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Supraventricular Tachycardia

	Case Title 
	Supraventricular Tachycardia

	Scenario Name
	SVT



                
	Learning Objectives  - Use action words

	Knowledge:
1. Learn proper management of stable and unstable supraventricular tachycardia
2. Recognize the importance of airway management when dealing with cardiac arrhythmias

	Skills:
1. Recognize supraventricular tachycardia
2. Differentiate between stable and unstable supraventricular tachycardia
3. Learn how to properly use the defibrillator

	Attitude/Behaviours:
1. Demonstrate Team skills 
2. Demonstrate Situational awareness
3. Demonstrate Graded Assertiveness

	Scenario Environment

	Location
	ED

	Monitors
	

	Props/Equipment
	CXR
EKG
Crash Cart

	Make-up/Moulage
	

	Potential Distractors
	








	Case Introduction:

	· 5 year old boy
· Admitted to hospital recently with osteomyelitis
· Had PICC line inserted in left arm for IV antibiotics at home
· Diaphoretic and feeling unwell today
· Taken to the emerg for assessment



	Patient Parameters
	Effective Management
	Notes

	Phase 1: Stable SVT
Condition: Looks non toxic but uncomfortable

Initial Assessment
· Heart Rhythm: SVT
· HR:   150-160
· BP: 100/P
· RR: 26
· SP02: 99%
· T: 37 C   
· Chest: Clear
· CNS: GCS 15.  Awake and alert.
· CVS:  soft murmur, cap refill 2 secs, pulses normal
· GI: soft
· Weight:
· Height:
	1. Take a focused history  (see Notes column)

2. Medical Management

A
· Optimize airway position
· Prepare airway equipment

B 
· Apply monitors
· Have oxygen ready
· Assemble  airway equipment & bag/mask at bedside
C
· Monitors (if not done yet)
· 12 lead EKG to confirm diagnosis
· Do CXR to assess PICC line placement
· [bookmark: _GoBack]Vagal maneuvers : blow in straw
· Adenosine 0.1 mg/kg given by rapid saline flush immediately afterwards using double barrel technique 
· Reassessment of patient after adenosine is given
· Adenosine 0.2 mg/kg repeat is given by rapid flush
· Consult cardiology
	1. Focused History
· Discharged from hospital 2 days ago after being admitted for 5 days 
· Osetomyelitis of right tibia
· On IV antibiotics at home
· Had PICC line inserted 3 days ago (day prior to discharge)
· No fever
· Unwell today, slept most of the day
· Given tylenol only
· Any previous history of SVT?

Airway
· Talk to the patient
· Open airway
Breathing
· Check oxygen saturation
· Auscultate chest
Circulation
· Check pulse, cap refill, BP
· Identify the rhythm (SVT) and determine that the patient is in stable SVT
· Checks to see if  PICC line is flushing
· Insert IV is PICC line not flushing

	Phase 2: Unstable SVT
Condition: Looks more unwell and  uncomfortable, groaning now, more drowsy

Physical Examination
· Heart Rhythm: SVT
· HR:   150-160
· BP: 70/P
· RR: 26
· SP02: 95%
· T: 37
· Chest: clear
· CNS: Drowsy
· CVS:  soft murmur, cap refill 2 secs, pulses weak

	1. Reassessment of patient (see Notes column)

2. Medical Management
· Orders bloodwork : CBC, diff, lytes, gas, lactate

A
· Has suction nearby
· Prepares airway equipment
· Assigns someone to attend to the airway
· calls RT

B 
· Applies oxygen
· Prepares bag/mask equipment

C
· Orders medication for sedation : midazolam 0.1 mg/kg with fentanyl 1mcg/kg or ketamine 1mg/kg
· Calls cardiology and ICU for help
· Synchronized cardioversion at 0.5-1 J/kg
· Repeat synchronized cardioversion at 2 J/kg
	1. Reassessment of patient
Airway
· Maintains the airway : jaw thrust, chin lift, head tilt

Breathing 
· Rechecks oxygen saturation

Circulation
· Checks blood pressure, pulse, cap refill
· Identifies Unstable SVT


	Phase 3: Unresponsive
Condition: sedated, unresponsive

Physical Examination
· Heart Rhythm: Sinus bradycardia
· HR:   60-70
· BP: 90-100/P
· RR: 26
· SP02: 95%
· T: 37
· CNS: Drowsy
· CVS:  soft murmur, cap refill 2 secs, pulses weak
· RESP: Clear
	1. Reassessment of Patient (see Notes column)

