthand
theninstruct the patientto close his or her lips around the mouth-
pieceand to breathe normally. Alternately, ifa spacer witha face
maskisused, position the mask firmly on the child’sface. Ensure
that the mask covers the nose and mouth and formsa tight seal.
Encourage the child to breathe through his or her mouth.

Chapter3 ProceduresforManaging Respiratory Emergencies

@ Depress the medication canister to disperse a metered medica-
tion dose into the spacer. Ask the child to slowly breathe inand
hold the breath for a count 0f 10 (10 seconds) to allow the medi-
cationtoreach thelungs, and thenexhale. If aface maskis used,
ask the child to continue to breathe through the mask for five or
six breaths.

@ Ifanoxygendelivery devicewasbeing used beforethe MDI,
reattachitto the patient. Reassess the patient'slung sounds, oxy-
gensaturation, and vital signs and compare your findings with
the previously obtained baseline values.

@ After usinganMDI containing an inhaled corticosteroid, have
the patientrinse his or her mouth with water and spittoremove
excess medication fromthe mouthand back of the throatto
avoid an oral yeast infection (i.e., thrush).
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PUTTINGITALLTOGETHER

The chapter quizand case studies presented on the following pages 6. When delivering positive-pressure ventilation by means
are provided to help you integrate the information presented in this ofabag-mask device, you cansuccessfully deliver
chapter. about — oxygenwithoutthe use ofsupplemental oxygen.
. a. 16%
Chapter Quiz b, 21%
True/False c.50%
] ] d.80%
Indicate whether the statement is true or false.
1. A pediatric bag-mask device is recommended when — 7. Al4-year-oldhasoverdosed onantidepressants. Your
ventilating older children and adolescents. assessmentreveals that she is snoring and only responds

to painful stimuli. She has anadequate tidal volume and
is breathing ata rate of 16 per minute. The patient gagged
whenyouattempted toinsertanoralairway. Yourbest
Multiple Choice course of action will be to:

2. Aproperly positioned oral airway protects thelower
airway fromaspiration.

a. Insert a nasalairway.

b. Attempt endotracheal intubation,

c. Try again toinsertanoralairway.

d. Suction the patient’s upper airway and then reassess.

Identify the choice thatbest completes the statement
or answers the question.

_ 3. Yourespond toa coworker’s call for helpand find a
10-year-old who is unresponsive. A slow pulse is present
but the patient is not breathing. Which of the following -
should be used in this situation?

. Atoddler has been intubated. Breath sounds are heard on
therightside of thechestbutareabsenton the left. You

a. Nasal cannula suspect:
b. Simple face l'ﬂfflSk a. Esophageal intubation
¢. Bag-mask device b. A blocked endotracheal tube

d. Nonrebreather mask ¢. Intubation of the left primary bronchus

d. Intubation of the right primary bronchus
4. Select the correct statement with regard to the use of

airway adjuncts. Short Answer
a. Anoralairway caneffectively protectthelower airway 9. Whatshould you do if you observe blanching of the
from aspiration. patient’snostril after inserting anasal airway?

b. Positioning of the patient’s head is unimportantafter
placement of an airway adjunct.

c. Anoralairwayisinserted withitscurvedownward
and the tip following the base of the tongue.

d. Anasalairway thatistoolongwill beineffectivein
keeping the tongueaway fromthe posterior pharynx.

10. Gastric distention isa common complication of positive-
pressureventilation. Explainhow youcanavoid this
complicationwhen providing artificial ventilation.

5. Afterassessingtheairway of a3-month-oldinfant, you
determine a need for suctioning. Which of the following
is correct with regard to suctioning this patient’s nasal
passages?

a. Usearigid catheterand apply suction oninsertion.

b. Usea soft suction catheter and apply suctionon
insertion.

¢. Useasoftsuction catheter and apply suction on with-
drawal using a rotating motion.

d. Usea bulbsyringe and release the bulbafter insertion
of the tip into the patient’s nostril.
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Case Study 3-1

Your patient is a 2-year-old child who presents with difficulty
breathing. Youhave a sufficientnumber of advanced life support
personnel available to assist youand carry out your instructions.
Emergency equipment isavailable.

1. You are putting on personal protective equipment as you
approach the patientand prepare to form a general impression.
What are the general impression ABCs?

A,
B.
I

2. Youseeachild whoisawake and sitting upright on a stretcher.
Inspiratory stridor is audible and his work of breathing is
increased. His skin color is normal. The child’s mother is pres-
ent. How would you like toproceed?

3. Ateam member informs you that the patient’s SpO; on room air
is 91%. Is supplemental oxygen therapy indicated at this time?

4. Your primary assessment reveals the following:

Primary Assessment

A Inspiratory stridor at rest, nasal discharge present

B Ventilatory rate 50 breaths/minute, intercostal retractions

C Heart rate 170 beats/minute (sinus tachycardia), strong
peripheral pulses, skin warm and dry, capillary refill 2 seconds

D Alert, Glasgow Coma Scale score 15

E Temperature 38°C (100.4°F), weight 12 kg (26.4 pounds);

no rash, edema, bleeding, or other signs of trauma

The patient’sSpOaisnow 95% withblow-by oxygen.Onthe
basisof your generalimpressionand primary assessment findings,
how would you categorize the severity of the patient’s respiratory
emergency?

5. Youhaveobtained a SAMPLE history and performed a focused
physical examination with the following results:

SAMPLE History

Signs/symptoms Historyofalow-gradefever,acold, and
arunny nose for2 days. Momnoticed
hoarseness and an occasional barking
cough lastevening.

Allergies None

Medications None

Past medical history

Last oral intake

Events prior

Normal development, immunizations
current

Lunchatnoontoday, normalappetite
and fluidintake

Mom observed increased breathing
difficulty over the past 3 hours

Physical Examination

Head, eyes, ears,nose, throat

Nasal discharge, inspiratory stridor at
rest, mucous membranes moist, no
drooling

Neck Trachea midline, no jugular venous
distention

Chest Breath sounds clear, equal rise and fall,
intercostal retractions present

Abdomen Soft, nontender

Pelvis No abnormalities noted

Extremities Distal pulses present, no rash, no
evidence of trauma

Back Unremarkable

On the basis of these findings, what type of respiratory emer-
gency do you suspect that this child is experiencing?

6. Would youcategorize this patient’s presentation as mild, moder-

ate, or severe?

7. After oxygen, whatis the next medication that should be admin-
istered in this situation? What precautions should be observed

after it is given?
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8. Whatadditional therapeuticinterventions should beimple-
mented for this child?

Case Study 3-2

Your patientis a 6-year-old female who presents with difficulty
breathing. Youhavea sufficientnumber of advanced life support
personnel available to assist youand carry out yourinstructions.
Emergency equipment isavailable.

1. Your general impression reveals an anxious-appearing child
whoissittinguprightinachair.Sheisbreathing rapidly and
expiratory wheezes are audible from across the room. Herskin
colorisnormal, The child’s mother is present. How would you
like to proceed?

2. While you are performing a primary assessment, mom states
thatthe child began having difficulty breathing while attending
afamily reunion after sitting with relatives who were smoking
cigarettes. The patient began coughing and her breathing
difficulty worsened, despite having left the smoking area. Your
primary assessment reveals the following:

Primary Assessment

A No stridor, no secretions

B Ventilatory rate 40 breaths/minute, accessory muscle use,
audible expiratory wheezing

c Heart rate 130 beats/minute (sinus tachycardia), strong
peripheral pulses, skinwarmanddry, capillary refill lessthan
2 seconds

3. YourSAMPLE history and focused physical examination
revealed the following:

Signs/symptoms Coughing and wheezing with increasing
breathing difficulty

Allergies Animal dander, cigarette smoke, pollen

Medications Previouslyprescribed albuterolbuthasnot
used inhaler since last asthma exacerbation

Past medical history Asthma (last asthma attack was 1 year ago,
never intubated)

Last oral intake Lunch3hoursago,normalappetiteand
fluid intake

Events prior Breathing difficulty after exposure to

cigarette smoke

Physical Examination

Head,eyes,ears,nose,throat  Nodroolingorstridor, talksinphrases

Neck Trachea midline, no jugular venous
distention
Chest Wheezing in upper lobes, equal rise and

fall, accessory muscle use

Abdomen No abnormalities noted

Pelvis No abnormalities noted

Extremities Distal pulses present, no rash, no evidence
of trauma

Back No abnormalities noted

On the basis of these findings, what type of respiratory emer-
gency do you suspect that this child is experiencing?

4. Inadditiontothequestionsasked whenobtainingaSAMPLE
D Alert and anxious, Glasgow Coma Scale score 15 history, list four important questions to ask the patient and care-
. i hen obtaining a history f tient who h ti
E Temperature 37.4°C (99.3°F), weight 21.8 kg (48 pounds); no BN R R SR RS e

: i di :
rash, no signs of trauma SREAY SPREnt

On the basis of your general impression and primary assess-
ment findings, how would you categorize the severity of the
patient’srespiratory emergency?

R G B
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5. On the basis of the information you have gathered thus far,
would you categorize this patient’ssymptomsasmild, moderate,

PALS: Pediatric Advanced Life Support Study Guide

or severe?

Thechild’sblood pressureis92/50 mm Hg. Her glucoselevel
is112mg/dLand herSpO; onroom air was 92%. Supplemen-
tal oxygen is being administered by nonrebreather mask. At
a flow rate of 10to 15 L/ minute, what is the inspired oxygen
concentration that can be delivered to this patient?

After oxygen, what is the next medication that should be
administered to this child and how should it be administered?

Aninfant or young child can quickly become dehydrated
because of an increased ventilatory rate and decreased oral
intake. How will youmanage this child'shydration?

How youwill assess the patient’s response to the therapeutic
interventions that you haveinstructed your team members to
deliver?

Case Study 3-3

Your patientisa12-year-old male who presents with difficulty
breathing. Youhave a sufficientnumber of advanced life support
personnel available to assist you and carry out yourinstructions.
Emergency equipment isavailable.

1

Your generalimpressionrevealsananxious-appearing child
who is sitting in a tripod position. He is rapidly breathing and
frequently coughing. His skin colorisnormal. The child’s
mother is present. How would you like to proceed?

2. Asyoubegin your primary assessment, mom states that her son
hasbeenmoretired thanusual overthelastfew daysandhas
hadlittleappetite. Althoughhehasachroniccough, hisspu-
tum production has increased during the past 24 hours and his
breathing difficulty has worsened. Your primary assessment
reveals the following:

Primary Assessment

A No stridor, no secretions

B Ventilatory rate 40 breaths/minute, accessory muscle use,
crackles present, decreased breath sounds on left side

C Heart rate 146 beatsiminute (sinus tachycardia), skin warm and
dry, capillary refill 2 seconds

D Alert and anxious, Glasgow Coma Scale score 15

E Temperature 38.8°C (101.8°F), weight 38 kg (85 pounds); no

rash, no signs of trauma

On the basis of your general impressionand primary assess-
mentfindings, how would youcategorize the severity of the
patient’s respiratory emergency?

3. YourSAMPLEhistory and focused physical examination
revealed the following:

SAMPLE History

Signs/symptoms Increasedcoughingwiththicksputumand
occasional vomiting

Allergies None

Medications Pancreatic enzyme supplement,

multivitamin, albuterol, dornase alfa
(mucolytic agent), Megace oral suspension,
ibuprofen

Past medical history Cystic fibrosis; upper respiratory infection
6weeks agorequired hospitalization for
intravenous antibiotictherapy

Last oral intake Sips of water this morning; decreased
appetite and fluid intake

Events prior Dry, hacking cough for2 weeks thathas
gradually progressedtoaproductive
cough; increased breathing difficulty
duringthe past24 hours with dyspneaon
exertion
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Physical Examination
Head,eyes,ears,nose,throat  No drooling or stridor

Neck No abnormalities noted

Chest Barrel-chest, crackles throughout,
accessorymuscleuse, decreasedbreath
sounds on left side

Abdomen No abnormalities noted

Pelvis No abnormalities noted

Extremities Distal pulses present, clubbing of nail beds
noted

Back No abnormalities noted

On the basis of these findings, what type of respiratory emer-
gency do you suspect that this child is experiencing?

4. Thechild's blood pressure is 88 /54 mm Hg. His glucose level
is76 mg/dL and his SpO; onroom air was 90%. Supplemental
oxygen is being administered by nonrebreather mask. Whatis
your treatment plan for this patient?

Case Study 3-4

Your patient is an 8-year-old boy who is unresponsive after a
6-foot fall down a flight of stairs. Emergency medical technicians
(EMTs)reportthatthechild struck hishead onapiece of metalon
the ground sustaining a 1-inch full thickness lacerationand a 0.5-
inch avulsion to the left temporal area, which has been bandaged.
The patienthasbeensecured toa backboard. An EMT is assist-
ing the child’s breathing with a bag-mask device. The child’s father
is present. You have a sufficient number of advanced life support
personnel available to assist you and carry out your instructions.
Emergency equipment isavailable.

1. Yourgeneralimpressionrevealsachild whoissupineona
backboard with his eyes closed. When bag-mask ventilationis
paused, youobserve thatshallow chestmovementis visibleand
his rate and depth of breathing are irregular. His face, lips, and
extremitiesappear pink. How would youlike to proceed?

2. Atwhatrate should bag-mask ventilation be performed?

3. Whileyouare performinga primary assessment, dad states that
heobservedthechildhaveaseizurebeforethe EMTsarrived.
Upon questioning, dad describes a generalized tonic-clonic sei-
zure thatheestimateslasted about 90 seconds. Dad says the
child has been unresponsive since the fall. Your primary assess-
ment reveals the following;:

Primary Assessment

A No stridor or gurgling

B Ventilatoryrate varies from 61042 breaths/minute, irregular
depth

(1 Heart rate 48 beats/minute (sinus bradycardia), weak
peripheral pulses, skinwarmanddry, capillary refill lessthan
2 seconds

D Moans in response fo painful stimulus, Glasgow Coma Scale
score 6

E Temperature 37°C (98.6°F), weight 25 kg (55 pounds)

Onthebasis of your general impressionand primary assessment
findings, how would you categorize the severity of the patient’s
respiratory emergency?

4. YourSAMPLEhistory and focused physical examination
revealed the following:

SAMPLE History

Signs/symptoms Unresponsive, obvious injury fo left
temporal area

Allergies None

Medications None

Past medical history Normal development, immunizations
current

Last oral intake Lunch at 12:30

Events prior 6-foot fall down a flight of stairs
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Physical Examination

Head,eyes,ears,nose, throat  1-inchfullthicknesslacerationand0.5-
inchavulsiontotemporal area, minimal

bleeding
Neck No abnormalities noted
Chest Breath sounds clear, irregular breathing

pattern, abrasions on anterior chest, equal
chest rise and fall

Abdomen No abnormalities noted

Pelvis No abnormalities noted

Extremities Distal pulses weak, abrasions on both
thighs

Back No abnormalities noted

On the basis of these findings, what type of respiratory emer-
gency do you suspect that this child is experiencing?

5. Onthe basis of this child’s mechanism of injury, what factors
should you consider while caring for him?

6. Thechild’sblood pressureis158/70mmHgandhisoxygen
saturation is 99 % with bag-mask ventilation. His point-of-care
glucosereadingis104mg/dL.Whatareyour management
priorities at this time?

7. Whatadditional interventions may be ordered to manage this
child’s increased intracranial pressure?

8. Endotrachealintubationhas been performed. Describe how you
will confirm proper positioning of the endotracheal tube.

Chapter Quiz Answers

True/False

1. F.Usea pediatric bag (atleast450 to 500 mL) for infants and
young children (American Heart Association, 2011). When ven-
tilating older childrenand adolescents, an adult bag (1,000 mL
or more) may be needed to achieve chest rise (American Heart
Association, 2011). A child can be ventilated with alarger bag as
longas proper technique is used —squeeze the bag just until the
chest begins to rise, and then release the bag,.

OBJ: Discuss positive-pressure ventilation usingabag-mask device
and troubleshooting ineffective bag-mask ventilation.

2. FE.Theuseofanoralairway doesnotprotectthelowerairway
from aspiration and it does not eliminate the need for maintain-
ing proper head position of the unresponsive patient.

OB]J: Describe the method of correct sizing, insertion technique,
and possible complications associated with the use of the oropha-
ryngeal airway and nasopharyngeal airway.

Multiple Choice

3. C.Thenasalcannula,simplefacemask,and nonrebreather
mask are oxygen delivery devices thatare used with a patient
whoisspontaneously breathing. Because this patientisapneic,
these devices are contraindicated. This patient needs positive-
pressure ventilation, which can be delivered with a bag-mask
device.

OBJ: Discuss positive-pressure ventilation usingabag-mask device
and troubleshooting ineffective bag-mask ventilation.

4. C. After selecting an oral airway of proper size, open the
patient’s mouth and gently insert the airway with the curve
downward and the tip following the base of the tongue. Place
theairway over the tongue and down into the mouth until the
flange of theairway rests against the patient’s lips. A tongue
blade may be used to depress the tongue while inserting the air-
way toaid in placement. Because an oral airway does notisolate
the trachea, it does not protect the lower airway from aspiration.
Anasalairway thatistoolong may stimulatethegagreflexor
enter the esophagus, causing gastric distention and hypoventi-
lation when ventilating with abag-mask device. Anasal airway
thatistooshortwill notextend pastthetongue; thusitwillnot
keep the tongue away from the posterior pharynx. Proper posi-
tioning of the patient’s head must be maintained after anairway
adjunctis in place to ensure an open airway.

OB]J: Describe the method of correct sizing, insertion technique,
and possible complications associated with the use of the oropha-
ryngeal airway and nasopharyngeal airway.

5. D.Bulbsyringes are excellent for suctioning nasal and oral
secretions in infants and young children. To use this device
correctly, depress the bulb, insert the tip gently in the patient’s
mouthornose, and thenslowlyreleasethe bulb. Removethe
syringe from theairway and expel its contents, depress the bulb,



and repeat as necessary. Do not suction for more than
10 seconds per attempt; provide supplemental oxygen between
suctioning attempts.

OB]J: Describe suctioning, including its indications, correct tech-
nique,and possible complications associated with this procedure.

6. B.Abag-maskdeviceused withoutsupplemental oxygenwill

deliver 21% oxygen (room air, not exhaled air) to the patient.

OB]: Discuss positive-pressure ventilationusingabag-mask device
and troubleshooting ineffective bag-mask ventilation.

7. A.Thepatient’snoisy breathing, asevidenced by hersnor-

ing, reflectsapartial airway obstruction — mostlikely from
thetongue. Because anasal airway is usually well tolerated by
patients with a gagreflex, insertion should be attempted. If the
patientgagged withattempts toinsertanoral airway, attempts
atendotracheal intubation are unlikely to be successful unless
sedation is used.

OB]J: Describe the method of correct sizing, insertion technique,
and possible complications associated with the use of the oropha-
ryngeal airway and nasopharyngeal airway.

8.

D.If baseline breath sounds (i.e., breath sounds before intuba-
tion) were equal bilaterally, diminished breath sounds on the
leftsideafterintubationsuggestthatthe ETThasentered the
right primary bronchus. Tocorrectthis problem, deflatethe
ETT cuff (if a cuffed tube was used) and auscultate the left side
ofthechestwhileslowly withdrawing thetubeuntilbreath
sounds are equal and chest expansion is symmetric, and then
reinflate the ETT cuff.

OBJ: Describe types of advanced airways and methods used to con-
firm their correct placement.

Short Answer

9.

If blanching of the nostrilis present after insertion ofanasal
airway, the diameter of the device is too large. Remove the air-
way, selecta slightly smaller size, and reinsert. Be sure to main-
tain the patient’s properhead position after insertion of the
airway.

OB]J: Describe the method of correct sizing, insertion technique,
and possible complications associated with the use of the oropha-
ryngeal airway and nasopharyngeal airway.

10.

During normal ventilation, the esophagus remains closed and
noairentersthestomach. During positive-pressure ventilation
withabag-mask device, excessairmay enterthestomachto
cause gastric distention that may lead to vomiting and subse-
quentaspiration. Toreduce the risk of gastric distention when
performing bag-mask ventilation, avoid using excessive force
and volume. Use only enough volume to cause a gentle chest
rise. If gastric distention is present, consider insertion ofan
orogastric or nasogastric tube todecompress the stomach.
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Case Study 3-1 Answers

1. The Pediatric Assessment Triangle (PAT)is used to form a gen-
eral impression of the patient and focuses on three main areas:
(1) appearance, (2) work of breathing, and (3) circulation to the
skin. Assessment of these areas corresponds with assessment of
the nervous, respiratory, and circulatory systems.

OBJ: Summarize the components of the pediatric assessment trian-
gleand the reasons for forming a general impression of the patient.

2. Askateam member toapply a pulse oximeter, blood pressure
monitor, and cardiac monitor while you perform a primary
assessmentand obtaina SAMPLE history. Administer supple-
mental oxygen inamanner that will notagitate thechild.

OBJ: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.

3. Yes.Supplemental oxygentherapy should beadministered to
maintain an oxygensaturation level of 94% or higher.

OBJ: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.

4. This child’s increased ventilatory rate, inspiratory stridor,
retractions, and tachycardia are consistent with respiratory dis-
tress. Topromote maximum ventilatory function,allow the
child to assume a position of comfort as you continue to provide
care.

OBJ: Differentiateamong respiratory distress, respiratory failure,
and respiratory arrest.

5. Thischild’shistory and physical examination findings suggest
an upper airway obstruction caused by croup.

OBJ: Differentiate between upper and lower airway obstruction.

6. Thischild’s presentationisconsistent with moderatecroup.
Mild croup is characterized by an absence of stridor at rest, min-
imal respiratory distress, and an occasional cough. With mod-
eratecroup, thechild’sbehaviorand mentalstatusarenormal
butstridoris presentatrestand theamount ofrespiratory dis-
tress is increased. Severe croup is characterized by mental sta-
tus changesaccompanied by significantrespiratory distress and
decreasing air entry, indicating impending respiratory failure

OBJ: Describe the pathophysiology, assessmentfindings, and treat-
mentplanforthechild experiencingcroup, epiglottitis, foreign
body aspiration, and anaphylaxis.

7. Becausethechild’soxygenationhasimproved with theuseof
blow-by oxygen, this therapy should be continued to enhance
tissue oxygenation. Nebulized epinephrine is the next medica-
tion that should be administered. Cardiac monitoring is prudent
because of epinephrine’s tachycardiaceffectand the poten-
tial for dysrhythmias. Observe the child for at least 2 hours,
and preferably for 3 to 4 hours after treatment to monitor for
rebound symptoms.
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OBJ: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.

8. Toreduce inflammation, administer a systemic steroid suchas
dexamethasone. Obtainaserumglucoselevel (98 mg/dL). Reas-
sess the patient’soxygenation, ventilation, and vital signs to
determine the need for alternative interventions. (Stridor and
retractions are less severe.)

OBJ: Describe the pathophysiology, assessmentfindings, and treat-
ment planforthechild experiencing croup, epiglottitis, foreign
body aspiration, and anaphylaxis.

Case Study 3-2 Answers

1. Continue to allow the child to assume a position of comfort to
promote maximum ventilatory function. Ask a team member
toapply a pulse oximeter, blood pressure monitor, and cardiac
monitor while you performa primary assessmentand obtaina
SAMPLE history. Administer supplemental oxygeninamanner
that will not agitate the child.

OB]J: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.

2. Thischild’sanxiety, increased ventilatory rate, expiratory
wheezes, accessory muscleuse, and tachycardiaare consistent
with respiratory distress.

OB]J: Differentiate betweenrespiratory distress, respiratory failure,
and respiratory arrest.

3. Thischild’shistory and physical examination findings suggesta
lower airway obstruction caused by asthma.

OBJ: Differentiate between upper and lower airway obstruction.

4. Inaddition to the SAMPLE history, consider the following ques-
tions when obtaining a focused history from a patient who has
reactive airway disease:

@ When did the patient’s symptoms start/occur (time, sudden,
gradual)? Whatwasthe child doing whenitstarted /occurred?

@ Does the child haveacough? If yes, what does the cough sound
like? When does it occur and what relieves it?

@ Does thechild bring up any sputum when he or she coughs?
What does the sputum look like?

@ Doesanything (e.g., tripod position, use of inhaler) make the
symptoms better orworse?

@ Has thechild ever been hospitalized or intubated for this
condition?

@ Whathave you tried so far to relieve the patient’s symptoms?
OBJ: Describe the pathophysiology, assessment findings, and treat-

ment plan for the infant or child experiencing respiratory distress,
respiratory failure, or respiratory arrest.

5. Theseverity ofasthma exacerbations may becategorized as
mild, moderate, orsevere. Thechild withmoderatesignsand
symptoms talks in phrases, prefers sitting, is usually agitated,
commonly uses accessory muscles, and hasan increased ventila-
tory rate. Loud wheezing can often be heard throughout expira-
tion. Assessment of the child’s peak expiratory flow (PEF) rate
may beusefulindetermining theseverity ofanasthma exac-
erbation. Because they require the child’s cooperation in mak-
ing a maximal expiratory effort, PEF measurements are used to
assess the severity of an episode and the response to therapy in
children older than 5 years with mild to moderate exacerbations
and who currently perform peak flow with home management.

OBJ: Describe the pathophysiology, assessment findings, and treat-
ment plan for the child experiencing asthma or bronchiolitis.

6. A nonrebreather mask can deliver an inspired oxygen concen-
trationofupto95%ataflow rateof 10to15L/ minute. Remem-
ber to fill the reservoir bag of a nonrebreather mask with oxygen
beforeplacingthe mask onthe patient. After placingthemask
on the patient, adjust the flow rate so the bag does notcom-
pletely deflate when the patient inhales.

OB]J: Discuss oxygen delivery systems used for infants and children.

7. Childrenexperiencingamoderate asthma exacerbation should
receivealbuterol by metered-dose inhaler ornebulizer and oral
corticosteroids. Nebulized ipratropiumbromideshould alsobe
administered. These medications are given to open constricted
airwaysand allow air exchange and to enhance tissue oxygen-
ation. Continue to allow the child to assume a position of com-
fortand provide reassurance as you continue to provide care.

OBJ: Describe the delivery of inhaled medications by means of a
small-volume nebulizer and by a metered-dose inhaler.

8. Because this child isalert, itis reasonable to maintain hydration
by encouraging small amounts of clear oral fluids.

OB]J: Describe the pathophysiology, assessment findings, and treat-
ment plan forthe child experiencing asthma or bronchiolitis.

9. Listento breath sounds before and after administration to assess
thechild’sresponsetotreatment. Also, reassess the patient’s
vital signs (including oxygen saturation) for improvement and
seeif the patient’s accessory muscle use decreases after therapy.
Becausethis child isolderthan5years, measurementof peak
expiratory flow rate (PEFR) may be helpful in assessing the
child’s response to therapy if peak flow is used with home man-
agement. Generally, a child needs frequent reviews of the tech-
nique used to obtain a PEFR for accurate results. Although this
child hasahistory ofasthma, the history obtained from mom
indicates thatshe hasnotused her medications since her last
asthma exacerbation a year ago; therefore, the child may not be
familiar with PEF measurements or she may notbe able to usea
flow meter successfully.

OB]J: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.



Case Study 3-3 Answers

1. Allow thechild toassumea position of comfortto promote
maximum ventilatory function. Ask a team member to apply
apulse oximeter, blood pressure monitor, and cardiac monitor
while you performa primary assessment and obtaina SAMPLE
history. Administer supplemental oxygen ina manner that will
not agitate the child.

OB]J: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.

2. Thischild’sanxiety, increased ventilatory rate, accessory muscle
use,and tachycardiaareconsistentwith respiratory distress.

OB]J: Differentiate between respiratory distress, respiratory failure,
and respiratory arrest.

3. Thischild’s history and physical examination findings suggest
an exacerbation of the child's chronic lung tissue disease, cystic
fibrosis.

OB]J: Describe the pathophysiology, assessmentfindings, and treat-
ment plan for the child who has lung tissue disease or disordered
ventilatory control.

4. Emergency care for the child with cystic fibrosis (CF) should be
coordinated with a CF care team or pulmonologist. Bronchodi-
lator therapy should be started to relieve bronchospasm, enable
the removal of thick secretions, and improve airflow in the
lungs. Chest physiotherapy should be performed to helploosen
secretions and aid their expectoration. Assess and document the
child’s heart rate, ventilatory rate, breath sounds, and oxygen
saturation before and after treatment to evaluate effectiveness.
Obtain asputum culture to identify infective organisms. Obtain
vascular access for hydration and antibiotic therapy. Obtain a
chestradiograph and draw blood for laboratory studies.

OB]J: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.

Case Study 3-4 Answers

1. Askateammembertoapplyapulseoximeter,blood pressure
monitor, and cardiac monitor while you performa primary
assessmentand obtaina SAMPLE history. Ask team members to
take over bag-mask ventilation from the EMTs.

OBJ: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.

2. Givelbreathevery3to5seconds(12to20breaths per minute).
Allow 1 second per breath while watching for chest rise. Assoon
as chest rise is visible, release the bag.

OB]J: Discuss positive-pressure ventilation usinga bag-mask device
and troubleshoot for ineffective bag-mask ventilation.
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3. Thischild’s presentation is consistent with respiratory failure.

OBJ: Differentiate betweenrespiratory distress, respiratory failure,
and respiratory arrest.

4. Thischild's history and physical examination findings suggest
disordered ventilatory control (irregular breathing pattern) that
is likely the result of increased intracranial pressure.

OBJ: Describe the pathophysiology, assessment findings, and treat-
ment plan for the child who has lung tissue disease or disordered
ventilatory control.

5. Falls are common causes of injury in children. Factors to con-
sider in a fall include the following;:

@ The height from which the child fell
@ The mass of the child
@ The surface on which the child landed

@ The part of the child’s body that struck first

In general, the greater the height from which the child falls, the
moresevere theinjury. However, the ty pe of surface ontowhich
thechild fallsand the degreetowhich thefallisbrokenonthe
way down affect the type and severity of injuries.

OBJ: N/A.

6. Continue bag-mask ventilation. Obtain vascularaccess and
blood for laboratory studies. Direct a team member to insert
a urinary catheter. On the basis of the child’s mechanism of
injury, a focused assessment with sonography for trauma (FAST)
examination (i.e., bedside ultrasound) should be performed if
theequipmentisavailable, tolook for bleedinginthe pericar-
dium,inthe pleuralspace,intheupperabdominalquadrants,
and in the pelvis. Results are negative: Order radiographs of the
cervical spineand chest. Resultsarenormal: Because thechild
hasanirregularbreathing patternand aGlasgow ComaScale
scoreof 6, endotrachealintubation should be performed by a
qualified individual. Obtain aneurosurgical consultand ordera
computed tomography (CT) scan of the head. (The result of the
head CT scan isnormal.)

OBJ: Describe the pathophysiology, assessment findings, and treat-
ment plan for the child who has lung tissue disease or disordered
ventilatory control.

7. Administration of hypertonic saline, osmotic agents (e.g., man-
nitol), or both may be required to reduce intracranial pressure.

OBJ: Given a patient situation, and working in a team setting, com-
petently direct the initial emergency care for a patient experiencing
a respiratory emergency.

8. After placement of an endotracheal tube (ETT), confirm proper
positioning ofthe tube using bothclinical assessmentsand an
exhaled CO; device. Observe the patient’s chest rise, skin color,
and heartrate while ventilating withabag device. While provid-
ing positive-pressure ventilation, auscultate for bilateral breath
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sounds over the chest and then confirm the absence of sounds
over thestomach. Inaddition, usecapnography tomeasure
the concentration of CO; at the end of exhalation and confirm

proper positionofthe ETT. Waveform capnography is preferred.

OBJ: Describe types of advanced airways and methods used to con-
firm their correct placement.
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Checklist 3-1 Upper Airway Obstruction

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O

Assigns team member roles. O

Assessment

Forms a general impression: Assesses patient’'s appearance, work of breathing, and circulation.

Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated.

Directsassessmentofbreathingincludingestimationofventilatoryrate andevaluationofventilatoryeffort; directsassessmentof
breath sounds.

Directs assessment of centralperipheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and
moisture) and capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.

Directs team members to obtain vital signs, apply a pulse oximeter, and apply blood pressure and cardiac monitors.

Obtains a brief history and performs a focused physical examination.

Recognizes signs and symptoms of upper airway obstruction.

10 i N ) T S 1 1 o

Determines the severity of the respiratory emergency (e.g., respiratory distress, respiratory failure, respiratory arrest).
Treatment Plan

Verbalizes a treatment plan and initiates appropriate interventions for an upper airway obstruction.

Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.

Instructs team member to establish vascular access.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

1 o 8 o e ) 1 B f

Correctly verbalizes indications, dosages, and routes of administration for medications administered.
Reassessment

Repeats the primary assessment and obtains another set of vital signs.

O

Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.

O

Team Leader Assessment

Effectively leads team members throughout patient care.

O

Directs the transfer of patient care for ongoing monitoring and care. O

Requests a team debriefing after the transfer of patient care is complete.

O

@ Jones & Bartlett Learning.
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Checklist 3-2 Lower Airway Obstruction

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O

Assigns team member roles. O

Assessment

Forms a general impression: Assesses patient’s appearance, work of breathing, and circulation.

Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated.

Directsassessmentofbreathingincludingestimationofventilatoryrateand evaluationofventilatoryeffort; directs assessmentofbreath
sounds.

Directs assessment of central/peripheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and moisture)
and capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.

Directs team members to obtain vital signs, apply a pulse oximeter, and apply blood pressure and cardiac monitors.

Obtains a brief history and performs a focused physical examination.

Recognizes signs and symptoms of lower airway obstruction.

1 o 8 o o D S S o 8

Determines the severity of the respiratory emergency (e.g., respiratory distress, respiratory failure, respiratory arrest).
Treatment Plan

Verbalizes a treatment plan and initiates appropriate interventions for a lower airway obstruction.

Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.

Instructs team member to establish vascular access.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

1 o o o o

Correctly verbalizes indications, dosages, and routes of administration for medications administered.

Reassessment

O

Repeats the primary assessment and obtains another set of vital signs.

O

Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.
Team Leader Assessment
Effectively leads team members throughout patient care. O

Directs the transfer of patient care for ongoing monitoring and care.

O

Requests a team debriefing after the transfer of patient care is complete. O

© Jones & Bartlett Learning.
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Checklist 3-3 Lung Tissue Disease

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. ||

Assigns team member roles. ]

Assessment

Forms a general impression: Assesses patient’'s appearance, work of breathing, and circulation.

Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated.

Directsassessmentofbreathingincludingestimationofventilatoryrate andevaluationofventilatoryeffort; directsassessmentof
breath sounds.

Directs assessment of central/peripheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and
moisture) and capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.

Directs team members to obtain vital signs, apply a pulse oximeter, and blood pressure and cardiac monitors.

Obtains a brief history and performs a focused physical examination.

Recognizes signs and symptoms of lung tissue disease.
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Determines the severity of the respiratory emergency (e.g., respiratory distress, respiratory failure, respiratory arrest).
Treatment Plan

Verbalizes a treatment plan and initiates appropriate interventions for a patient with lung tissue disease.
Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.

Instructs team member to establish vascular access.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

Ojgogojojo|o

Correctly verbalizes indications, dosages, and routes of administration for medications administered.
Reassessment

Repeats the primary assessment and obtains another set of vital signs.

O

Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.

O

Team Leader Assessment
Effectively leads team members throughout patient care. ]

Directs the transfer of patient care for ongoing monitoring and care.

O

Requests a team debriefing after the transfer of patient care is complete. [=]

@ Jones & Bartlett Learning.
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Checklist 3-4 Disordered Ventilatory Control

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O

Assigns team member roles. O

Assessment

Forms a general impression: Assesses patient’s appearance, work of breathing, and circulation.

Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated.

Directsassessmentofbreathingincludingestimation ofventilatoryrateand evaluationofventilatoryeffort; directs assessmentofbreath
sounds.

Directs assessment of central/peripheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and moisture)
and capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.

Directs team members to obtain vital signs, apply a pulse oximeter, and apply blood pressure and cardiac monitors.

Obtains a brief history and performs a focused physical examination.

Recognizes signs and symptoms of disordered ventilatory control.

1 0 o O T ) S 1 (1 o

Determines the severity of the respiratory emergency (e.g., respiratory distress, respiratory failure, respiratory arrest).
Treatment Plan

Verbalizes a treatment plan and initiates appropriate interventions for disordered ventilatory control.

Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.

Instructs team member to establish vascular access.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

153 o o o

Correctly verbalizes indications, dosages, and routes of administration for medications administered.
Reassessment

Repeats the primary assessment and obtains another set of vital signs.

O

Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.

O

Team Leader Assessment

Effectively leads team members throughout patient care. O

Directs the transfer of patient care for ongoing monitoring and care.

O

Requests a team debriefing after the transfer of patient care is complete. O

@ Jones & Bartlett Learning.
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Shock

Learning Objectives
After completing this chapter, you should be able to:

14 Identify key anatomic and physiologic differences between children and adults and
discuss their implications in the patient with a cardiovascular conditiont

2i Differentiate between compensated and hypotensive shocki
3i Discuss the physiologic types of shocki

4j Describe the initial emergency care for hypovolemic, distributive, cardiogenic, and
obstructive shock in infants and childrent

5i Discuss the pharmacology of medications used during shocki

6i Discuss age-appropriate vascular access sites for infants and childreni

7 Given a patient situation, formulate a treatment plan for a patient in shocki

After completing this chapter, and with supervised practice during a Pediatric Advanced
Life Support (PALS) course, you will be skilled at the following:

+  Ensuring scene safety and the use of personal protective equipmentt

+ Assigningteam memberroles or performing as ateam memberin a simulated
patient situationt

+ Directing or performing an initial patient assessmentt

+  Obtaining vital signs, establishing vascular access, attaching a pulse oximeter and
blood pressure and cardiac monitors, and giving supplemental O if indicatedt
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experiencingt

+ Implementing a treatment plan based on the type of shock the patient is

+ Demonstrating knowledge ofthe indications, dosages, and effects ofthe medications
and fluids used when managing shocki

+ Establishing vascular access by means of the intraosseous routet
+ Recognizing when an intraosseous needle is properly positionedi

* Recognizing when it is best to seek expert consultationt

+ Reviewingyour performance as ateam leader orteam member during a postevent
debriefing

ASSESSMENT EVIDENCE

Performance Tasks

During the PALScourse, you will function as the team leader of
the Rapid Response Team or Code Team within your organization.
Yourclassmates are similarly trained members of the teamwho
will assist you. Your task is to direct, without prompting, the emer-
gency careeffortsof yourteamaccording tocurrentresuscitation
guidelines.

Key Criteria

Assessment of your ability to manage a patient who is experienc-
ing shock and your ability to manage the team who will assist you
in providing patientcareis part of the PALS course. Anevalu-
ation checklist that reflects key steps and interventions in the
patient management process is used to assess your performance
(see Checklists 4-1 through 4-4). APALS instructor will check the
appropriate boxas youcomplete eachstep during your management
of the patient.

Learning Plan

@ Read this chapter before your PALS course. Create flashcards
and memory aidstohelp yourecall key points. Carefully review
each of the medications discussed in this chapter.

@ Complete the chapter quiz and review the answers provided.

@ Complete the case studies at the end of the chapter. Read each
scenarioand answer all questions that follow. The questions
are intended to reinforce important points pertinent to the

casethatarediscussedinthistext. Compare youranswerswith
theanswers provided attheend of the case study and with the
checklist pertinent to the case study.

KEY TERMS

Afterload
The pressure or resistance against which the ventricles must pump
to eject blood

Cardiac Output (CO)
The amount of blood pumped into the aorta each minute by the
heart

Extravasation

The inadvertent administration of a vesicant (irritating to human
tissue) solution or medication into surrounding tissue because of
catheter dislodgment

Hypovolemicshock
A state of inadequate circulating blood volume relative to the capac-
ity of the vascularspace

Infiltration

The inadvertent administration of a nonvesicant (nonirritating
to human tissue) solution or medication into surrounding tissue
because of catheter dislodgment

Perfusion
The circulation of blood through an organ or a part of the body

Preload
The volume of blood in the ventricle at the end of diastole



Septic shock
A physiologic response toinfectious organisms or their by-products
thatresultsincardiovascularinstability and organdysfunction

Shock

Inadequatetissue perfusionthatresults fromthefailure of thecardio-
vascular systemtodeliversufficientoxygenand nutrients tosustain
vital organ function; also called hypoperfusion or circulatory failure

Vascular resistance

The amount of opposition that the blood vessels give to the flow of
blood

INTRODUCTION

Perfusionisthecirculationof blood throughan organorapart of
the body. Perfusion delivers oxygen and other nutrients to the cells
ofall organsystemsand removes waste products. Shock, also called
hypoperfusion or circulatory failure, is inadequate tissue perfusion
thatresults from the failure of the cardiovascular system to deliver
sufficient oxygenand nutrients tosustain vital organ function. The
underlying cause must berecognized and treated promptly toavoid
cell and organ dysfunction and death.

ANATOMIC AND PHYSIOLOGIC
CONSIDERATIONS

Awareness of the anatomic differences between children and adults
will help you understand the signs and symptoms exhibited by chil-
dren in shock.

Capillary

o3

?\ Precapillary

sphincters

Capillaries
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Vasculature

@ Arteries are conductance vessels. The primary function of the
largearteriesistoconduct blood fromthehearttothearte-
rioles. Themiddlelayerofanartery isencircled by smooth
muscle and is innervated by fibers of the autonomic nervous
system (ANS). This allows constrictionand dilation of the
vessel. Smoothmusclecells function tomaintain vascular
toneandregulatelocalblood flow dependingonmetabolic
requirements.

@ Arteriolesareresistance vesselsand are the smallestbranches
of thearteries. They connectarteriesand capillaries. Precapil -
lary sphincterscontractand relax tocontrol blood flow through-
out the capillaries (Figure 4-1). The presence of smooth muscle
in the walls of arterioles allows the vessel to alter its diameter,
thereby controlling the amountof blood flow to specific tissues.
Altering the diameter of the arterioles also affects the resistance
to the flow of blood. A dilated (widened) vessel offers less resis-
tancetoblood flow. A constricted (narrowed) vessel offers more
resistance to blood flow.

@ Capillariesare exchange vessels. They are the smallestand most
numerous of the blood vessels and they connectarterioles and
venules. The capillary wall consists of a single layer of cells (endo-
thelium) through which substances in the blood are exchanged
with substances in tissue fluids surrounding cells of the body.

@ Venules connect capillaries and veins. Post-capillary sphincters
are present where the venules and capillaries meet. Post-capillary
sphincters contract and relax to control blood flow to body tis-
sues. Venules carry blood under low pressure.

Microcirculation

@ Jones & Barllett Leamning.

Figure 4-1 Arterioles play an important role in regulating blood flow.
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@ Veinsare capacitance (storage) vessels thatcarry deoxygenated
(oxygen-poor) blood from the body to the right side of the heart.
Venous blood flow depends on skeletal muscle action, respiratory
movements, and gravity. Valves in the larger veins of the extremi-
tiesand neckallow blood flow inone direction, toward the heart.

PALS Pearl

Infants and children are capable of more effective vasoconstric-
tion than adults aret As a result, a previously healthy infant or
childis able to maintain a normal blood pressure and organ per-
fusion for a longer time in the presence of shockt

@ Jones & Bartlett Learning

Blood Pressure

@ Blood pressureis theforce exerted by theblood on theinner
wallsoftheblood vessels. Systolic blood pressureis the pres-
sureexerted against the walls of the large arteries at the peak of
ventricular contraction. Diastolic blood pressureis the pressure
exerted against the walls of the large arteries during ventricular
relaxation. Pulse pressure,anindicator of stroke volume, isthe
difference between the systolicand diastolicblood pressure.

@ Blood pressureisequal to cardiac outputmultiplied by peripheral
vascular resistance. Vascular resistance is the amountof oppo-
sitionthattheblood vessels give to the flow of blood. Resistance
isaffected by the diameter andlength of the blood vessel, blood
viscosity, and the tone (the normal state of balanced tension in
body tissues) of the vessel. A narrowed pulse pressure, which may
be seen with hypovolemic or cardiogenic shock, reflects increased
peripheral vascularresistanceand isanearlysignofimpending
shock. A widened pulse pressure, whichmay beseenwithearly
septicshock, reflectsdecreased peripheral vascular resistance.

@ Blood pressureisaffected by any condition thatincreases periph-

eral vascular resistance or cardiac output. Thus, anincreasein
either cardiac output or peripheral resistance will result in an
increase in blood pressure. Conversely, a decrease ineither will
result in a decrease in blood pressure.
* Mottling and cool extremities are early indicators of
decreased tissue perfusion, which is a reflection of

decreased cardiac output. Hy potension is a late sign of car-

diovascular compromise in an infant or child.

* Thestrength of peripheral pulses (e.g., radial, dorsa-
lis pedis) isreduced inthe child whose cardiacoutputis
decreased (Moller, 1992). Ascardiac output becomes more
severely decreased, the strength of more proximal pulses
(e.g., brachial, femoral, carotid) is also reduced.

Cardiac Output

@ Adequate cardiac output is necessary to maintain oxygen-
ationand perfusion of body tissues. Cardiac Output (CO)is
the amount of blood pumped into the aorta each minute by the
heart. Itis calculated as the stroke volume (the amount of blood
ejected from a ventricle with each heartbeat) multiplied by the
heart rate (HR) and is expressed inliters per minute.

* Although changes in HR or stroke volume can affect
cardiac output, tachycardia is the primary method of

increasing cardiac outputin the child (Perkin, de Caen,
Berg, Schexnayder, & Hazinski, 2013).

* Clinically, cardiac output is assessed by evaluating heart
rate, blood pressure, and end-organ perfusion, including
mentation, the quality of peripheral pulses, capillary refill,
urine output, and acid-base status.

@ Stroke volume is determined by the degree of ventricular filling

during diastole (preload), the resistance against which the ventri-
cle must pump (afterload), and cardiac contractility.

@ Preload isthe volume of blood in the ventricle at the end of

diastole. Preloadintheright heart dependsonvenousreturnto
theheart from the systemic circulation. Preload in theleft heart
dependson venousreturn from the pulmonary system.

@ Afterload is the pressure or resistance against which the ventri-

cles must pump to eject blood. Itis influenced by arterial blood
pressure, arterial distensibility (ability to become stretched), and
arterial resistance. The less the resistance (lower afterload), the
moreeasily blood canbeejected. Increased afterload (increased
resistance) results in increased cardiac workload.

)

@ Becauseof theimmaturity of sympatheticinnervationtothe

ventricles, infantsand childrenhavearelatively fixed stroke vol-
umeand are therefore dependent onanadequate HR tomaintain
adequate cardiac output. Withage, the HR decreases as the ven-
triclesmature and stroke volume playsa greater rolein cardiac
output (Sharieff & Rao,2006).

@ Heartrateis influenced by the child’sage, size, and level of activ-

ity. A very slow orrapid rate may indicate or may be the cause of
cardiovascular compromise.

Circulating Blood Volume

@ The circulating blood volume is about 75 to 80 mL/kg in

infants, about 70 to 75 mL/ kg in children, and 65to 70 mL / kg
in adolescents and adults (Perkin et al., 2013). Although the cir-
culating blood volume is proportionately larger ininfants and
children than in adults, the total blood volume is smaller than
in adults (Figure 4-2).

@ A2-year-old, 12-kgchild has a normal circulating blood volume

ofabout70mL/kgor840mL. Alossof10% to15% of thecircu-
lating blood volume is usually well tolerated and easily compen-
sated forina previously healthy child. However, a volumeloss
ofonly 250mL (about30% ofthecirculating blood volume)is
significantandislikely to producesignsand symptomsofshock
with hypotension in this child.

Physiologic Reserves

@ Infants and children have less glycogen stores and larger glu-

coserequirements thanadults. Hypoglycemiacanresultwhen
the body’s fuel sources have been depleted.

@ Childrenhavestrongbutlimited cardiovascularreserves, which

enables them to demonstrate little change in their HR or blood
pressure despitemoderate to profound blood or fluid loss. How-
ever, when their reserves are depleted, they decompensate quickly.
Itiseasy tounderestimate, or fail torecognize, theseverity ofa
child’svolumeloss because of his or her ability tocompensate.
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Figure 4-2 The circulating blood volume is proportionately larger in
infants and children than in adults.

SHOCK

Adequate tissue perfusionrequiresanintactcardiovascular system.
This includes an adequate fluid volume (the blood), a container to
regulate the distribution of the fluid (the blood vessels), and a pump
(theheart) withsufficient force tomove the fluid throughout the
container. A malfunction or deficiency of any of these components
canaffect perfusion. The signs and symptoms of shock vary depend-
ingonthecauseof theshockand theresponseof multipleorgansto
changes in perfusion.

PALS Pearl

Different types of shock can occur togethen For example, an
inadequate fluid intake and fluid loss may contribute to hypovo-
lemia in an already septic childi

@ Jones & Bartlett Learning.

Shock Severity
Shock s identified either by severity or by type. Shock severity refers
to the effect of shock on blood pressure.

Compensated Shock

@ Compensated shock, also called early shock, is inadequate tissue
perfusion without hypotension (i.e., shock with a “normal” blood
pressure).
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@ During compensated shock, thebody’sdefensemechanisms
attempt to preserve perfusion of the brain, heart, kidneys, and
liverattheexpenseofnonvital organs (e.g.,skin, muscles, gastro-
intestinal tract) (Turner & Cheifetz, 2016).

+ Baroreceptorsinthecarotid sinusrespondtoadropin
mean arterial pressure, which can occur because of a
decreasein cardiac output, a decrease in circulating blood
volume, or anincrease in the size of the vascular bed.
Compensatory responses include increases in HR, stroke
volume, and vascular smooth muscle tone (Turner &
Cheifetz, 2016).

*+ Chemoreceptorsin the medulla, carotid bodies, and aorta
respond to changes in oxygen, carbon dioxide (CO,), and
pHlevelsin the body. Poor tissue perfusion can resultin
metabolic acidosis and the increased production of CO».
The respiratory center responds to changes detected by
the chemoreceptors (e.g., risein COzlevel, dropin pH)
by increasing the ventilatory rate in an effort to blow off
excess COa.

+ Additional compensatory mechanisms that help to main-
tain perfusioninclude the release of cortisol, activation of
the renin-angiotensin-aldosterone system, the release of
vasopressin from the posterior pituitary, and the redistri-
bution of blood flow from the skin, muscles, and splanch-
nic viscera to the vital organs.

@ Physical findings often include the following;:

* Neurologic changes such as restlessness, irritability, or
confusion

* Normal systolic blood pressure, narrowed pulse pressure

* Mild increase in ventilatory rate

* Normal HR to mild tachycardia

* Strong central pulses; weak peripheral pulses

* Pale mucous membranes

+ Mild decrease in urineoutput

* Peripheral vasoconstriction: a compensatory mechanism
that is seen with hypovolemic, cardiogenic, and obstructive
shock, evidenced by cool, pale, extremities with weak pulses
and delayed capillary refill. In contrast, peripheral vasodila-
tionis usually presentwithearly distributive shock, result-
ing in warm, pink extremities with bounding peripheral
pulses and brisk capillary refill.

@ The compensatory stage of shock is also called reversible shock
because, atthisstage, theshocksyndromeisreversiblewith
prompt recognition and appropriate intervention. If uncorrected,
shock will progress to the next stage.

PALS Pearl

The initial signs of shock may be subtle in an infant or childi
The effectiveness of compensatory mechanisms is largely
dependent on the child’s previous cardiac and pulmonary
healthit In the pediatric patient, the progression from com-
pensated to hypotensive shock occurs suddenly and rapidlyt
When decompensation occurs, cardiopulmonary arrestmay be
imminentt

& Jones & Bartlett Learning.
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Hypotensive Shock

@ Hypotensive shock, formerly called decompensated shock,
begins when compensatory mechanismsbegin tofail. During
this stage of shock, the “classic” signs and symptoms of shock
are evidentbecause mechanisms previously used tomaintain
perfusion have become ineffective. Table 4-1 shows the lower
limit of normal systolic blood pressure by age.

® Physical findings often include the following:
* Neurologic changes such as agitation or lethargy
+ Fall insystolic and diastolic blood pressures
* Moderateincreaseinventilatory rate, possiblerespiratory
muscle fatigue or failure
* Moderate tachycardia, possible dysrhythmias
* Weak central pulses, thready peripheral pulses
* Delayed capillary refill (Figure 4-3)
* Paleorcyanotic mucous membranes
* Marked decrease in urine output

@ Hypotensive shock is difficult to treat, but is still reversible if
appropriate aggressive treatment is begun. As shock progresses,
the patient becomes refractory to therapeutic interventions and
shock becomes irreversible. Hypotension worsens and cardiac

Table 4-1 Lower Limit of Normal Systolic Blood Pressure by Age

Age Lower Limit of Normal Systolic
Blood Pressure

Term neonate (0 to 28 days) Morethan60mmHgorstrong centralpulse

Infant (1 to 12 months) Morethan70mm Hgorstrongcentralpulse

Child 1 to 10 years More than 70 + (2 x age in years)

Child 10 years or older More than 90 mm Hg

@ Jones & Bartlett Learning.

EMSC §ide&t{CMOM:|. 1896, Courtesy of the Emergancy Madical Services for Children Program, administered bythe U.S. Depariment

of Healthand b vice's Health Ry d Services Adminisiration, Maternal and Child Health Bi

Figure 4-3 Delayed capillary refill.

dysrhythmias may develop as ventricular irritability increases.
Cell membranes break down and release harmful enzymes.
Irreversible damage to vital organs occurs because of sustained
altered perfusion and metabolism, resulting in multisystem
organ failure, cardiopulmonary arrest, and death.

PALS Pearl

Pulse quality reflects the adequacy of peripheral perfusioni A
weak central pulse may indicate hypotensive shocki A periph-
eral pulsethatis difficulttofind, weak, orirregular suggests poor
peripheral perfusion and may be a sign of shock or hemorrhagei

& Jones & Bartlett Learning.

Types of Shock

The fourtypesofshockarehypovolemic, distributive (or vaso-
genic), cardiogenic, and obstructive (Table 4-2). Distinguishing
between these ty pes of shock can be done by considering the child's
general appearance, vital signs,and physical examination findings,
and linking that information with the child’s history (Box 4-1).

Table 4-2 Types of Shock

Category Cause Examples

Hypovolemic ~ Sudden decrease in the circulating Hemorrhage, plasma loss,
blood volume relative to the fluid and electrolyte loss,
capacity of the vascular space  endocrinedisease

Distributive  Alteredvasculartoneresults ~ Severe infection (septic
in peripheral vasodilation,  shock), severe allergic
whichincreases the sizeofthe  reaction (anaphylactic
vascularspaceandaltersthe  shock), or autonomic
distributionoftheavailable  dysfunction secondary
bloodvolume,resultingina  to spinal cord injury
relative hypovolemia (neurogenic shock)

Cardiogenic  Impaired cardiac muscle Conduction abnormalities,
function leads to decreased  cardiomyopathy,
cardiac output and inadequate  congenital heart disease
tissue oxygenation

Obstructive ~ Obstruction to ventricular ~ Tension pneumothorax,
filingortheoutflowofblood ~ massive pulmonary
from the heart embolus, cardiac tamponade

& Jones & Barilett Leaming.

Box 4-1 Key Assessment Areas for Patients at Risk of Shock

Mucous membrane color and moisture

Neurologic status

Pulse rate, rhythm, strength, and differences at central versus
peripheral sites

Skin temperature, color, moisture, and turgor

Urine output

Ventilatory rate, depth, and rhythm

@ Jones & Barilett Leaming.



A history should be obtained as soon as possible from the parent or
caregiver. The information acquired may help identify the type of
shock present, establish the child’s previous health, and determine
the onset and duration of symptoms.

Hypovolemic Shock

@ Hypovolemia is the most common cause of shock in infants and
childrenworldwide (Turner & Cheifetz, 2016). Hypovolemic
shock is a state of inadequate circulating blood volume relative
to the capacity of the vascular space.

@ Physiology: | intravascular volume - |, preload - |, ventricu-
lar filling = |, stroke volume - |, cardiac output - inadequate
tissue perfusion

@ Hemorrhagic shock, which is a type of hypovolemic shock, is
caused by severe internal or external bleeding. Possible causes of
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Box 4-2 Possible Causes of Hemorrhagic Shock in Children

Arterial bleeding

Gastrointestinal bleeding (eigi, esophageal varices, ulcers)
Intracranial bleeding in a newborn or infant

Large vessel injury

Long bone fracture

Pelvic fracture

Scalp laceration

Solid organ (elgt, liver, spleen) injury

& Jones & Bartlett Learning.

Assessment Findings

The amount and the rapidity with which volumeis lost affects the

severity and number of signs and symptoms (Table 4-3).

hemorrhagic shock in children are shown in Box 4-2.

@ Hypovolemicshock may also be caused by aloss of plasma, flu-

ids, and electrolytes, or by endocrine disorders.
* Plasmaloss: burns, third spacing (e.g., pancreatitis,

peritonitis)
* Fluidandelectrolyteloss:renaldisorder, excessivesweat-

ing (e.g., cystic fibrosis), diarrhea, vomiting
* Endocrine disease: diabetes mellitus, diabetes insipidus,
hypothyroidism, adrenal insufficiency

Table 4-3 Response to Volume Loss in the Pediatric Patient

@ Inaddition to the findings noted in Table4-3, injuries to the
organs of the thorax may resultin decreased or absent breath
sounds on the atfected side, dyspnea, and paradoxical chest wall
motion. Abdominal distention, tenderness, and bruising of the
abdominal wall may be presentin a child who has experienced
abdominal trauma.

@ Hypovolemiaresulting from nonhemorrhagic causessuch
asdiarrheaorvomiting canresultinsignsand symptoms of

Class | Class Il Class lll Class IV
%Bloodvolumeloss Up to 15% 15% to 30% 30% to 45% More than 45%
Mental status Slightly anxious Mildly anxious; restless  Altered; lethargic; apathetic; decreased pain  Extremely lethargic; unresponsive
response
Blood pressure Normal Lower range of normal  Decreased Severe hypotension
Capillary refill Normal More than 2 seconds  Delayed (more than 3 seconds) Prolonged (more than 5 seconds)
Heart rate Normal or minimal Mild tachycardia Significant tachycardia; possible dysrhythmias; Marked tachycardia to bradycardia
tachycardia peripheral pulse weak, thready, or may be absent  (preterminal event)
Muscle tone Normal Normal Normal to decreased Limp
Pulse pressure Normal or increased ~ Narrowed Decreased Decreased
Skin color (extremities)  Pink Pale, mottled Pale, mottled, mild peripheral cyanosis Pale, mottled, central and
peripheral cyanosis
Skin temperature Cool Cool Cool to cold Cold
Skin turgor Normal Poor; sunken eyes and Poor; sunken eyes and fontanels in infant/young ~ Tenting
fontanels in infant/ child
young child
Urine output Normal to concentrated Decreased Minimal Minimal to absent
Ventilatory rate/effort  Normal Mild tachypnea Moderate tachypnea Severe tachypnea to agonal

@ Jones & Bartlett Learning.

(preterminal event)
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dehydration. Research hassuggested thatfourclinical findings
can be used to assess dehydration: abnormal general appearance,
capillary refill longer than two seconds, dry mucous membranes,
and absenttears. The presence of any two of these four find-
ingsindicatesadeficitof5% ormore, and three ormorefind-
ingsindicates a deficitofatleast10% (Gorelick, Shaw, & Murphy,
1997).

Emergency Care

@ Emergency careis directed toward controlling fluid loss and

restoring vascular volume.

@ Perform aninitial assessment. Obtain a focused history assoon

as possible from the parentor caregiver to assistinidentifying
the etiology of shock.

@ Initiate pulse oximetry and cardiac and blood pressure moni-

' Obtain vascular access. Venousaccess may be difficult to obtain

toring. Controlexternal bleeding, if present. If ventilationis
adequate, givesupplemental oxygenina manner thatdoesnot
agitatethechild.Ifsigns ofrespiratory failureorrespiratory
arrest are present, assist ventilation using a bag-mask device with
supplemental oxygen.

inaninfantor child in shock. When shock is present, the most
readilyavailable vascularaccesssiteis preferred. Ifimmediate
vascular accessis needed and reliable intravenous (IV) access

cannot be rapidly achieved, early intraosseous (10) access is
appropriate.

@ After vascular access has been obtained, begin fluid resuscita-

tion. Aftereach fluid bolus, reassess thechild’smental status, HR,
blood pressure, capillary refill, peripheral perfusion, and urine
output.

* Administrationofaninitial 20mL/kg fluid bolusofan
isotonic crystalloid solution such as normal saline (NS) or
lactated Ringer’s (LR)isreasonable (de Caenetal.,2015).
Generally, the administration of about3 mL of crystalloid
isneeded toreplaceevery 1 mLof bloodlost (American
Heart Association, 2011a). An IV tubing system that incor-
poratesanin-linethree-way stopcockisoftenuseful for
rapid fluid administration.

+ Assess the child’s response after each bolus. Monitor
closely for increased work of breathing and the develop-
ment of crackles. Because excessive fluid administration
canbeharmful, someexpertshaverecommended that
transthoracic echocardiography in combination with
clinical assessments be used to guide patient manage-
ment (i.e., additional fluid boluses, tluid boluses usingless
volume, initiation of vasopressor therapy) (Polderman
& Varon, 2015; Sirvent, Ferri, Bard, Murcia, & Lorencio,
2015).

+ Colloidsareprotein-containingfluids withlargemol-
ecules thatremain in the vascular space longer than crys-
talloid fluids. Colloids exert oncotic pressure and draw
fluid outof the tissues and into the vascular compartment.
Although colloids (such as albumin) are not routinely
indicated during the initial management of hypovolemic

shock, they may be ordered for volume replacement in
children withlarge third-space losses or albumin deficits
(American Heart Association,2011a).

* Blood products may need to be transfused when hemor-
rhage is the cause of volume loss. Consider a transfusion of
packedredblood cellsif thechild remains unstableafter
two to three 20 mL/kg isotonic crystalloid fluid boluses
(American Heart Association,2011a).

+ Vasopressors (e.g., dopamine, norepinephrine, epinephrine)
are generally considered only if shock remains refractory
after 60to80mL/kgof volumeresuscitation (Turner &
Cheifetz, 2016).

@ Obtain a Focused Assessment with Sonography for Trauma

(FAST) examination (i.e., bedside ultrasound) if the equipment
isavailableandbleedingissuspectedinthechest, abdomen, or
pelvis.

@ Check the serum glucose level. Some childreninshock are hypo-

glycemicbecause of rapidly depleted carbohydratestores. [fthe
serum glucoseis below 60 mg,/dL, administer dextrose IV or1O
(Table 4-4).

® Maintain normal body temperature.

Table 4-4 Dextrose

Classification Carbohydrate

Mechanismof action

Mainactionisto replace glucose thatis needed as the
principal energy source for body cells; rapidly increases
serum glucose concentration

Indications

Known or suspected hypoglycemia

Dosage

IV/10: 0.5 to 1 g/kg
Newborn: 5to 10 mL/kg D1oW
Infantsandchildren: 2 to4 mL/kg DasW
Adolescents: 1to2mL/kgDsoW

Adverseeffects

+ Hyperglycemia
+ Extravasation leads to severe tissue necrosis

* Cerebral edema when given IV undiluted

Notes » Beforeadministration, drawblood to determine the

baseline serum glucose level.

» Becauseexiravasationcancause tissuenecrosis,
ensurethe patencyofthe|Vline before
administration.

* Dilutinga 50% dextrose solution 1:1 with sterile
waterornormalsaline=Dzs\W. Diluting 50%
dextrose solution 1:4 with sterile water ornormal
saline =D1oW.

10 = intraosseous, IV = intravenous.

@ Jones & Bartlett Learning.



@ Inserta urinary catheter. Urine outputis a sensitive measure of
perfusion status and the adequacy of therapy.

@ Obtain appropriate diagnostic studies. Laboratory studies should
include a complete blood count with differential, electrolytes,
glucose, renal function tests, and coagulation studies. The patient
should undergocomputed tomography (CT)imaging ofarea(s)
of suspected hemorrhage.

PALS Pearl

Ifaperipheralveinisusedtoadministeravasopressor,close
monitoring of the intravenous site is essential because extravasa-
tion can result in tissue sloughingi

@ Jores & Bartlett Learning.

Distributive Shock

@ Distributive shock, also called vasogenic shock, results from an
abnormality in vascular tone. A relative hypovolemia occurs
when vasodilation increases the size of the vascular space
and the available blood volume must fill a greater space. This
resultsinanaltered distribution of the blood volume (rela-
tive hypovolemia) rather than actual volume loss (absolute
hypovolemia).

@ Physiology: | peripheral vascular resistance - inadequate tissue
perfusion- " venouscapacityand pooling < | venousreturn
to the heart - | cardiac output

@ Distributive shock may be caused by a severe infection (septic
shock),a severeallergicreaction (anaphylacticshock), oracen-
tral nervous system injury (neurogenic shock).

PALS Pearl

Signs and symptoms of distributive shock that are unusual in
the presence of hypovolemic shockinclude warm, flushed skin
(especially in dependent areas), and, in neurogenic shock, a nor-
mal or slow pulse rate (relative bradycardia)i

@ Jones & Bartlett Learning.

Septic Shock

@ Septicshockisaphysiologicresponsetoinfectiousorganisms
or their by-products that results in cardiovascular instability
and organ dysfunction. Septic shock is the most common type
of distributive shock in children (American Heart Association,
2011b). Some experts have considered septic shock to be a com-
bination of hypovolemic, cardiogenic, and distributive shock in
which hypovolemia occurs because of intravascular fluid losses
through capillary leak, cardiogenic shock results from the
depressant effects of endotoxins on the myocardium, and dis-
tributive shock results from decreased systemic vascular resis-
tance (Turner & Cheifetz,2016).
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@ Septic shock occurs in two clinical stages.

* Theearly phaseis characterized by peripheral vasodila-
tion (warmshock) caused by endotoxins that prevent cat-
echolamine-induced vasoconstriction. During this phase,
cardiacoutputincreasesinanattempttomaintainade-
quate oxygen delivery and meet the increased metabolic
demandsof theorgansand tissues (Turner & Cheifetz,
2016).

Assepticshock progresses, inflammatory mediators cause
cardiac output to fall, which leads to a compensatory
increasein peripheral vascular resistance thatisevidenced
by cool extremities (cold shock) (Turner & Cheifetz, 2016).
Late septic shock is usually indistinguishable from other
types of shock.

Assessment Findings

@ Early (hyperdynamic, increased cardiac output) phase
* Blood pressuremay benormal; possible widened pulse
pressure
* Bounding peripheral pulses
* Brisk capillary refill
+ Chills
* Fever
* Normal urine output
* Tachypnea
* Warm, dry, flushed skin

@ The progressionfromincreased to decreased cardiacoutputmay
occur quickly (in minutes or hours) or slowly (over a period of
days) (Perkin, 1992).

@ Late (hypodynamic/decompensated) phase

* Altered mental status

+ Cool, mottled extremities

* Delayed capillary refill

* Diminished or absent peripheral pulses
* Diminished urine output

* Tachycardia

PALS Pearl

If you observe a change in mental status in a febrile child (incon-
solable, inability to recognize parents, unarousable), immediately
consider the possibility of septic shocki

@ Jones & Bartlett Learning.

Emergency Care

@ The Surviving Sepsis Campaign provides clinicians with rec-
ommendations for managing severe sepsis and septic shock in
adultsandchildren(Dellingeretal.,2013). Emergency careis
directed toward rapidly restoring hemodynamic stability, iden-
tifying and controlling theinfectious organism, limiting the
inflammatory response, supporting the cardiovascular system,
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enhancing tissue perfusion, and ensuring nutritional therapy
(Dellinger et al., 2013).

* Initial therapeutic endpoints of resuscitation of septic
shockinclude acapillary refill of 2 seconds or less, normal
blood pressure for age, normal pulses with no differential
between peripheral and central pulses, warm extremities,
urine output of more than 1 mL/ kg per hour, and normal
mental status (Dellinger et al., 2013).

* Ongoing care should be provided ina pediatric
intensive care unit with central venous and arterial
pressure monitoring and with access to additional
resources.

@ Perform an initial assessment and obtain a focused history.

@ Initiate pulse oximetry and cardiac and blood pressure moni-
toring. Give supplemental oxygen if indicated. Assist venti-
lation using a bag-mask device with supplemental oxygen if
indicated.

@ Obtain vascular access and begin fluid resuscitation. An ini-
tial fluid bolus of 20mL /kgofanisotoniccrystalloid solu-
tion is suggested (de Caen et al,, 2015). Carefully monitor for
increased work of breathing, the development of crackles, or
the development of hepatomegaly. Reassess the child's mental
status, HR, blood pressure, capillary refill, peripheral perfusion,
and urine output after each fluid bolus. Fluid boluses should be
titrated to the goal of reversing hypotension, increasing urine
output, and attaining normal capillary refill, peripheral pulses,
and level of consciousness without inducing hepatomegaly or
rales(Dellingeretal.,2013). Consider the use of transthoracic
echocardiography in combination with clinical assessments to

Table 4-5 Norepinephrine

guide patient management (Polderman & Varon, 2015; Sirvent
et al., 2015).

Currentresuscitation guidelinesrecognize thatchil-
dren with septic shock may require inotropic support
and mechanical ventilationinaddition to fluid therapy.
Because these therapies are notavailable inall settings,

the administration of IV fluid boluses to children with
febrileillness in settings with limited access to critical
careresourcesshould be undertaken with extreme caution
because it may be harmful (de Caen etal., 2015).

Check theserum glucose level and the ionized calcium
level and correct to normal values if indicated.
Administer a broad-spectrum antibiotic. Blood samples
for culture should be obtained before giving antibiotics,
but obtaining them should not delay antibiotic admin-
istration (Dellinger etal., 2013). Antimicrobials can be
administered intramuscularly or orally if necessary until
IV access is available (Dellinger et al., 2013).

If the child’s response is poor despite fluid resuscitation
(i.e., fluid-refractory shock), establish a second vascular
access site. This site should be used for initial vasoactive
medication therapy toimprove tissue perfusionand blood
pressure while continuing fluid resuscitation.
Norepinephrineis recommended for warm shock witha
low blood pressure (Dellingeretal., 2013) (Table 4-5).
Dopamine is recommended for cold shock with a normal
blood pressure (Dellinger et al., 2013) (Table 4-6). If per-
fusiondoes notrapidly improve with the administration of
dopamine, begin an epinephrine or norepinephrine infu-
sion (Dellinger et al., 2013).

Classification Catecholamine, vasopressor, sympathomimetic

Mechanism of + Norepinephrine stimulates alpha-adrenergic receptors, producing vasoconstriction and increasing peripheral vascular resistance. It also
action stimulates betas-adrenergic receptors, thereby increasing cardiac contractility and cardiac output.

Indications Shock accompanied by hypotension that is unresponsive to fluid therapy

Dosage IV/10infusion: 0.1to2 meg/kg per minute; begininfusionat0.1 meglkg per minute andtitrate slowly upward to desired clinical response (uptoa

maximum dose of 2 mcg/kg per minute)

Adverseeffects CNS: headache, anxiety, seizures
CV: hypertension, tachycardia, bradycardia
Resp: dyspnea

Notes + Shouldbe administered viaaninfusion pumpintoacentral veintoreduce the risk ofnecrosis of the overlying skin fromprolonged

vasoconstriction. Check the IV/10 site frequently.

* Continuously monitor the patient’s ECG during administration.

+ CheckBPevery2minutes untilstabilized at the desiredlevel. Check every Sminutesthereafter during therapy.

BP = blood pressure, CNS = central nervous system, CV = cardiovascular, ECG = electrocardiogram, 10 = intraosseous, IV = intravenous, Resp = respiratory.

@ Jones & Bartlett Learning.
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Table 4-6 Dopamine

Intropin, Dopastat

Classification Direct- and indirect-acting sympathomimetic, cardiac stimulant and vasopressor; natural catecholamine
Mechanism of + Naturally occurring immediate precursor of norepinephrine in the body

action
+ Dapamine's effects vary depending on its rate of infusion. When infused at low doses (less than 5 meg/kg per minute), dopamine increases renal

andmesentericflow, therebyimproving perfusion fothese organs. Atmediumdoses (ratesof5to 15meg/kg perminute), dopamineincreases
cardiaccontractilityandtherebyincreasescardiacoutput, withlittle effectonvascularresistance. Wheninfusedathigherdoses (20 meg/kg per
minuteandhigher), dopamine actsas avasopressor, causingarteriolarvasoconstriction, whichincreases peripheral vascularresistance.

Indications Hemodynamically significant hypotension (e.g., cardiogenic shock, distributive shock)
Dosage IV/10 infusion: 2 to 20 meg/kg per minute; titrate to improve BP and perfusion
Contraindications + Hypersensitivity tosulfites

+ Hypovolemia

+ Pheochromocytoma

+ Uncorrected tachydysrhythmias

Adverse effects ~ CNS: headache
CV: palpitations, dysrhythmias (especially tachycardia)
Gl: nausea, vomiting
Other: tissue sloughing with extravasation
Notes + Continuously monitor vital signs and BP during administration.
+ Correct volume deficits before dopamine therapy.
+ Extravasation into surrounding tissue may cause necrosis and sloughing.

+ Infuse through a central line or large vein using an infusion pump.
BF = blood pressure, CNS = central nervous system, CV = cardiovascular, Gl = gastrointestinal, |0 = intraosseous, IV = intravenous.

@ Jones & Bartlett Learning.

functional residual capacity, increased oxygen consump-
PALS Pearl unety 1l capacity : ygen p
tion, immature intercostal and diaphragmatic muscles,

Inotropes, vasopressors, and vasodilators are types of vasoactive and inefficient intercostal muscle positioning (Cho &
medicationst Inotropes such as dopamine, epinephrine, dobu- Rothrock, 2008).

tamine, and milrinone increase contractility, thereby increasing * Fluidresuscitationisrecommended beforeintubation.
cardiac outputi Vasopressors such as dopamine, norepineph- This is because intubation and mechanical ventilation can
rine, epinephrine, and vasopressin increase peripheral vascular increaseintrathoracic pressure, reduce venous return, and
resistancet Vasodilators such as nitroprusside and nitroglycerin lead to worsening shock if the patient is not volume loaded
decrease peripheral vascular resistancel The effects of some of (Dellinger et al., 2013).

Fhfese;‘:edications vary depending on the rate at which they are @ Treat fever with medications and cooling devices as needed.
infuse

@ If the child remains inshock despite the infusion of norepineph-
rine, dopamine, or epinephrine (i.e., catecholamine-resistant
shock), thepatientisatrisk foradrenalinsufficiency. Obtain

@ Jones & Bartlett Learning

* Epinephrineisrecommended for cold shock withalow

a serum cortisol level. Stress-dose hydrocortisone therapy is
blood pressure (Dellinger et al., 2013) (Table 4-7).

recommended for children with known or suspected adrenal
@ Consider the need for insertion of an advanced airway. insufficiency (e.g., adrenal disorder, chronic steroid medication
* Infantsand youngchildren with severe sepsis may require therapy, central nervous system disorders, or purpura that sug-
early intubation because of their relatively reduced gests meningococcemia) (Dellinger et al., 2013).
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Table 4-7 Epinephrine Infusion

Trade name Adrenalin

Classification Catecholamine, sympathomimetic, vasopressor

Mechanism of action Stimulates alpha and beta adrenergic receptors

Indications Continued shock after volume resuscitation
Dosage IV/IO infusion: Start at 0.1 mcglkg per minute and titrate according to patient response up to 1 mcglkg per minute.
Adverse effects CNS: anxiety, restlessness, dizziness, headache
CV: palpitations, dysrhythmias (especially tachycardia), hypertension
Gl: nausea, vomiting
Other: hyperglycemia, tissue sloughing with extravasation
Notes + Continuousmonitoringofthe patient's ECG and oxygensaturationand frequentmonitoring of the patient's vital signsis essential.

+ Infuse by means of an infusion pump and preferably through a central line.

+ Check the IV/IO site frequently for evidence of tissue sloughing.

+ Becauseofitsbeta-adrenergic stimulating effects, epinephrine acts asa potent inotropic agentwheninfused atlowinfusion rates (less than
0.3mcg/kgperminute) (Turner& Cheifetz, 2016).Wheninfusedathigherrates (morethan0.3 meglkg perminute ), epinephrine actsasa
vasopressor, stimulating alpha-adrenergic receptors, producing vasoconstriction, andincreasing peripheral vascularresistance.

CNS = central nervous system, CV = cardiovascular, ECG = electrocardiogram, Gl = gastrointestinal, 10 = intraosseous, IV = intravenous.

© Jones & Bartlett Learning.

Anaphylactic Shock

Anaphylaxis isanacute allergic reaction that results from the release
ofchemicalmediators (e.g., histamine) after exposure toanaller-
gen. Common causes include foods (e.g., eggs, shellfish, milk, nuts),
insect stings (e.g., bees, wasps, ants), medications (e.g., penicillin,
aspirin, sulfa), and environmental agents (e.g., pollen, animal hair,
latex).

Assessment Findings

Anaphylaxis typically affects multiple body systems, with
cutaneoussymptoms being the mostcommon, followed by
respiratory symptoms. Possiblesignsand symptomsinclude the
following;:

@ Cardiovascularsystem: tachycardia, hypotension, shock,
dysrhythmias

@ Gastrointestinal system: abdominal cramping, diarrhea, nausea,
vomiting

@ Integumentary system: flushing, angioedema, pruritus (itching),
urticaria (hives) (Figure 4-4)

@ Neurologic system: anxiety, apprehension, restlessness, headache,

confusion, dizziness, seizure, syncope, sense of impending doom

@ Respiratory system: coughing, hoarseness, laryngeal edema, nasal
congestion, shortness of breath, stridor, wheezing, intercostal and
suprasternal retractions

@ DIGlcaliStock/Getty.

Figure 4-4 Hives.

Emergency Care

@ Emergency careisdirected toward maintaininganopenair-
way, reversingor blocking the effects of chemical mediators,
supportingoxygenationand ventilation,and maintaining effec-
tive circulation.

@ Performaninitial assessment and obtain a focused history.
Remove/discontinue the causative agent.



@ Initiate pulse oximetry and cardiac and blood pressure moni-
toring. If ventilation is adequate, give supplemental oxygen in
amanner that does not agitate the child. If breathing is inad-
equate, ventilate using a bag-mask device with supplemental
oxygen.
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increasein HR. Withneurogenicshock, the patientdoesnot
become tachycardic because sympathetic activity is disrupted.