2. Medical Management

A
· Designated airway person

B
· Bags patient if needed

C
· Does not do CPR as patient is well perfused now and HR > 60
· 12 lead EKG post Cardioversion

	1. Reassessment of Patient
Airway
· Continues to protect the airway 

Breathing 
· Reassesses breathing
· Monitors resp rate

Circulation
· Identifies bradycardia
Reassesses circulation

	Phase 4: Sinus Rhythm
Condition:  Stabilizing

Physical Examination
· Heart Rhythm:  Sinus Rhythm
· HR:   120
· BP: 90-100/P
· RR: 26
· SP02: 95%
· T: 37
· Chest: clear
· CNS: Drowsy
· CVS:  soft murmur, cap refill 2 secs, pulses weak
	1. Reassessment of patient (see Notes column)

2. Medical Management
· Reviews blood tests
· Reviews CXR : PICC line in RA
· Reviews 12 lead EKG
· Arranges to have PICC line removed or fixed
	1. Reassessment of patient
Airway
· Continues to protect the airway 

Breathing 
· Assesses breathing
· No need to bag patient


Circulation
· Reassesses circulation
· Discovers that BP is normal and HR is normal
· Identifies NSR




Insert more lines if more phases required.

	Expected Patient Management
	Debriefing Points

	1. Student
a. 
2. R1
a. 
3. Senior IM resident
a. 


	· 
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X-RAYS – Click here 
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LABS – click here OR fill out below
LABORATORY *LIVE*          Lab Summary Report

	Test
	DATE/TIME here
	Flag (H or L)
	Reference

	CBC

	WBC
	14.7
	H
	3.5 – 10.8 10^9/L

	Hgb
	130
	L
	130 – 170 g/L

	Platelets
	250
	
	150 – 400 10^9/L

	Chemistry

	Na
	138
	
	137 – 145 mmol/L

	K
	4.5
	
	3.5 – 5.0 mmol/L

	Cl
	109
	
	98 – 107 mmol/L

	Urea
	3
	
	2.5 – 6.1 mmol/L

	Creat
	30
	
	62 – 106 umol/L

	Glucose - Random
	4.0
	
	3.0 – 11.0 mmol/L












EKGs – click here or paste
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Part 12: Pediatric Advanced Life Support

In contrast to adults, sudden cardiac arrest in children is
uncommon, and cardiac arrest does not usually result from
a primary cardiac cause.! More often it is the terminal event
of progressive respiratory failure or shock, also called an
asphyxial arrest.

Respiratory Failure

Respiratory failure is characterized by inadequate ventilation
or oxygenation. Anticipate respiratory failure and possible
respiratory arrest if you see any of the following:

® An increased respiratory rate, particularly with signs of
distress (eg, increased effort, nasal flaring, retractions, or
grunting)

® An inadequate respiratory rate, effort, or chest excursion
(eg, diminished breath sounds, gasping, and cyanosis),
especially if mental status is depressed

Shock

Shock results from inadequate blood flow and oxygen deliv-
ery to meet tissue metabolic demands. Shock progresses over
a continuum of severity, from a compensated to a decompen-
sated state. Attempts to compensate include tachycardia and
increased systemic vascular resistance (vasoconstriction) in
an effort to maintain cardiac output and blood pressure.
Although decompensation can occur rapidly, it is usually
preceded by a period of inadequate end-organ perfusion.

Signs of compensated shock include

® Tachycardia

® Cool extremities

® Prolonged capillary refill (despite warm ambient
temperature)

® Weak peripheral pulses compared with central pulses

® Normal blood pressure

As compensatory mechanisms fail, signs of inadequate
end-organ perfusion develop. In addition to the above, these
signs include

® Depressed mental status
® Decreased urine output
® Metabolic acidosis

® Tachypnea

® Weak central pulses

Signs of decompensated shock include the signs listed above
plus hypotension. In the absence of blood pressure measure-
ment, decompensated shock is indicated by the nondetectable
distal pulses with weak central pulses in an infant or child

(Circulation. 2005;112:1V-167-1V-187.)
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with other signs and symptoms consistent with inadequate
tissue oxygen delivery.

The most common cause of shock is hypovolemia, one
form of which is hemorrhagic shock. Distributive and cardio-
genic shock are seen less often.

Learn to integrate the signs of shock because no single sign
confirms the diagnosis. For example:

® Capillary refill time alone is not a good indicator of
circulatory volume, but a capillary refill time of >2
seconds is a useful indicator of moderate dehydration when
combined with a decreased urine output, absent tears, dry
mucous membranes, and a generally ill appearance (Class
IIb; LOE 32). It is influenced by ambient temperature,’
lighting,* site, and age.