@ Theskinisinitially warmand dry. Hypothermia may develop
because of widespread vasodilation and heat loss (Mack, 2013).

@ The mainstay of treatment of anaphylaxis is the intramuscular
(IM) administration of epinephrine (see Table 2-5). Epineph-
rine constricts blood vessels, reduces the release of inflamma-

Emergency Care

@ Emergency care focuses on supporting oxygenation and venti-

tory mediators from mastcells and basophils, dilates bronchial

smooth muscle, and increases cardiac contractility. An epineph-

rine auto-injector may be used ifitis available. The site of choice
is the anterolateral aspect of the thigh. If symptoms persist or
recurafter15 minutes, a second dose oranepinephrineinfusion
may be needed.

@ Obtain vascular accessand give 20 mL/ kg fluid boluses of NS or

LR as needed to support circulation (Gausche-Hill & Buitenhuys,

2012).Repeatthe primary assessmentafter each fluid bolus.
Closely monitor for increased work of breathing and the devel-
opment of crackles.

@ Consider inhaled bronchodilator therapy (e.g., albuterol) for
bronchospasm (see Table 2-6).

® Administerothermedicationstohelpstoptheinflam-
matory reaction (e.g,, parenteral antihistamines, systemic
corticosteroids).

@ Discharge planning should include informationabout theagent
that caused the anaphylaxis and possible methods to avoid it,
informationabouttheimportance of wearing medical alertiden-
tification withregard to theallergy, and ananaphylaxis emer-
gency treatmentkit (i.e.,anepinephrineauto-injector) with
instructions for use.

Neurogenic Shock

@ Neurogenic shock results from a disruption in the ability of the
sympathetic division of the autonomic nervous system to con-
trol vessel dilation and constriction. Theloss of sympathetic
toneismostcommonwhenthedisruptionoccursatthesixth
thoracic vertebrae (T6) or higher. Neurogenic shock may occur
because of general anesthesia, spinalanesthesia, orasevere
injurytothehead orspinalcordsuchasabrainsteminjuryora
complete or incomplete spinal cord injury.

@ Physiology: widespread arterial and venous vasodilation -
peripheral vascular resistance - . venous return - | preload
- | strokevolume = | cardiac output = | blood pressure -
L tissue perfusion - impaired cellularmetabolism. Arelative
hypovolemia exists because the total blood volume remains the
same, but blood vessel capacity is increased.

Assessment Findings

@ Signsand symptoms typically include hypotension withawide
pulse pressure, normal capillary refill, and an HR thatis either
withinnormal limits oris bradycardic. Withmost forms of
shock, hypotensionisusually accompanied by acompensatory

lation, maintaining normal body temperature, and maintaining

effective circulation.

@ Performaninitial assessmentand obtainafocused history. If
trauma is suspected, maintain cervical spine stabilization until
cervical spineinjury is ruled out by history, examination, radio-
graphs,computed tomography, or magneticresonanceimaging
(MRI). Ifitis necessary to open the airway, use ajaw thrust with-
out neck extension maneuver.

@ Perform baseline and ongoing neurologic assessments.

@ Initiate pulse oximetry and cardiac and blood pressure moni-
toring. If ventilation is adequate, give supplemental oxygen in
amanner that does not agitate the child. If breathing is inad-
equate, ventilate using a bag-mask device with supplemental
oxygen.

@ Obtain vascular access. Consider careful administration of
20mL/kgisotonic crystalloid fluid boluses (Gausche-Hill &
Buitenhuys, 2012). Repeat the primary assessment after each
fluid bolus to assess the child’s response. Monitor closely for
increased work of breathing and the developmentof crackles.
Because the primary problem in neurogenic shock is a loss of
sympathetic tone and notactual volume loss, the infusion of
selective vasopressors (e.g., norepinephrine, epinephrine) may
be more effective than fluid administration in increasing vascu-
larresistance and improving perfusion (Gausche-Hill & Buiten-
huys, 2012).

@ Careful monitoring of thechild’sbody temperatureisimportant.
Warming or cooling measures may be needed to maintain nor-
mal body temperature.

Cardiogenic Shock

@ Cardiogenic shock results from impaired cardiac muscle func-
tion that leads to decreased cardiac output and inadequate tis-
sue perfusion. The patient’s initial clinical presentation may be
identical to hypovolemicshock.

@ Physiology: ¢ cardiac output = 1 peripheral vascular resistance

- T afterload > T myocardial oxygenrequirements - \, car-
diacoutput - | blood pressure = |, coronary perfusion pres-
sure - | tissue perfusion - impaired cellular metabolism >
progressive myocardial dysfunction

@ Arrhythmogenic cardiogenicshock (Box4-3) results froma
heartrate thatis either too fast or too slow to sustaina sufficient
cardiac output (Gausche-Hill & Buitenhuys, 2012).

@ Cardiogenic shock may also result from redirected blood flow
caused by congenital anatomic heart lesions in which myocardial
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Box 4-3 Possible Causes of Arrhythmogenic Cardiogenic Assessment Findings
Shock in Child .. -
il b @ Altered mental status @ Neck vein distention

Atrial fibrillation @ Cool extremities @ Pale, mottled, or cyanotic

Aral flutter @ Decreased urine output skin

Atrial tachycardia @ Peripheral edema
@ Hepat 1 ! P

Idioventricular rhythm epatomegaly

@ Poor feeding
Junctional bradycardia

@ Hypotension
@ Tachycardia

Junctional tachycardia @ Increased work of breathing
Preexcitation syndromes © Increasing pulmonary con- " eak, thready, or impercep-
Second-orthird-degreeatrioventricularblock gestion and crackles tible peripheral pulses

Sinus arrest

Sinus bradycardia
Supraventricular tachycardia
Toxic exposure (eig!, beta-blockers, cholinergics) © Emergency care focuses on reducing myocardial oxygen
Ventricular tachycardia (efgl, monomorphic, polymorphic) demand, improving preload, reducing afterload, improving
contractility, and correcting dysrhythmias. Because manage-
mentofthe patient with cardiogenic shock can be difficult

and complex, consultation withspecialists should be soughtas
contractility may beimpaired (Box 4-4), inflammatory disorders needed.

(Box 4-5), obstructive lesions (e.g., cardiac tamponade, severe
pulmonary embolus), or other conditions (e.g.,acuteand chronic

Emergency Care

 Jones & Bartlett Learning.

@ Perform an initial assessment and obtain a focused history.

drug toxicity, acute valvular regurgitation, commotio cordis, @ Initiate pulseoximetry and cardiacand blood pressuremoni-
ischemicheartdisease, myocardial injury, pheochromocytoma, toring. If ventilationisadequate, givesupplemental oxygenina
thyrotoxicosis). mannerthat doesnotagitate thechild. If breathingisinadequate,

ventilate usinga bag-mask device with supplemental oxygen.

Box 4-4 Congenital Heart Lesions That May Cause
Cardiogenic Shock in Children

Atrial-septal defect

Critical aortic stenosis
Coarctation of the aorta
Hypertrophic cardiomyopathy
Hypoplastic left heart syndrome
Patent ductus arteriosus
Tetralogy of Fallot
Transposition of the great arteries
Tricuspid atresia

Ventricular-septal defect

& Jones & Bartlet! Leaming. i
@ Obtain vascular access.

@ Obtainal2-lead electrocardiogram (ECG). Treatdysrhythmias if

Box 4-5 Inflammatory Conditions That May Contribute to

Cardiogenic Shock inChildren

Acute rheumatic fever
Juvenile rheumatoid arthritis
Kawasaki disease
Myocarditis
Pericarditis
Systemic lupus erythematosus
© Jones & Bt Learing they are present and contributing to shock.

@ Invasive hemodynamic monitoring can be helpful when deter-
mining the best pharmacological approach for the patient.



* Ifindicated, preload may be optimized with
administra- tion of a small fluid bolus (5to 10
mL/kg) given over 10 to 20 minutes
accompanied by careful monitoring of men-
talstatus,lungsounds, work of breathing,and
signsof hepatic congestion thatindicate
volume overload.

* The patient who has significant hypotension
and is unre- sponsive to fluid resuscitation or
who becomes volume overloaded may require
vasopressors to increase blood pressure.

* Inotropic agents may be ordered to improve
myocardial contractility. These medications
mustbe carefully titrated tominimize
increasesinmyocardial oxygendemand.

+ Aftertheblood pressure hasbeenstabilized,
vasodilators may be ordered to decrease both
preload and afterload.

@ Obtainlaboratory and diagnosticstudies. Obtaina
point-of-care glucoselevelandacomplete blood
count. Anarterial blood gas should be obtained to
assess the adequacy of oxygenationand ventilation.
Obtaina chestradiograph to help differentiate car-
diogenic from noncardiogenic shock and to identify the
presence of a pulmonary infection, cardiomegaly,
pulmonary edema, or evolving acute respiratory
distress syndrome. An echocardio- gramishelpfulin
assessing systolicand diastolic function, con- genital
lesions, and valvular abnormalities.

Chapter 4 Shock
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@ Refractory cardiogenic shock may require mechanical support
with extracorporeal membrane oxygenation (ECMO) or a ven-
tricular assist device (VAD).

@ Arrange for the patient’s transfer to a pediatric intensive care unit
for ongoing care.

PALS Pearl

Epinephrine, norepinephrine, anddopamine (athighdoses)are
examples ofinotropic agents that have a vasoconstrictor effect
on the peripheral vasculaturet Dopamine (at low doses), isopro-
terenol, dobutamine, amrinone, and milrinone are examples of
inotropic agents that have a vasodilator effect onthe peripheral
vasculatures

& Jones & Bartlett Learning.

Obstructive Shock

@ Obstructive shock occurs whenlow cardiac output results from
anobstructiontoventricular filling or to the outflow of blood
fromthe heart. The patient’sinitial clinical presentation may be
identical to hypovolemicshock.

@ Physiology: blood flow obstruction - |, ventricular filling >
J cardiacoutput - | blood pressure-> | tissue perfusion -
impaired cellular metabolism

@ Possible causes of obstructive shock include cardiac tampon-
ade, tension pneumothorax, ductal-dependent congenital heart
lesions, and massive pulmonary embolism.

* Withcardiactamponade, excessivefluid buildsupin
the pericardial sac that surrounds the heart, resulting in
reduced ventricular filling, a decrease instroke volume,
and a subsequent decrease in cardiac output.

* With a tension pneumothorax, air enters the pleural space
oninspirationbutcannotescape. Intrathoracicpressure
increasesand thelungontheaffected sidecollapses. Air
under pressure shifts the mediastinum away from the
midline, toward the unaffected side. Asintrathoracic pres-
sureincreases, the inferior vena cava becomescompressed,
decreasing venous returnand decreasing cardiac output.

* With ductal-dependent congenital heart lesions, pulmo-
nary or systemic blood flow decreases as the ductusarteri-
osus constricts and closes. Right-sided obstructive lesions
(e.g., tricuspid atresia, pulmonary atresia, transposition
ofthegreatarteries) requirean openductusarteriosusto
provide adequate pulmonary blood flow (Mastropietro,
Tourner, & Sarnaik, 2008). Obstructive lesions of theleft
sideof the heart (e.g., hypoplasticleft ventricle, coarctation
of the aorta, interrupted aortic arch) require an open duc-
tus arteriosus to maintain adequate systemic blood flow
(Mastropietro et al., 2008).

+ Withamassive pulmonary embolism, a thrombus lodges
inthe pulmonary artery causing a partial or total obstruc-
tion. Becausetherearelungsegmentsthatareventilated
butnot perfused, a ventilation-perfusion mismatchresults.

Assessment Findings

Assessment findings are dependent on the cause of the obstruction.

© Cardiac tamponade: altered mental status, Beck triad (dis-
tended neck veins, hypotension, muffled or diminished heart
sounds), dyspnea, narrowed pulse pressure, pulsus paradoxus,
tachycardia, weak or absent peripheral pulses

@ Tension pneumothorax: altered mental status, diminished or
absentbreathsoundsonthe affected side, distended neck veins
(may be absent if hypovolemia present or hypotension is severe),
hyperresonance of the affected side on percussion, hypotension,
increased airway resistance when ventilating the patient (poor
bag compliance), marked respiratory distress, progressively
worsening dyspnea, pulsus paradoxus, tachycardia, tachypnea,
tracheal deviation toward the contralateral side (may or may not
be present)

@ Ductal-dependent congenital heart lesions: see Table 4-8

@ Massive pulmonary embolism: acute dyspnea, cough, hemopty-
sis, hypoxia, pleuritic chest pain

Emergency Care

Emergency carefocusesonsupporting oxygenationand ventilation
and maintaining effectivecirculation.

@ Perform an initial assessment and obtain a focused history.

@ Initiate pulse oximetry and cardiac and blood pressure monitor-
ing. If ventilationisadequate, give supplemental oxygeninaman-
ner thatdoes notagitate the child. Ifbreathing is inadequate, assist
ventilationusinga bag-mask device with supplemental oxygen.

@ Obtain vascular access and appropriate laboratory studies.

@ Further managementof obstructiveshock depends onthe cause.
Seek consultation with specialists as needed.

* Diagnostic studies such as bedside or transthoracic ultra-
sonography are helpful in diagnosing cardiac tamponade;
pericardiocentesis is the definitive treatment for this con-
dition. Aggressive volume expansion is controversial, espe-
cially innormovolemic or hypervolemic children, because
fluid resuscitation may worsen tamponade (Perkin et al.,
2013).

Table 4-8 Possible Assessment Findings with Ductal-Dependent
Heart Lesions

Obstructive Lesions of the
Left Side of the Heart

Obstructive Lesions of the

Right Side of the Heart

Cyanosis Cold, clammy, mottled skin
Dyspnea Decreased lower extremity pulses
Feeding difficulty Decreased urine output
; Tachypnea Poor feeding
Progressive dyspnea
 Jones & Barlett Leaming.



* Although diagnostic studies such as a chest radio-
graph, bedside ultrasound, or computed tomography
are helpfulin diagnosing a pneumothorax, the diagno-
sisisoftenmadeclinically. Management ofatension
pneumothoraxincludesimmediate needle decompres-
sion of the affected side followed by thoracostomy tube
placement.

* Needledecompression,alsocalled needle thoracostomy,
should be performed by a trained individual usinga 14-
or16-gauge catheter-over-needle (asmaller gauge may

Chapter 4 Shock

@ Studies have documented unreliability atestimating children’s

weights, a highrate of errors made when performing drug cal-
culations, and a loss of valuable resuscitation time secondary
to computing drug dosages and selecting equipment. Use the
child's weight, if itis known, to calculate the dosage of resusci-
tation medications. If the child's weight is unknown, a length-
based resuscitation tape with precalculated dosages may be
used.

@ Length-based resuscitation tapes may be used to estimate

weight by length and simplify selection of the medications and
supplies needed during the emergency care of children. The
tape assigns children to a color zone with precalculated drug
dosages, fluid volumes, vital signs, and equipment sizes appear-
ingineachzonebased ontheirlength. Ifthechildistallerthan
the tape, standard adult equipment and medication dosages
are used.

be used for infants and young children).
Afteridentifying the second intercostal spaceinthe
midclavicular line of the affected side, the skin is
cleansed, the protective covering is removed from the
needle,and theneedleisinserted ata90° angletothe
chest wall through the skin and over the top of the third
rib (second intercostal space).

Entry into the pleural spaceis evidenced by one or more
ofthefollowing:a”popping” sound or“giving way” sen-
sation,asuddenrushofair,ortheability toaspirateair
intoa syringe (if used). Then remove and appropriately
discard theneedle, leaving the catheterin place. The
catheter is secured to the patient’s chest wall to prevent
dislodgement.

Assess the patient’s response to the procedure by evalu-
atingwork of breathing, breath sounds, ventilatory rate,
oxygensaturation, heartrate, and blood pressure.
Definitive treatment of a tension pneumothorax
requires insertion of a chest tube, after which the
needle thoracostomy catheter may be removed. After

PALS Pearl

Uponrevision oftheresuscitationguidelines everyfiveyears, be
sure toclosely examinethe resuscitation tapesin use anddeter-
mine if they should be replacedt

© Jones & Bartlett Learning.

VASCULAR ACCESS

Inthemanagementof cardiopulmonaryarrestand hypotensive
the procedure, obtain a chest radiograph to assess for shock, the preferred vascular access site is the largest, most readily
lung reexpansion and evaluate thoracostomy tube accessiblevein (Perkinetal., 2013).1fno[Visin placeatthe onsetof
position. acardiac arrest, the intraosseous route is useful as the initial means

* Immediate managementof aninfant with signs of decom- of vascular access.

pensationcaused by aductal-dependent congenital heart
lesion typically requires an IV infusion of prostaglandin
Ei (PGE;), which chemically opens the ductus arteriosus.
In addition to diagnostic studies such as echocardiogra-
phy, the administration of inotropic agents and other sup-

Peripheral Venous Access

@ Peripheral venousaccessis an effectiveroutefor fluidand
medication administration that does not require interruption
of resuscitation efforts. The peripheral route is acceptable dur-
ing resuscitation if it can be achieved rapidly (Kleinmanet al.,
2010).

portive care may beindicated.

* Management ofamassive pulmonary embolismincludes
obtaining diagnostic studies such as an echocardio-
gram, computed tomography, orangiography aswell
as the administration of fibrinolytics to dissolve the
clot, anticoagulation therapy, and possible surgical
intervention.

@ Sites used for peripheral IV access in childreninclude the hand,
foot,arm, leg, orscalp (ininfants younger than 9 months)
(Figure 4-5). Peripheral veins are generally small in diameter
and may be difficult to cannulate inan ill infant or a child who
isdehydrated,inshock, orwhoisexperiencingacardiacarrest.
Possible complications of peripheral venous access and IV fluid

LENGTH-BASED RESUSCITATION TAPE therapy appear in Box4-6.

@ When caring for the pediatric patient, treatment interventions
are usually based on the weight of the child. Asaresult, arange
of age- and size-appropriate equipment (including bags and
masks, endotracheal tubes, and IV catheters) must be readily
available for use in pediatric emergencies. The equipment and
supplies must be logically organized, routinely checked, and
readily available.

Intraosseous Infusion

@ Intraosseous Infusion (IO]) isthe process of infusing medica-
tions, fluids, and blood products into the bone marrow cavity.
Because the marrow cavity is continuous with the venous circu-
lation, fluids and medications ad ministered by the IO route are
subsequently delivered to the venous circulation.
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Courtesy of Barbara Agfler.

Figure 4-5 The veins of the hand are among the sites used for
intravenous access in children.

Box4-6 Possible Complications of Peripheral Venous Access
and Intravenous FluidTherapy

Air or catheter embolism

Cellulitis

Circulatory overload

Extravasation

Flare reactions (transient chemical phlebitis)
Hematoma

Inadvertent arterial puncture

Infection

Infiltration

Necrosis and skin sloughing from extravasation of sclerosing
agents into surrounding tissue

Nerve damage

Phlebitis

Thrombosis
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@ AnIOIshouldbeestablished when peripheral IV access can-
not berapidly achieved (Box4-7). Manual pressure, asyringe, a
pressure infuser bag (alternately, a blood pressure cuff inflated at
300 mm Hg may be used), or an infusion pump should be used
when administering viscous medications or rapid fluid boluses.

Box 4-7 Clinical Indications for Intraosseous Infusion

Anaphylaxis

Cardiac arrest

Edema or obesity in small children

Intravenous drugabuse

Lossof peripheralveinsbecause of previousintravenoustherapy
Massive trauma or major burns

Sepsis

Severe dehydration

Shock with vascular collapse

Status epilepticus

& Jones & Bartlett Learning.

@ IOlis considered a temporary means of vascularaccess because
itis presumed that the longer the needle remains in place, the
greater therisk ofinfectionand possible dislodgment. Theman-
ufacturers of some IO devices recommend removal of the [O]
within 24 hours. Venous access is often easier to obtain after ini-
tial fluid and medication resuscitation by means of the IOroute,

@ Several 101 devices are available including the EZ-10 (Teleflex
Incorporated, Shavano Park, TX), the FAST-1 Intraosseous Infu-
sion System (PYNG Medical Corporation, Richmond, British
Columbia, Canada), the Bone InjectionGun (BIG; Waismed,
Yokenam, Israel), the Sur-Fast Hand-Driven Threaded-Needle
(CookCritical Care, Bloomington, IL),and the Jamshidi Straight-
Needle (Allegence Health Care, McGaw Park, IL).

@ PossiblesitesforIQaccessareshowninTable4-9and contrain-
dications related to 10 access appear in Table 4-10.

@ The technique used for IO needle insertion depends on whether
the [Oneedleisinserted manually or witha powered insertion
device.

* Theoperator determines the force required and the depth
of insertion when manually inserting an IO needle.

* Whenapowered insertiondevicesuchasthe BoneInjec-
tion Gun is used, the operator adjusts the penetration
depthofthelOneedleaccording tothe patient’sage. The
device’s spring-loaded handle theninjects the needleat the
preset depth.

* TheEZ-IOisabattery-poweredinsertiondevice with
three15-gauge needles of varying lengths and colors. The
operator selects the needle length to be used based on the
tissue depth that overlies theintended insertion site.

* Regardless of the powered device used, be sure to follow
the manufacturer’s instructions for 10 needle insertion
and subsequent removal.
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After administering a medication by means of the intraosse-
ous route, delivera small fluid flush to ensure that the medica-
tionis pushedoutofthemedullaryspaceandintothecentral
circulationt

& Jones & Barilett Learning.



Table 4-9 Common Pediatric Intraosseous Infusion Sites

Bone Insertion Site Draining Vessel

Proximal tibia 1to3cm(aboutthewidthof1to2 Popliteal vein
fingers)belowandmedialtothetibial
tuberosity on the flatsurface of the tibia

Chapter 4 Shock

Comments

Thinlayerof skin covers the broad flatsurface ofthe bone; itmay be
difficulttolocate the tibial tuberosity in children youngerthan 2 years;
avoid the growth plate during IO needleinsertion

Distal tibia 1102 cmproximal fo the medial Great saphenous vein Thinlayerofboneandoverlyingtissues; avoidthe growth plate during
malleolusinthe midline 10 needleinsertion

Distal femur 2to3cmabove the femoral condylesin Branches of the femoral vein  Thicklayerofmuscleandfatinthisareamakespalpation ofbony
the midline landmarks difficult; the bony cortex becomes thickerand more difficult

Head of humerus  About two finger widths below the Axillary vein
coracoid process and the acromion

topenetrate after6years ofage; avoidthe growth plateduring |0
needle insertion

Readily accessible; may be used in older children and adolescents; the
patient's forearm should be resting on his orherabdomenandthe
elbow should be close to the body (adducted)

10 = intracsseous

@ Jones & Bartlett Learning.

Table 4-10 Intraosseous Infusion—Contraindications

Contraindication Rationale

Brittle bones (e.g., osteogenesis imperfecta, osteoporosis, osteopetrosis)

Crush injury of the extremity selected for 10 infusion

High potential for bone fracture

Possible infiltration or extravasation of fluid into surrounding tissue

Excessive tissue or swelling over the intended IO infusion site
Infection at the selected 10 insertion site
Ipsilateral extremity fracture

Presence of a surgical scar (indicative of a previous orthopedic procedure) near the
intended 10 insertion site

Previous [Qinsertion orattemptedinsertion within the past 24 hours onthe same
bone

Inability to locate anatomical landmarks
Potential risk of spreading infection
Risk of infiltration or extravasation and compartment syndrome

Potential forpresence ofatitaniumappliance, which cannotbe penetratedwithan
10 needle

Possible infiltration or extravasation offluidinto surrounding tissue through the
previous puncturesite

Recent fracture of the bone selected for 10 infusion

10 = intraosseous.

© Jones & Bartlett Learning.

Accessing the Proximal Tibia

@® Whenusing the proximaltibia forIOaccess, begin by assem-
blingall necessary equipment. Place theinfantorchildina
supine position. Positiontheleg with the kneeslightly bent
with slight external rotation. Place a towel roll behind the knee
to provide support and to optimize positioning,.

@ Identify thelandmarks for needle insertion. Palpate the tibial
tuberosity. ThesiteforIOinsertionlies 1to3cmbelow this
tuberosity onthe medial flat surface of theanterior tibia.

@ Cleansetheintendedinsertionsite withchlorhexidine, povi-
done-iodine, or an alcohol-based antibacterial solution according

Possible infiltration or extravasation of fluidinto surrounding tissue through the
fracture site

to agency or institutional policy. Local anesthesia should be used
if the child is responsive or semiresponsive.

@ Stabilize the patient’s leg to guard against unexpected patient
movement. Withtheneedleangled away fromthejoint(i.e.,
toward thetoes), insert theneedle using gentle but firm pressure.
Anglingaway from thejoint reduces thelikelihood of damage
to the epiphyseal growth plate. Firm pressure pushes the needle
through the skin and subcutaneous tissue.

@ Advance the needle using a twisting motion until a sudden
decreaseinresistanceora“pop” isfeltasthe needle entersthe
marrow cavity. A twisting motionisnecessary toadvance the
needle through the periosteum of the bone.
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@ Remove thestylet from theneedle, attach asaline-filled syringe @ Secure the needle and tubing in place with gauze paddingand
totheneedle, and attempttoaspiratebonemarrow intothe tape (Figure 4-6). Observe the site every 5 to 10 minutes for
syringe. If aspiration is succes sful, slowly inject a small amount the duration of the infusion. Monitor for si gnsofinfiltration or
of saline to clear the needle of marrow, bone fragments, and / extravasation and assess distal pulses.

ortissue. Observe forany swelling at the site, paying particu-
lar attention to the dependent tissue of the extremity. If aspira-
tionisunsuccessful, considerother indicators of correctneedle
position:

* The needle stands firmly without support.

* Asuddenloss of resistance occurs upon entering the mar-
row cavity (thisisless obviousininfantsthanin older
children because infants have soft bones).

* Fluid flows freely through the needle without signs of sig-
nificant swelling of the subcutaneous tissue.

@ If signs of infiltration or extravasation are present, remove the
IO needle and attempt the procedure atanother site. Infiltration
istheinadvertentadministration of a nonvesicant (nonirritating
to human tissue) solution or medication into surrounding tis-
sue because of catheter dislodgment. Extravasation is the inad-
vertentadministration of a vesicant (irritating to human tissue)
solution or medication into surrounding tissue because of cath-

eter dislodgment. Ifnosigns of infiltration orextravasation are EMSCSHde e (CD ROM) 1995, Curtesothe Emergency eciclSenvcesforChidfenProgram, agn $.Dep
present, attachstandard IV tubing. Manual pressure, asyringe, et andHuaman Service s Hegl Merices Mo, SCHdHeatnd
apressureinfuser, oranIV infusion pump may be needed to Figure 4-6 The proximal tibia is among the sites used for pediatric

infuse fluids. intraosseous access.
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PUTTINGITALLTOGETHER

The chapter quiz and case studies presented on the following pages
are provided to help you integrate the information presented in this
chapter.

Chapter Quiz
Multiple Choice

Identify the choice that best completes the statement
or answers the question.

1. Whichof the following is the mostcommon type of dis-
tributive shock inchildren?

a. Septicshock

b. Anaphylaxis

¢. Neurogenic shock
d. Cardiac tamponade

2. Which of the following statements is true?

a. A narrowed pulse pressure reflects decreased periph-
eral vascular resistance.

b. Inchildren, the strength of peripheral pulses increases
as cardiac outputdecreases.

c. Hypotensionisanearly signof cardiovascular com-
promise in an infant or child.

d. Skin mottling and cool extremities are early indicators
of decreased tissue perfusion.

3. Whichof thefollowing medications areexamplesofino-
tropicagents thathavea vasoconstrictoreffectonthe
peripheral vasculature?

a. Dobutamine and amrinone

b. Isoproterenol and milrinone

¢. Epinephrine and norepinephrine
d. Norepinephrine and isoproterenol

4, Whichofthefollowingfindings would NOT beexpected
inthe early (hyperdynamic) phase of septic shock?

a. Fever

b. Brisk capillary refill

¢. Mottled, cool extremities

d. Bounding peripheral pulses

5. The mainstay of treatment for anaphylaxis is:

a. Administering epinephrine.

b. Administering a fluid bolus.

¢. Administering a corticosteroid.
d. Administering abronchodilator.

Questions 6 through 11 pertain to the following
scenario.

A 6-year-old boy is complaining of stomach pain. The child’s father
says his son has had frequent vomiting and diarrhea for the past72
hours. He is seeking medical care because his son vomited imme-
diately onawakening this morning and then had diarrhea. Dad put
his sonin the shower to wash him and his son “collapsed” for about
10to15seconds. You observe thechild sitting ina chair with his
hand over his stomach. He appears uncomfortable and restless, but
isaware of your presence. The child has listened intently to the con-
versation between you and his father. His face and lips appear pale.
Some mottling of the extremities is present. His breathing is unla-
bored at a rate that appears normal for his age.

6. Whichofthefollowingstatementsistrueof yourinterac-
tions with a child of this age?

a. Speak to the child as if speaking to an adult.

b. Whenspeaking with thecaregiver, include the child.

c. Avoid frightening or misleading terms such as shot,
deaden, germs, and soon.

d. Establishacontractwiththechild:tellhimthatif he
does not cooperate with you, you are certain he will
have to havesurgery.

7. Your initial assessment reveals an open airway. The
child’s ventilatory rateis 20/ minute. Auscultation of the
chestrevealsclear, bilateral breath sounds. Aradial pulse
is easily palpated at a rate of 157 beats / minute. The skin
ispaleand dry. Thechild'scapillary refillis3 seconds,
temperatureis99.4°F,and hisblood pressureis82/56.
The normal heart rate range for a 6-year-old child at rest
is __ beats/minute.

a. 60to 100
b.70t0120
c. 80 to140
d.90to 150

8. Thelowerlimitofanormalsystolicblood pressurefora
child of this ageis:

a. About 60 mm Hg.
b. About70 mm Hg.
c. About80 mm Hg,.
d. About90 mm Hg,.
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9. Thischild’shistory and presentationis consistentwith:

a. Compensated hypovolemicshock.
b. Hypotensive obstructive shock.

¢. Compensated distributive shock.

d. Hypotensive cardiogenic shock.

10. Which of the following have been shown to be useful
when evaluating dehydration?

a. Assessmentof mental status, heartrate, ECGrhythm,
and capillary refill.

b. Assessmentofmentalstatus, pupilresponsetolight,
skin temperature, and the presence and strength of
peripheral pulses.

c. Assessmentofskintemperature, mucousmembranes,
thepresenceandstrengthof peripheral pulses,and
the presence or absence of tears.

d. Assessmentof general appearance, capillary refill,
mucous membranes, and the presence or absence of
tears.

11. Vascular access has successfully been established. You
should begin volume resuscitation withafluid bolus of:

a. 10 mL/kg of an isotonic crystalloid solution.
b. 20mL/kgofanisotoniccrystalloid solution.
¢. 10mL/kgofab5% dextrose inwatersolution.
d. 20mL/kgofacolloid solution, suchasalbumin.

Case Study 4-1

Yourpatientisa7-year-old pedestrian whowasstruckbyacar.
You have a sufficient number of advanced life support personnel
available toassistyouand carry outyour instructions. Emergency
equipment is available,

1. Youseeachild whoissupine onastretcher with his eyes closed.
Theclothingoverhischestand abdomenistornand there
is obvious deformity of both femurs. Chest movementis vis-
ible. His skin is pale, he is not moving his extremities, and he is
unaware of your approach. Are these general impression find-
ings normal or abnormal? If abnormal, what are the abnormal
findings?

2. How would you like to proceed?
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3. Whatinjuries can you predict on the basis of the child's mecha-
nism of injury?

4, Asyoubeginyourprimary assessment, whattechnique should
be used to open the child’s airway?

5. Your primary assessment reveals the following;:

Primary Assessment

A Clear, no blood or secretions in the mouth

B Ventilatory rate 24 breaths/minute, clear and equal breath sounds,
equal chest excursion

C  Heartrate 158 beats/minute (sinus tachycardia), weak peripheral
pulses, skin cool, capillary refill 3 seconds

D  Glasgow Coma Scale score 11 (3 +4 +4)

E  Temperature 37.2°C (99°F), weight 23 kg (50.5 pounds)

The child’s oxygen saturation on room air is 91%. What method
of supplemental oxygen delivery should be used in this situation?
Whatinspired oxygen concentration can be delivered with this

device?

6. Youhave obtained aSAMPLEhistory and performed a focused
physical examination with the following results:

SAMPLE History

Signs/symptoms Lethargic child after a car-pedestrian crash
Allergies None
Medications None

Past medical history  Normal development; immunizations current

Last oral intake Breakfast; normal appetite and fluid intake

Events prior Thechild was struck by acar (estimated vehicle

speed 35 miles per hour) after darting outinto the
road aftera basketball. The child was reportedly
alertand responsive atthe crashscene.
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cient

number of advanced life support personnel available to assist you
and carry out your instructions. Emergency equipment is available.

Trachea midiine, no jugular venous distention 1. Your general impression reveals a lethargic, ill-appearing infant

in her mother’s arms. There are no signs of increased work

of breathing or cyanosis. Her skin is mottled, her extremities

are pale, and her muscle tone is poor. Red-purple lesions are

observed on the infant's legs. Are these general impression find-
ingsnormalorabnormal? Ifabnormal, whataretheabnormal

findings? On the basis of these findings, how would you catego-

ize the patient’s physiologic problem?
nities Obviousdeformityofbothfemurs; distalpulses HeEs e pREEEES PRSOORIC FEE e

weak; skincool

No abnormalities noted

2. Your primary assessment reveals the following:

Primary Assessment

A Dry mouth, parched lips

What should be done next?

B Ventilatory rate 30 breaths/minute, clear and equal breath sounds,
equal chest excursion

e G B0 e DT T T R0 EDL Rl C  Heartrate 190 beats/minute, weak peripheral pulses, skin cool, capillary
ask that could provide helpful informationrelated to this pedes- refill 4 seconds

trian injury?

D Glasgow Coma Scalescore 11(3+4 +4), unresponsivetomother

E Temperature 39.2°C (102.4°F), weight 8.6 kg (19 pounds)

A team member hasapplied a pulse oximeter, blood pressure
monitor, and cardiac monitor. The infant’s oxygen saturation is
8. Thechild’s blood pressure is 70/40 mm Hg, pulse 158, and ven- 92% on room air. What should be done now?
tilatory rate 24. Is this child’s presentation consistent with com-
pensated or hypotensive shock?

3. Youhaveobtained aSAMPLE history and performed a focused
physical examination with the following results:

9. Vascularaccesshasbeen established. Whatis theappropriate SAMPLE History

; = o
fluid bolus to administer for this child? Signs/symptoms Sick appearing infant who developed a fever and

lower extremity rash within the last 24 hours

Allergies None
Medications None

Past medical history ~ Normal development; immunizations current
10. Whatadditional therapeuticinterventions should beimple-
mented for thischild? Last oral intake Minimal fluid intake during the past 24 hours

Events prior Momreportsthattheinfanthas beensleepingfor
longer intervals than usual and is difficult to arouse;
red-purple lesions have been present on theinfant's legs
sinceyesterdayandhavebeenincreasinginnumber




Physical Examination

Head, eyes, ears, nose,  Flatanteriorfontanel, pale anddrymucous

throat membranes, absenttears
Neck No abnormalities noted
Chest Breath sounds clear, equal rise and fall, equal chest

excursion, skin mottled, no rash

Abdomen Skin mottled, no rash

Pelvis Skin mottled, no rash

Extremities Weak peripheral pulses, skin pale and cool, red-
purple lesions present

Back Skin mottled

Vascular access has been established and a team member is pre-
paring toadminister an isotonic crystalloid fluid bolus. What vol-
ume of fluid, in milliliters, should this infant receive?

4. After three fluid boluses, the infant’s heart rate is 134, her venti-
latory rate is 38, her capillary refill is 3 seconds, and she is more
alert. Isthisinfant’s presentation consistent with compensated
or hypotensive shock?

5. Whatare the initial therapeutic endpoints of resuscitation of
septic shock?

6. Whatadditional therapeuticinterventions should beimple-
mented for thischild?
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Case Study 4-3

Your patientisa 12-year-old boy who presents with mild chest pain
andshortnessofbreaththathasbeen presentforseveral daysfol-

lowing anupper respiratory infection. Youhave asufficientnumber
of advanced life support personnel available toassist you and carry

outyourinstructions. Emergency equipment is available.

1. Yourgeneralimpressionrevealsanill-appearingboy whois
aware of yourapproachbutquiet. Heissitting uprightona
stretcher. His ventilatory rate is increased, his breathing is
slightly labored, and his skin looks pale. Based on these findings,
how would you categorize the patient’s physiologic problem?

2. Your primary assessment reveals the following;:

Primary Assessment

A Clear

B Ventilatory rate 40 breaths/minute, coarse bibasilar crackles, equal
chest excursion

c Heart rate 135 beats/minute (sinus tachycardia), weak peripheral pulses,
skin cool, capillary refill 3 seconds

D Alert but quiet, Glasgow Coma Scale score 15
E Temperature 38.5°C (101.3°F), weight 39.9 kg (88 pounds)
Ateammemberhasapplieda pulse oximeter, blood pressuremon-

itor,and cardiac monitor. The child’soxygen saturationis 92% onroom
airand hisblood pressureis 90/45 mmHg. Whatshould bedonenow?

3. Youhaveobtained a SAMPLE history and performed a focused
physical examination with the following results:

SAMPLE History

Signs/symptoms Shortness of breath with exertion
Allergies None
Medications Guaifenesin for congestion

Past medical history ~ Normal development; immunizations current

Last oral intake Decreased appetite and nausea for the past 3 days;

had juice and toast at breakfast this morning

Events prior Mild chest pain and shoriness of breath thathas
been present for several days following anupper

respiratory infection
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2. Your primary assessment reveals the following:
Physical Examination P y &
throat

A Nasal flaring present
Neck No abnormalities noted
B Ventilatory rate 56 breaths/minute, scattered crackles and wheezes,
Chest Bibasilar crackles, equal rise and fall, distant heart subcostal retractions
sounds S
) - C Heart rate 170 beats/minute (sinus tachycardia), normal peripheral
Abdomen Skin pale, no other abnormalities pulses, skin pink and warm, capillary refil 2 seconds
Pelvis Skin pale, no other abnormalities D Alert but fussy, Glasgow Coma Scale score 15
Extremities Weak peripheral pulses, skin pale and cool E  Temperature 39.7°C (103.5°F), weight 8.6 kg (19 pounds)
Back Skin pale, no other abnormalities

A team member has applied a pulse oximeter and cardiac moni-
tor. The infant’s oxygen saturation is 93% on room air. What should

Vascular access has been obtained. Is this child's presentation
be done now?

consistent with compensated or hypotensive shock?

4. What should be donenow? 3. Youhave obtained a SAMPLE history and performed a focused
physical examination with the following results:

SAMPLE History

Signs/symptoms Fever, labored breathing

5. Whatlaboratory and diagnosticstudies should be obtained at Allergies None
this time?

Medications None
Past medical history ~ Normal development; immunizations current
Last oral intake Formula 2 hours ago

Events prior Worsening respiratory distress after recent upper
respiratory infection

Case Study 4-4
Your patientisa10-month-old boy who presents withafever, Physical Examination
wheezing, and increased work of breathing. Youhave a sufficient
number of advanced life support personnel available to assist you

Head, eyes, ears, nose, ~ Frequent cough

and carry out your instructions. Emergency equipmentisavailable. _ throat
Neck No abnormalities noted
1. Your general impression reveals a fussy infant who is being held :
inhis mother’s arms. His ventilatory rate is increased, subcostal Chest Increased ventilatory effort, scattered crackles and
retractions are visible, and his skin is pink. On the basis of these § wheezes, subcostal retractions
findings, how would you categorize the patient’s physiologic Abdomen No abnomalities
problem?
Pelvis No abnormalities
Extremities Normal peripheral pulses, skin pink and warm

Back No abnormalities




On the basis of your general impression and primary assessment
findings, how would you categorize the severity of the patient’s
respiratory emergency?

4, What should be donenow?

5. Ateammembercallsyourattentiontoasuddenchangeinthe
infant’s condition. His ventilatory rate is now 70 breaths/min-
ute, hisheartrateis180beats/ minute, and his oxygensatura-
tionis87% despite assisted ventilation with a bag-mask device.
Bag-mask ventilation has become increasingly difficult. Reas-
sessmentrevealsdecreased lung sounds on the left, weak periph-
eral pulses, and capillary refill about 4 seconds. Whatshould be
done now?

6. Howyouwill assessthe patient’s response to the therapeutic
interventions performed?

7. Thepatient's ventilatory rateisnow 40 breaths/minute, his heart
rateis 136 beats/ minute, and his oxygen saturation is 96%. His
workofbreathinghasimproved andretractionshavedimin-
ished. Central and peripheral pulses are strong. Whatadditional
interventions should be performed at this time?

Chapter Quiz Answers

1. A.Distributiveshock may becaused by asevereinfection (septic
shock), asevere allergic reaction (anaphylactic shock), ora cen-
tral nervous systeminjury (neurogenic shock). Septic shockis
themostcommon type of distributive shockinchildren. Cardiac
tamponade is one of the possible causes of obstructive (not dis-
tributive) shock.
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OBJ: Discuss the physiologic types of shock.

2. D. Anarrowed pulse pressure, whichmay be seen with hypo-
volemic or cardiogenic shock, reflects increased peripheral
vascular resistance and is an early sign of impending shock.
Awidened pulse pressure, which may be seen with early sep-
ticshock, reflects decreased peripheral vascular resistance.
The strength of peripheral pulses (e.g., radial, dorsalis pedis) is
reduced in the child whose cardiac outputis decreased. As car-
diac output becomes more severely decreased, the strength of
more proximal pulses (e.g., brachial, femoral, carotid) is also
reduced. Hypotensionisa late sign of cardiovascular compro-
miseinaninfantorchild. Mottling and coolness of the skin
are manifestations ofincreased peripheral vascular resistance.
Thus, skin mottling and cool extremities are early indicators of
decreased tissue perfusion, which is a reflection of decreased
cardiac output.

OB]J: Identify key anatomic and physiologic differences between
childrenand adults and discuss their implications in the patient
with a cardiovascular condition.

3. C.Epinephrine, norepinephrine, and dopamine (athigh doses)
areexamplesofinotropicagents thathaveavasoconstrictor
effect on the peripheral vasculature. Dopamine (atlow doses),
isoproterenol, dobutamine, amrinone, and milrinone are exam-
plesof inotropicagents that havea vasodilator effect on the
peripheral vasculature.

OBJ: Discuss the pharmacology of medications used during shock,
symptomaticbradycardia, stable and unstable tachycardia, and car-
diopulmonary arrest.

4. C. Assessment findings that may be observed during the early
(hyperdynamic, increased cardiac output) phase of septic shock
include the following: blood pressure may be normal (possible
widened pulse pressure), bounding peripheral pulses, brisk cap-
illary refill, chills, fever, normal urine output, tachypnea, and
warm, dry, flushed skin. Findingsthatmay beobservedinthe
late (hypodynamic/decompensated) phase include the following;
altered mental status; cool, mottled extremities; delayed capil-
lary refill, diminished or absent peripheral pulses, diminished
urine output, and tachycardia. Late septic shockis usually indis-
tinguishable from other types of shock.

OBJ: Discuss the physiologic types of shock.

5. A.Themainstay of treatment ofanaphylaxisisthe intramus-
cular administration of epinephrine. Epinephrine constricts
blood vessels, inhibits histamine release, dilates bronchioles, and
increases cardiac contractility. Anepinephrine auto-injector may
beusedifitisavailable. Thesiteof choiceisthelateral aspectof
the thigh. If symptoms persist or recur after 15 minutes, a second
dose or an epinephrine infusion may be needed.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructive shockininfantsand children.
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6. B.Whenthepatientisaschool-agechild (6to12yearsofage),
include the child whenspeaking with thecaregiver. If the
patientis an adolescent, speak to him ina respectful, friendly
manner, asif speaking to an adult. Althoughitisreasonableto
makeacontractwithachildofthisage (“I promisetotellyou
everythinglamgoingtodoifyouwillhelpmebycooperat-
ing”), itis inappropriate and unprofessional to threaten him.

OB]J: Distinguish between the components of a pediatricassessment
and describe techniques for successfulassessmentof infantsand
children.

7. B.Thenormalheartratefora6-to12-year-oldatrestis70to
120 beats/minute.

OBJ: Identify normal age-group-related vital signs.

8. C.Theformula used to approximate the lower limit of systolic
blood pressureinchildren1tol0years ofageis70+(2 xagein
years). This child's minimum systolic blood pressure should be
about 82 mm Hg,.

OBJ: Identify normal age-group-related vital signs.

9. A.Thischild’s history and presentation is consistent with com-
pensated hypovolemic shock.

OBJ: Define shock and differentiate between compensated and
hypotensive shock.

10. D.Researchhassuggested thatfourclinical findingscanbe
used toassess dehydration: abnormal general appearance, cap-
illary refill longer than 2 seconds, dry mucous membranes, and
absenttears. The presence of any two of these four findings
indicatesadeficitof5% ormore, and three ormorefindings
indicates a deficit of at least 10%.

OBJ: Discuss the physiologic types of shock.

11. B.Theadministrationofabolusof20mL/kgofisotoniccrys-
talloid solution (NSor LR)is areasonable course of action.
After administration, reassess the child’s mental status, heart
rate, blood pressure, capillary refill, peripheral perfusion, and
urine output. Colloids such as albumin are not routinely indi-
cated during theinitial managementof hypovolemicshock, but
they may be ordered for volume replacement in children with
large third-space losses or albumin deficits.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructive shock ininfantsand children.

Case Study 4-1 Answers

1. The general impression findings are abnormal (Appearance:
unaware of your approach, not moving; Breathing: normal; Cir-
culation: abnormal skin color). On the basis of these findings, it
is important to proceed quickly and reassess the patient often.

OBJ: Summarize the components of the pediatric assessment trian-
gle and the reasons for forming a general impression of the patient.

2. A cervical spine injury should be assumed because of the
patient’smechanismofinjury. Ask ateammember tomanu-
ally stabilize the head and neck in a neutral in-line position and
maintain this position until cervical spine injury has beenruled
outoruntil the patient has been properly secured toaback-
board. Askanotherteam member toapply a pulse oximeter,
blood pressure monitor, and cardiac monitor while you perform
a primary assessment and obtain a SAMPLE history.

OBJ: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructiveshockininfantsand children.

3. Pedestrianversusmotorvehiclecrasheshavethreeseparate
phases, each with its own injury pattern. Because a child is usu-
ally shorter, the initial impact of the automobile occurs higher
onthebody thaninadults. Thebumper typically strikes the
child’s pelvis orlegs (above the knees) and the fender strikes the
abdomen. Predictable injuries from the initial impact include
injuries to thechest,abdomen, pelvis, or femur. Thesecond
impactoccursasthefrontofthevehicle’shood continuesfor-
wardandstrikesthechild’s thorax. Thechildis thrownback-
ward, forcing the head and neck to flex forward. Depending on
the position of the child inrelation to the vehicle, the child’s
headandfacemaystrikethefrontortopofthevehicle’shood.
Animpressionfromthechild'shead may beleftonthehood
orwindshield. Primary and contrecoup injuries to the head are
common in this situation. Predictable injuries from the second
impact include facial, abdominopelvic, and thoracic trauma,
and head and neck injury. The third impact occurs as the child
is thrown to the ground. Because of the child’s smaller size and
weight, the child may (1) fall under the vehicle and be trapped
and dragged for some distance, (2) fall to the side of the vehicle
and have his or her lower limbs run over by a front wheel, or (3)
fall backward and end up completely under the vehicle. In this
third situation, almost any injury can occur (e.g., runover by a
wheel, being dragged).

OBJ: N/A.

4, Use the jaw-thrust without head extension maneuver to open
theairway.Iftheairwayisopen, moveontoevaluationof the
patient’s breathing. If the airway is not open, assess for sounds
of airway compromise (snoring, gurgling, orstridor). Look in
the mouth for blood, broken teeth, gastric contents, and foreign
objects (e.g., loose teeth, gum).

OBJ: Describe the methods used for opening theairway and discuss
the preferred method of opening the airway in cases of suspected
cervical spine injury.

5. Supplementaloxygenshould beadministered by meansofa
nonrebreather mask, which can deliver aninspired oxygen con-
centration of up to95% ata flow rate of 10to 15 L/ minute.

OBJ: Discuss oxygen delivery systems used for infants and children.

6. Obtain vascular access and blood for laboratory studies. Inaddi-
tiontothechild’sfemurs, whichshow obvioussignsofinjury,
the chest, abdomen, and pelvis can be sources of significant



bleeding. A surgical consultshould be obtained and a Focused
Assessment with Sonography for Trauma (FAST) examination
(i.e., bedside ultrasound) should be performed if the equipment
isavailable. Orderradiographs of the cervical spine, chest, and
lower extremities.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructive shockininfantsand children.

7. Inaddition to the SAMPLE history, questions that you might
ask withregard toa pedestrian injury include the following;:

@ What type of vehicle struck the child (e.g., sport utility vehicle,
pickup truck, van,car)?

@ Ifthe child was struck by a vehicle and thrown while walking,
roller-skating, or bicycling, was a helmetworn?Ifso, isitstillin
placeorwasit knocked off the head onimpact? Is there damage
to the helmet?

@ How fast was the vehicle traveling?
@ Where was the child struck?
@ How far was the child thrown?

@® What type of surface did the child land on?

OB]J: Summarize the purpose and components of the secondary
assessment.

8. Thischild’s presentationisconsistent with hypotensive shock.

OBJ: Differentiate between compensated and hypotensive shock.

9. Administera bolus of 20 mL/ kg of anisotonic crystalloid solu-
tion, suchasnormalsaline or lactated Ringer’s, over 5 to 10
minutes. After each fluid bolus, reassess the child’s mental sta-
tus, heartrate, blood pressure, capillary refill, peripheral perfu-
sion, and urine output.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructiveshock ininfantsand children.

10. Check theserum glucoselevel. Some childreninshockare
hypoglycemic because of rapidly depleted carbohydrate stores.
Administer dextrose IV or IO if the serum glucose is below 60
mg/dL. Maintain normal body temperature. Inserta urinary
catheter to assess the adequacy of therapy.

OBJ: Describe the initial emergency care for hypovolemic,
distributive, cardiogenic, and obstructive shock in infants and
children.

Case Study 4-2 Answers

1. Thegeneralimpressionfindingsareabnormal (Appearance:
lethargic, poor muscle tone; Breathing: normal; Circulation:
abnormal skin color). An abnormal appearance, normal work of
breathing, and abnormal skin color are consistent with hypoten-
sive shock.
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OBJ: Summarize the components of the pediatricassessment trian-
gleand the reasons for forming a general impression of the patient.

2. Givesupplemental oxygenand maintain an oxygensatura-
tion of 94% or higher. Obtain vascular access and begin fluid
resuscitation.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic,and obstructiveshockininfantsand children.

3. Theinfantweighs 8.6 kg. A fluid bolus of 20 mL/kg should be
administered, which is 172 mL. Reassess the child’s mental sta-
tus, heartrate, blood pressure, capillary refill, peripheral perfu-
sion, and urine output after each fluid bolus.

OBJ: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructiveshockininfantsand children.

4. Theinfantis showingsigns of improvementand her presenta-
tion is consistent with compensated shock.

OB]J: Differentiate between compensated and hypotensive shock.

5. Initialtherapeuticendpoints of resuscitation of septicshock
include a capillary refill of 2 seconds or less, normal blood pres-
sure for age, normal pulses with no differential between periph-
eral and central pulses, warm extremities, urine output of more
than 1 mL/kg per hour, and normal mental status.

OBJ: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic,and obstructiveshockininfantsand children.

6. Check the serum glucose level and the ionized calcium level.
Administerabroad-spectrumantibiotic. Blood samples for
culture should be obtained before antibiotic administration,
butobtaining themshould not delay antibioticadministration.
Treat fever with medications and cooling devices as needed.
Arrange for the patient’s transfer to a pediatric intensive care
unit for ongoing care.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructive shockininfantsandchildren.

Case Study 4-3 Answers

1. Thegeneralimpression findings areabnormal (Appearance:ill-
appearing and quiet; Breathing: abnormal; Circulation: abnor-
malskincolor). Anabnormalappearance, abnormalworkof
breathing, and abnormal skin color are consistent with cardio-
pulmonary failure.

OBJ: Summarize the components of the pediatric assessment trian-
gleand the reasons for forming a general impression of the patient.

2. Givesupplemental oxygenand maintainanoxygensaturationof
94% or higher. Obtain vascular access.

OBJ: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructiveshockininfantsand children.
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3. This child’s history of presentillness and signs and symptoms
suggestmyocarditis. His vital signsand presentationare consis-
tent with compensated cardiogenic shock.

OB]: Differentiate between compensated and hypotensive shock.

4. Carefully administerasmallfluid bolus (5to10mL/kg)ofan
isotonic crystalloid solution over 10 to 20 minutes. Closely mon-
itor the child’s mental status, lung sounds, and work of breath-
ing, and assess for signs of hepatic congestion that indicate
volume overload.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructiveshock ininfantsand children.

5. Checkthe serum glucose level. Obtain a complete blood count
with differential, chemistry panel, blood cultures, and anarte-
rial blood gas. Obtain a chest radiograph and an echocardio-
gram. Arrange for the patient’s transfer to a pediatricintensive
care unit for ongoingcare.

OB]J: Describe theinitial emergency care for hypovolemic,
distributive, cardiogenic, and obstructive shock ininfants and
children.

Case Study 4-4 Answers

1. The general impression findings are abnormal (Appearance:
tussy infant; Breathing: abnormal; Circulation: normal skin
color). An abnormal appearance, abnormal work of breathing,
and normal skin color are consistent with respiratory failure.

OBJ: Summarize the components of the pediatric assessment
triangle and the reasons for forming a general impression of the
patient.

2. Becausesignsofrespiratory failureare present, assist ventilation
using a bag-mask device with supplemental oxygen and main-
tain an oxygen saturation of 94% or higher.

OBJ: Describe the pathophysiology, assessmentfindings, and treat-
ment plan for the child experiencing asthma or bronchiolitis.

3. Thischild’s history of presentillness and signs and symptoms
suggestpneumonia. The presence oftachypnea, tachycar-
dia, retractions, and anincreased ventilatory effortaresigns
thatrespiratory failure is present. Move quickly to support the
patient’sairway and breathingand preventdeterioration tocar-
diac arrest.

OBJ: Differentiate betweenrespiratory distress, respiratory failure,
and respiratory arrest.

4. Obtain vascular access. Nebulized albuterol may be used to
treat wheezing and to help clear secretions. Antibiotics may be
used to treat bacterial pneumonia. Antipyretics may be used to
control fever. Noninvasive positive pressure ventilation may be
needed.

OBJ: Describe the pathophysiology, assessment findings, and treat-
ment plan for the child who has lung tissue disease or disordered
ventilatory control.

5. The patient’s sudden deterioration and assessment findings sug-
gest the development of a tension pneumothorax, which is one
of thecauses of obstructiveshock. Immediateneedle decom-
pression of the affected (i.e., left) sideis warranted. A qualified
individualshouldidentify thesecond intercostalspaceinthe
midclavicular line on the left side. After cleansing the skin, the
needleisinserted ata90° angle to the chest wall through the
skin and over the top of the third rib (second intercostal space).
Theneedleis thenremoved and appropriately discarded, leav-
ing the catheter in place. The catheter is secured to the patient’s
chestwallto preventdislodgement. Preparationsshould be
made for chest tubeinsertion.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructive shockininfantsand children.

6. Assessthe patient’sresponseby evaluating work of breathing,
breathsounds, ventilatory rate, oxygen saturation, heart rate,
and blood pressure.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructiveshockininfantsand children.

7. Replace bag-mask ventilation withanonrebreather mask. Con-
sider the need foran isotonic crystalloid fluid bolus. After chest
tube insertion, obtain a chest radiograph to assess for lung
reexpansion and evaluate thoracostomy tube position. Obtain
a point-of-care glucose level and additional laboratory studies
(complete blood countwith differential, blood cultures, electro-
lytes, BUN/creatinine). Arrange for patient transferfor ongoing
monitoring and care.

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructiveshock ininfantsand children.
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Checklist 4-1 Hypovolemic Shock
Action Steps Performed Correctly
Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O

Assigns team member roles. O

Assessment

Forms a general impression: Assesses patient’s appearance, work of breathing, and circulation.
Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated.

Directsassessmentofbreathingincludingestimationofventilatoryrateand evaluationofventilatoryeffort; directs assessmentofbreath
sounds.

Directs assessment of central/peripheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and moisture) and
capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.
Directs team members to obtain vital signs and to apply a pulse oximeter and to apply blood pressure and cardiac monitors.
Obtains a brief history and performs a focused physical examination.

Recognizes signs and symptoms of hypovolemic shock.

ooooo o o000

Considers the patient’s presentation and differentiates between compensated and hypotensive shock.

Treatment Plan

Verbalizes a freatment plan and initiates appropriate interventions.

Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.
Instructs team member to establish vascular access.
Orders administration of an isotonic crystalloid fluid bolus.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

1 O 8 o A o o i

Correctly verbalizes indications, dosages, and routes of administration for medications administered.

Reassessment

Repeats the primary assessment and obtains another set of vital signs.

O

Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.

O

Team Leader Assessment

Effectively leads team members throughout patient care. |
Directs the transfer of patient care for ongoing monitoring and care. O
Requests a team debriefing after the transfer of patient care is complete. O

@ Jones & Bartlett Learning.
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Checklist 4-2 Distributive Shock

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances.

a

Assigns team member roles.

a

Assessment

Forms a general impression: Assesses patient’s appearance, work of breathing, and circulation.
Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver fo open the airway, if indicated.

Directsassessmentofbreathingincludingestimationofventilatory rateand evaluationofventilatoryeffort, directs assessmentofbreath
sounds.

Directs assessment of centraliperipheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and moisture) and
capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.
Directs team members to obtain vital signs and to apply a pulse oximeter and to apply blood pressure and cardiac monitors.
Obtains a brief history and performs a focused physical examination.

Recognizes signs and symptoms of distributive shock.

ooooo o oo(o

Considers the patient’s presentation and differentiates between compensated and hypotensive shock.

Treatment Plan

Verbalizes a treatment plan and initiates appropriate interventions.

Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.
Instructs team member to establish vascular access.
Orders administration of an isotonic crystalloid fluid bolus.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

i O O o

Correctly verbalizes indications, dosages, and routes of administration for medications administered.

Reassessment

Repeats the primary assessment and obtains another set of vital signs.

a

Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.

O

Team Leader Assessment

Effectively leads team members throughout patient care. |
Directs the transfer of patient care for ongoing monitoring and care. O
Requests a team debriefing after the transfer of patient care is complete. O

@ Jones & Bartlett Learning.
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Checklist 4-3 Cardiogenic Shock

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O

Assigns team member roles. O

Assessment

Forms a general impression: Assesses patient’s appearance, work of breathing, and circulation.
Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated.

Directsassessmentofbreathingincludingestimationofventilatoryrateand evaluationofventilatoryeffort; directs assessmentofbreath
sounds.

Directs assessment of centraliperipheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and moisture) and
capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.
Directs team members to obtain vital signs and to apply a pulse oximeter and to apply blood pressure and cardiac monitors.
Obtains a brief history and performs a focused physical examination.

Recognizes signs and symptoms of cardiogenic shock.

Ooojojoogol o o|jo|0

Considers the patient's presentation and differentiates between compensated and hypotensive shock.

Treatment Plan

Verbalizes a freatment plan and initiates appropriate interventions.

Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.
Instructs team member to establish vascular access.
Orders administration of a small isotonic crystalloid fluid bolus.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

1 o 0 o

Correctly verbalizes indications, dosages, and routes of administration for medications administered.

Reassessment

Repeats the primary assessment and obtains another set of vital signs.

Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.

Team Leader Assessment

Effectively leads team members throughout patient care.

O

Directs the transfer of patient care for ongoing monitoring and care.

O

Requests a team debriefing after the transfer of patient care is complete.

O

@ Jones & Bartlett Learning.
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Checklist 4-4 Obstructive Shock

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O

Assigns team member roles. O

Assessment

Forms a general impression: Assesses patient's appearance, work of breathing, and circulation.
Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated.

Directsassessmentofbreathingincludingestimationofventilatoryrateand evaluationofventilatoryeffort, directs assessmentofbreath
sounds.

Directs assessment of centraliperipheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and moisture) and
capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.
Directs team members to obtain vital signs and to apply a pulse oximeter and blood pressure and cardiac monitors.
Obtains a brief history and performs a focused physical examination.

Recognizes signs and symptoms of obstructive shock.

o ojooo o oo|o

Considers the patient’s presentation and differentiates between compensated and hypotensive shock.

Treatment Plan

Verbalizes a treatment plan and initiates appropriate interventions.

Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.
Instructs team member to establish vascular access.
Orders administration of an isotonic crystalloid fluid bolus.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

Bl hE N ENEIN E R N

Correctly verbalizes indications, dosages, and routes of administration for medications administered.

Reassessment

Repeats the primary assessment and obtains another set of vital signs.

O a

Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.
Team Leader Assessment
Effectively leads team members throughout patient care. O

Directs the transfer of patient care for ongoing menitoring and care. O

Requests a team debriefing after the transfer of patient care is complete. O

@ Jones & Bartlett Learning.
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Bradycardias

Learning Objectives
After completing this chapter, you should be able to:

11 Identify the major classifications of pediatric cardiac rhythmst
2t Discuss the types of bradycardias that may be observed in the pediatric patient

3t Discuss the initial emergency care for symptomatic bradycardia in infants and
childreni

4} Discuss the pharmacology of medications used when managing a symptomatic
bradycardiat

St Identify a patient who is experiencing a bradycardia as asymptomatic, symptomatic
but stable, or symptomatic and unstablet

6 Given a patient situation, formulate a treatment plan (including assessment, airway
management, cardiopulmonary resuscitation, and pharmacological interventions
where applicable) for a patient presenting with a symptomatic bradycardiat

After completing this chapter, and with supervised practice during a Pediatric Advanced
Life Support (PALS) course, you will be skilled at the following:

+ Ensuring scene safety and the use of personal protective equipment

+ Assigningteam memberroles or performing as ateam memberin a simulated
patient situationt

+ Directing or performing an initial patient assessmentt

+  Obtaining vital signs, establishing vascular access, attaching a pulse oximeter and
blood pressure and cardiac monitors, and giving supplemental O if indicated:
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* Recognizing bradycardic rhythmsi

+ Implementing a treatment plan for symptomatic bradycardia in infants and childrent

+ Demonstrating knowledge ofthe indications, dosages, and effects ofthe medications
used when managing a symptomatic bradycardial

+ Recognizing when it is best to seek expert consultationt

+ Reviewingyour performance as ateam leaderorteam member during a postevent
debriefingt

ASSESSMENT EVIDENCE

INTRODUCTION

Performance Tasks

During the PALScourse, you will be functioning as the team leader
ofthe Rapid Response Teamor Code Teamwithinyourorganization.
Yourclassmatesare similarly trained members of the team who will
assistyou. Yourtaskis to direct, without prompting, the emergency
care efforts of your team according to current resuscitation guidelines.

Key Criteria

Assessmentofyourability tomanagea patient whoisexperiencinga
symptomatic bradycardiaand yourability to manage theteam who
willassistyouin providing patient careis part of the PALScourse. An
evaluation checklist that reflects key steps and interventions in the
patientmanagement process will beused toassess your performance
(see Checklist 5-1). A PALS instructor will check the appropriate box
as youcomplete each step during your management of the patient.

Learning Plan

@ Read this chapter before your PALS course. Create flashcards
and memory aids tohelp yourecall key points. Carefully review
each of the medications discussed in this chapter.

@ Complete the chapter quiz and review the answers provided.

@ Complete the case study at the end of the chapter. Read the sce-
nario and answer each question thatfollows it. The questions
areintended toreinforceimportant points pertinenttothe
casethatarediscussedinthistext. Compareyouranswerswith
theanswers provided at theend of the case study and with the
checklist pertinent to the case study.

KEY TERM

Structural heart disease

Congenital heart conditions or heart disease acquired because of
aging, injury, orinfection (e.g., valvular heart disease) resulting
inan interruption of the flow of blood through the chambers and
valves of the heart

@ A dysrhythmia, also called an arrhythmia, involves an abnor-
mality in the rate, regularity, or sequence of cardiac activation.
Achild’sheartrate (HR)isinfluenced by hisor herage, size,
andlevelofactivity. A very slow orrapidratecanindicateor
can be the cause of cardiovascular compromise.

@ Achild'sheartrate is generally higher than the heart rate of
anadult, peaking at3to8 weeksofageand then decreasing
throughoutadolescence (Chan,Sharieff, & Brady, 2008). Because
of the smaller stroke volume in neonates and young children,
cardiac outputis maintained by thehigher heartrate (Chan
etal.,, 2008). Withage, the heart rate decreases as the ventricles
mature and stroke volume playsalargerroleincardiacoutput
(Sharieff & Rao, 2006).

@ Electrocardiogram (ECG) monitoring is an important aspect of
pediatric emergency care and is indicated for any pediatric patient
whoshows signs of significant illness or injury. The most com-
monreasons for obtaining ECGs in children are chest pain, sus-
pected dysrhythmias, seizures, syncope, drug exposure, electrical
burns, electrolyte abnormalities, and abnormal physical examina-
tion findings (Doniger & Sharieff, 2008). ECG monitoring may
also be used to evaluate the effects of disease or injury on heart
function, evaluatetheresponsetomedications, ortoobtaina
baselinerecordingbefore, during, and aftera medical procedure.

@ Inthe pediatric patient, dysrhythmias aredivided intofour
broad categories based onHR: (1) normal forage, (2) slower
than normal for age (bradycardia), (3) faster than normal for
age (tachycardia), or (4) absent/pulseless (cardiac arrest). In
general, dysrhythmias aretreated only if they compromise car-
diac output orhave the potential for deteriorating into alethal
rhythm.

® Asystematicapproachtoanalyzingarhythmstripisrecom-
mended to ensure that no key findings are missed (Figure 5-1).
* Determineif the rate is normal for age, too fast, too
slow, orabsent. The values used to define a tachycardia
(above 100 beat/minute) and a bradycardia (below 60



120

PALS: Pediatric Advanced Life Support Study Guide

ORS
INTERVAL
R
PR ST
SEGMEN SEGMENT -

Ty

PR INTERVAL

OT INTERVAL

B Guniita/Dreamstime.com.

Figure 5-1 Electrocardiogramwaveforms, segments, andintervals.

beats/minute)inanadultarenotthesameinthe pedi-
atric patient. Ininfants and children, atachycardiais
present if the HR is faster than the upper limit of nor-
mal for the patient’s age. A bradycardia is present when
the HR is slower than the lowerlimit of normal forhis
or her age.

Examine each waveformand determine ifevery Pwaveis
followed by a QRS complex.

Measure the PRinterval, the QRS duration, and the
QT interval. The normal PR interval and QRS dura-
tionisshorterinchildrenthaninadults. Theduration
ofthe PRinterval gradually increases with age and car-
diacmaturity and increased muscle mass (Sharieff &
Rao, 2006). The normal PRinterval ranges from 0.08
to0.15secondsininfants, from0.09to0.17 secondsin
children, and from0.12t00.20 secondsinadolescents
(Doniger & Sharieff, 2008). The duration of the QRS
complexisshortinaninfant (i.e.,0.03 to0.08 seconds)
and increases with age (i.e., 0.04 to 0.09 seconds ina
child). Ifthe QRSmeasures(0.09secondsorless, the QRS
is“narrow” and is presumed tobesupraventricular in
origin. If the QRS is more than 0.09 seconds in dura-
tion, the QRSis“wide” and is presumed to be ventricu-
larinorigin until provenotherwise. Although the QT

interval varies with heart rate, itis generally considered
prolonged whenitis0.46 seconds orlongerinduration
(Doniger & Sharietf, 2008).

* Determine if the rhythm is regular or irregular.

+ Assess how the patient is tolerating the rate and rhy thm:
(1) asymptomatic, (2) symptomatic but stable (i.e., there
are no serious signs and symptoms because of the dys-
rhythmia), (3) symptomatic and unstable (i.e., serious
signs and symptomatic are present because of the dys-
rhythmia), or (4) pulseless.

PALS Pearl

Theinitial emergency managementof pediatricdysrhythmias
requires a response to fourimportant questions:

1t Is a pulse (and other signs of circulation) present?

2i Is the rate within normal limits for age, too fast, too slow, or
absent?

3tIs the QRS narrow (supraventricular in origin) or wide (ventricu-
lar in origin)?

4i Is the patient sick {unstable) or not sick (stable)?

@ Jones & Bartlett Learning.
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BRADYCARDIAS Sinus Bradycardia

@ Witha sinus bradycardia, the HR is slower than the lower range

@ A persistent bradycardia can produce significant symp-
toms because of a fall in cardiac output unless stroke volume
increases to compensate for the decrease in heart rate. A rela-
tive bradycardia is a heart rate that is too slow for the patient’s
level of activity and clinical condition (i.e.,a heartrate of
70 beats/ minute in a hypovolemic or septic school-age child).

@ Hypoxiais the most common cause of bradycardiain children
(Perkin, de Caen, Berg, Schexnayder, & Hazinski, 2013). Itis
importanttoidentify and correcthypoxiabefore givingmedi-
cationstoincrease the patient’sheartrate (Doniger & Sharieff,
2006).

@ Bradycardias can be classified as either primary orsecondary.

* A primary bradycardia is usually caused by structural
heart disease. Structural heart disease refers to congenital
heart defects or heart disease acquired because of aging,
injury, or infection (e.g., valvular heart disease) resulting
inan interruption of blood flow through the heart’s cham-
bers and valves. Aninfant or child with structural cardiac
diseasemay developbradycardiabecauseofatrioventricu-

lar (AV) block or sinoatrial node dysfunction. Physical

examination of these children may reveal amidline sternal

scar and they may have an implanted pacemaker to treat

the bradycardia.

* Asecondarybradycardiaisaslow HR thatresultsfroma
noncardiac cause such as hypoxia, increased vagal tone,
acidosis, acute elevation of intracranial pressure, hypo-
thermia, hyperkalemia, and medications suchascalcium
channel blockers (e.g., verapamil, diltiazem), digoxin,
clonidine, opioids, and beta-blockers (e.g., propranolol).

@ The term symptomatic bradycardiais used when a patientexpe-
riences signs and symptoms of cardiovascular compromise that
arerelated to theslow heartrate. Possiblesigns and symptoms
include the following:

* Acute changes in mentalstatus
* Dizziness

* Fall in urine output

+ Fatigue

* Hypotension

* Lightheadedness

* Respiratory distress orfailure
* Shock

* Syncope

of normal for the patient’sage (Figure 5-2). AP wave precedes
each QRS complex. The PR interval is within normal limits for
ageand isconstantfrombeattobeat. The duration of the QRS
complex is usually within normal limits.

@ A sinus bradycardia may be normal in conditioned adolescent

athletesand in some children during sleep (Doniger & Sharieff,
2008). Sinus bradycardia may also result from hypoxia, vagal
(parasympathetic) stimulation (e.g,, during suctioning, endotra-
cheal tube placement), applying a cold stimulus to the face, elec-
trolyte disturbances, respiratory failure, hypothermia, increased
intracranial pressure, anorexia nervosa, or medications. Manage-
mentofasymptomaticsinusbradycardiaisdirected atidentify-
ing and treating the underlying cause.

Atrioventricular Blocks

@ AV blocks are divided into three main types: first, second, and

third degree AVblock.

@ Withfirst-degree AVblock, allimpulses from the sinoatrial

(SA) node are conducted, but the impulses are delayed within
the AVnodebeforetheyreachtheventricles. Thisdelayin AV
conductionresults ina consistently prolonged PR interval with
no dropped beats (Figure 5-3). First-degree AV block may
be seen in children with congenital heart disease, increased
vagal tone, surgical trauma, or hy pothyroidism. First-degree
AV block may also be caused by antiarrhythmic medications,
myocardial inflammation, myopathy, orinfection (e.g., viral
myocarditis, endocarditis, Lyme disease) (Walsh, Berul, &
Triedman, 2006).

@ In second-degree AV block, some impulses are not conducted

to the ventricles. With second-degree AV block type I, also
known as Wenckebach or Mobitz type I, P waves appear at
regularintervals, butthe PRinterval gradually but progres-
sively increasesin duration untilaP waveisnotconducted
(Figure 5-4). The duration of the QRS complex is usually
withinnormallimits. This dysrhythmiamay beobservedin
healthy patients as well asin those who have myocarditis, myo-
cardial infarctions, cardiomyopathies, congenital heart dis-
ease, digoxin toxicity, and postoperatively after cardiacsurgery
(Doniger & Sharieff, 2006).

@ Insecond-degree AVblocktypell,alsoknownas Mobitztypell,

P waves appear at regular intervals, and the PR interval is constant

e e

© Jones & Bartlett Learning.
Figure 5-2 Sinus bradycardia. This rhythm stripis from a 16-year-old female complaining of chest pain.
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@ Jones & Barllett Leaming.

Figure 5-3 Sinus bradycardia withfirst-degree atrioventricular block. This rhythm strip is from a 7-year-old male who was being evaluated for a heart

murmur.

beforeeachconducted QRS. However,impulsesare periodically
blocked and willappearonthe ECGasaPwavewithnoQRS
after it (dropped beat) (Figure 5-5). This type of AV block is
uncommon in children but may occur following an inflammatory
or traumatic injury below the level of the AVnode (Walshetal.,
2006). It may rapidly progress to third-degree AVblock.

@ Inthird-degree AVblock, alsoknownascomplete heartblock,
the atria and ventricles beat independently of each other because
impulses generated by the SAnodeare blocked beforereaching
the ventricles. A secondary pacemaker, eitherjunctional or ven-
tricular, stimulates the ventricles; therefore, the QRSmay benar-
row orwide depending onthelocation of the escape pacemaker
and the condition of the intraventricular conduction system.
Both the atrial and ventricular rhythms are regular (Figure 5-6).
Third-degree AVblock maybeacquired orcongenital. Acquired

causes include AV node injury from cardiac surgery or cardiac
catheterization, myocarditis, Lyme disease, rheumatic fever, diph-
theria, inflammatory processes (e.g., Kawasaki disease, systemic
lupus erythematosus), myocardial infarction, cardiac tumors,
hypocalcemia, and drug overdoses (Doniger & Sharieff, 2006).
Congenital causes of third-degree AV block include transposi-
tionof the greatarteries and maternal connective tissue disor-
ders (Doniger & Sharieff, 2006).

PALS Pearl

When determining whether an atrioventricular block exists, it
isimportantto considerthe normal duration of the PR interval,
which varies with aget

 Jones & Barllett Leaming.

Figure 5-4 Second-degree atrioventricular block type l.

@ Jones & Bartlett Lear.ning.

Figure 5-5 Second-degree atrioventricular block type Il.

© Jones & Bartleft Learning.
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Figure 5-6 Third-degree atrioventricular block.

Emergency Care

@ Assess the patient and obtain a focused history. Consider con-

sultation with a specialist as needed.

@ Because hypoxia is the most common cause of symptomatic bra-
dycardia in children, initial interventions focus on assessment
and support of the airway and ventilation and the administration
of supplemental oxygen (Figure5-7). Initiate pulse oximetry
and cardiacand blood pressure monitoring, If ventilationisade-

quate, givesupplemental oxygen ina manner that does notagi-

tatethechild. If breathing isinadequate, assist ventilationusing
an appropriate-sized bag-mask device with supplemental oxygen.
If available, select a cardiac monitor with defibrillation and trans-

cutaneous pacing capabilities.

@ Jones & Bartlett Leamning.

@ Identify thecardiacrhythm. Establish vascularaccessand obtain
al2-lead ECG,butdonotdelay ongoingemergency careto

obtain the 12-lead ECG.

@ Identify and treat possible reversible causes of the brad ycardia
(Table 5-1), which may include hypoxia, increased vagal tone,
acidosis, acuteelevationof intracranial pressure, hypothermia,
hyperkalemia, or medicationssuchascalciumchannel blockers
(e.g., verapamil, diltiazem), digoxin, clonidine, opioids, and beta-

blockers (e.g., atenolol, propranolol).

@ If the child’s HR is slower than 60 beats per minute with signs
of poor perfusion (e.g., acute changes in mental status, hypo-
tension, delayed capillary refill, abnormal skin color) despite
oxygenation and ventilation, begin chest compressions and

1 Pediatric Bradycardia with a Pulse and Poor Perfusion Algorithm

a8

Identify and treat underlying cause

d

« Maintain patent airway; assist breathing as necessary

Oxygen

Cardiac monitor to identify rhythm; monitor blood pressure and oximetry

. 10/IV access

12-Lead ECG if available; don't delay therapy

No

4a

£ Support ABCs
« Give oxygen
« Observe

» Consider expert
L consultation

6

2 v
Cardiopulmonary
compromise?

« Hypotension

* Acutely altered
mental status

- Signs of shock

3 v Yes

CPR if HR <60/min
with poor perfusion despite
oxygenation and ventilation

No 4 Bradycardia
persists?

5 Yes

- Eplnephrine

= Atropine for increased vagal
tone or primary AV block

» Consider transthoracic pacing/
fransvenous pacing

« Treat underlying causes

Doses/Details

Epinephrine 10/IV dose:
0.01 mg/kg (0.1 mL/kg

of 1:10,000 concentration).
Repeat every 3-5 minutes.
If 10/IV acess not available
but endotrachael (ET) tube
in place, may give ET dose:
0.1 mg/kg (0.1 mL/kg of
1:1,000).

Atropine 10/IV dose:

0.02 mg/kg. May repeatonce.

Minimum dose 0.1 mg and
maximum single dose 0.5 mg.

. If pulseless arrest develops, ﬁo to Cardiac Arrest Algorithrﬁ

Figure 5-7 Pediatric bradycardia with a pulse and poor perfusion algorithm.