® Tachycardia also results from other causes (eg, pain,
anxiety, fever).

® Pulses may be bounding in anaphylactic, neurogenic, and
septic shock.

In compensated shock, blood pressure remains normalj it is
low in decompensated shock. Hypotension is a systolic blood
pressure less than the S5th percentile of normal for age,
namely:

<60 mm Hg in term neonates (0 to 28 days)

<70 mm Hg in infants (1 month to 12 months)

<70 mm Hg + (2 X age in years) in children 1 to 10 years
<90 mm Hg in children =10 years of age

Airway

Oropharyngeal and Nasopharyngeal Airways
Oropharyngeal and nasopharyngeal airways are adjuncts for
maintaining an open airway. Oropharyngeal airways are used
in unconscious victims (ie, with no gag reflex). Select the
correct size: an oropharyngeal airway that is too small will
not keep the tongue from obstructing the pharynx; one that is
too large may obstruct the airway.

Nasopharyngeal airways will be better tolerated than oral
airways by patients who are not deeply unconscious. Small
nasopharyngeal tubes (for infants) may be easily obstructed
by secretions.

Laryngeal Mask Airway

There is insufficient evidence to recommend for or against
the routine use of a laryngeal mask airway (LMA) during
cardiac arrest (Class Indeterminate). When endotracheal in-
tubation is not possible, the LMA is an acceptable adjunct for
experienced providers (Class IIb; LOE 7),° but it is associated
with a higher incidence of complications in young children.®

Breathing: Oxygenation and Assisted Ventilation
For information about the role of ventilation during CPR, see
Part 11: “Pediatric Basic Life Support.”
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Oxygen

There are no studies comparing various concentrations of
oxygen during resuscitation beyond the perinatal period. Use
100% oxygen during resuscitation (Class Indeterminate).
Monitor the patient’s oxygen level. When the patient is
stable, wean the supplementary oxygen if the oxygen satura-
tion is maintained.

Pulse Oximetry

If the patient has a perfusing rhythm, monitor oxygen
saturation continuously with a pulse oximeter because clini-
cal recognition of hypoxemia is not reliable.” Pulse oximetry,
however, may be unreliable in a patient with poor peripheral
perfusion.

Bag-Mask Ventilation

Bag-mask ventilation can be as effective as ventilation
through an endotracheal tube for short periods and may be
safer.8-!! In the prehospital setting ventilate and oxygenate
infants and children with a bag-mask device, especially if
transport time is short (Class Ila; LOE 18; 310; 49.11). Bag-
mask ventilation requires training and periodic retraining on
how to select a correct mask size, open the airway, make a
tight seal between mask and face, ventilate, and assess
effectiveness of ventilation (see Part 11: “Pediatric Basic Life
Support”).

Precautions

Victims of cardiac arrest are frequently overventilated during
resuscitation.'>-'4 Excessive ventilation increases intratho-
racic pressure and impedes venous return, reducing cardiac
output, cerebral blood flow, and coronary perfusion.'? Exces-
sive ventilation also causes air trapping and barotrauma in
patients with small-airway obstruction and increases the risk
of stomach inflation, regurgitation, and aspiration.

Minute ventilation is determined by the tidal volume and
ventilation rate. Use only the force and tidal volume needed
to make the chest rise visibly. During CPR for the patient
with no advanced airway (eg, endotracheal tube, esophageal-
tracheal combitube [Combitube], LMA) in place, ventilation
rate is determined by the compression-ventilation ratio. Pause
after 30 compressions (1 rescuer) or after 15 compressions (2
rescuers) to give 2 ventilations with mouth-to-mouth, mouth-
to-mask, or bag-mask techniques. Give each breath over 1
second.

If an advanced airway is in place during CPR (eg, endo-
tracheal tube, Combitube, LMA), ventilate at a rate of 8 to 10
times per minute without pausing chest compressions. In the
victim with a perfusing rhythm but absent or inadequate
respiratory effort, give 12 to 20 breaths per minute. One way
to achieve this rate with a ventilating bag is to use the
mnemonic ‘“‘squeeze-release-release” at a normal speaking
rate. 815

Two-Person Bag-Mask Ventilation

A 2-person technique may be more effective than ventilation
by a single rescuer if the patient has significant airway
obstruction, poor lung compliance, or difficulty in creating a
tight mask-to-face seal.'®!” One rescuer uses both hands to
maintain an open airway with a jaw thrust and a tight

mask-to-face seal while the other compresses the ventilation
bag. Both rescuers should observe the victim’s chest to ensure
chest rise.