Reprinted with permission. Web-based Integrated 2015 American Heart Association Guidelinesfor CPR&ECC.
Part 12: Pediatric Advanced Life Support. ©® 2015 American Heart Association.
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Table 5-1 Possible Reversible Causes of Cardiac Dysrhythmias

Reversible Cause Intervention

Hypoxia Administer oxygen, support oxygenation and
ventilation

Hypovolemia Replace volume

Hydrogen ion Correct acidosis

Hypoglycemia Give dextrose if indicated
Hypokalemiathyperkalemia ~ Correct electrolyte disturbances
Hypothermia Rewarming measures
Toxins/poisons/drugs Antidote/specific therapy

Trauma Support oxygenation and ventilation

Tamponade (cardiac) Pericardiocentesis

Tension pneumothorax ~ Needle decompression, chest tube insertion

Thrombosis (coronary or
pulmonary)

Anticoagulation, surgery

@ Jones & Bartlett Learning.

Table 5-2 Epinephrine

ventilations. Reassess the patient after two minutes to determine
if bradycardia and signs of hemodynamic compromise persist.

@ Give epinephrine [V/10 if the bradycardia continues despite
oxygenation and ventilation (Table 5-2). A continuous
infusion should be considered if the bradycardia persists.

® Give atropine if the bradycardia is the result of suspected
increased vagal tone, primary AV block, orcholinergic drug tox-
icity (Table 5-3).

@ Consider pacingif thebradycardiais unresponsiveto therapeutic
interventions. Pacing is most likely to be necessary for children
whodevelopblocksin AV conduction after cardiovascular sur-
gery. Patients with denervated hearts following heart transplanta-
tion may also requirepacing.

PALS Pearl

Although theendotracheal (ET) route can be usedforthe
delivery of some medications (i}, lidocaine, epinephrine, atro-
pine, and naloxone), itis notthe preferred route because opti-
mal doses for ET administration are unknown and medication
absorption is unpredictablei The intravenous and intraosseous
routes are preferred (see Chapter 4)i

@ Jones & Barlett Learning.

Trade name Adrenalin

Classification

Mechanism of action

Catecholamine, sympathomimetic, vasopressor

+ Stimulates alpha and beta adrenergic receptors

Indications

Dosage

Adverse effects

Notes

Symptomatic bradycardia and cardiac arrest

+ IV/10bolus:0.01mg/kg(0.1mL/kgof1:10,000solution)every 3to 5minutes; maximum|V/IOdose 1 mg (deCaenetal., 2015)

+ Ifvascularaccessisnotavailableandthe patientisintubated, epinephrine maybe givenbymeansofan ETtube: 0.1mgrkg (0.1 mL/kg
of 1:1,000 solution), maximum ET dose 2.5 mg (de Caenet al., 2015)

CNS: anxiety, restlessness, dizziness, headache

CV: palpitations, dysrhythmias (especially tachycardia), hypertension

Gl: nausea, vomiting

Other: hyperglycemia, tissue sloughing with extravasation

+ Continuous monitoring ofthe patient's ECG and oxygen saturation and frequent monitoring of the patient's vital signs are essential.

+ Consider a continuous epinephrine infusion (0.1 to 0.3 mcglkg per minute) if the bradycardia persists despite IV/10 bolus therapy. Infuse
by means of an infusion pump and preferably through a central line.

+ Checkthe IV/10 site frequently for evidence of tissue sloughing.

+ Asof May 1, 2016, ratio expressions no longer appear on single entity drug products. For example, epinephrine 1:1,000 s displayed as
1 mg/mL. Epinephrine 1:10,000is displayed as 0.1 mg/mL (Cocchio, 2016).

CNS = central nervous system, CV = cardiovascular, ECG = electrocardiogram, ET = endotracheal, Gl = gastrointestinal, |O = intraosseous, IV = intravenous.

© Jones & Bartlett Learning.
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Table 5-3 Atropine Sulfate

Anticholinergic, parasympatholytic, antimuscarinic, parasympathetic antagonist, parasympathetic
blocker

Mechanism of action + Anticholinergicagents suchasatropine block the actions ofacetylcholine ofthe parasympatheticdivision ofthe autonomic nervous
systematmuscarinicreceptorsites. Theeffects ofatropineinvariousorgansdependonthedegree towhichtheendorganisregulated
by the parasympathetic nervous system.

+ Atropine enhances AV conduction and increases heart rate (positive chronotropic effect) by accelerating the SA node discharge rate and

blocking the vagus nerves.

Indications Symptomatic bradycardia

Dosage + IV/10: 0.02 mg/kg IV/IO push, may repeat once if needed. Minimum single dose 0.1 mg. Maximum single dose 0.5 mg (de Caen etal.,
2015)

+ ET:0.04 100.06 mg/kg (de Caenetal., 2015)
Adverse effects + CNS:anxiety, dizziness, headache, confusion, delirium, hallucinations, coma
+ CV:tachycardia, palpitations, angina, ventricular ectopy, hypotension, hypertension
+ Gl nausea, vomiting
+ GU: urinary retention

+ Skin: flushed, hot skin

Notes + Although epinephrineisthe drugofchoice forsymptomatic bradycardiain children, give atropine firstifthe bradycardiais the result of
suspectedincreased vagal tone, primary AV block, or cholinergic drug toxicity.

+ Continuous monitoring of the patient's ECG and oxygen saturation and frequent monitoring of the patient's vital signs are essential.

+ Transplanted hearts do not usually respond to atropine because they lack vagus nerve innervation.

AV = atrioventricular, CNS = central nervous system, CV = cardiovascular, ECG = electrocardiogram, ET = endotracheal, G| = gastrointestinal, GU = genitourinary,
10 = intraosseous, IV = intravenous, SA = sinoatrial.

© Jones & Bartlett Learning.
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PUTTING IT ALLTOGETHER

The chapter quizand casestudies presented on the following pages

are provided to help you integrate the information presented in this

chapter.

Chapter Quiz
Multiple Choice

Identify the choice that best completes the statement
or answers the question.

1. Whichofthefollowingisa possiblecauseof sinus
bradycardia?

a. Hypovolemia

b. Elevated temperature

¢. Increased intracranial pressure

d. Administration of sympathomimetics

2. Atoddlerisdemonstratingsignsofrespiratory failure.
Thecardiacmonitorrevealsasinusbradycardiathat
continues despite adequate oxygenation and ventilation.
Which of the following medications should be adminis-
tered at this time?

a. Atropine

b. Adenosine

c¢. Epinephrine

d. Norepinephrine

3. Whatistherecommended intravenous/ intraosseous
(IV/10) dosage of atropine when treating asymptomatic
bradycardia?

a. 0.01mg/kgIV/10 push

b. 0.02mg/kg IV/10 push

¢. 2to 20 meg/kg/minute IV /10 infusion

d. 0.1to0.3 mecg/kg/minute IV/IO infusion

4. Which of the following is characteristic of first-degree
atrioventricular (AV) block?

a. A consistently prolonged PR interval

b. A PR interval that is shorter than normal

¢. APR interval that varies from beat to beat

d. APRinterval that progressively increases in duration

_ 5. Ab-year-old heart transplant recipient is experiencing
serioussignsand symptomsrelated toa bradycardia two
daysafter surgery. Which of the following statements is
correct with regard to this situation?

a. Pacing should be considered in this circumstance.

b. Magnesium sulfate is the drug of choice for symptom-
atic bradycardia.

c. Theadministration of atropine usually causesan
exaggerated response in the transplanted heart.

d. The administration of epinephrine usually resultsina
blunted response in the transplanted heart.

Case Study 5-1

Your patientis a 2-year-old child who was found unresponsive by
her mother. Trauma is not suspected. Youhave a sufficient number
ofadvancedlife support personnel available toassist youand carry
outyourinstructions. Emergency equipment is available.

1. Yourgeneralimpressionrevealsa young girl whoislying supine
on a stretcher and is not moving. You hear snoring sounds, and
observe slow and shallow chest wall movement. Her skin is pale.
Onthebasisof thesefindings, how would youcategorizethe
patient’s physiologic problem?

2. Your primary assessment reveals the following:

Primary Assessment

A Snoring sounds, no secretions

B Ventilatory rate 6 breaths/minute and shallow

C Heart rate 54 beats/minute (sinus bradycardia), weak
peripheral pulses, skin pale and dry, capillary refill 3 seconds

D Unresponsive, Glasgow Coma Scale score 3

E Temperature 37°C (98.6°F), weight 12.7 kg (28 pounds)

Thepresence of snoring soundssuggests possibleairway com-
promise. How will you manage this situation?



@

A team member has applied a pulse oximeter and cardiac moni-
tor. Thechild’s oxygensaturation is 83 % onroomair. What
should be donenow?

=

ASAMPLE history and focused physical examination have been
obtained with the following results:

SAMPLE History

Signs/symptoms Unresponsive with slow and shallow breathing
Allergies None
Medications None

Past medical history  Normal development; immunizations current

Last oral intake Cereal for breakfast

Events prior Found unresponsive on her mother's bedroom floor

next to an empty container of codeine

Physical Examination

Head, eyes, ears, nose,  Snoring sounds (cleared with opening the airway),

throat pinpoint pupils

Neck No abnormalities noted

Chest Slow, shallow ventilatory effort; breath sounds clear
Abdomen No abnormalities noted

Pelvis No abnormalities noted

Extremities Weak peripheral pulses; skin pale, cool, and dry

Back No abnormalities noted

On the basis of your general impression and primary assess-
mentfindings, whatdoyoususpectisthecauseofthischild’s
bradycardia?

5. Whatshouldbe donenow? Because thischild’sheartrateis
slower than normal for herage, should cardiopulmonary resus-
citation be started at this time?
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6. Vascular access has been successfully established. Bag-mask
ventilationis being performed and the child’s oxygen saturation
isnow 97%. Her heartrateis now 70 beats /minute. Despite your
interventions, the child remains unresponsive. Whatshould be
done now?

Chapter Quiz Answers

1. C.Asinusbradycardiamay be normalinconditioned adolescent
athletes and in some children during sleep. Sinus bradycardia
may also result from hypoxia, vagal (parasympathetic) stimula-
tion (e.g., during suctioning, endotracheal tube placement), elec-
trolytedisturbances, respiratory failure, hypothermia, increased
intracranial pressure, anorexia nervosa, or medications. Hypo-
volemia, anelevated temperature, and theadministrationof
sympathomimetics typically resultinan increased heart rate, as
seen with sinustachycardia.

OBJ: Discuss the types of bradycardias that may be observed in the
pediatric patient.

2. C.Epinephrineisthe drug of choice for symptomatic bradycar-
diainchildren. Atropineisgivenfirstifthebradycardiaisthe
resultof suspected increased vagal tone, primary atrioventricu-
lar (AV)block, orcholinergic drug toxicity. Adenosineisthe
drug of choice for terminating supraventricular tachycardias
thatuse the AVnodefortheircontinuation; itisnotused in the
treatment of bradycardias. Norepinephrine is a potent medica-
tion with alpha- and beta-adrenergic effects that is primarily
used to increase blood pressure.

OBJ: Discuss the initial emergency care for symptomatic bradycar-
dia in infants and children.

3. B.Therecommended dosage of atropineis 0.02 mg/kg [V/1O
push. Theminimumsingledoseis 0.1 mgand themaximum
single doseis 0.5 mg. Atropine may be repeated every 5 minutes
up toa maximum total dose of 1 mginachildand 3mginan
adolescent.

OB]J: Discuss the pharmacology of medications used when manag-
ing a symptomatic bradycardia.

4, A.With first-degree AV block, all impulses from the sinoatrial
node are conducted, but the impulses are delayed within the
AV node before they reach the ventricles. This delay in AV con-
duction results ina consistently prolonged PRinterval with no
dropped beats.

OBJ: Discuss the types of bradycardias that may be observed in the
pediatric patient.
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5. A. Transplanted hearts lack sympathetic and parasympathetic
nerve innervation. Despite the absence of sympathetic nerves,
the transplanted heart is hypersensitive to circulating catechol-
amines (e.g., epinephrine, norepinephrine). Administration of
sympathomimetic medications can result in an unpredictable
response in the transplanted heart. Administration of para-
sympatholytics (e.g., atropine) generally resultsinan ineffective
response. Pacing may benecessary when treatinga symptomatic
bradycardiainthese patients. Magnesiumsulfate isnotindi-
cated in the management of a bradycardia.

OBJ: Discuss the pharmacology of medications used when manag-
ing a symptomatic bradycardia.

Case Study 5-1 Answers

1. Thegeneralimpressionfindingsareabnormal (Appearance:
unresponsive child; Breathing: abnormal; Circulation: abnormal
skin color). An abnormal appearance, abnormal work of breath-
ing, and abnormal skin color are consistent with respiratory fail-
ure or cardiopulmonary failure.

OBJ: Summarize the components of the pediatric assessment trian-
gle and the reasons for forming a general impression of the patient.

2. Snoring sounds suggest the presence of an upper airway
obstruction, such as that caused by displacement of the tongue
inan unresponsive patient. Thehead tilt-chinliftisthe pre-
ferred technique for opening the airway of an unresponsive
patient without suspected cervical spine injury.

OBJ: Describe the methods used for opening the airway and discuss
the preferred method of opening the airway in cases of suspected
cervical spineinjury.

3. Becausesignsofrespiratory failure are present, assist ventilation
using a bag-mask device with supplemental oxygen.

OBJ: Discuss positive-pressure ventilation usinga bag-mask device
and troubleshooting ineffective bag-mask ventilation.

4. This child’s history of presentillness and signs and symptoms
suggest a possible opioid ingestion. Her bradycardia is most
likely the result of hypoxia and the codeine ingested. The pres-
ence of ineffective breathing, pinpoint pupils, and bradycardia
aresigns thatcardiopulmonary failureis present. Move quickly
to support the patient’s airway and breathing and to prevent
deterjoration to cardiac arrest.

OBJ: Given a patient situation, formulate a treatment plan (includ-
ingassessment, airway management, cardiopulmonary resuscita-
tion, and pharmacological interventions where applicable) for a
patient presenting with a symptomatic bradycardia.

5. Continuetosupportthe patient’s breathing with bag-mask ven-
tilation. Obtain vascular access and seek expert consultation as
needed. Closely monitor the child’s heart rate and oxygen satu-
ration.Ifthechild’sheartratedoesnotrapidlyimprovewith
ventilation, begin chestcompressions.

OB]J: Discuss the initial emergency care for symptomatic bradycar-
dia in infants and children.

6. A point-of-care glucose level and 12-lead electrocardiogram
should beobtained. Naloxone (Narcan), anopioid antago-
nist, should be administered to reverse the effects of the opioid
ingested. Because the effects of narcoticsare usually longer than
naloxone, respiratory depressionmay returnonce thenalox-
one has worn off. Closely monitor the patientand continuously
observeforresedationforatleasttwohoursafterthelastdose
of naloxone. Additional studies that should be obtained as time
and the patient’s condition permit include a chest radiograph,
toxicology screen, electrolytes, and BUN/ creatinine.

OBJ: Given a patient situation, formulate a treatment plan (includ-
ingassessment, airway management, cardiopulmonary resuscita-
tion, and pharmacological interventions where applicable) for a
patient presenting with a symptomatic bradycardia.
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Checklist 5-1 Symptomatic Bradycardia
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Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances.

Assigns team member roles.
Assessment

Forms a general impression: Assesses patient’'s appearance, work of breathing, and circulation.

Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated.

Directsassessmentofbreathingincludingestimationofventilatoryrateand evaluationofventilatoryeffort, directs assessmentofbreath
sounds.

Directs assessment of central/peripheral pulse quality, estimation of heart rate, and evaluation of skin (color, temperature, and moisture)
and capillary refill.

Directs team members to determine a Glasgow Coma Scale score and patient weight.

Directs team members to obtain vital signs and to apply a pulse oximeter and blood pressure and cardiac monitors.

Obtains a brief history and performs a focused physical examination.
Correcily identifies cardiac rhythm.

Considerspatientpresentationandquicklydeterminesifthechildisasymptomatic, symptomaticbutstable, symptomaticandunstable, or
pulseless.

Considers the need for chest compressions with ventilation.
Considers possible reversible causes of cardiac dysrhythmias.
Treatment Plan

Verbalizes a treatment plan and initiates appropriate interventions.
| Directs insertion of an oral airway or nasal airway, if indicated.
Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.
Instructs team member to establish vascular access.
Orders administration of infravenous/intraosseous medications appropriate for the dysrhythmia.
Orders diagnostic tests and procedures, if indicated.
| Considers the need for an advanced airway.
| Correctly verbalizes indications, dosages, and routes of administration for medications administered.

Reassessment

O
O

00 OO0j0ojoOo| o] o|0O|0O

1 e 1 B 6 o o

Repeats the primary assessment and obtains another set of vital signs.
Monitors for, recognizes, and appropriately treats any changes in the patient’s physiological status.

Team Leader Assessment

00

Effectively leads team members throughout patient care.
Directs the transfer of patient care for ongoing monitoring and care.
Requests a team debriefing after the transfer of patient care is complete.

@ Jones & Bartlett Learning.
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Tachycardias

Learning Objectives
After completing this chapter, you should be able to:

11 Discuss the types of tachycardias that may be observed in the pediatric patient

2i Discuss the initial emergency care for stable or unstable tachycardia in infants and
childrent

3i Discuss the pharmacology of medications used while managing a tachycardiaf

4 |dentify a patient who is experiencing a tachycardia as asymptomatic, symptomatic
but stable, or symptomatic and unstablet

5t Discuss the types of vagal maneuvers that may be used in the pediatric patienti

6 Discuss synchronized cardioversion and identify the indications and recommended
energy levels for this procedurei

7t Given a patient situation, formulate a treatment plan (including assessment, airway
management, pharmacological, and electrical interventions where applicable) for a
patient presenting with a stable or unstable tachycardiai

After completing this chapter, and with supervised practice during a Pediatric Advanced
Life Support (PALS) course, you will be skilled at the following:

+  Ensuring scene safety and the use of personal protective equipmentt

+ Assigningteam memberroles or performing as ateam memberin asimulated
patient situationt

+ Directing or performing a patient assessmenti
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+ Recognizing tachycardic rhythmsi

+  Obtaining vital signs, establishing vascular access, attaching a pulse oximeter and
blood pressure and cardiac monitors, and giving supplemental O; if indicatedt

+ Implementing a treatment plan for symptomatic bradycardia in infants and childreni

+ Demonstrating knowledge oftheindications, dosages, and effects ofthe medications
used when managing a symptomatic tachycardiat

+  Safely performing synchronized cardioversion when indicatedt

+ Recognizing when it is best to seek expert consultationt

+ Reviewing your performance as ateam leader orteam member during a postevent
debriefingt

ASSESSMENT EVIDENCE

KEY TERMS

Performance Tasks

During the PALScourse, you will be functioning as the team leader
ofthe Rapid Response Teamor Code Teamwithinyourorganization.
Yourclassmatesaresimilarly trained members of the team who will
assist you. Yourtaskisto direct, without prompting, the emergency

careeffortsof yourteamaccordingtocurrentresuscitationguidelines.

Key Criteria

Assessmentof yourability tomanagea patientwhoisexperiencinga
symptomatic stable or unstable tachycardiaand yourability toman-
age the team who will assist you in providing patient care is part of
the PALS course. Anevaluation checklist thatreflects key stepsand
interventions in the patient management process will be used to assess
your performance (see Checklist 6-1). APALSinstructor willcheck
the appropriateboxas youcomplete eachstep during your manage-
ment of the patient.

Learning Plan

@ Read this chapter before your PALS course. Create flashcards
and memory aids to help yourecall key points. Carefully review
each of the medications discussed in this chapter.

@ Complete the chapter quiz and review the answers provided.

© Complete the case study at the end of the chapter. Read the
scenario and answer each question that follows it. The ques-
tionsare intended toreinforceimportant points pertinent to the
casesthatarediscussedinthis text. Compare youranswerswith
the answers provided at theend of the case study and with the
checklist pertinent to the case study.

Defibrillation

The therapeutic delivery of unsynchronized electrical current
through the myocardium over a very brief period to terminate a car-
diac dysrhythmia

Defibrillator

Device used to administer an electrical shock to terminate a cardiac
dysrhythmia

Synchronized cardioversion

The delivery of a shock to the heart to terminate a rapid dysrhythmia
thatis timed to avoid the vulnerable period during the cardiac cycle

INTRODUCTION

@ Ininfantsandchildren,atachycardiaispresentiftheheartrate
(HR)is faster than the upper limitof normal for the patient’s
age (Doniger & Sharieff, 2006). A tachycardia may repre-
sent either a normal compensatory response to the need for
increased cardiac output or oxygen delivery or an unstable
dysrhythmia. Tachycardias can produce ventricular rates so
rapid that ventricular filling time is reduced, stroke volume
decreases, and cardiac output falls.

@ Supraventricular tachycardiaisatermthatencompassesrapid
rhythmsoriginatingfromtheatrium, atrioventricular (AV)junc-
tion (i.e., the AVnodeand thebundle of His), oranaccessory
pathway (Walsh, Berul, & Triedman, 2006) (Figure 6-1). An
accessory pathway is an extra bundle of myocardial tissue that
forms a connection between the atria and ventricles outside the
normal conductionsystem. Ventricular tachycardiasarise from
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Figure 6-1 The cardiac conduction system.

sitesbelow thebundleof His. Most tachycardiasinchildrenare
supraventricular in origin (Sharieff & Rao, 2006).

@ Recallthatthedurationofthe QRS complexisshortinaninfant
(i.e.,0.03t00.08 seconds) and increases with age (i.e.,0.04 to 0.09
seconds inachild). If the QRS measures 0.09 seconds or less, the
QRSis“narrow,” and is presumed to be supraventricularinori-
gin.Ifthe QRSismorethan0.09secondsinduration, the QRS
is “wide” and presumed to be ventricular in origin until proven
otherwise. When evaluating a child with a tachycardia,a12-or
15-lead ECG can help with differentiating the type of tachycardia.

SINUS TACHYCARDIA

Sinus tachycardia is a normal compensatory response to the need
for increased cardiac output or oxygen delivery. Witha sinus tachy-
cardia, the HR is faster than normal for age butis usually less than
220beats per minuteininfantsor180beats per minuteinchildren.
Asinustachycardiabegins gradually. The ECGshowsaregular
rhythm with a narrow QRS complex that often varies in response
toactivity orstimulation. APwave precedeseach QRScomplex
(Figure6-2). Thehistory giventypically explains therapid HR (i.e.,
pain, fever, volume loss caused by trauma, vomiting, or diarrhea).
Althoughcommon causes of sinus tachycardia include dehydration

Pulmonary trunk

Bachmann's
bundle

Atrioventricular

bundle (bundle
of His)
Left bundle
branch
Normal ECG
Purkinje
fibers

@ Jones & Bartiett Learning.

and hypovolemia, it can also be associated with conditions such as
hypoxia, anemia, shock, myocardial ischemia, pulmonary edema,
hyperthyroidism, medications (e.g., catecholamines), hypocalcemia,
and illicit drug use (Doniger & Sharieff, 2006).

Emergency Care

Treatmentis directed at the underlying cause that precipitated the
rhythm (e.g., administering medications torelieve pain, administer-
ing fluids to correct hypovolemia) (Figure 6-3).

SUPRAVENTRICULAR TACHYCARDIA (SVT)

@ Supraventricular tachycardia is the most common tachydys-
rhythmia that necessitates treatment in the pediatric patient
(Doniger & Sharieff, 2006). Unlike sinus tachycardia, SVTis not
anormal compensatory response to physiologicstress.

@ WithSVT, the HR isusually more than 220 beats per minutein
infants or 180 beats per minutein children (Table 6-1). Onset
of therhythmoccursabruptly. The ECG shows aregular rhythm
withanarrow QRS complex (0.09 seconds or less) that does not
varyinresponsetoactivity orstimulation. Pwavesareoften
indiscernible because of the rapid rate and may belostin the T
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Figure 6-2 Sinustachycardiainan 11-year-old boy.

Pediatric Tachycardia with a Pulse and Poor Perfusion Algorithm

1
P "\I
Identify and treat underlying cause
+ Maintain patient airway; assist breathing asnecessary
+ Oxygen
+ Cardiac monitor to identify rhythm; monitor blood pressure and oximetry
+ 10/1V access
+ 12-lead ECG if available; don’t delaytherapy
2 Y
Narrow (<0.09 sec) Exvaluate Wide (>0.09 sec)
§ l QRS duration
Evaluate rhythm
with 12-lead ECG Doses/Details
or monitor
Synchronized
4 l 5 9 ; cardioversion
Probable Probable Possible ' Begin with 0.5-1 J/kg;
sinus tachycardia supraventricular tachycardia ventricular if not effective, increase
= Compatible history consistent = Compatible history (vague, tachycardia to 2 J/kg.
with known cause nonspecific); history of abrupt 3‘3‘1?:3 ]fl needectﬂ, but
e R rate changes l on’t delay cardioversion.
« Variable R-R; constant PR * P waves ab_sent!abnormal 10 Drug Therapy
: = HR not variable Cardiopulmonary
* Infants: rate usually <220/min « Infants: rate usually <220/min compromise? :
« Children: rate usually <180/min + Children: rate usually <180/min * Hypotensi Renasinadcly dose:
- D o First dose: 0.1 mg/kg
* Acutely altered rapid bolus (maximum:;
mental status 6 mg).
= Signs of shock Second dose:
0.2 mg/kg rapid bolus
6 7 1" Yes | 12 y No (maximum second
Y « . (@ ) > | dose:12 mg).
Search for and Consider vagal Synchronized Consider
treat cause maneuvers cardioversion adenosine Amiodarone 10/IV dose:
J (No delays) R if rhythm 5 mg/kg over
T regular 20-60 minutes
and QRS or
| monomorphic | | Procainamide IO/IV dose:
8 \ = “ | 15 mg/kg over
13 30-60 minutes
* |f I0/IV access present, give
adenosine Expert Do not routinely
or consultation administer amiodarone
= If I0/1V access not available, advised and procainamide
or if adenosine ineffective, *Amiodarone together.
synchronized cardioversion *Procainamide
J \_ 4

Figure 6-3 Pediatric tachycardia with a pulse and poor perfusion algorithm.
Reprinted with permission. Web-based Integrated 2015 American Heart Association Guidelines for CPR & ECC. Part 12: Pediatric Advanced Life Support. © 2015 American Heart
Association.
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Table 6-1 Differentiation of Sinus Tachycardia and Supraventricular Tachycardia

Characteristic

Rate Usuallyslowerthan 220 beatsperminuteininfantsand
180 beats per minute in children

Ventricular Rate and Varies with activity/stimulation

Regularity

Onset and End Gradual

P waves Visible; normal appearance

History Historygiven explains rapid heartrate; pain, fever, fluid

Physical Examination

SA

Sinus Tachycardia

orbloodloss caused by trauma, vomiting, or diarrhea

= sinoatrial

© Jones & Bartlett Learning.

waveof the preceding beat (Figure 6-4). If Pwavesare visible,
they differinappearance from P wavesthatoriginatein the sino-
atrial (SA) node. In the absence of known congenital heart dis-
ease, the history obtained is usually nonspecific (i.e., the history
does not explain the rapid HR).

Assessment Findings

@ InfantswithSVTmay presentwithahistory offussiness, leth-

@

argy, irritability, poor feeding, and sweating during feeding.
Pallor, cough, and respiratory distress may be observed if heart
failure is present (Doniger & Sharieff, 2006). Infants may toler-
ate the rapid ventricular rate associated with SVT for 24 hours,
butabout50% of them will develop signs of heart failure within
48 hours and may deteriorate rapidly (Doniger & Sharieff,
2006).

Rapid ventricularratesmaybeassociated withlightheadedness,
syncope, dyspnea, weakness, nervousness, and complaints of pal-
pitations, dizziness, and chest painor pressurein the older child

Sl

May be consistent with volume loss (blood, diarrhea,
vomiting), possible fever, clear lungs, liver of normal size

5

Figure 6-4 Supraventriculartachycardiain a child complaining of chest pain.

Supraventricular Tachycardia

Usually220beats perminute ormoreininfants and 180 beats perminute or
more inchildren

Constant with activity/stimulation

Abrupt
Oftenindiscernible; ifvisible, differinappearancefromSAnode Pwaves

Intheabsence ofknown congenital heartdisease, historyisusually
nonspecific(i.e., historygivendoes notexplainrapidheartrate); infantsmay
presentwith complaints such as poorfeeding, “notacting right," sweating
with feeding, or fussiness

Signs of poor perfusion including diminished peripheral pulses, delayed
capillary refill, pallor, increased work of breathing, possible crackles, enlarged
liver

andadolescent. Signs of shockmaybeevidentdependingonthe
durationandrateof thetachycardia, and the presence of pri-
mary cardiac disease. A child withnormal cardiovascular func-
tionmaytoleratearapid ventricularrateforseveral hoursbefore
signs of heart failure or shock develop.

Emergency Care

@ Perform an assessment and obtain a focused history.

@ Apply a pulse oximeter and administer supplemental oxygen if
indicated; ensure effective oxygenation and ventilation.

@ Applyblood pressureand cardiac monitorsand establish vas-
cularaccess. Identify thecardiacrhythm (including rate, QRS
width, and regularity) (see Figure 6-3). Obtaina 12-lead ECG
but do not delay emergency care.

@ Quickly determine if the child is asymptomatic, symptomatic
butstable, orsymptomaticand unstable.Searchforandtreatthe
underlying cause.

i

@ Jones & Barilett Learning.



@ Ifthechildisasymptomatic, observe.

@ Ifthe child is symptomatic but stable:

* Ensurethatthe patient’s history does notindicate causes
of sinus tachycardia (i.e., dehydration, fever).

* Considertheuseof vagal maneuvers, whicharetech-
niques used toslow conductionthrough the AVnode
and slow the heart rate. It is important to record the
patient’s cardiac thythm before, during, and after a vagal
maneuver. Vagal maneuvers are discussed later in this
chapter.

Iftherhythm persists and vascular accessisavailable, give
adenosine for pharmacologiccardioversion (Table6-2,
Figure 6-5). Adenosineisthe drug of choice because of
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contractility. Verapamil (Table 6-3) may be used to ter-
minateSVTinolderchildren(deCaenetal.,2015). Docu-
ment the patient’s cardiacrhythm before, during, and after
administration of antiarrhythmic medications.
Perform synchronized cardioversion if adenosine is inef-
fective or if vascular access is unavailable (de Caenetal.,
2015). Search for and treat the underlying cause.
Consider infusing amiodarone (Table 6-4) or procainamide
(Table 6-5) while monitoring the child’s blood pressure and
ECGifSVT persists after a second shock or if the tachycar-
dia recurs quickly (de Caenetal., 2015). Consultation with
a pediatric cardiologist is advised before administration.
Amiodarone and procainamide should not be administered

itsrapid onset of action and minimal effects on cardiac

Table 6-2 Adenosine

together because both prolong the QT interval.

Trade name Adenocard

Classification

Mechanism of action

Indications

Dosage

Contraindications

Adverse effects

Notes

Antiarrhythmic

+ Adenosine is a naturally occurring nucleoside that is derived from the metabolism of adenosine triphosphate (ATP)in the body.

+ Adenosineslowsconduction velocity throughthe AV node, increasesthe AVnoderefractory period, caninterruptreentry pathways
that involve the AV node, and can restore sinus rhythm in SVT. Reentry circuits are the underlying mechanism for most episodes of SVT
in infants and children. Adenosine acts at specific adenosine receptors to cause a temporary block of conduction through the AV node,
interrupting these reentry circuits.

Diagnosis and treatment of SVTs that involve the AV node
+ Initialdose0.1mg/kg (uptoBmg)asrapidlyaspossible, IV/IOpushfollowed byanormalsaline (NS)flush(de Caenetal., 2015)

+ Second dose 0.2 mg/kg rapid IV/10 push (maximum single dose 12mg) (de Caenetal., 2015)

+ Atrial flutter or fibrillation

+ Known hypersensitivity

+ Second- orthird-degree AV block

+ Sick sinussyndrome

Adenosine may cause facial flushing because the drug is a mild cutaneous vasodilator and may cause coughing, dyspnea, and
bronchospasmbecauseitisamildbronchoconstrictor, Usewithcautioninpatientswithobstructivelungdisease.

* Obtain a baseline ECG before adenosine administration. Continuous ECG monitoring is essential for evaluation of the patient's response
to therapy.

+ Adenosinehasanonsetofactionof10to40seconds, adurationof 1to2 minutes, and a half-life of about 10 seconds. Because ofits
shorthalf-life,andtoenhancedelivery ofthedrugtoitssite of actioninthe heart, selecttheinjectionportonthe |Viubingthatis
nearestiothe patientand administer the drug using a two-syringe technique. Prepare one syringe with the drug and the otherwith an
NS flushof atleast5 mL. Insertboth syringes into the injection portin the [V tubing. Administerthe drug IV or IO as rapidly as possible
(i.e.,overaperiod of seconds) and immediately follow with the saline flush.

* Consider the use of adenosine in differentiating SVT from \/T only if the cardiac rhythm is regular and the QRS is monomorphic (de Caen
etal.,2015).

* Higherdoses may be needed when a patient is taking methylxanthine preparations.

AV = atrioventricular, ECG = electrocardiogram, 10 = intraosseous, IV = intravenous, SVT = supraventricular tachycardia.

© Jones & Bartlett Learning.
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. © Jones & Bartlett Learning.
Figure 6-5 Same childasin Figure 6-4 afterone dose ofintravenous adenosine.

Table 6-3 Verapamil

Trade name Isoptin, Calan

Classification Calcium channel blocker, antiarrhythmic

Mechanism of action * Inhibits movementofcalciumions across cellmembranesinthe heartand vascularsmooth muscle
+ Slows conduction through the AV node and prolongs the refractory period of the AV node
+ Decreases myocardial contractility

Indications Stable narrow-QRStachycardiaiftherhythmpersists despite vagalmaneuversoradenosineorifthetachycardiaisrecurrent
Dosage 0.1to 0.3 mg/kg IV/IO (de Caen et al., 2015)

Contraindications Known hypersensitivity, sinus node dysfunction, cardiogenic shock, ventricular tachycardia

Adverse effects Hypotension (most common), bradycardia, AV block

Notes + Canworsen hypotension. Closely monitor BP, heartrate, and ECG.

+ Should not be administered to infants without expert consultation because it may cause myocardial depression, hypotension, and
cardiac arrest (de Caen et al., 2015).

AV = atrioventricular, BP = blood pressure, ECG = electrocardiogram, 10 = intracsseous, IV = intravenous.

& Jones & Bartlett Learning.

Table 6-4 Amiodarone

Trade name Cordarone

Classification Class Ill antiarrhythmic

Mechanism of action + Amiodarone directly depresses the automaticity ofthe SAand AV nodes, slows conduction throughthe AVnode andinthe accessory
pathway of patients with Wolff-Parkinson-White syndrome, inhibits alpha- and beta-adrenergic receptors, and possesses both vagolytic
and calcium-channel blocking properties.

* Amiodarone prolongs the PR, QRS, and QT intervals, and has an additive effect with other medications that prolong the QT interval (e.g.,
procainamide, phenothiazines, some tricyclic antidepressants, thiazide diuretics, sotalol).

Indications « SVTand VT witha pulse
+ Pulseless VT
+ VF
Dosage + PulselessVT/VF:5mglkgrapid IV/IOpush({maximumsingledose 300 mg); mayrepeattomaximumdoseof 15mg/kgperday(2.2gin

adolescents) (de Caenetal., 2015).

+ PerfusingSVTorVT:5mglkgIV/0loadingdoseover20to60minutes. Repeatas neededtoamaximumdoseof 15mglkgperday (2.2gin
adolescents) (de Caenetal., 2015).

Contraindications Second- or third-degree AV block, sinus node dysfunction
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Adverse effects

Notes

Hypotension (most common), bradycardia, AV block

* Amiodarone is an antiarrhythmic that is a sodium blocker, potassium blocker, calcium blocker, and beta-blocker. Because of these
properties, amiodaroneis usedfor awiderange of both atrial and ventricular dysrhythmias inadults and children.

+ Likeallantiarrhythmicagents, amiodarone may cause aworseningofexistingdysrhythmias orprecipitateanewdysrhythmia.
+ Seek expert consultation before use for a patient who has a perfusing rhythm.

+ Obtain a baseline ECG before amiodarone administration and then monitor the ECG continuously for evaluation of the patient's response to
therapy. Document the patient's baseline PR and QT intervals, QRS width, and BP.

+ Assess the patient's BP often and observe the ECG closely forincreasing PR and QT intervals, widening of the QRS, bradycardia, and AV block.
Ifan AVblock or prolongation of the QT intervalis seen, slowthe infusion rate. Ifthe blood pressure falls orifthe QRS widensto more than
50% of its baseline width, stop or slow the infusion (de Caen etal., 2015).

+ Amiodarone has a long half-life ranging from 15to 60 days.

AV = atrioventricular, BP = blood pressure, ECG = electrocardiogram, 10 = intraosseous, IV = intravenous, SA = sinoatrial, SVT = supraventricular tachycardia,
VF = ventricular fibrillation, VT = ventricular tachycardia.

@© Jones & Bartlett Learning.

Table 6-5 Procainamide

Trade name Pronestyl

Class la antiarrhythmic

Classification

Mechanism of action

Indications

Dosage

Contraindications

Adverse effects

Depresses cardiac automaticity, excitability, and conductivity

+ Prolongs the PR and QT intervals

+ Exerts a peripheral vasodilatory effect

Atrial flutter
SVT

VT with a pulse

15 mglkg slow IV/IO infusion over 30 to 60 minutes (de Caen et al., 2015)

Third-degree AV block unless a functioning artificial pacemaker is present

Patients with a prolonged QRS duration or QT interval because of the potential for heart block
Use with caution in first- or second-degree AV blocks

CNS: dizziness, drowsiness

CV: hypotension, AV block, QT interval prolongation, torsades de pointes

Gl: nausea, vomiting

Other: joint pain, bitter taste, rash

Notes

+ Seek expert consultation before use for a patient who has a perfusing rhythm.

+ (Obtain a baseline ECG before administration and then continuously monitor the ECG for evaluation of the patient's response to therapy.

Document the patient’s baseline QT interval, QRS width, and BP.

+ Assess the patient's BP often and closely observe the ECG for increasing QT intervals, widening of the QRS, and the development of heart block.

Ifprolongation ofthe QTintervalis seen ora heart block develops, slowthe infusion rate. Ifthe blood pressure falls orifthe QRS widens to
more than 50% of its baseline width, stop or slow the infusion (de Caenetal., 2015).

+ Onsetofactionis 2 to 3 minutes; half-lifeis 3 to 4 hours.

AV =atrioventricular, BP =blood pressure, CNS = central nervous system, CV = cardiovascular, ECG = electrocardiogram, Gl = gastrointestinal, |0 = intraosseous,
IV = intravenous, SVT = supraventricular tachycardia, VT = ventricular tachycardia.

@ Jones & Bartlett Leamning.
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@ Ifthechildissymptomaticand unstable (i.e.,acutely altered
mentalstatus, signs of shock, or hypotension),immediate treat-
ment with electric or pharmacologic cardioversion is warranted.

* Ifvascularaccessisalready available, adenosine may be
givenbeforesynchronized cardioversion, butdonotdelay
cardioversion.

+ IfSVT persists and the child is responsive, sedate if possi-
bleand performsynchronized cardioversionstarting with
0.5t01]/kg(deCaenetal.,2015).If cardioversion does
not terminate the dysrhythmia, increase the energy level
to2]/kg(deCaenetal.,2015).Obtainal2-lead ECGafter
cardioversion. If the dysrhythmia persists despiteasecond
shock, consider consultation with a pediatric cardiologist
before giving amiodarone or procainamide IV /10.