Gastric Inflation
Gastric inflation may interfere with effective ventilation'® and

cause regurgitation. You can minimize gastric inflation by
doing the following:

® Avoid excessive peak inspiratory pressures (eg, by venti-
lating slowly and watching chest rise).® To avoid use of
excessive volume, deliver only the volume needed to
produce visible chest rise.

® Apply cricoid pressure. You should do so only in an
unresponsive victim. This technique may require an addi-
tional (third) rescuer if the cricoid pressure cannot be
applied by the rescuer who is securing the bag to the
face.!9-2! Avoid excessive pressure so as not to obstruct the
trachea.??

® If you intubate the patient, pass a nasogastric or orogastric
tube after you intubate because a gastric tube interferes
with the gastroesophageal sphincter, allowing possible
regurgitation.

Ventilation Through an Endotracheal Tube
Endotracheal intubation in infants and children requires
special training because the pediatric airway anatomy differs
from adult airway anatomy. Success and a low complication
rate are related to the length of training, supervised experi-
ence in the operating room and in the field,?*?* adequate
ongoing experience,?’ and the use of rapid sequence intuba-
tion (RSI).23:26:27

Rapid Sequence Intubation
To facilitate emergency intubation and reduce the incidence

of complications, skilled, experienced providers may use
sedatives, neuromuscular blocking agents, and other medica-
tions to rapidly sedate and paralyze the victim.?® Use RSI
only if you are trained and have experience using these
medications and are proficient in the evaluation and manage-
ment of the pediatric airway. If you use RSI you must have a
secondary plan to manage the airway in the event that you
cannot achieve intubation.

Cuffed Versus Uncuffed Tubes
In the in-hospital setting a cuffed endotracheal tube is as safe

as an uncuffed tube for infants beyond the newborn period
and in children.?-3! In certain circumstances (eg, poor lung
compliance, high airway resistance, or a large glottic air leak)
a cuffed tube may be preferable provided that attention is paid
to endotracheal tube size, position, and cuff inflation pressure
(Class ITa; LOE 2309; 329.31), Keep cuff inflation pressure <20
cm H,0.32

Endotracheal Tube Size
The internal diameter of the appropriate endotracheal tube for

a child will roughly equal the size of that child’s little finger,
but this estimation may be difficult and unreliable.3334 Sev-
eral formulas such as the ones below allow estimation of
proper endotracheal tube size (ID, internal diameter) for
children 1 to 10 years of age, based on the child’s age:





Uncuffed endotracheal tube size (mm ID)
=(age in years/4) + 4

In general, during preparation for intubation using the
above formula, providers should have the estimated tube size
available, as well as uncuffed endotracheal tubes that have
internal diameters that are 0.5 mm smaller and 0.5 mm larger
than the size estimated ready at the bedside for use.

The formula for estimation of a cuffed endotracheal tube
size is as follows30:

Cuffed endotracheal tube size (mm ID)
= (age in years/4) + 3

Endotracheal tube size, however, is more reliably based on
a child’s body length. Length-based resuscitation tapes are
helpful for children up to approximately 35 kg.3>

Verification of Endotracheal Tube Placement
There is a high risk that an endotracheal tube will be

misplaced (ie, placed in the esophagus or in the pharynx
above the vocal chords), displaced, or become obstructed, -3¢
especially when the patient is moved.>” No single confirma-
tion technique, including clinical signs3® or the presence of
water vapor in the tube,? is completely reliable, so providers
must use both clinical assessment and confirmatory devices
to verify proper tube placement immediately after intubation,
during transport, and when the patient is moved (ie, from
gurney to bed).

Immediately after intubation and again after securing the
tube, confirm correct tube position with the following tech-
niques while you provide positive-pressure ventilation with a
bag:

® [ ook for bilateral chest movement and listen for equal
breath sounds over both lung fields, especially over the
axillae.

® Listen for gastric insufflation sounds over the stomach
(they should not be present if the tube is in the trachea).?s

® Use a device to evaluate placement. Check for exhaled CO,
(see below) if there is a perfusing rhythm. If the child has
a perfusing rhythm and is >20 kg, you may use an
esophageal detector device to check for evidence of esoph-
ageal placement (see below).