PALS Pearl

Supraventriculartachycardia (SVT)withabnormal (aberrant)
conduction through the bundle branches produces awide QRS
complexi Differentiation of SVT with abnormal conduction (also
called wide-QRS SVT) from ventricular tachycardia (VT) is often
difficultt Because almost all wide-QRS tachycardias are VT, any
wide-QRS tachycardiainaninfantorchild should be presumed
to be ventricular in origin and treated as VTi

@ Jones & Bartlett Leamning.

VENTRICULAR TACHYCARDIA

@ Ventriculartachycardia (VT)isaseriouscardiacdysrhyth-
mia that originates from below the bundle of His. Because VT
originates below the bundle, the ventricles may be depolarized

Figure 6-6 Monomorphic ventricular tachycardia.

Figure 6-7 Polymorphic ventricular tachycardia.

withoutreceiving theadditional 10% to30% of ventricular filling
produced by atrial contraction. The inadequate ventricular fill-
ingandrapid ventricularrateassociated withthisrhythmresults
indecreased stroke volumeand cardiac output, which can belife
threatening. VT candegenerateintoventricularfibrillation.

VT is described as monomorphic when the QRS complexes are
ofthesameshapeand amplitude (Figure 6-6). When the QRS
complexes of VT vary in shape and amplitude, the rhythm s
termed polymorphic VT (Figure 6-7). Torsades de pointesisa
typeof polymorphic VT that is associated witha long QT inter-
val. Polymorphic VT associated with a normal QT interval is
simply called polymorphic VT.

@

@ With VT, the QRS complex is wide (with a duration of more than

0.09seconds)and theventricularratetypically rangesfrom120to
250 beats per minute. It may be difficult to differentiate between
the QRScomplexand Twave. When T wavesareclearly seen,
they usually appearin a direction opposite that of the R wave.

(=]

) Episodes thatlast for fewer than 30 seconds are termed nonsus-
tained VT.Sustained VTisan episodethatlastsformorethan30
seconds (Hanash & Crosson, 2010).

® VTisrelativelyuncommonininfantsand childrenbutitmaybe
seenin childrenwho havehad cardiacsurgery or who havea car-
diomyopathy, myocarditis,ormyocardial tumor. Other causes of
VTincludelong QT syndrome, electrolyteimbalances (e.g., hyper-
kalemia, hypokalemia, hypocalcemia), acquired heart disease,
drug toxicity, and idiopathic causes (Doniger & Sharieff, 2006).

Assessment Findings

@ VT may occur atany age and can have a variable presentation,
ranging fromno symptoms to cardiovascular collapse.

& Jones & Bartlett Learning.
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@ Infants may present with pallor, mottling, orcyanosis. They may
belethargicand haveahistory offeeding poorly. The older child
may complain of palpitations, chest pain or discomfort, dizzi-
ness,ornauseaand may presentwithsyncopeorseizures.

Emergency Care

@ Performaninitialassessmentand obtainatocusedhistory,
including family history for ventricular dysrhythmias orsud-

den death.

@ Applyapulse oximeterand administer oxygenifindicated;
ensure effective oxygenation and ventilation.

@ Apply blood pressure and cardiac monitors and establish vas-
cularaccess, Identify the cardiac rhythm (including rate, QRS
width, and regularity). Obtaina12-lead ECGbutdonot delay
emergency care.

@ Quickly determineifthe child isasymptomatic, symptomatic but
stable, or symptomatic and unstable (see Figure 6-3). Search for

and treat the underlying cause.

@ If the child is asymptomatic, observe and consulta pediatric car-
diologist. Search for and treat the underlying cause.

@ If the child is symptomatic but stable:

+ Consultapediatric cardiologist. Identify and treat possible
reversible causes of the dysrhythmia.

¢ Iftherhythmisregular and the QRSis monomorphic, con-
sidergivingadenosinelVtohelpdifferentiateSVT from
VT. Document the patient’s cardiac rhythm before, during,
and after administration of antiarrhythmic medications.

+ Iftherhythm persists, considerelectriccardioversion.
After sedation, start with 0.5 to 1]/kg (de Caen et al.,
2015). If the initial shock does not terminate the dysrhyth-
mia, increase theenergy levelto2 ]/ kg (de Caenetal.,
2015). Obtain a 12-lead ECG after cardioversion.

* If the rhythm persists, consult with a cardiologist before
attempting pharmacologic conversion with amiodarone
or procainamide IV /IO. Closely monitor the child's blood
pressure and ECG during administration of these medica-
tions. Stop or slow the infusion if the blood pressure falls
orif the QRS widens (de Caen et al., 2015).

@ Ifthechildissymptomaticbutunstable (i.e., acutely altered
mental status, signs of shock, or hypotension), perform synchro-
nized cardioversionstarting with0.5to1]/kg (de Caenetal,,
2015). Sedate if possible before the procedure, but donot delay
cardioversion. Increase the energy level to 2 ] /kg if the initial
shock does not terminate the dysrhythmia (de Caenetal., 2015).
Obtain a 12-lead ECG after cardioversion.

VAGAL MANEUVERS

@ Vagal maneuvers are methods used to slow conduction through
the AV node, resulting in slowing of the heart rate. While
performing a vagal maneuver, continuous monitoring of the
patient’'sECGisessential. Notetheonsetand end ofthevagal
maneuver on the ECG rhythm strip. A 12-lead ECG should be
obtained before and after the procedure.
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@ Vagalmaneuvers may betried in thestable butsymptomatic

child in SVT or during preparation for cardioversion or drug
therapy for this dysrhythmia. Success rates with vagal maneuvers
vary and depend on the patient’s age, the presence of underly-
ing conditions in the patient, and his or her level of cooperation
(American Heart Association,2011).

@ Theapplicationofacoldstimulustotheface (e.g.,awashcloth

soaked iniced water, crushed ice mixed withwaterinasmall plas-
ticbagor glove)for15to20secondsisofteneffectiveininfants
and young children (American Heart Association, 2011). When
using this method, apply the cold stimulus to the upperhalf of the
child’s face (i.e., forehead, eyes, and bridge of the nose). Do not
obstruct the patient'smouthornose orapply pressureto theeyes.

@ The Valsalva maneuver isanother vagal maneuver that may

be used in older, cooperative children. Ask the child to blow
throughanarrow straw, to take a deep breathand bear down
asifhavingabowel movement for10seconds, or toblow ona
thumb as if it were a trumpet.

ELECTRICAL THERAPY

When preparing to deliver electrical therapy to a patient, it is essen-
tial that the operator be familiar with the type of device being used

(i.e.,

monophasic versus biphasic), the manufacturer’s recommended

paddle/ padsizeand their placement, and themanufacturer’srecom-
mended energy levels for the dysrhythmia being treated.

Defibrillation

@

@ A defibrillator is a device used to administer an electrical shock

Defibrillation is the therapeutic delivery of an unsynchronized
electrical current (the delivery of energy has no relationship to
the cardiac cycle) through the heart over a very brief period to
terminate a cardiac dysrhythmia.

@ Manual defibrillation refers to the placement of paddles or pads

on a patient’s chest, the interpretation of the patient’s cardiac
rhythm by a trained healthcare professional, and the healthcare
professional’sdecisiontodeliverashock,ifindicated. Auto-
mated external defibrillation refers to the placement of padson

a patient’s chest and the interpretation of the patient’s cardiac
rhythm by the defibrillator’s computerized analysis system. Man-
ual defibrillationand the use of an automated external defibrilla-
tor are discussed in more detail in Chapter7.

to terminate a cardiac dysrhythmia. The machine hasanadjust-
able high-voltage power supply that allows the operator to select
an energy level (Figure 6-8). The strength of the electrical
shocks used for defibrillation and cardioversion are expressed in
joules (J) of energy. When electrical therapy is used to treatan
abnormalheartrhythm, itisimportant toselecttheappropriate
energy level for the patient’s dysrhythmia.

2 Handheld paddles or self-adhesive monitoring/ defibrillator pads

@

are the means by which currentis delivered from the defibril-
lator to the patient. Self-adhesive pads record and monitor the
patient’scardiacrhythmand arealso used to deliver the shock.
These pads are used during “hands-free” or “hands-off” defibril-
lation, which enhances operator safety by physically separating
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@® Whenusing an AED, a pediatricattenuator (pad/ cable system)
should beused, ifavailable, foranunresponsive, apneic, pulse-
lesschild youngerthan 8 years. If unavailable, use an AED with
standard pads (de Caenetal., 2015). Forinfants, use of amanual
defibrillator is preferred. If a manual defibrillator is not available,
an AED equipped with a pediatric attenuator is desirable. If nei-
therareavailable, useastandard AED (de Caenetal.,2015).

Conductive Material

@ Transthoracic impedance refers to the resistance of the patient’s
chestwalltotheflow of currentatthe interface betweenthe
patient’schestwalland combination padsor defibrillation
paddles. Incorrect paddle or pad placement canincrease trans-
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Figure 6-8 A defibrillator is used to deliver an electrical shock to the heart
by means of handheld paddles or adhesive pads applied to the patient's
chest.

thoracicimpedance (Fraser, Kou, Howell, Fullerton, & Sturek,

2014).

the operator fromthe patient. Instead of leaning over the patient
withhandheld paddles, theoperator deliversashock tothe
patientbymeansofdischargebuttonslocated onaremotecable,
an adapter, or on the defibrillator itself.

@ Defibrillatorsdeliverenergy orcurrentin“waveforms” thatflow
between two electrode patches (or paddles). Monophasic wave-
forms use energy delivered in one (mono) direction through
the patient’s heart. With biphasic waveforms, energy is delivered
intwo (bi) phases — the current moves in one direction, stops,
and then passes through the heartasecond time in the opposite
direction within a very short period (milliseconds). Most defi-
brillatorssold today use biphasic waveform technology.

PALS Pearl

Combination pads have multiple names, including “combo
pads,” “multi-purpose pads,” “multi-function electrode pads,”
“combination electrodes,"“therapy electrodes," and “self-adhe-
sive monitoring/defibrillation padsf’ Not all combination pads are
aliket Some pads can be used for defibrillation, synchronized car-
dioversion, ECG monitoring, and pacing Others can be used for
defibrillation, synchronized cardioversion,and ECGmonitoring,
but not for pacingl Be sure you are familiar with the capabilities
of the pads you are usingi

"

@ Jones & Bartlett Learning.

Paddle/Pad Size and Position

@ Paddles and self-adhesive pads appear to be equally effective.
Optimum paddle and pad sizes for electrical therapy based on
patientageand weight vary by manufacturer. Follow the manu-
facturer’s instructions regarding paddle/ pad size and the proper
placement of self-adhesive pads, handheld paddles, and pre-
gelled defibrillation pads.

@ Generally, adult paddles/ pads should be used for patients weigh-
ing morethan10kg (22 pounds) (about 1 year or older) (de
Caen et al., 2015). Use infant-sized paddles/ pads for infants
weighing less than 10 kg (22 pounds).

@® When using handheld paddles, the use of gels, pastes, or pre-
gelled defibrillation padsaidsthe passageofcurrentat theinter-
face between the defibrillator paddles and the body surface.
Failure to use conductive material resultsin very high transtho-
racicimpedanceandalack of current penetration. The use of
improper pastes, creams, gels, orpadscancauseburnstothe
skin surface. Combination pads are pre-gelled and do not require
theapplication of additional gel to the patient’s chest.

Synchronized Cardioversion

® Synchronized cardioversion isatype of electrical therapy in
which a shock is “timed” or “programmed” for delivery dur-
ing ventricular depolarization (QRS complex). When the “sync”
control is pressed, a synchronizing circuit in the machine
searchesfor QRScomplexesand deliverstheshockafewmil-

liseconds after the QRS. Delivery of a shock during this portion
of the cardiac cycle reduces the potential for the delivery of cur-
rentduring ventricular repolarization, which includes the vul-
nerable period of the T wave. When a QRS complex is detected,
the monitor placesa “flag” or “sync marker” on that complex,
whichmay appearasan oval, square, line, or highlighted trian-
gle on the ECG display depending on the machine used. When
the shock controls are pressed while the defibrillator is charged
in“sync” mode, the machine will discharge energy only if both
discharge buttons are pushed and the monitor tells the defibril-
lator that a QRS complex has been detected.

@ BecausethemachinemustbeabletodetectaQRScomplex
in order to “sync,” synchronized cardioversion is used to treat
rhythmsintheunstable patientwhohasaclearlyidentifiable
QRScomplexand arapid ventricular rate suchas SVT thatis
caused by reentry, atrial flutter,and monomorphic VT witha
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pulse.Synchronized cardioversionmay beusedinthe
manage- mentofthestable patientwithSVT, atrial
flutter,and mono- morphic VT witha pulse under
the direction of a pediatric cardiologist (American
Heart Association, 2011). Synchronized cardioversion
is not used to treat disorganized rhythms (such as
polymorphic VT) or those thatdonothaveaclearly
identifiable QRS complex (such as ventricular
fibrillation).

@ Whenperformingsynchronized cardioversion, turn
the moni- tor/ defibrillator onand identify the
rhythmon the cardiac
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monitor. Print an ECG strip to document the patient'srhythm.
Attach ECGelectrodes to monitor the patient'sECG. Make sure
suctionand emergency medicationsareavailable. If using stan-
dard paddles, you must use defibrillation gel or defibrillation gel
pads between the paddle electrode surface and the patient’s skin.
If using multipurpose adhesive electrodes, place them in proper
position on the patient’s bare chest.

* Pressthe “sync” controlonthedefibrillator (Figure6-9).
Selectalead withan optimum QRS complex ampli-
tude (positive or negative) and no artifact. If using adhe-
siveelectrodes, selectthe“paddles” lead. Makesurethe
machineismarkingorflaggingeachQRScomplexand
thatnoartifactis present. The sense marker should appear
near the middle of each QRS complex. If sense markers do
notappear or areseeninthe wrong place (suchasonaT
wave), adjust the ECG size or select another lead.

* Ifthe patientis awake and time permits, administer seda-
tion per physician orders unless contraindicated. Make
sure the machineisin “sync” mode and thenselectthe
appropriate energy level on the defibrillator (0.5to1]/kg)
fortheinitialshock (deCaenetal., 2015). Chargethedefi-
brillator and recheck the ECGrhythm. If therhythmis
unchanged, call “Clear!"” and lookaround you. Make sure
everyoneisclearof thepatient, bed, and any equipment
connected to the patient. A slight delay may occur while
the machinedetectsthe next QRS complex. Release the
shock control after the shock has been delivered.

* Reassess the ECG rhythm and the patient. If the tachy-
cardia persists, ensure that the machine is in sync mode
before delivering another shock. The energy dose may
beincreased to2]/kg for the second and all subsequent
attempts if necessary (de Caen et al., 2015).

+ If the rhythm changes to ventricular fibrillation, then
begin cardiopulmonary resuscitation, turn off the sync
control, and prepare to defibrillate.

& art-d-arl/E+/Getty.

Figure 6-9 When performing synchronized cardioversion, make sure the
machineisin“sync"mode and then select the appropriate energy levelon
the defibrillator.

PALS Pearl

Some defibrillators revert to the defibrillation (unsynchronized)
mode after the delivery of a synchronized shocki This is done to
allow immediate defibrillation in case synchronized cardioversion
produces ventricular fibrillation (VF) Other defibrillators remain in
sync mode after a synchronized shocki If VF occurs during syn-
chronized cardioversion, make sure the sync controlis off before
attempting to defibrillatet

@ Jones & Barllett Leaming.
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PUTTINGITALLTOGETHER

The chapter quiz and case studies presented on the following pages Questions 4 and 5 pertain to the following scenario.
ided to hel integrate the inf t ted in thi
L P RS e D Al2-year-old collapsed while playing soccer. Heisunresponsive,
chapter. . e
breathing shallowly, and his skin looks pale.
Chapter Quiz 4. Thecardiacmonitorrevealsmonomorphicventricular

tachycardia. The patient's blood pressureis74 /40 and his

Mukdiple tholcs ventilatory rate is 6/ minute. This patient should be cat-

Identify the choice thatbest completes the statement egorized as:

or answers the question. a. Asymptomatic.

_ 1. A3-month-old infant with supraventricular tachycardia b. Symptomatic but stable.
is stable but symptomatic. Which of the following vagal ¢. Symptomatic and unstable.
maneuvers isrecommended in this situation? d. Pulseless.

a. Valsalva maneuver

b. Blowing through a narrow straw

c. Application of external ocular pressure
d. Application of a cold stimulus to the face

5. Vascularaccess hasbeenestablished. Which of thefol-
lowingreflects the initial emergency care thatshould be
performed at this time?

a. Defibrillate with 2] /kg

Questions 2 and 3 pertain to the following scenario. b. Attempt vagal maneuvers

A10-year-old child presents withasudden onsetof dizzinessand c. Administer procainamide for pharmacologic
palpitations. cardioversion
2. Thechild’sventilatory rateis 22/ minute and his blood d. Performsynchronizedcardioversionstartingwith(.5
pressure is 100/68. His oxygen saturation is 97% on to1]/kg
room a_ir. Your general impression reveals that the' Case Study 6-1
patientis aware of your approach. He looks anxious, his ‘ ‘ ‘
breathing appears unlabored, and his skin color is pink. A3-month-old infant presents with a history of poor feeding and
As you continue your assessment of this patient, a team irritability for 2 days. You have a sufficient number of advanced
member has applied the cardiac monitor, which reveals life support personnel available to assist you and carry out your
asupraventricular tachycardia. On the basis of the infor- instructions. Emergency equipment is available.
mation provided thus far, this patient should be catego- 1. Yourgeneral impressionreveals a fussy infant with mild retrac-
rized as: tions and normal skin color. Your primary assessment reveals
a. Asymptomatic. the following;
b. Symptomatic but stable. ’
c Symplomaticandunsable.
d. Pulseless. A Clear

3. Which of the following reflects the initial emergency
care that should be performed at this time?

a. Attempt vagal maneuvers C Heartrate toofast tocount, normal peripheral pulses, skin pink
and warm, capillary refill 2 seconds

B Ventilatory rate 50 breaths/minute, mild retractions

b. Establishvascularaccessand administer adenosine for

pharmacologic cardioversion D Alert but fussy, Glasgow Coma Scale score 15
¢. Establishvascularaccessand administeramiodarone
for pharmacologic cardioversion E Temperature 37.4°C (99.4°F), weight 6.4 kg (14 pounds)

d Berlovm synchpmized endivension A team member has applied a pulse oximeter, blood pressure moni-

tor,and cardiac monitor. Theinfant's oxygensaturationis 91% onroom
airand her blood pressureis 80/60. How would youlike to proceed?



2. ASAMPLE history and focused physical examination have been
obtained with the following results:

SAMPLE History

Signs/symptoms History of poor feeding and irritability for 2 days

Allergies None

Medications None
- Pastmedicalhistory ~ Term infant, normal development
Last oral intake Breast fed 3 hours ago but did not feed well
Events prior Momstatesthatherbabyhasbeensweatingandthe

area around her lips appears to tumn blue during feeding

Physical Examination

Head,eyes,ears,nose,throat  No abnormalities noted

Neck No abnormalities noted

Chest Breath sounds clear, mild retractions present,
normal heart sounds

Abdomen No abnormalities noted

Pelvis No abnormalities noted

Extremities Normal peripheral pulses; skin pink, warm,
and dry

Back No abnormalities noted

Intravenous access has been established. The cardiac monitor
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Chapter Quiz Answers

1. D.Vagalmaneuversthatmay beused inthe pediatric patient
include theapplication of a cold stimulusto theupperhalf of
the child’s face (e. g.,awashcloth soaked iniced water, crushed
icemixed withwaterinasmall plasticbagorglove)for15to20
seconds. Thistechniqueisofteneffectiveininfantsand young
children. The Valsalva maneuverisanother vagal maneuver that
may be used in older, cooperative children. Ask the child to blow
throughanarrow straw, totakea deep breathand bear down
asif having a bowel movement for 10 seconds, or to blow on a
thumbasifit were a trumpet. Application of external ocular
pressure may be dangerous and should not be used because of
the risk of retinal detachment.

OBJ: Discuss the types of vagal maneuvers that may be used in the
pediatric patient.

2. B.This child is symptomatic (palpitations and dizziness) but sta-
ble (blood pressure and ventilatory rate are within normallimits
for age despite his cardiac dysrhythmia).

OB]J: Identify a patient who is experiencing a tachycardia as
asymptomatic, symptomatic but stable, or symptomatic and
unstable.

3. A.Wehavedetermined that thischild with SVT issymptom-
atic butstable. Ensure that the patient’s history does notindicate
causes of sinus tachycardia (i.e., dehydration, fever). Consider
the use of vagal maneuvers, which are techniques used to slow
conductionthroughthe AVnodeandslow theheartrate.If the
rhythm persistsand vascularaccessisavailable, adenosineisthe
drug of choice for pharmacologic cardioversion. Synchronized
cardioversion should be performed if the child is symptomatic

reveals a supraventricular tachycardia (SVT) at 240 beats/minute.
On the basis of the information obtained so far, would you catego-
rize this patientas asymptomatic, symptomatic but stable, or symp-
tomatic and unstable?

3. Avagal maneuver was attempted with no change in the infant’s
heartrate. Whatis theinitial dose of the first medication used
in the treatment of supraventricular tachycardia? When admin-
istering this medication, what factors must be considered to help
ensure its effectiveness?

4. Ifthe rhythm persisted and the patient’s condition changed
fromstable to unstable, whatadditional interventions should
you consider to terminate the rhythm?

and unstable (i.e., acutely altered mental status, signs of shock,
or hypotension).

OB]J: Discuss the initial emergency care for stable or unstable tachy-
cardia in infants andchildren.

4, C.Becauseheisunresponsiveand hypotensive, this patientis

categorized as symptomatic and unstable.

OBJ: Identify a patient who is experiencing a tachycardia as asymp-
tomatic, symptomaticbutstable, orsymptomaticand unstable.

5. D. If the child with monomorphic ventricular tachycardia

is symptomatic but unstable (i.e., acutely altered mental sta-
tus, signs of shock, or hypotension), synchronized cardiover-
sion starting with 0.5 to 1 J/kg is recommended. Increase the
energy level to 2 J/kg if the initial shock does not terminate
the dysrhythmia. Defibrillation is not indicated because the
patient has a pulse. Although vagal maneuvers may be consid-
ered in the symptomatic but stable patient with supraventricu-
lar tachycardia, they are not recommended in the treatment of
stable or unstable patients with ventricular tachycardia.

If the rhythm persists, consult with a pediatric specialist
and consider pharmacologic conversion with amiodarone or
procainamide.
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Case Study 6-1 Answers

1. Administer oxygen by nonrebreather mask and establish vascu-
lar access.

OBJ: Discuss the initial emergency care for stable or unstable tachy-
cardia in infants and children.

2. This patient's history of presentillness and signsand symptoms
indicate that the infant is symptomatic but stable.

OB]J: Identify a patient who is experiencing a tachycardia as asymp-
tomatic, symptomaticbutstable, orsymptomaticand unstable.

3. Theinitial dose of adenosineis 0.1 mg/kg (up to 6 mg) intrave-
nous (IV)/intraosseous (I0) push followed by a normal saline
(NS) flush. Because of its short half-life, and to enhance delivery
ofthedrugtoitssite of actionin the heart, select the injection
portonthelVtubingthatisnearesttothe patientandadminis-
ter the drug usinga two-syringe technique. Prepare onesyringe
with thedrugand the other withan NSflush of atleast 5mL.
Insert both syringes into the injection portin the IV tubing.
AdministerthedrugIVorlOasrapidlyaspossible (i.e.,overa
period of seconds) and immediately follow with the saline flush.

OBJ: Discuss the pharmacology of medications used during when
managing a tachycardia.

4. Ifthe patient fails to respond to adenosine, perform synchro-
nized cardioversion starting with 0.5to1]/kg. If the patientis
responsive, sedateif possible. If cardioversion does not termi-
nate thedysrhythmia, increasetheenergy level to2]/kg.

OBJ: Discuss synchronized cardioversion and identify the indica-
tions and recommended energy levels for this procedure.
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Checklist 6-1 Tachycardia

Action Steps Performed
Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O

Assigns team member roles. O

Assessment

Forms a general impression: Assesses patient's appearance, work of breathing, and circulation. O

Directs assessment of airway/responsiveness; directs the use of a manual airway maneuver to open the airway, if indicated. O

Directs assessment of breathing including estimation of ventilatory rate and evaluation of ventilatory effort; directs assess ment of breatt{Spunds.

Directsassessmentofcentral/peripheral pulsequality, estimationofheartrate, andevaluationof skin(color, temperature, andmoisture) and capillary refi[l-]

Directs team members to determine a Glasgow Coma Scale score and patient weight. O
Directs team members to obtain vital signs and to apply a pulse oximeter and apply blood pressure and cardiac monitors. O
Obtains a brief history and performs a focused physical examination. O
Correctly identifies cardiac rhythm. 0O

Considers patient presentation and quickly determines if the child is asymptomatic, symptomatic but stable, symptomatic and unstable, or pulse[ess.

Considers possible reversible causes of cardiac dysrhythmias. O

Treatment Plan

Verbalizes a treatment plan and initiates appropriate interventions.

Directs insertion of an oral airway or nasal airway, if indicated.

Directs application of appropriate oxygen therapy; directs team member to begin assisted ventilation, if indicated.
Orders the performance of vagal maneuvers, if indicated.

Instructs team member to establish vascular access.

o o o

Orders administration of intravenous/infracsseous medications appropriate for the dysrhythmia.

Orders diagnostic tests and procedures (including synchronized cardioversion); if indicated, uses appropriate energy doses for synchronized cardioversiofi.]

Considers the need for an advanced airway. O
Correctly verbalizes indications, dosages, and routes of administration for medications administered. O
Reassessment

Repeats the primary assessment and obtains another set of vital signs. O
Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status. O
Team Leader Assessment

Effectively leads team members throughout patient care. O
Directs the transfer of patient care for ongoing monitoring and care. O
Requests a team debriefing after the transfer of patient care is complete. O

© Jones & Bartlett Learning.
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Cardiac Arrest

Learning Objectives
After completing this chapter, you should be able to:

11 Discuss the epidemiology and phases of a cardiopulmonary arrestt
2t Discuss the dysrhythmias associated with pediatric cardiopulmonary failure or arresti

3i Discuss defibrillation and identify the indications and recommended energy levels for
this proceduret

4j Discuss the initial emergency care for a cardiopulmonary arrestt
5 Discuss the pharmacology of medications used during a cardiopulmonary arresti

6i Examine circumstances in which additional factors should be considered during a
cardiopulmonary arrest

7i Discuss postresuscitation caref

81 Discuss termination of resuscitative effortst

9 Given a patient situation, formulate a treatment plan (including assessment, airway
management, cardiopulmonary resuscitation, pharmacological, and electrical
interventions where applicable) for a patient presenting in cardiopulmonary arrestt

After completing this chapter, and with supervised practice during a Pediatric Advanced
Life Support (PALS) course, you will be skilled at the following:

+  Ensuring scene safety and the use of personal protective equipmentt

+  Assigningteam memberroles or performing as ateam memberin a simulated
patient situationt
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administering supplemental O

+ Recognizing cardiac arrest rhythmsi

+ Directing or performing a patient assessment

+ Establishing vascular access by means of the intravenous or intraosseous route,
attachinga pulse oximeterandblood pressureand cardiacmonitors, and

+ Demonstrating knowledge ofthe indications, dosages, and effects ofthe medications
and fluids used for managing a cardiac arrestt

* Recognizing when an intraosseous needle is properly positionedt
+  Safely performing defibrillation when indicatedt

+ Recognizing when it is best to seek expert consultationt

+ Reviewing your performance as ateam leader orteam member during a postevent
debriefingt

ASSESSMENT EVIDENCE

KEY TERMS

Performance Tasks

During the PALS course, you will function as the team leader of the
rapid response team or code team within your organization. Your
classmates are similarly trained members of the team who will assist
you. Your task is to direct, without prompting, the emergency care
efforts of your team according to current resuscitation guidelines.

Key Criteria

Partofthe PALScourseisassessmentof yourability tomanagea
patientwhoisexperiencingacardiovascular emergency and of your
ability to manage the team who will assist you in providing patient
care. An evaluation checklist that reflects key steps and interven-
tions in the patient management process will be used to assess your
performance (see Checklists 7-1and 7-2). Theappropriate box will
be checked by a PALS instructor as you complete each step during
your management of the patient.

Learning Plan

@ Read this chapter before your PALS course. Create flashcards
and memory aidsto help yourecall key points. Carefully review
each of the medications discussed in this chapter.

@ Complete the chapter quiz and review the answers provided.

@ Complete the case study at the end of the chapter. Read the sce-
narioandanswereachquestionthatfollowsit. Thequestionsare
intended toreinforce important points pertinentto the case that
is discussed in this text. Compare your answers with the answers
provided at the end of the case study and with the checklist per-
tinent to the casestudy.

Cardiopulmonary (cardiac) arrest

The absence of cardiac mechanical activity, whichis confirmed by
the absence of a detectable pulse, unresponsiveness, and apnea or
agonal, gasping breathing; also called cardiac arrest

Cardiopulmonary failure
A clinical conditionidentified by deficits in oxygenation, ventila-
tion, and perfusion

Sudden cardiac arrest
The abrupt and unexpected loss of heart function

INTRODUCTION

Cardiopulmonary failure is a clinical condition identified by deficits
inoxygenation, ventilation, and perfusion (Box7-1). Without prompt
recognitionand management, cardiopulmonary failure will deterio-
rate to cardiopulmonary arrest. Cardiopulmonary (cardiac) arrestis

Box 7-1 Signs Associated with Cardiopulmonary Failure

+ Bradycardia

+ Bradypnea with irregular, ineffective ventilations

+ Cool extremities

+ Decreasing work of breathing (tiring)

+ Delayed capillary refilltime

* Diminished level of responsiveness

+ Mottled or cyanaticskin

+ Weak central pulses and absent peripheral pulses
© Jones & Barilett Learning.
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theabsence of cardiac mechanical activity, whichis confirmed by the
absence of a detectable pulse, unresponsiveness, and apnea or agonal,
gasping breathing. Sudden cardiac arrestisdefined astheabruptand
unexpectedlossof heart function (American Academy of Pediatrics

Section on Cardiology and Cardiac Surgery, 2012).

EPIDEMIOLOGY OF CARDIAC ARREST

@ It has been estimated that approximately 16,000 children
in the United States experience a cardiac arrest each year
(Topjian, Berg, & Nadkarni, 2008). Although variables asso-
ciated withsurvival of cardiacarrest have beenidentified
(Box7-2), no single factor can predict the outcome with suf-
ficient accuracy to recommend termination or continuation of
resuscitative efforts (deCaenetal., 2015). Outcomesfor pedi-
atric out-of-hospital cardiac arrest (OHCA) are generally poor,
withsurvival tohospital discharge occurring inapproximately
lessthan10% ofchildren (American Academy of Pediatrics
Section on Cardiology and Cardiac Surgery, 2012). Research
has shown that the survival rate for pediatric in-hospital car-
diac arrest (IHCA) markedly improved between 2001 and
2013, with rates of return of spontaneous circulation (ROSC)
increasing from 39 to 77% and survival to hospital discharge
improving from 24 to 36% and 43% (de Caen et al., 2015).
These improvements were attributed to factors including
emphasisonhigh-quality CPRand advancesin postresuscita-
tion care (de Caen et al.,2015).

@ Although thereare many possiblecausesof acardiacarrest,
three common pathophysiologic categories have been identified:
(1) asphyxial arrests, (2) ischemic arrests, and (3) arrhythmo-
genicarrests (Berg, Nadkarni, Gausche-Hill, Kaji, & Berg, 2010).

* Inchildren, asphyxial cardiac arrests are caused by acute
hypoxia or hypercarbia.

* Ischemic arrests are caused by inadequate myocardial
blood flow that most commonly results in children from
shockcaused byhypovolemia, sepsis, orcardiogenic
shock (Bergetal.,2010). Whencardiacarrestiscaused
byasphyxia, ischemia, or both, itis important to provide

Box 7-2 Variables that Influence Cardiac Arrest Survival

+ The mechanism of the arrest (eig}, traumatic, asphyxial)

+ The environment in which the arrest occurs (etgh, out-of-
hospital, in-hospital, ward, intensive care unit)

+ Witnessed versus unwitnessed cardiac arrest

+ Monitored versus unmonitored cardiac arrest

+ Theageandpreexistingcondition ofthe childandunderly-
ing pathophysiology (etgt, cardiomyopathy, congenital defect,
drugtoxicity, metabolicdisturbance, single ventricle)

+ The duration of the no-flow phase of the arrest

+ The duration of cardiopulmonary resuscitation

+ The initialand subsequent electrocardiographic rhythm detected

+ The number of doses of epinephrine administered

+ Thequality ofthe basic and advanced life supportinterven-
tions provided

@ Jones & Bartlett Learning

adequate myocardial perfusion and myocardial oxygen
delivery with ventilation (Topjian, Berg, & Nadkarni, 2013).

* Ventricular fibrillation (VF) or pulseless ventricular tachy-
cardia (pVT)isthecauseof anarrhythmogenic cardiac
arrest (Bergetal.,2010). Ventricular fibrillation is the ini-
tial rhythm in 19% to 24 % of out-of-hospital pediatric car-
diacarrests, excluding deathsattributable to suddeninfant
deathsyndrome (American Academy of Pediatrics Section
onCardiologyand CardiacSurgery,2012). WhenpVTor
VFisthecauseof acardiacarrest, rapid identification of
ashockablerhythm and prompt defibrillationiscritical
(Topjian et al., 2013).

@ Mostout-of-hospital and in-hospital pediatriccardiacarrestsare
caused by asphyxial orischemiceventsrather thansudden car-
diac dysrhythmias (Berg et al., 2010).

PHASES OF CARDIAC ARREST

Fourphases of cardiacarresthave beendescribed: (1) the prear-
rest phase, (2) the no-flow phase, (3) the low-flow phase, and (4) the
postresuscitation phase (Berg et al., 2010).

@ The prearrest phase is the period that precedes a cardiac arrest.
Thegoal duringthis phaseis toidentify and treatfactors that
may precipitatecardiacarrest(Tress, Kochanek,Saladino, &
Manole, 2010). Hospitalized children who are at high risk fora
cardiacarrest should be ina monitored unit where rapid identi-
ficationand treatment of conditions such as respiratory failure,
shock, and dysrhythmia is immediately available (Berg et al.,
2010). In the hospital setting, multidisciplinary medical emer-
gency teams (METs) and rapid response teams (RRTs) are often
used to proactivelyidentify and evaluate patientsatrisk for
decompensation and facilitate the patient’s transfer to a higher
level of care if warranted (Topjian et al., 2013) (Figure 7-1).

@ Theno-flow phase reflects untreated cardiac arrest before it
isrecognized by a bystander in the community or by amedi-
cal provider in the hospital (Tress etal., 2010). The focus during
this phase is on recognizing thata cardiacarrest has occurred,
promptly initiating basic and advanced cardiac life support, and
minimizing theinterval todefibrillation, ifindicated (Bergetal.,
2010; Topjian et al., 2013).

* Mostout-of-hospital cardiac arrests are not witnessed; it
has been estimated that only about one-third of infants
and children who experience an out-of-hospital cardiac
arrestreceive bystander CPR (Topjianetal., 2013).

@ The low-flow phase begins with the onset of cardiopulmonary
resuscitation (CPR). Thegoal of this phaseistooptimizecoro-
nary and cerebral perfusion pressure and blood flow to critical
organs(Bergetal.,2010). High-quality CPRrequires pushing
hard (a depth of about 1.5inches (4cm) ininfantsand about2
inches (5cm)inchildren), pushingfast (100 to 120 compressions/
minute), allowing full recoil of the chest, avoiding overventilation,
and minimizing interruptions in compressions (de Caen et al.,
2015) (Figure 7-2). Interruptions must be minimized because
evenbriefpausesinchestcompressionscauserapidandsubstan-
tial decreases in coronary and cerebral perfusion during CPR.
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Figure 7-1 Rapid response teams identify and evaluate patients at risk for
decompensation.

Other interventions performed during this phase include defibril-
lation (if indicated) and pharmacologic support.

* Duringcardiacarrest, the IV or IO route is preferred for
medication administration.

* Examplesofmedicationsthatareused duringpediatric
cardiacarrestinclude epinephrine (whichisa vasopressor)
and if a shockable rhythm is present, amiodarone or lido-
caine (which areantiarrhythmics).

@ The postresuscitation phase begins with the return of spontane-
ouscirculation (ROSC). This phase of care focuseson preserving
neurologic function, preventingsecondary injury, determining
and treating the cause of the illness, and enabling the patient to

Figure 7-2 During cardiac arrest, achieving optimal coronary and cerebral
perfusionpressures requiresthe performance of high-quality cardiopulmo-
nary resuscitation.

© Jones & Bartlett Learning. Courtesy of MIEMSS.
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arriveatapediatrictertiary-care facility inanoptimal physi-
ologic state (de Caen et al., 2015).

CARDIAC ARREST RHYTHMS

@ Incardiopulmonary arrest, the patientis unresponsive and cen-
tral pulsesand breathingare absent. Absent/ pulseless rhythms
include (1) pulseless ventricular tachycardia, (2) ventricular
fibrillation, (3)asystole,and (4) pulselesselectrical activity (PEA).

@ Theinitial thythm documented by firstresponders duringanout-
of-hospital pediatriccardiacarrestis asystoleor PEA in82% to84%
of patientsand VFin 7% to 10% of patients (Tressetal., 2010). With
regard to in-hospital pediatric cardiac arrest, asystole and bradycardia
are theinitial rhythms observed in most patients (Tressetal., 2010).

PALS Pearl

Cardiac arrest rhythms may be shockable (which means that using
adefibrillatortodeliverashocktothe heartmayterminatethe
dysrhythmia) or nonshockablet Ventricular fibrillation and pulseless
ventricular tachycardia are shockable rhythmsi Asystole and pulse-
less electrical activity are nonshockable cardiac arrest rhythmss

© Jones & Bartlett Learning.

Ventricular Tachycardia
Ventricular tachycardia was discussed in Chapter 6 (see Figure 6-6).
Pulseless VT is treated as VF.

Ventricular Fibrillation

@ VFis a ventricular dysrhythmia during which there is no orga-
nized depolarizationoftheventricles. The ventricularmyo-
cardiumquivers;asaresult, thereisnoeffectivemyocardial
contraction and no pulse. The resulting rhythm is irregularly
irregular with chaotic deflections that vary inshape and ampli-
tude (Figure 7-3). Nonormal-looking waveformsare visible.

@ Commotio cordisisa phenomenonin which sudden death with-
outevidence of structural cardiac damage occursafterasudden
blunt blow to the chest wall (Link, 2012). It occurs most often in
athletesbetweentheages of8and 18 yearswhoare participating
insportsinvolving projectiles suchasa baseball, hockey puck,
orlacrosse ball, although this condition may also occur second-
arytoimpactwithanelbow,fist, orhelmet(Link,2012). CPR
anddefibrillation within3 minutesoftheeventhaveresultedin
favorable outcomes in some cases.

Asystole

Asystole, also called ventricular asystole or ventricular standstill, is
recognized on the cardiac monitor as a straight line, which reflects
an absence of ventricular electrical activity (Figure 7-4).

Pulseless Electrical Activity

PEA is a clinical situation, nota specific dysrhythmia. PEA exists
when organized electrical activity (other than VT)is observed on
the cardiac monitorbutapulseisabsent (Figure 7-5). Many condi-
tions may cause PEA. PEA has a poor prognosis unless the underly-
ingcausecanberapidlyidentifiedandappropriatelymanaged.
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Figure 7-3 Shockablecardiacarrestrhythms. Top:Ventriculartachycardia. Bottom: Ventricularfibrillation.

@ Jones & Bartlett Learning.
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Figure 7-4 Asystole.

© Jones & Barlleft Learning.

© Jones & Bartieti Leaming.

Figure 7-5 Pulseless electrical activity exists when organized electrical activity (otherthanventriculartachycardia)is observed onthe cardiac

monitor but a pulse is absent.
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DEFIBRILLATION

@ Defibrillation was briefly discussed in Chapter 6. It is impor-
tantforall medical personnel who participateinacardiac
arresttobefamiliar with the selection of paddlesorpads of
the appropriate size and to know where to place them (Fraser,
Kou, Howell, Fullerton, & Sturek, 2014). Itis essential that
the operator befamiliar with the type of devicebeingused
(i.e., monophasic versus biphasic), the manufacturer’s recom-
mended paddle/pad size and their placement, and the manu-
facturer’s recommended energy levels for the dysrhythmia
being treated.

]

) Defibrillation isthe definitive treatment for pVT or VE. Itis

acceptable to use an initial energy dose for pVT or VF of  Jesse_GSfStockiGetty.
_2 to 4]/kg(de Cm?n etal,, 2015).If the dysrhythmia persists, Figure 7-6 Before delivering ashock, ensure that everyoneis clear of the
itis reasonable to increase the dose to 4 ] /kg. If the dysrhyth- patient, bed, and any equipment connected to the patient.

mia persists, a dose of 4 ]/ kg may be reasonable for subsequent
energy levels; higher energy levels may be considered but

should not exceed 10 ] / kg or the adult maximum dose
(de Caen et al,, 2015). @ Useastandard AEDfora patient whois unresponsive, apneic,

pulseless, and 8 years or older (Figure 7-7).

Manual Defibrillation @ Several AED manufacturers have designed pediatric attenua-
tors (pad/cablesystems) for use withstandard AEDsforinfants
and children up to about 8 years of age (Figure 7-8). When
the pediatriccableisattached to the AED, themachine will
recognize the pediatric cable connection and automatically
adjustits defibrillation energy to pediatriclevels. Usean AED
equipped witha pediatricattenuating system, ifavailable, for
anunresponsive, apneic, pulselesschild younger than8 years.
[funavailable, use an AED with standard electrodes (de Caen
et al., 2015).

@ When performing manual defibrillation, turn on the power
to the defibrillator. If handheld paddles are used, select pad-
dles of the appropriate size. Next, apply conductive gel to the
paddles or place disposable pre-gelled defibrillator pads on
the patient’s bare torso. Place the defibrillator paddles on the
patient’s torso and apply firm pressure. If adhesive pads are
used instead of paddles, place them in position on the patient’s
bare torso in accordance with the manufacturer’s packaging
instructions.

@ Verify the presence of pVT or VF on the monitor. Chest com-
pressions should continue while the defibrillator is charging.
Select the appropriate energy level on the defibrillator, charge the
machine, and quickly recheck the ECG rhythm. If the rhythm is
unchanged, call “Clear!” and look around you (360°). Make sure
everyoneisclearof the patient, bed, andany equipmentcon-
nectedtothe patient.Iftheareaisclear, presstheSHOCK con-
trol (Figure 7-6). After the shock has been delivered, release the
control. Instruct the resuscitation team to resume CPR, begin-
ning with chestcompressions.

Automated External Defibrillation

@ Anautomated external defibrillator (AED) is an external defi-
brillatorequipped withacomputerized cardiacrhythmanaly-
sissystem. Voice promptsand visual indicators guide the user
through a series of steps that may include defibrillation. Once
the adhesive electrodes are attached to the patient’s chest, the
AEDexaminesandanalyzes thepatient’scardiacrhythm.
Some AEDs require the operator to press an “analyze” control
toinitiaterhythmanalysis, whereas othersautomatically begin

analyzing the patient’s cardiacrhythm once the adhesive elec- Figure 7-7 Use a standard automated external defibrillator for a patient
trodes are attached to the patient’s chest. whois unresponsive, apneic, pulseless, and 8 years or older.

Courtesy of Barbara Aehlert.
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Figure 7-8 Use an automated external defibrillator equipped with

a pediatric attenuator (if available) for an unresponsive, apneic, pulse-
less child younger than 8 years. If unavailable, use an AED with standard
electrodes.

@ Forinfants, use of amanual defibrillator is preferred. Ifa manual

defibrillatorisnotavailable, an AED equipped witha pediatric

attenuator is desirable. If neither are available, use a standard

AED (de Caen et al,, 2015).

@ When usingan AED, confirm that the patientis unresponsive,
apneic (or has only gasping breathing), and pulseless. Perform
chest compressions until the AED is ready.

Turn on the power to the AED. Depending on the
brand of AED, this is accomplished either by pressing
the “on” button or by lifting up the monitor screen

or lid.

Open the package containing the self-adhesive monitor-
ing / defibrillation pads. Connect the padstothe AED
cables (if not pre-connected), and then apply the pads to
the patient’s bare chest in the locations specified by the
AED manufacturer. Most models require connection of
the AED cable to the AED before use.

Analyze the ECG rhythm. If a shockable rhythm is

detected, the AED will signal thata shock is indicated. Lis-

ten for the voice prompts.

Cleartheareasurrounding thepatient. Besuretolook
around you. Ensure that everyone is clear of the patient,
bed, and any equipment connected to the patient. If the
areaisclear, presstheshock controltodefibrillate the
patient.

Afterdeliveringtheshock,immediately resume CPR,
beginning with chestcompressions. Continue tolisten to
the AED's voice prompts.

EMERGENCY CARE

@ Afterconfirming thatthe patientis unresponsive, apneic, and
pulseless, call for help, send fora defibrillator, and begin CPR
(Figure 7-9). As soon as the machine is available, attach a
monitor/ defibrillator or an AED and identify the rhythm. Ask
ateammember to apply the pulse oximeter, insert an oropha-
ryngeal airway, and begin bag-mask ventilation with 100%
oxygen. Research has shown that patients in cardiac arrest
often receive excessive ventilation (too many breaths, too large
avolume). It is important that excessive ventilation be avoided
because ventilating the patient too fast or with too much vol-
ume results in increased intrathoracic pressure, which results in
decreased venous return into the chest, decreased coronary and
cerebral blood flow, diminished cardiac output, and ultimately
a decreased likelihood of return of spontaneous circulation
(ROSC) (de Caen et al., 2015).

¢ Ifthechildisnotintubated, coordinate chestcompres-
sions with ventilations. If only 1 rescuer is present, deliver
30 chest compressions and then 2 ventilations. If 2 (or
more) rescuers are present, pause after 15 compressions
and give 2 ventilations. Deliver each breath over 1 second.

@ Ifanonshockable rhythmis present (the rhythmis PEA or
asystole):

* Continue CPRand establish vascular access withoutinter-
rupting chestcompressions. Recheck the patient’s cardiac
rhythm every 2 minutes. Rotate chest compressors every
2 minutes to avoid rescuer fatigue.

+ Withoutinterrupting CPR, give epinephrine (whichis
avasopressor) IV/IOevery 3 to 5 minutesaslong as the
patient does not have a pulse (see Table 5-2). Follow each
dose with a saline flush to promote entry into the central
circulation (de Caen et al., 2015).

PALS Pearl

Because there have been no pediatric studies that have dem-
onstrated the effectiveness of any vasopressors in cardiac arrest,
current resuscitation guidelines have downgraded the class of
recommendation with regard to vasopressors for resuscitation
(de Caen et all, 2015} The 2010 guidelines read, “Epinephrine
should be given for pulseless cardiac arresti” The 2015 guidelines
read, ‘It is reasonable to give epinephrine in pediatric cardiac
arrest” (de Caen et ali, 2015)

@ Jones & Bartlett Learning.

* Searchforand treat possible reversible causes of thearrest.
Ultrasound imaging is being used withincreasing fre-
quency to detect potentially reversible causes (e.g., cardiac
tamponade, hypovolemia, pulmonary embolism, tension
pneumothorax).

* Considerplacementofanadvanced airway.Ifinserted,
confirmthetube’s positionwith waveformcapnographyor
capnometry. Capnography canhelp youevaluate the effec-
tiveness of chest compressions during resuscitation efforts
and detect the return of spontaneous circulation. After an
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CPR Quality

+ Push hard (z1/3 of anteroposterior
diameter of chest) and fast (100-
120/min and allowcomplete
chest recoil.

Minimize interruptionsin
compressions.

Avoid excessive ventilation.
Rotate compressor every

2 minutes, or sooner if fatigued.
If no advanced airway,

15:2 compression-ventilation ratio.

Shock Energy for Defibrillation

First shock 2 Jikg, second shock
4 Jlkg, subsequent shock 24 J/kg,
maximum 10 J/kg or adult dose

Drug Therapy

+ Epinephrine 10/IV dose:

0.01 mg/kg (0.1 mL/kg of
1:10,000 concentration). Repeat
every 3-5 minutes.

If no 10/1V access, may give
endotracheal dose: 0.1 mg/kg
(0.1 mL/kg of 1:1,000
concentration).

Amiodarone 10/IV dose:

5 mg/kg bolus during cardiac
arrest. May repeat up to 2 times
for refractory VF/pulseless VT.
Lidocaine 10/IV dose

Initial: 1 mg/kg loading dose.
Maintenance: 20-50 mcg/kg per
minute infusion (repeat bolus dose
if infusion initiated =15 minutes
after initial bolustherapy).

Advanced Airway

+ Endotracheal intubation or
supraglottic advanced airway

+ Waveform capnography or
capnometry to confirm and
monitor ET tube placement

+ Once advanced airway in place
give 1 breath every 6 seconds
(10 breaths/min) with continuous
chest compressions

Return of Spontaneous
Circulation (ROSC)

+ Pulse and blood pressure

+ Spontaneous arterial pressure
waves with intra-arterial
monitoring

Reversible Causes

* Hypovolemia

* Hypoxia

* Hydrogen ion (acidosis)
* Hypoglycemia

* Hypo-/hyperkalemia

+ Hypothermia

* Tension pneumothorax
» Tamponade, cardiac

* Toxins

» Thrombosis, pulmonary

» Thrombosis, coronary

Reprinted with permission. Web-based Integrated 2015 American Heart Association Guidelines for CPR & ECC. Part 12: Pediatric Advanced Life
Support. ® 2015 American Heart Association.

advanced airway is inserted and its proper position has
beenconfirmed, chestcompressionsshould be performed
continuously (i.e., without pausing for ventilations). Ven-
tilate at a rate of 1 breath every 6 seconds, whichis 10

breaths/ minute (de Caen et al., 2015).

* After2minutes of CPR, quicklyrechecktherhythm.
Interruptions in chest compressions for rhythm checks

should require fewer than 10 seconds.
+ Periodically reassess advanced airway position, electrode
positionand contact, and the effectiveness of CPR. Check

153
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Althoughtheintravenousorintraosseousroutesarethe pre-
ferred methods for medication delivery during cardiopulmonary
resuscitation, a limited number of lipid-soluble medications can
be administered endotracheally if vascular access is unavailablel
The acronym “LEAN” can be used to recall the medications that
canbegiven endotracheally: lidocaine, epinephrine, atropine,
and naloxonet When endotracheally administering a medication,
briefly pause chestcompressionsandinstillthemedication
down the endotracheal tubet Follow the medication with a
flush of atleast 5 mL of normal saline and then five consecutive
positive-pressure ventilations to ensure adequate distribution of
the drug, and then resume CPR (de Caen et alf, 2015}

@& Jones & Bartlett Learning.

the child’sblood glucoselevel during theresuscitation
effortand treat hypoglycemia, if present. Ensure that the
equipmentinuseisfunctioning properly, confirm appro-
priateinterventions, and consideralternative medications
and special resuscitation circumstances (e.g., trauma,
drowning, poisoning).

* If a nonshockable rhythm persists, continue the delivery
of high-quality CPRand epinephrine administration until
there is a return of spontaneous circulation or termination
of resuscitation efforts.

@ Ifa shockable rhythmis present (the rhythm s pulseless VT or VF):

* Continue CPR until the defibrillator is ready to delivera
shock. Clear the area around the patient and deliver one
shock using aninitial dose of 2] /kg (de Caenetal., 2015).
Immediately resume CPR, starting with chest compres-
sions. Rotate chest compressors every 2 minutes toavoid
rescuer fatigue. Establish vascular access without inter-
rupting chest compressions.

+ After2minutesof CPR, quicklyrecheck therhythm.Ifa
shockable rhythm is present, clear the patient and defibril-
late using 4] /kg (de Caenetal., 2015). Immediately resume
CPR. Give epinephrine IV /IO every 3 to 5 minutes as long
as the patient does not have a pulse. Follow each dose with
asaline flush. Consider placement ofan advanced airway.
Ifinserted, confirm the position of the tube. Search for
possible reversible causes of the arrest.

* Recheck the rhythm after 2minutes of CPR. Ifashock-
ablerhythmis present, clear the patient, and defibril -
lateusing4]/kgormore, upto10]/kgorthe maximum
adultdose (de Caenetal., 2015). Immediately resume
CPR, starting with chestcompressions. Withoutinter-
rupting compressions, giveamiodarone (see Table 6-3) or
lidocaine IV /IO (Table 7-1), which are antiarrhythmic
medications, and follow withasaline flush. Givemag-
nesiumsulfateiftherhythmistorsades de pointes (see
Table 2-10).

+ Checkthechild’sblood glucose level during the resuscita-
tion effortand treat hypoglycemia, if present.

* Checkapulseifanorganized rhythmispresentonthe
monitor or othersigns of a perfusing rhythm are present

(e.g., abrupt rise in end-tidal carbon dioxide). If a pulse is
present, assess the patient’s blood pressure and other vital
signs and then begin post-cardiac arrest care.

PALS Pearl

Asdiscussedin Chapter 1,teamworkis essentialwhenproviding
patientcareanditis particularlyimportantwhen managinga
patient who has experienced a cardiac arresti In addition to using
effective communication methods with team members, be cer-
tain to communicate with the family/caregivers to gain pertinent
information about the patient and/or situationi Designate a liai-
son totalk with the family throughout the resuscitation effort,
whether or not they are present in the roomt

& Jones & Bartlett Learning.

Special Considerations
The circumstances surrounding the cardiac arrest may require addi-
tional considerations during a resuscitation effort.

Trauma

Traumaresultingincardiacarrest may have several etiologies,
including the following (Ferguson & De Guzman, 2012):

@ Hypoxiacaused by airway obstructionordisruption, hemo-
thorax, pneumothorax, tracheobronchial injury, or pulmonary
contusion

@ Diminished cardiac output caused by exsanguination, myocar-
dial contusion, pericardial tamponade, or tension pneumothorax

@ Distributive shock caused by spinal cord injury

@ Severe head injury

Inadditiontotheresuscitationmeasures used withnontrau-
maticcardiacarrest,stabilize thecervical spineincasesofknown
orsuspectedspinalinjury. Usethejaw thrust withoutneckexten-
sionmaneuver to open theairway and ventilate the patient using the
two-person bag-mask ventilation technique. If the airway cannot be
opened with ajaw thrust, use a head tilt-chinlift because establish-
ing an open airway is essential (de Caen et al., 2015). Maintain cervi-
cal spine stabilization until the presence of a spinal injury has been
ruled out. Control external bleeding using direct pressure. Assume
thathypovolemia is present and rapidly infuse an isotonic crystal-
loid solution (American Heart Association, 2011). Promptly seal any
significantopenchestwoundswithanocclusive (airtight) dress-
ing taped on three sides. Consider bilateral needle decompression
for suspected tension pneumothorax and consider pericardiocente-
sis for suspected cardiac tamponade (American Heart Association,
2011). Begin vasopressor therapy if spinal shock is suspected (Amer-
ican Heart Association, 2011).

Drowning

Hypoxiaistheusual causeof cardiacarrestfromdrowning, but
cardiacarrestmay also occur secondary tohead or spinal cord
injury (Ferguson & De Guzman, 2012). In addition to the standard
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Trade name Xylocaine

Classification Class Ib antiarrhythmic

Mechanismofaction

+ Lidocaine's effects are more pronounced on ischemic cardiac tissue than on nonischemic tissue.

+ Decreases conduction in ischemic cardiac tissue (secondary to blockade of cardiac sadium channels) without adversely

affecting conduction in normal tissue.

* Reduces automaticity in the ventricles and His-Purkinje system.

+ Suppresses ventriculardysrhythmias.

Indications Pulseless VT/VF

Dosage

* Loading dose: 1 mg/kg IV/I0 bolus (de Caenet al., 2015)

+ Maintenance [V/IQinfusion: 20to 50 mcg/kg perminute. Givea 1 mglkg IV/10 boluswhen theinfusionis startedifan IV/10
bolus dose has not been given within the previous 15 minutes (de Caenetal., 2015).

+ ET:Althoughthe optimal ET doseis unknown, doubling ortripling the [V/10 dose is recommended (de Caenetal., 2015)

Confraindications * Hypersensitivity tolidocaine oramide-typelocal anesthetics

+ Severe degrees of atrioventricular block in the absence of an artificial pacemaker

+ Bradycardiawith a ventricular escape rhythm

Adverseeffects
twitching, seizures

» CNS: paresthesias (often perioral), feelings of dissociation, slurred speech, dizziness, drowsiness, disorientation, muscle

* CV:bradycardia, hypotension; may cause SA node depression or conduction problems and hypotension in large doses or if
given toorapidly; excessive doses may produce myocardial and circulatory depression

+ Other: blurred or double vision, tinnitus

Notes * Continuous ECG monitoring is essential. Assess the patient's BP often.

* Onset of action is within 2 minutes and lasts about 10 to 20 minutes.

+ The elimination half-life of idocaine following an IV bolus injection is typically 1 to 3 hours. Because of the rapid rate atwhich
lidocaine is metabolized, any condition thataffects liver function may alterlidocaine kinetics. The half-life may be prolonged
by twofold or more in patients with liver dysfunction.

BP =blood pressure, CNS = central nervous system, CV = cardiovascular, ECG = electrocardiogram, ET =endotracheal, 10 = intracsseous, IV =intravenous, SA = sinoatrial,

VF = ventricular fibrillation, VT = ventricular tachycardia.

© Jones & Bartlett Learning.

resuscitation measures used with cardiac arrest, contributing fac-
torssuchascervical spine injury, hypothermia, and trauma should
be considered.

The victimshould be removed from the water as quickly as pos-
sible while ensuring rescuer safety. Begin high-quality CPR, attacha
monitor / defibrillator or AED, wipeany water off of thechild"s chest,
anddefibrillateifindicated. Suctioning may beneeded toremove gas-
triccontentsorotherforeign material fromtheairway. Ventilateusing
abag-maskdeviceconnected to100% oxygen. Removewetclothingas
soon as possible and assess the child’s temperature and glucose level.

Whereitisreadily available, the extracorporeal membrane oxy-
genation (ECMO)devicecantemporarily provide oxygenation, car-
bon dioxide removal, and hemodynamicsupport to patients when
standard CPRisnot promptly successful (Brooks, Toma, &Hsu,
2012; Topjianetal.,2008). ECMOmay alsobe used forrewarming

severely hypothermic cardiac arrest victims following submersion

in icy water (American Heart Association, 2011). When ECMO is
used, blood isremoved from the patient’s venous system by means of
acatheter. The blood passes through a membrane oxygenatorand is
delivered back to the patient’s circulatory system througha catheter
in the arterial system (Brooks et al., 2012). The use of ECMO requires
the continuation of high-quality CPR while a specialized care teamis
assembled and while the device is connected to the patient.

Single Ventricle

Cardiac arrest in patients with single ventricle anatomy requires
special considerations including ascertaining the child’s specific
lesion, his or her stage of surgical repair, the child’s baseline hemo-
dynamic status, and his or her arterial oxygen saturation (Ameri-
can Heart Association, 2011). Standard resuscitation procedures are



156 PALS: Pediatric Advanced Life Support Study Guide

recommended forinfantsand childrenwith single ventricleanatomy
afterStagelpalliationorintheinfantorneonate with auniventric-
ularheartand anaortopulmonary shunt(de Caenetal., 2015). Itis

reasonable to consider ECMO during cardiac arrest for patients who
have undergone Stage I palliation and for those patients with Fontan
physiology (de Caen et al., 2015).

Pulmonary Hypertension

Providestandard resuscitationmeasuresfor patientsin cardiac
arrest with a history of pulmonary hypertension. Because hyper-
carbia causes pulmonary vasoconstriction, hypercarbia should be
corrected ifit is present. If a pulmonary vasodilator such asinhaled
nitricoxidewasbeingadministered before thearrest, itshould be
continued during the resuscitation effort. Inhaled nitric oxide or IV
oraerosolized prostacyclin should be considered to reduce pulmo-
nary vascular resistance (deCaenetal.,2015). ECMOmay beben-
eficial if it is begun early during the resuscitation effort (de Caen et
al., 2015).

Poisoning

Inaddition to standard resuscitation measures, care of the poisoned
patientwhoexperiencesacardiacarrestmayrequireadditional
medications and prolonged resuscitation efforts. Consulta clinical
toxicologist/ poison control center for assistance.

POSTRESUSCITATION CARE

The goals of postresuscitation care include preserving neurologic
function, preventing secondary injury, determining and treating the
cause of the illness, and enabling the patient to arrive at a pediatric
tertiary-care facility inan optimal physiologic state (de Caenetal.,
2015).

Oxygenation

@ Immediately after ROSC, repeat the primary survey. Reassess
theeffectivenessofinitial airway maneuvers and interventions.

@ Applyapulseoximeterand assess oxygensaturation. Ifthe
administration of supplemental oxygen is indicated, use the low-
estinspired oxygenconcentration that will maintainanSpO; of
atleast94% (de Caenetal., 2015). If the patient's oxygen satura-
tionis100%, wean thesupplemental oxygentoasaturation goal
of between 94 and 99% (Topjianetal., 2013). Oxygen should be
titrated toa valueappropriate to the specific patient condition
(de Caen et al., 2015).

Ventilation

@ Assess and monitor the effectiveness of ventilations with
capnography.

@ Assist breathing if significant respiratory compromise is present.
Mechanical ventilation may be necessary.

@ After ROSC, itis reasonable to targeta PaCOz appropriate
to the specific patient condition (de Caenetal., 2015). Avoid
hyperventilation, which can increase intrathoracic pressure and
thusimpair cardiac output, and canalso contribute to cerebral

vasoconstriction (Topjian et al., 2013). Avoid hypoventilation,
whichcanlead to cerebral vasodilation and can contributeto
hypoxia and hypercarbia.

@ Ifanadvanced airway hasbeen placed, verify thatthe tubeis
patentand thatitis properly secured. Obtainachestradiograph
to confirm the position of the advanced airway and to identify
potential breathing complications from resuscitation (e.g., pneu-
mothorax, rib fractures).

@ Consider insertion of a gastric tube to relieve gastric distention.

Cardiovascular Support

@ AfterROSC, all patientsshould receive continuous ECGand
hemodynamicmonitoring. A12-lead ECGmay behelpfulin
determining the cause of the cardiac arrest (de Caen etal., 2015).

@ Treat dysrhythmias, if present.

@ The administration of fluids, inotropes (e.g., dobutamine), or
vasoactive medications (e.g., norepinephrine) may be necessary
toimprove myocardial functionand organ perfusion. Current
resuscitation guidelines recommend the use of parenteral flu-
ids, inotropes, or vasoactive drugstomaintainasystolicblood
pressure greater than the fifth percentile for age (de Caenetal.,
2015). Ensure the patency of the lines used for IV access before
infusing vasoactive agents.

@ Consider monitoring central venous pressure, central venous
oxygen saturation, arterial lactate, and urine output to help guide
the effectiveness of therapies (Topjian et al., 2013).

@ Consider echocardiography for quantifying the degree of myo-
cardial dysfunctionand tracking any change orresponse to ther-
apy (Perkin, de Caen, Berg, Schexnayder, & Hazinski, 2013).

Temperature Management

@ After ROSC, itis essential to continuously monitor the patient’s
core body temperature.

@ Forinfantsand children who remain comatose after resuscitation
from out-of-hospital cardiac arrest, current resuscitation guide-
lines consider it reasonable to maintain either 5 days of continu-
ous normothermia (36° to 37.5°C) or to maintain 2 days of initial
continuous hypothermia (32° to 34°C) followed by 3 days of con-
tinuousnormothermia (de Caenetal.,2015). Thereisinsufficient
evidence to recommend cooling over normothermia forinfants
andchildrenwhoremaincomatoseafterin-hospitalcardiacarrest
(de Caen et al,, 2015).

@ Fever (38°C or higher) should be aggressively treated withanti-
pyretics and cooling devices (Topjian etal., 2013).

TERMINATION OF EFFORTS

Thedecisiontostopresuscitationeffortsisoftendifficult, and it
is particularly difficult formost healthcare professionals when the
patientisachild. Multiple variables associated with cardiacarrest
(see Box7-2)should be considered when deciding to terminate
resuscitative efforts.
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PUTTINGITALLTOGETHER

The chapter quizand case studies presented on the following pages

are provided to help you integrate the information presented in this

chapter.

Chapter Quiz

True/False

Indicate whether the statement is true or false.

1. The effectiveness of ventilations should be monitored
with pulse oximetry upon the return of spontaneous
circulation.

2. After cardiac arrest, assess oxygenation and, if indicated,
administer oxygen to maintain an SpO; of at least 97 %.

Multiple Choice

Identify the choice thatbestcompletes the statement
or answers the question.

Questions 3 and 4 pertain to the following scenario.

A12-year-old has experienced a cardiac arrestafter being struck by
amotorvehicle. Cardiopulmonary resuscitationisin progress.

3. Thecardiacmonitorrevealsasinustachycardia. Which
of the following interventions should be performed next?

a. Clear everyone from the patient and defibrillate.

b. Establish vascular access and administer a vasopressor.

¢. Administersupplemental oxygenwithanonre-
breather mask.

d. Obtainimaging studies suchas chestand abdominal
radiographs.

4. Onthe basis of this patient’s mechanism of injury, which of
thefollowing shouldbeconsidered duringresuscitation?

a. Injuries to the thorax and abdomen should be
suspected.

b. Endotracheal intubation is contraindicated in trau-
matic cardiac arrest.

¢. Hyperventilationshould be performed because of the
likelihood of a head injury.

d. Rapidfluidadministrationshouldbeavoided unless
signs ofinternal orexternal bleeding are present.

5. During which phase of acardiacarrestisthefocuson
initiating basic and advanced cardiac life support and
minimizing theinterval to defibrillation, if indicated?

a. The prearrest phase

b. The no-flow phase

¢. The low-flow phase

d. The postresuscitation phase

6. A 5-year-old girl is unresponsive, not breathing, and
pulseless. Cardiopulmonary resuscitationisbeing per-
formed. The cardiac monitor reveals ventricular fibril-
lation. Which of the following interventions should be
performed next?

a. Defibrillate with 2]/kg.

b. Perform synchronized cardioversion with1]/kg.

c. Establish vascular access and administer epinephrine.

d. Establish vascularaccessand insertanadvanced
airway.

—— 7. Which of the following medications is indicated if a
rhythm check reveals torsades de pointes?

a. Lidocaine

b. Magnesium
¢. Amiodarone
d. Procainamide

Case Study 7-1

A 6-year-old girl is found unresponsive by her parents. Youhavea
sufficient number of advanced life support personnel available to
assistyouand carry out yourinstructions. Emergency equipment is
available.

1. Yourgeneral impressionreveals achild lying supine ona

stretcher with her eyes closed. There is no visible chest move-
mentand her skinismottled. How would you like to proceed?

2, Your primary assessment reveals the following;

Primary Assessment

A Clear
B No spontaneous ventilatory effort
C Central and peripheral pulses absent, skin mottled and cool
D Unresponsive, Glasgow Coma Scale score 3
E Estimated weight 21.8 kg (48 pounds)
What should be done now?
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. High-quality cardiopulmonary resuscitation (CPR)isin progress
and a defibrillator has arrived. An oral airway has been inserted and
the patient is being ventilated with a bag-mask device. The cardiac
monitor reveals monomorphic ventricular tachycardia. Should syn-
chronized cardioversion or defibrillation be performed at this time?

. Whatare the possible reversible causes of cardiac arrest that you
should consider as resuscitation efforts continue?

. Whatis the preferred method for establishing vascular access in
this situation?

. The patient’s cardiac rhythm remains unchanged. Vascular
accesshasbeenestablishedand CPRisongoing. Whatisthe
first medication that should be administered in this situation?

. Whatenergy level should be used for defibrillation attempts if
the patient’s cardiac rhythm persists?

. Whatantiarrhythmic medication should be administered if the
patient’s cardiac rhythm persists?

. Whenshould pulse checks be performed during a resuscitation
effort? On the basis of the patient’s age, what site should be used?

PALS: Pediatric Advanced Life Support Study Guide

Chapter Quiz Answers
True/False

1. F.Assessand monitor the effectiveness of ventilations with cap-
nography uponthereturnofspontaneouscirculation. Ifsig-
nificantrespiratory compromiseispresent(e.g., tachypnea,
respiratory distress withagitation ordecreased responsiveness,
poor air exchange, cyanosis, hypoxemia), the child’s ventilation
should be assisted. Mechanical ventilation may be necessary.

OBJ: Discuss postresuscitation care.

2. F.Immediatelyafter thereturnof spontaneouscirculation,
repeat the primary survey. Reassess the effectiveness of initial
airway maneuvers and interventions. Apply a pulse oximeter
and assess oxygen saturation. If the administration of supple-
mental oxygenisindicated, use thelowestinspired oxygencon-
centrationthatwillmaintainanSpO; of atleast94% (deCaen
et al., 2015).

OB]J: Discuss postresuscitation care.

Multiple Choice

3. B.Despitethe presenceof an organized rhythm on the car-
diac monitor, the patient has no pulse, which is consistent with
theclinicalsituationreferredtoaspulselesselectrical activ-
ity (PEA). Electrical therapy such as defibrillation is not indi-
cated in the management of PEA. A nonrebreather mask is used
todeliversupplemental oxygentoabreathingpatient. Inthis
situation, ventilations are delivered using a bag-mask device
connected to100% oxygen. Although imagingand labora-
tory studies are important and can provide useful information
with regard to the patient’s injuries, initial resuscitative efforts
should focus on the performance of high-quality CPR, establish-
ing vascular access, and administration of a vasopressor such as
epinephrine.

OB]J: Discuss the initial emergency care for a cardiopulmonary
arrest.

4, A. On the basis of this patient’s mechanism of injury, injuries
to the thorax and abdomen should be suspected evenif exter-
nal signs of injury are absent. If the decision to intubate is made,
assigna team member to stabilize the head and neck in a neutral
position while another team member performs the procedure.
Routinehyperventilationisnotrecommended, evenwhena
head injury is suspected (de Caen et al., 2015). Hyperventilation
may be ordered for brief periods when signs of impending brain
herniation are present. In traumatic cardiac arrest, assume that
hypovolemiaispresentandrapidlyinfuseanisotoniccrystalloid
solution.

OBJ: Examine circumstances in which additional factors should be
considered during a cardiopulmonary arrest.



5. B.Fourphases of cardiac arresthave been described: (1) the
prearrestphase, (2)theno-flow phase, (3) thelow-flow phase,
and (4) the postresuscitation phase. The no-flow phase reflects
untreated cardiac arrest before it is recognized by a bystander
inthecommunity orby amedical providerinthehospital. The
focus duringthis phaseisonrecognizing thatacardiacarrest
has occurred, initiating basicand advanced cardiac life support,
and minimizing theinterval to defibrillation, if indicated.

OBJ: Discuss the epidemiology and phases of a cardiopulmonary
arrest.

6. A.Thedefinitivetreatment forventricular fibrillation (VF) or
pulseless ventricular tachycardia (pVT) is defibrillation. When
pVTor VE is present, defibrillation takes priority over attempts
to establish vascular access, administration of medications, and
placement of an advanced airway. Synchronized cardioversion is
not indicated for VF.

OB]: Given a patient situation, formulate a treatment plan (includ-
ing assessment, airway management, cardiopulmonary resuscita-
tion, pharmacology, and electrical interventions where applicable)
for a patient presenting in cardiopulmonary arrest.

7. B.Magnesiumsulfate should be administered for torsades de
pointes.

OBJ: Discuss the pharmacology of medications used during a car-
diopulmonary arrest.

Case Study 7-1 Answers

1. Quicklyassessthechild’'sresponsiveness, check for breathing,
and assess the rate and quality of central pulses.

OBJ: Discuss the initial emergency care for cardiac dysrhythmias in
infants and children.

2. Callforadefibrillatorand instruct ateam member tobegin
chest compressions. Continuously assess the quality of com-
pressions throughout the resuscitation effort. Instruct another
team member to insertan oral airway and begin bag-mask ven-
tilation. Direct another team member to apply a pulse oximeter
and blood pressure monitor and cardiac monitor. Identify the
rhythm on the cardiacmonitor.

OB]J: Givena patient situation, formulate a treatment plan (includ-
ing assessment, airway management, cardiopulmonary resuscita-
tion, pharmacology, and electrical interventions where applicable)
for a patient presenting in cardiopulmonary arrest.

3. Because the patient’s cardiac rhythm is monomorphic ventricu-
lar tachycardia and this patientis pulseless, defibrillation is indi-
cated. Continue CPR until the defibrillator is ready to delivera
shock. Cleartheareaaround the patientand deliver oneshock
using an initial dose of 2] /kg. Immediately resume CPR, start-
ing with chest compressions, for about 2 minutes. Direct a team
member to establish vascular access without interrupting chest
compressions.
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OB]J: Differentiate between defibrillation and synchronized cardio-
version and identify the indications and recommended energy lev-
els for these procedures.

4. The possible reversible causes of cardiac dysrhythmias include
the Hs and Ts, which consist of the following:

Hypoxia

Hypovolemia

Hydrogen ion (acidosis)
Hypoglycemia
Hypokalemia/hyperkalemia
Hypothermia

Toxins/ poisons/drugs
Trauma

Tamponade (cardiac)
Tension pneumothorax
Thrombosis (coronary or pulmonary)

OB]J: Discuss the initial emergency care for cardiac dysrhythmias in
infants and children.

5. Because establishment of peripheral intravenous access can be
difficultand time-consuming foraninfantorchild whoisin
cardiacarrest,immediate vascularaccess should be established
using the intraosseousroute.

OBJ: Discuss age-appropriate vascular accesssites forinfantsand
children.

6. While CPR continues, administer epinephrine 0.01 mg/kg
(0.1mL/kgof1:10,000 solution) IV /10, maximum of 1 mg, every
3 to 5minutes as long as the patient does nothavea pulse.

OBJ: Discuss the pharmacology of medications used during shock,
symptomatic bradycardia, stable and unstabletachycardia, and car-
diopulmonary arrest.

7. Itisacceptabletouseaninitial energy dose for pVT or VF of
2]/kg. It pVT or VF persists, itisreasonable toattempt defi-
brillationwith4] /kg. If the dysrhythmia persists, subsequent
energy levelsshouldbeatleast4]/kg. Higherenergylevelsmay
be considered but should not exceed 10]/ kg or the adult dose,
whichever is lower (de Caen et al., 2015).

OB]J: Differentiate between defibrillation and synchronized cardio-
versionand identify the indications and recommended energy lev-
els for these procedures.

8. Iftherhythm persists,administeramiodarone5mg/kgIV/IO
bolus or lidocaine 1 mg/kg IV/10 bolus.

OBJ: Given a patient situation, formulate a treatment plan (includ-
ingassessment, airway management, cardiopulmonary resuscita-
tion, pharmacology, and electrical interventions where applicable)
for a patient presenting in cardiopulmonary arrest.
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9. Performa brief pulsecheck (fewerthan10seconds)ifanorga-
nized rhythm is observed on the cardiac monitor or other signs
ofa perfusing rhythm are present (e.g., abruptrise in end-tidal
carbondioxide). Usethebrachial pulsesiteif the patientisan
infant. Check the carotid or femoral pulse if the patient is a
child. Ifa pulse is present, check the patient’s blood pressure and
other vital signs and begin post-cardiac arrest care.

OBJ: Discuss the initial emergency care for cardiac dysrhythmias in
infants and children.
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Checklist 7-1 Asystole/Pulseless Electrical Activity

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O
Assigns team member roles. O
Assessment
Forms a general impression: Assesses patient's appearance, work of breathing, and circulation. O
Directs assessment of responsiveness and breathing. O
Directs assessment of central and peripheral pulses. O
Recognizes cardiopulmonary arrest and calls for a defibrillator. O
Instructs team member to begin chest compressions; continuously assesses quality of compressions. O
Instructs team member to insert oral airway and begin bag-mask ventilation. O
Directs team members to apply a pulse oximeter and blood pressure and cardiac monitors, and to determine patient weight. O
Correcily identifies cardiac rhythm. O
| Treatment Plan
Verbalizes a treatment plan and initiates appropriate interventions. O
Instructs team member to establish vascular access. O
Orders administration of IV/IO medications appropriate for the dysrhythmia. O
Considers possible reversible causes of cardiac dysrhythmias. O
Orders diagnostic tests and procedures, if indicated. O
Considers the need for an advanced airway. O
Correctly verbalizes indications, dosages, and routes of administration for medications administered. O
Reassessment
Rechecks the patient's cardiac rhythm approximately every 2 minutes.
Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.
Team Leader Assessment
Effectively leads team members throughout patient care. O
Directs the transfer of patient care for ongoing monitoring and care, if applicable. O
Requests a team debriefing after the transfer of patient care is complete. O

© Jones & Bartlett Learning.
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Checklist 7-2 Ventricular Fibrillation/Pulseless Ventricular Tachycardia

Action Steps Performed Correctly

Ensures scene safety. Takes or communicates the use of personal protective equipment for blood and body substances. O
Assigns team member roles. O
Assessment

Forms a general impression: Assesses patient’s appearance, work of breathing, and circulation.
Directs assessment of responsiveness and breathing.

Directs assessment of central and peripheral pulses.

Recognizes cardiopulmonary arrest and calls for a defibrillator.

Instructs team member to begin chest compressions; continuously assesses quality of compressions.

Instructs team member to insert oral airway and begin bag-mask ventilation.

Directs team members to apply a pulse oximeter and blood pressure and cardiac monitors, and to determine patient weight.

1 A e o 0 ) O e

Correctly identifies cardiac rhythm.

Treatment Plan

Verbalizes a freatment plan and initiates appropriate interventions.

Directs team member to defibrillate using appropriate energy level.

Directs team to resume CPR after defibrillation, beginning with chest compressions.

Instructs team member to establish vascular access.
Orders administration of IV/IO medications appropriate for the dysrhythmia.
Considers possible reversible causes of cardiac dysrhythmias.

Orders diagnostic tests and procedures, if indicated.

Considers the need for an advanced airway.

1 T o 6 o O B

Correctly verbalizes indications, dosages, and routes of administration for medications administered.

Reassessment

Rechecks the patient's cardiac rhythm approximately every 2 minutes.
Monitors for, recognizes, and appropriately treats any changes in the patient's physiological status.

Team Leader Assessment

Effectively leads team members throughout patient care.

oo

Directs the transfer of patient care for ongoing monitoring and care, if applicable.

Requests a team debriefing after the transfer of patient care is complete.

O

© Jones & Bartlett Learning.
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PUTTING ITALLTOGETHER

Identify the choice that best completes the statement —— 2

or answers the question.
Questions 1through 5 pertain to the following scenario.

Youare called to see a 14-month-old child with difficulty breathing
and a history of poor feeding. Mom reports that the child hashad a
fever and cough for the past two days.

_ 1. Yourgeneralimpressionreveals thatthechild is poorly
responsive to his surroundings and that he is breathing
rapidly. Intercostal retractions are present. His skin color
ispale. Whichofthefollowingaccurately reflects your
general impression findings?

a. Normal appearance, normal work of breathing, and
normal circulation to theskin

b. Abnormal appearance,abnormal work of breathing,
and normal circulation to the skin

¢. Normal appearance, normal work of breathing, and
abnormal circulation to the skin

d. Abnormalappearance, abnormal work of breathing,
and abnormal circulation to the skin

Figure 8-1

Your primary assessment reveals an open airway. The
child’sventilatoryrateis48 perminute. Auscultation of
the chestreveals bilateral expiratory wheezes. A weak bra-
chial pulseis present and the skin is pale. Capillary refill is
2 to 3 seconds, temperature is 102.8°F, and the pulse oxim-
eterrevealsanSpO;0f86%. This child’s presentationis
most consistent with:

a. Respiratory distress

b. Respiratory failure

c. Respiratory arrest

d. Cardiopulmonary arrest

3. The cardiac monitor has been applied and reveals the fol-

lowing rhythm (Figure 8-1). Therhythm displayedis:

a. Sinus bradycardia.

b. Ventricular fibrillation.

¢. Supraventricular tachycardia.

d. Second-degree atrioventricular block type L.

© Jones & Bartlett Leaming.
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4. Your next course of action should be to:

a. Begin chestcompressions.

b. Administer supplemental oxygen by nasal cannula.

¢. Administer supplemental oxygenusinganonre-
breather mask.

d. Assist ventilations with supplemental oxygen and a
bag-mask device.

5. Aphysician orders a chestradiograph and nebulized alb-

uterol. What is the rationale for the use of albuterol in
this situation?

a. Albuterolisbeingordered tosuppress the child’s
cough.

b. Albuterol is being ordered to increase the child’s heart
rate.

c. Albuterol administration will relax bronchial smooth
muscle.

d. Albuterol administration will reduce thechild’s fever
and risk forinfection.

Questions 6 through 9 pertain to the following
scenario.

A3-year-old presents with a history of vomiting and diarrhea over
a period of 4 days. The child’s blood pressure is 64/40 mm Hg and
capillary refill is 3seconds.

6. Thechild'sheartrateis185beats perminute. Youwould

expectthenormalheartrateforachild ofthisagetobe
between:

a. 70 and 120 beats per minute.
b. 80 and 140 beats per minute.
¢. 95and 150 beats per minute.
d. 100 and 160 beats per minute.

7. The cardiac monitor reveals a sinus tachycardia. On the

basis of the information provided, your best course of
action will beto:

a. Begin fluid resuscitation tocorrect hypovolemia.

b. Performavagal maneuver toslow thechild’sheart
rate.

¢. Administer epinephrine to increase the child’s heart
rate.

d. Performimmediatesynchronized cardioversionto
convert therhythm,

8. Vascular access has been obtained. You should
administer:

a. A bolus of 300 mL of a colloid solution.

b. Abolusof10mL/kgofacolloid solution.

¢. Abolusof500mLofanisotonicerystalloid solution.

d. Abolusof20mL/kgofanisotoniccrystalloid
solution.

9. Fortheinfantorchild inearly shock, thebody attempts

to compensate by:

a. Increasing the heartrate.

b. Lowering blood pressure.

¢. Decreasing the ventilatory rate.

d. Redistributing blood flow from the vital organs to the
skin and muscles.

10. Cardiac arrest in the pediatric population is most often

the result of:

a. Hypothermia.

b. Prolonged hypoxia.

c. Ventricular fibrillation.
d. Congenital heart disease.

11. You have attempted to deliver your first positive-pressure

ventilation to a patient experiencing a respiratory arrest.
The patient’s chest did not rise when you delivered the
first breath. You shouldnow:

a. Check for a pulse.

b. Begin chest compressions.

c¢. Readjust the patient’s head position.

d. Assemble the equipment needed for a surgical airway.

12. Atropine:

a. Suppresses ventricular dysrhythmias.

b. Increases the force of myocardial contraction.

¢. Causes vasoconstriction and increases cardiac output.

d. Increases heartrate and blocks the action of the vagus
nerves.

13. Which of the following statements is true with regard to

supraventricular tachycardia (SVT)?

a. SVT begins abruptly.

b. SVTisanormal compensatory response to physiologic
stress.

c. SVTisaregular rhythm with a narrow QRS com-
plex that often varies inresponse toactivity or
stimulation.

d. The heart rate associated with SVT is usually fewer
than220beatsper minuteininfantsor180beats per
minute in children.

14. The team leader of a resuscitationeffort:

a. Prepares, labels, and administers medications.
b. Performschestcompressions and periodic pulse
checks.

c. Assemblestheequipmentforintubationand vascular

access.
d. Assignsroles to team members and makes treatment
decisions.



15. Anadult bag-mask used with supplemental oxygenset

ataflow rateof 15 L/ minute and an attached reservoir
willdeliverapproximately oxygen to the
patient.

a.16%to21%
b.40% to60%
c.60% to95%
d. 90% to 100%

16. Which of the following statements is correct?

a. Sodiumbicarbonateshould beroutinely administered
in cardiac arrest.

b. Assessmentofblood glucose concentrationis unneces-
sary during a resuscitation effort.

¢. Family membersshould be given the option of being
present during the resuscitation of an infant or child.

d. Central venous access is recommended as the initial
route of vascular access in cardiac arrest.

17. The presenceof compensated shock can beidentified by:

a. Assessmentof heartrate, cardiacrhythm, and skin
temperature.

b. Assessmentofend-organ perfusion, cardiacrhythm,
and pupil response to light.

c¢. Assessment of the presence and strength of periph-
eral pulses, mental status, and pupil response to
light.

d. Assessment of heart rate, the presence and strength
of peripheral pulses, and the adequacy ofend-organ
perfusion.

18. Which of the following statements is true with regard to

the use of the Glasgow Coma Scale (GCS)?

a. When assigning a score using the GCS, the maximum
possible score is13.

b. Verbaland motorresponses must beevaluated with
respect to a child'sage.

¢. The GCSis used to assess the patient’s orientation to
person, place, time, and event.

d. Theneed foraggressiveairway managementshouldbe
considered when the GCSis 12 or less.

19. Thedrugofchoiceforastable butsymptomaticchildin

supraventricular tachycardiais:

a. Atropine.

b. Albuterol.

¢. Adenosine.
d. Amiodarone.
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20. Which of the following would you expect to find when

forminga general impression of a child with hypotensive
shock?

a. Normal appearance, normal work of breathing, and
abnormal circulation to the skin

b. Normal appearance, abnormal work of breathing, and
normal circulation to theskin

¢. Abnormalappearance, abnormal work of breathing,
and normal circulation to the skin

d. Abnormal appearance, normal or abnormal work of
breathing, and abnormal circulation to the skin

21. Essential taskstobeassigned toteammembersatthe

start of a resuscitation effort include:

a. Crowd control.

b. Equipment procurement.

¢. Acquisition of blood samples for analysis.

d. Vascular access and medication administration.

22. Which of the following medications is used for all dys-

rhythmias associated with pediatric cardiopulmonary
arrest?

a. Lidocaine

b. Epinephrine

¢. Amiodarone

d. Magnesium sulfate

23, Appropriate interventions for a child with moderate to

severe croup include the administration of:

a. Diuretics.

b. Nebulized ipratropium bromide.

¢. Nebulized epinephrine and a systemic steroid.

d. Intramuscular epinephrine and nebulized albuterol.

24. Whatis the most common cause of symptomatic brady-

5

cardia in children?

a. Hypoxia

b. Hyperkalemia
¢. Hypoglycemia
d. Atherosclerosis

Procainamide:

a. May cause narrowing of the QRS width and
hypertension.

b. Is mosteffective wheninfused rapidly over 5 to 10
minutes.

c. Isthe drug of choice in the management of symptom-
atic bradycardia.

d. Isused forawiderange ofatrialand ventriculardys-
rhythmias, including supraventricular and ventricular
tachycardia.
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26. Which of the following statements regarding vagal 31. An oropharyngeal airway:

maneuvers is correct? : 5
a. Caneffectively protectthelowerairway from

a. Theapplication of ocular pressureis safe if performed aspiration.
in older children. b. Canbeused inbothresponsive and unresponsive

b. Vagal maneuversshould beattempted onlyafter patients.
administration of adenosine. c. Isofthecorrectsizeifitextends fromthecorner of

¢. Vagal maneuvers may be tried in the child with pulse- the mouth to the tip of the earlobe or angle of the
less ventricular tachycardia. lower jaw.

d. Theapplication of a cold stimulus to the face may be d. Is placed in one nostril and advanced until the distal
effective in infants and young children. tip lies in the posterior pharynx just below the base of

the tongue.

27. Dopamine:
32. Which of the following reflects examples of conditions

a. Acts as a vasopressor at high doses. 2 e
that may disrupt control of ventilation?

b. Causes renal vasoconstriction at low doses.

¢. Istypically infused atarate of 0.1to 1 mcg/kg per a. Croup and anaphylaxis
minute. b. Asthma and bronchiolitis
d. Isadministered rapid intravenous pushover5to10 c. Cystic fibrosis and cardiogenic pulmonary edema
minutes. d. Increased intracranial pressure and acute poisoning
_____28. Whichofthefollowingstatementsistrue of obstructive ____33. When administered for symptomatic bradycardia or dur-
shock? inga cardiacarrest, the intravenous dose of epinephrine

a. The patientsinitial clinical presentation may beiden- for an infant or child is:

tical to hypovolemicshock. a. 0.1 mg/kg (0.1 mL/kg of 1:1,000 solution)
b. The focus of emergency careis directed toward con- b. 0.01 mg/kg (0.1 mL/kg of 1:10,000 solution)
trolling fluid loss and restoring vascular volume. c. 0.02 mg/kg of 1:1,000solution
¢. Obstructiveshockresults fromaheartrate thatis d. 0.04 mg/kg of 1:10,000solution
either too fast or too slow to sustain a sufficient car-
diac output. 34. When ventilating a patient with a perfusing rhythm but
d. Obstructiveshockiscaused by asuddendecreasein absentorinadequate ventilatory effort, bag-mask venti-
the circulating blood volume relative to the capacity of lation should be provided at a rate of:

LA T a. 8 to 10 breaths perminute

b. 10 to 14 breaths per minute

—29. Amiodarone: ¢. 12to 20 breaths per minute

a.Shouldbeadministered over20to60minutesincar- d. 14 to 30 breaths per minute
diac arrest.
b. Should be administered IV push in a patient with a 35. Synchronized cardioversion is:

perfusing rhythm.
c. Ismosteffective whensimultaneously administered
with procainamide.

a. Performed using an initial energy dose of 2] /kg.

b. Recommended for pulseless ventricular tachycardia.

c. The procedure of choice when treating polymorphic
ventricular tachycardia.

d. Usedinthetreatmentof perfusing rhythms witha
clearly identifiable QRS complex and arapid ventricu-
lar rate.

d. May cause hypotension, bradycardia, and prolonga-
tion of the QTinterval.

30. Which of the following statements is correct with regard
to pediatric defibrillation?

a. Adultpadsmay be used if pediatric padsare Posttest Answers
unavailable.

b. Use of anautomated external defibrillator (AED) in
infants is notrecommended.

c. If defibrillation of an infant is indicated, use of an
AED with a pediatric attenuator is essential.

d. Theinitial recommended energy level for pulseless OBJ: Summarize the components of the pediatric assessment trian-
ventricular tachycardia or ventricular fibrillation is gleand the reasons for forming a general impression of the patient.
4t010]/kg.

1. D. Your general impression findings reflect an abnormal
appearance (poorly responsive), abnormal work of breathing
(rapid rate and presence of retractions), and abnormal circula-
tion to the skin (pallor).



2. B.Thischild’s presentationis most consistent with respiratory
failure. Aggressive intervention is essential.

OBJ: Differentiate betweenrespiratory distress, respiratory failure,
and respiratory arrest.

3. A.Therhythm shownis a sinus bradycardia.

OB]J: Identify the major classifications of pediatric cardiac rhythms.

4. D. When a patient demonstrates signs of respiratory failure or
respiratory arrest, assist ventilationusingabag-maskdevice
with supplemental oxygen. Noninvasive positive-pressure venti-
lation may beneeded.

OBJ: Describe the pathophysiology, assessment findings, and treat-
ment plan for the infant or child experiencing respiratory distress,
respiratory failure, or respiratory arrest.

5. C. Albuterol is a short-acting bronchodilator with a rapid onset
(afew minutes) that stimulates betaz receptor sites in bronchial
smooth muscle, resulting in relaxation and decreased resistance
totheflow ofairinand outof thelungs. Althoughanincrease
inheartrateisacommonadverse effect of albuterol administra-
tion, itisnot the primary reason for ordering this medication
in this situation. Because albuterol is a bronchodilator and not
an antipyretic, itwill have no effect with regard to reducing the
child’s fever.

OB]J: Describe the general approach to the treatment of children
with upper or lower airway obstruction.

6. C.Thenormalheartrateforatoddleratrestisbetween95and
150 beats per minute.

OBJ: Identify normal age-group-related vital signs.

7. A.Sinus tachycardia is a normal compensatory response to the
need forincreased cardiac outputoroxygendelivery. Treatment
is directed at the underlying cause that precipitated the thythm
(e.g., administration of fluids to correct hypovolemia).

OB]J: Describe the initial emergency care for hypovolemic, distribu-
tive, cardiogenic, and obstructive shockininfantsand children.

8. D.Aroughestimate ofachild’sweightcanbe obtained using
the following formula: weightin kg =8 + (2 x age in years). This
child’sestimated weightis 14kg. Administera bolus of 20mL/kg
of an isotonic crystalloid solution (such as normal saline or lac-
tated Ringer’s) over 5to10minutes. For thischild,a20mL/kg
fluid bolus would be about 280 mL. Assess the child’s response.
If perfusion does notimprove, repeat fluid boluses and reassess
response. Closely monitor for increased work of breathing and
the development of crackles. Colloids such asalbumin are not
routinely indicated during the initial management of hypovo-
lemicshock but they may be ordered for volumereplacementin
childrenwith large third-spacelosses oralbumin deficits.

OBJ: Given a patient situation, formulate a treatment plan fora
patient in shock.
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9. A.Duringcompensated shock, thebody’s defense mechanisms
attempt to preserve perfusion of the brain, heart, kidneys, and
liver at the expense of nonvital organs (e.g., skin, muscles, gas-
trointestinal tract). Baroreceptors in the carotid sinus respond
toadropinmeanarterial pressure, whichcanoccurbecause
of a decrease in cardiac output, a decrease in circulating blood
volume, or anincrease in thesize of the vascular bed. Com-
pensatory responsesinclude increasesin heartrate, stroke vol-
ume, and vascular smooth muscle tone. The respiratory center
responds to changes detected by the chemoreceptors (e.g., rise
inCO;zlevel, dropin pH) by increasing the ventilatory rate
inan effort to blow off excess CO,. Additional compensatory
mechanisms that help to maintain perfusioninclude the redis-
tribution of blood flow from the skin, muscles, and splanchnic
viscera to the vitalorgans.

OB]J: Differentiate between compensated and hypotensive shock.

10. B. In children, cardiac arrests are usually the result of an
asphyxial event (precipitated by acute hypoxia or hypercarbia)
oranischemicevent (from hypovolemia, sepsis, or cardiogenic
shock) rather than sudden cardiac dysrhythmias.

OB]J: Discuss the epidemiology and phases ofa cardiopulmonary
arrest.

11. C.Acommonproblemwhen ventilating with abag-mask
device is tightly placing the mask on the face without perform-
ing an adequate maneuver to open the patient’s airway. This
results in an airway obstruction because of improper airway
positioning. Readjust the patient’s head position, ensure the
mouth is open, and try to ventilate again.

OBJ: Discuss positive-pressureventilation usingabag-mask device
and troubleshoot for ineffective bag-mask ventilation.

12. D. Atropine enhances atrioventricular conduction and
increases heart rate by accelerating the rate of discharge of the
sinoatrial node and blocking the vagus nerves.

OB]J: Discuss the pharmacology of medications used while manag-
ing a symptomatic bradycardia.

13.  A.Supraventriculartachycardia (SVT)isthemostcommon
tachydysrhythmia that necessitates treatment in the pediatric
patient. Sinus tachycardia is anormal compensatory response
totheneed forincreased cardiacoutputor oxygendelivery.
Unlike sinus tachycardia, SVT is not a normal compensatory
responsetophysiologicstress. InSVT, theheartrate (HR)is
usually more than 220 beats per minute in infants or 180 beats
per minute in children. Onset of the rhythm occurs abruptly.
The ECG shows aregular rhythm with a narrow QRS complex
(0.09 seconds or less) that does not vary inresponse to activity
or stimulation. In the absence of known congenital heart dis-
ease, the history obtained is usually nonspecific (i.e., the his-
tory does not explain the rapid HR).

OB]J: Discuss the types of tachycardias that may be observed in the
pediatric patient.
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14. D.Thecodedirectororteamleaderisthe personwhoguides
the effortsof theresuscitationteam. Asthemembers of the
teamcometogether, theteamleaderisidentified and then
assignsrolestoteam membersifthey havenotbeenpreas-
signed. The teamleadershould beina position to“stand
back” while overseeing and directing theresuscitation effort.
Because every resuscitation effort is different, itis important
that the team leader ensure thata postevent debriefing takes
place.

OBJ: Recognize the importance of teamwork during a resuscitation
effort.

15. D.Anadultbag-mask used with supplemental oxygen setata
flowrateof 15 L/ minute and an attached reservoir will deliver
approximately 90% to 100% oxygen to the patient.

OBJ: Discuss positive-pressure ventilation usinga bag-mask device
and troubleshoot for ineffective bag-mask ventilation.

16. C.When possible, family members should be given the option
of being present during the resuscitation of an infant or child.
Asenergy requirements rise, infants and children may become
hypoglycemic because of rapidly depleted carbohydrate stores.
Check the blood glucose level during the resuscitation effort
and promptly treat hypoglycemia. Routine administration of
sodium bicarbonateisnotrecommended incardiacarrest.
Because insertion takes time and specially trained personnel
to perform, central venous access is not recommended as the
initial route of vascular access during an emergency; the intra-
venous or intraosseous routes are preferred.

OBJ: Discuss the initial emergency care for a cardiopulmonary
arrest.

17.  D.Thepresenceof compensated shock canbeidentified by
evaluation of heart rate, the presence and volume (strength)
of peripheral pulses, and theadequacy ofend-organ perfusion
(brain— assess mentalstatus, skin — assess capillaryrefilland
skin temperature, and kidneys — assess urine output).

OBJ: Differentiate between compensated and hypotensive shock.

18. B.TheGlasgow Coma Scaleis used to assess a patient’s level of
responsiveness by evaluating best verbal response, best motor
response, and eye opening. The GCS scoreis the sum of the
scores in these categories; the lowest possible scoreis 3 and the
highest possible score is 15. Motor response is the most impor-
tant component of the GCS if the patient is unresponsive,
intubated, or preverbal. Verbal and motor responses must be
evaluated with respect toa child’s age. Consider the need for
aggressiveairway management whenthe GCSis8orless.

OBJ: Summarize the purpose and components of the primary
assessment.

19. C.Instable patients with SVT, adenosine is the drug of choice
because of its rapid onset of action and minimal effects on car-
diac contractility.

OB]J: Discuss the pharmacology of medications used while manag-
ing a tachycardia.

20. D.Expected generalimpression findings of a child with hypo-
tensiveshockincludeanabnormal appearance, normal or
abnormal work of breathing, and abnormal circulation to the
skin.

OBJ: Differentiate between compensated and hypotensive shock.

21.  D.Chestcompressions, ECG monitoring and defibrillation,
airway management, vascularaccess and medicationadmin-
istration,and documentationareessential tasks thatmust
becoordinated duringaresuscitationeffort. A family sup-
port person should be a recognized member of the code team.
Additional members of the resuscitation team may include
pharmacists, clergy, and security personnel.

OBJ: Given a patient situation, and working as the team leader of a
resuscitation effort, assign essential tasks to team members.

22. B.Epinephrineis used for all dysrhythmias associated with
pediatric cardiopulmonary arrest. Amiodarone or lidocaine
isused forcardiacarrestassociated with pulseless ventricular
tachycardia or ventricular fibrillation. Magnesium sulfate is
used for polymorphic VT associated with along QT interval
(i.e., torsades de pointes).

OB]J: Discuss the pharmacology of medications used duringa car-
diopulmonary arrest.

23. C.Childrenwithmoderatetoseverecroupshouldreceive
nebulized epinephrine. A systemicsteroid such as dexametha-
sone or budesonide should be given early because of their anti-
inflammatory effects. Diuretics are not used in the treatment
of croup. Nebulized ipratropium bromide is used when treat-
ingasevereepisodeof asthma. Theadministration of intra-
muscular epinephrine and nebulized albuterol is part of the
treatment plan foranaphylaxis.

OBJ: Describe the pathophysiology, assessment findings, and treat-
ment planforthechild experiencingcroup, epiglottitis, foreign
body aspiration, and anaphylaxis.

24, A.Thetermsymptomatic bradycardiaisused whena patient
experiences signs and symptoms of cardiovascular compro-
mise thatarerelated toslow heartrate. Hypoxiais themost
common cause of symptomatic bradycardia in children. Initial
interventions focus on assessment and support of the airway
and ventilation, as well as the ad ministration of supplemental
oxygen. Itis important to identify and correct hypoxia before
giving medications to increase the patient’s heart rate.

OB]J: Discuss the types of bradycardias that may be observed in the
pediatric patient.



25, D.Procainamide is used fora wide range of atrial and ventric-

ular dysrhythmias, including supraventricular and ventricu-
lar tachycardia. Procainamide must be infused slowly (over
30 to 60 minutes) while continuously monitoring the patient’s
electrocardiogram and blood pressure. Epinephrine (not pro-
cainamide) is the drug of choice in the management of symp-
tomatic bradycardia. The infusion of procainamide should be
stopped or slowed if the QRS lengthens by more than 50% of
its original width or if hypotension occurs.

OBJ: Discuss the pharmacology of medications used while manag-
ing a tachycardia.

26. D.Vagal maneuvers may be tried in the stable but symptomatic

child in supraventricular tachycardia or during preparation
for cardioversionor drug therapy for this dysrhythmia. When
indicated, vagal maneuvers should be tried before adminis-
tration of adenosine. The application of a cold stimulus to the
face (e.g., awashcloth soaked iniced water, crushed ice mixed
with water in a small plastic bag or glove) for 15 to 20 seconds
is often effective in infants and young children. Application of
pressure to the eye should not be performed in a patient of any
age because this can damage the retina. Vagal maneuversare
notindicated inthe treatmentofany cardiacarrestrhythm.

OBJ: Discuss the ty pes of vagal maneuvers that may be used in the
pediatric patient.

27.  A.When infused atlow doses, dopamine increases renal and

mesenteric flow, thereby improving perfusion to these organs.
Atmediumdoses, dopamineincreasescardiaccontractil-
ity and thereby increases cardiac output, with little effect on
vascular resistance. Dopamine acts as a vasopressor, causing
arteriolar vasoconstriction wheninfused athigher doses. This
medication is administered asa continuous IV /IO infusionat
2to 20 meg/ kg per minute.

OB]: Discuss the pharmacology of medications used during shock.

28.  A.Obstructive shock occurs when low cardiac outputresults

fromanobstructiontoventricularfilling ortothe outflow of
blood fromtheheart. The patient’sinitial clinical presenta-
tion may be identical to hypovolemicshock. Possible causes of
obstructive shock include cardiac tamponade, tension pneu-
mothorax, ductal-dependent congenital heart lesions, and
massive pulmonary embolism. Hy povolemicshockiscaused
by a sudden decrease in the circulating blood volume relative
to the capacity of the vascular space. Arrhythmogenic cardio-
genicshockresults fromaheartrate thatis eithertoofastor
tooslow tosustainasufficientcardiacoutputdespiteanor-
mal stroke volume. With hypovolemicshock, emergency care
isdirected toward controlling fluid loss and restoring vascu-
lar volume. With obstructive shock, emergency care focuses
onsupporting oxygenationand ventilation, and maintaining
effective circulation.

OBJ: Discuss the physiologic types of shock.
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29. D.Amiodaronemay cause hypotension, bradycardia, and pro-
longation of the QT interval. Amiodarone should be adminis-
tered over 20to 60 minutes via [V push duringcardiacarrest
inapatientwith a perfusingrhythm. Amiodaroneshould
notbe administered with procainamide without first seek-
ing expert consultation because each drug may cause QT
prolongation.

OBJ: Discuss the pharmacology of medications used while manag-
ing a tachycardia.

30. A.Adultpads may be used if pediatric pads are unavailable. If
defibrillation of aninfantisindicated, use of amanual defi-
brillator is preferred. If a manual defibrillator is notavailable,
anAEDequipped withapediatricattenuatorisdesirable. If
neitherareavailable, useastandard AED. Itisacceptableto
useaninitial energy dose for pulseless VT or VFof 2] /kg. If
the dysrhythmia persists, it is reasonable to increase the dose
to4]/kg.If the dysrhythmia persists, subsequentenergy levels
should be atleast4]/kg. Higher energy levels may be consid-
ered butshould notexceed 10]/kgor theadult dose, whichever
is lower.

OB]J: Discuss defibrillation and identify the indications and recom-
mended energy levels for this procedure.

31. C.Becauseanoralairway does notisolate the trachea, it does
not protect the lowerairway fromaspiration. Anoral airway
isnotused in responsive or semi-responsive patients witha
gagreflex because insertion may stimulate vomiting in these
patients. Properairway sizeisdetermined by holding the
device against the side of the patient’s face and selecting an air-
way thatextends from the corner of themouth totheangle of
the lowerjaw or to the earlobe. A nasopharyngeal airway, not
anoropharyngeal airway, is placed in one nostriland advanced
until the bevel-shaped distal tip lies in the posterior phar-
ynx just below the base of the tongue and above the epiglottis,
while the proximal tip rests at the external nasal opening,.

OBJ: Describe the method of correct sizing, insertion technique,
and possible complications associated with the use of the oropha-
ryngeal airway and nasopharyngeal airway.

32. D.Examples of conditions that may disrupt control of ventila-
tion include increased intracranial pressure, neuromuscular
disease, and acute poisoning or drug overdose. Asthma and
bronchiolitis are common causes of lower airway obstruction
inchildren. Causes of upper airway obstruction include secre-
tionsthatblock thenasal passages, airway swelling (e.g., croup,
epiglottis,anaphylaxis), the presenceofaforeignbody,and
congenital airway abnormalities. Cystic fibrosis and cardio-
genic pulmonary edemaareamongthemany causesoflung
tissue disease.

OB]J: Describethe pathophysiology, assessmentfindings, and treat-
ment plan for the child who has lung tissue disease or disordered
ventilatory control.
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33. B. Because epinephrine is supplied in different dilutions, it
is important to ensure selection of the correct concentration
beforeadministering this medication. Theintravenous dosage
of epinephrine for an infant or child is 0.01 mg/kg (0.1 mL/kg
0f 1:10,000 solution). If vascular access is not available and the
patient is intubated, epinephrine may be given by means of an
endotracheal (ET) tube: 0.1 mg/kg (0.1 mL /kg of 1:1,000 solu-
tion). The maximum ET dose 2.5 mg.

OB]J: Discuss the pharmacology of medications used while manag-
ing a symptomatic bradycardia.

34. C.Bag-mask ventilation in this situation should be provided at
arate of 12to 20 breaths per minute (1 breath every 3 to 5 sec-
onds). Each breath should be given over 1 second.

OBJ: Discuss positive-pressure ventilation usinga bag-mask device
and troubleshoot for ineffective bag-mask ventilation.

35. D.Synchronized cardioversionisused to treatrhythmsin the

unstable patientwhohasaclearlyidentifiable QRS complexand
a rapid ventricular rate such as supraventricular tachycardia
(SVT) thatiscaused by reentry, atrial flutter,and monomor-
phic ventricular tachycardia (VT) witha pulse. Itisnot used in
the management of sinus tachycardia. Synchronized cardiover-
sionmay be used in the management of the stable patient with
SVT,atrial flutter,and monomorphic VT withapulseunder
the direction of a pediatric cardiologist. Synchronized cardio-
versionisnotused totreat disorganized rhythms (suchas poly-
morphicVT) or thosethatdonothaveaclearly identifiable
QRScomplex (suchas ventricular fibrillation). Anenergy dose
of0.5to1]/kgis used for theinitial shock. The energy dose may
beincreased to2 ]/ kg for the second and subsequentattempts
if necessary. Defibrillation, not synchronized cardioversion, is
used in the management of pulseless ventricular tachycardia.

OB]J: Discuss synchronized cardioversion and identify the indica-
tions and recommended energy levels for this procedure.



Glossary

Afterload The pressureorresistanceagainst whichthe ventricles
must pump to ejectblood

Anaphylaxis Asevereallergicresponsetoaforeignsubstance
with which the patient has had prior contact

Apnea Thecessation of breathing for more than 20 seconds with
or without cyanosis, decreased muscle tone, or bradycardia
Asthma Adiseaseofthelowerairway characterized by chronic
inflammation ofbronchial smooth muscle, hyperreactiveairways,
and episodes of bronchospasm that limit airflow

Bilevel positive airway pressure (BPAP) The delivery of positive
pressure during inspiration and a lesser positive pressure during
expiration

Bradypnea A slowerthannormalrate of breathingfor the
patient’s age

Bronchiolitis An acute infection of the bronchioles, most
commonly caused by respiratory syncytial virus
Bronchopulmonary dysplasia (BPD) A chronic lung disease
characterized by persistent respiratory distress

Capnograph A device that provides both a numeric reading
and a waveform of carbon dioxide concentrations in exhaled
gases

Capnography The process of continuously analyzing and
recording carbon dioxide concentrations in expired air
Capnometer A devicethat measures theconcentration of carbon
dioxide at the airway opening at the end of exhalation
Capnometry Anumericreadingofexhaled CO2concentrations
without a continuous waveform

Cardiac Output (CO) The amount of blood pumped into the aorta
each minute by theheart

Cardiopulmonary (cardiac) arrest The absence of cardiac
mechanical activity, which is confirmed by the absence of a
detectable pulse, unresponsiveness, and apnea or agonal, gasping
breathing; also called cardiac arrest

Cardiopulmonary failure A clinical condition identified by
deficits in oxygenation, ventilation, and perfusion

Continuous positive airway pressure (CPAP) The delivery of a
continuous, fixed pressure of air throughout the respiratory cycle by

means of a medical device through a soft mask worn over the nose
or over the mouth and nose

Crackles Abnormalbreathsoundsproducedasair passesthrough
airways containing fluid or moisture (formerly called rales)
Cystic fibrosis (CF) A hereditary disease of the exocrine glands
characterized by production of viscous mucus that obstructs the
bronchi

Defibrillation The therapeutic delivery of unsynchronized
electrical current through the myocardium over a very brief period
to terminate a cardiacdysrhythmia

Defibrillator Device used to administer an electrical shock to
terminate a cardiac dysrhythmia

Extravasation The inadvertent administration of a vesicant
(irritating to human tissue) solution ormedication into surrounding
tissue because of catheter dislodgment

Fontanels Membranousspacesformed wherecranial bones
intersect

Grunting Ashort, low-pitchedsound heard asthe patientexhales
againsta partially closed glottis; itis a compensatory mechanism to
help maintain the patency of the alveoli and prolong the period of
gas exchange

Gurgling Abubblingsound that occurs whenblood or secretions
are present in the upper airway

Head bobbing An indicator of increased work of breathing in
infants; the head falls forward with exhalationand comes up with
expansion of the chest on inhalation

Hypovolemicshock A state of inadequate circulating blood
volume relative to the capacity of the vascular space

Infiltration Theinadvertentadministration ofa nonvesicant
(nonirritating tohumantissue) solution ormedicationinto
surrounding tissue because of catheter dislodgment

Minute volume Theamountofair moved inand out of the lungs
in one minute, determined by multiplying the tidal volume by the
ventilatory rate
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Nasal flaring Widening of the nostrils on inhalation; an attempt
to increase the size of the nasal passages for air to enter during
inhalation

Noninvasive positive pressure ventilation (NPPV) The

delivery of mechanical ventilatory support, typically by meansof a
snug fitting nasal or facial mask, without using an endotracheal or
tracheostomy tube

Pediatric assessment triangle (PAT) A rapid, systematic
approach to forming a general impression of the ill or injured child
that focuses on three main areas: (1) appearance, (2) work of breath-
ing, and (3) circulation to the skin

Perfusion The circulation of blood through an organ ora part of
the body

Preload The volume of blood inthe ventricleatthe end of diastole
Petechiae Reddish-purple nonblanchable discolorations in the
skin less than 0.5 cm in diameter

PQRST Anacronymused whenevaluating patientsin pain:
Precipitating or provoking factors, Quality of pain, Region and
radiation of pain, Severity, and Time of pain onset

Primary assessment A hands-on assessment that is performed to
rapidly find and treatlife-threatening conditions by evaluating the
nervous, respiratory, and circulatory systems; also called a primary
survey, initial assessment, or ABCDE assessment

Pulse oximetry Anoninvasive method of monitoring the percent-
age of hemoglobin that is saturated with oxygen

Purpura Red-purple nonblanchable discolorations greater than
0.5 cm in diameter; large purpura are called ecchymoses

Respiratory distress A clinical condition characterized by
increased work of breathing and a rate of breathing outside the
normal range for the patient’s age

Respiratory failure A clinical condition in which there is
inadequate oxygenation, ventilation, or both to meet the metabolic
demands of body tissues

Retractions Sinking in of the soft tissues above the sternum or
clavicle, or between or below the ribs during inhalation

SAMPLE Acronymused whenobtainingapatienthistory;Signs
and symptoms (as they relate to the chief complaint), Allergies,
Medications, Pastmedicalhistory, Lastoralintake,and Events
surrounding the illness orinjury

Seesaw breathing An ineffective breathing pattern in which the
abdominal muscles moveoutward duringinhalation while the chest
moves inward; a sign of impending respiratory failure

Septic shock A physiologic response to infectious organisms or
theirby-products thatresults incardiovascularinstability and organ
dysfunction

Shock Inadequatetissue perfusionthatresults fromthefailureof
thecardiovascularsystemtodeliversufficientoxygenand nutrients
to sustain vital organ function; also called hypoperfusion or
circulatory failure

Sniffing position A position in which the patient sits upright and
leans forward with the chin slightly raised, thereby aligning the axes
of the mouth, pharynx, and trachea to open the airway and increase
airflow

Snoring Noisy, low-pitched sounds usually caused by partial
obstruction of the upper airway by the tongue

Sudden cardiac arrest The abrupt and unexpected loss of heart
function

Stridor A harsh, high-pitched sound heard oninhalation that is
associated withinflammation orswelling of the upperairway often
described asahigh-pitched “seal bark” sound; caused by disorders
suchascroup, epiglottitis, the presence of a foreignbody, oran
inhalation injury

Synchronized cardioversion The delivery of a shock to the heart
to terminate a rapid dysrhythmia that is timed to avoid the vulner-
able period during the cardiac cycle

Tachypnea Arateof breathingthatis morerapid than normal for
the patient’sage

TICLS Amnemonicdevelopedby the American Academy of Pedi-
atrics thatis used torecall the areas to be assessed related toa child’s
overall appearance; Tone, Interactivity, Consolability, Look or gaze,
and Speech or cry

Tidalvolume The volume of air moved into or out of the lungs
during a normal breath

Toxidrome A constellation of signs and symptoms useful for
recognizing a specific class of poisoning

Tripod position A position in which the patient attempts to
maintain an openairway by sitting uprightand leaning forward
supported by his or her arms with the neck slightly extended, chin
projected, and mouth open

Vascular resistance The amount of opposition that the blood
vessels give to the flow of blood

Wheeze High- or low-pitched sound produced as air passes
through airways that have been narrowed because of swelling,
spasm, inflammation, secretions, or the presence of a foreign body
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P
AEDIATRIC ADVANCED LIFE SUPPORT (PALS) MODULE

MULTIPLE CHOICE QUESTIONS

Course Code: PECO4

L. ANSWER ALL THE QUESTIONS 6

1. What i i P
t is the compression to breath ratio in two-person CPR for an infant?

10

A. 15:2

B.20:2
C.302 v

D. 40:2

2. What is the most common cause of pediatric cardiac arrest?
A. hyperthermia

B. hypoglycemia

C. primary respiratory failure /

D. poisoning

3. An infant becomes unresponsive and stops breathing. A strong pulse is still present. How
many rescue breaths a minute should be given until help arrives or the infant starts breathing

on its own?
A. 8-10 breaths a minute
B. 10-14 breaths a minute

C. 12-20 breaths a minute /

D. 15-22 breaths a minute
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Annexure - IV

PAEDIATRIC ADVANCED LIFE SUPPORT (PALS) MODULE
MULTIPLE CHOICE QUESTIONS

Course Code: PECO4
L ANSWER ALL THE QUESTIONS
1. What is the compression to breath ratio in two-person CPR for an infant? / 0
\/f\. 15:2 I
B. 20:2 W
€.30:2
D. 40:2

2. What is the most common cause of pediatric cardiac arrest?
A. hyperthermia
B. hypoglycemia

\A primary respiratory failure

D. poisoning

3. An infant becomes unresponsive and stops breathing. A strong pulse is still present. How
many rescue breaths a minute should be given until help arrives or the infant starts breathin
on its own? g

A. 8-10 breaths a minute
\4 10-14 breaths a minute
C. 12-20 breaths a minute

D. 15-22 breaths a minute
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From
Dr. Raghavendran
Professor and Head,
Department of Paediatrics,

Sri Lakshmi Narayana Institute of Medical Sciences
Bharath Institute of Higher Education and Research,

Chennai.

Through Proper Channel

To
The Dean,

Sri Lakshmi Narayana Institute of Medical Sciences
Bharath Institute of Higher Education and Research,

Chennai.

Date: 01.04.2021

Sub: Completion of value-added course: Paediatric Advanced Life Support (PALS) for

Undergraduates

Dear Sir,

With reference to the subject mentioned above, the department has conducted the value-added
course titled: : Paediatric Advanced Life Support (PALS) for Undergraduates 1[I MBBS from Non
2021 I year MBBS students . We solicit your kind action to send certificates for the participants,
that is attached with this letter. Also, I am attaching the photographs captured during the conduct

of the course.

Kind Regards,

O s,

Dr. Raghavenof:ﬁ_ OF ?h‘!": ‘3\\‘\5\‘.%&

X
<R\ u&‘a““ mguw.
e, PO,

Encl: Photographs
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