® Check oxygen saturation with a pulse oximeter. Following
hyperoxygenation, the oxyhemoglobin saturation detected
by pulse oximetry may not demonstrate a fall indicative of
incorrect endotracheal tube position (ie, tube misplacement
or displacement) for as long as 3 minutes.**4!

® If you are still uncertain, perform direct laryngoscopy and
look to see if the tube goes between the cords.

® In hospital settings perform a chest x-ray to verify that the
tube is not in the right main bronchus and to identify a high
tube position at risk of easy displacement.

After intubation secure the tube. There is insufficient
evidence to recommend any one method (Class Indetermi-
nate). After you secure the tube, maintain the patient’s head
in a neutral position; neck flexion pushes the tube farther into
the airway, and extension pulls the tube out of the airway.+243
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If an intubated patient’s condition deteriorates, consider the
following possibilities (DOPE):

Displacement of the tube from the trachea
Obstruction of the tube

Pneumothorax

Equipment failure

Exhaled or End-Tidal CO, Monitoring
In infants and children with a perfusing rhythm, use a

colorimetric detector or capnography to detect exhaled CO, to
confirm endotracheal tube position in the prehospital and
in-hospital settings (Class IIa; LOE 544) and during intrahos-
pital and interhospital transport (Class IIb; LOE 54°). A color
change or the presence of a capnography waveform confirms
tube position in the trachea but does not rule out right main
bronchus intubation. During cardiac arrest, if exhaled CO, is
not detected, confirm tube position with direct laryngoscopy
(Class IIa; LOE 5%0-49; 659) because the absence of CO, may
be a reflection of low pulmonary blood flow.

You may also detect a low end-tidal CO, in the following
circumstances:

® [f the detector is contaminated with gastric contents or
acidic drugs (eg, endotracheally administered epinephrine),
you may see a constant color rather than breath-to-breath
color change.

® An intravenous (IV) bolus of epinephrine may transiently
reduce pulmonary blood flow and exhaled CO, below the
limits of detection.>!

® Severe airway obstruction (eg, status asthmaticus) and
pulmonary edema may impair CO, elimination.*%-52-54

Esophageal Detector Devices
The self-inflating bulb (esophageal detector device) may be

considered to confirm endotracheal tube placement in chil-
dren weighing >20 kg with a perfusing rthythm (Class IIb;
LOE 235:56), There is insufficient data to make a recommen-
dation for or against its use in children during cardiac arrest
(Class Indeterminate).

Transtracheal Catheter Ventilation

Transtracheal catheter ventilation may be considered for
support of oxygenation in the patient with severe airway
obstruction if you cannot provide oxygen or ventilation any
other way. Try transtracheal ventilation only if you are
properly trained and have appropriate equipment.5’

Suction Devices

A suction device with an adjustable suction regulator should
be available. Use a maximum suction force of 80 to
120 mm Hg for suctioning the airway via an endotracheal
tube.>® You will need higher suction pressures and large-bore
noncollapsible suction tubing as well as semirigid pharyngeal
tips to suction the mouth and pharynx.

Circulation
Advanced cardiovascular life support techniques are useless
without effective circulation, which is supported by good
chest compressions during cardiac arrest. Good chest com-
pressions require an adequate compression rate (100 com-
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pressions per minute), an adequate compression depth (about
one third to one half of the anterior-posterior diameter), full
recoil of the chest after each compression, and minimal
interruptions in compressions. Unfortunately, good compres-
sions are not always performed for many reasons,'* including
rescuer fatigue and long or frequent interruptions to secure
the airway, check the heart rhythm, and move the patient.

Backboard

A firm surface that extends from the shoulders to the waist
and across the full width of the bed provides optimal support
for effective chest compressions. In ambulances and mobile
life support units, use a spine board.>*:*0

CPR Techniques and Adjuncts

There is insufficient data to make a recommendation for or
against the use of mechanical devices to compress the
sternum, active compression-decompression CPR, interposed
abdominal compression CPR, pneumatic antishock garment
during resuscitation from cardiac arrest, and open-chest direct
heart compression (Class Indeterminate). For further infor-
mation see Part 6: “CPR Techniques and Devices.”

Extracorporeal Membrane Oxygenation

Consider extracorporeal CPR for in-hospital cardiac arrest
refractory to initial resuscitation attempts if the condition
leading to cardiac arrest is reversible or amenable to heart
transplantation, if excellent conventional CPR has been
performed after no more than several minutes of no-flow
cardiac arrest (arrest time without CPR), and if the institution
is able to rapidly perform extracorporeal membrane oxygen-
ation (Class IIb; LOE 5¢'¢2). Long-term survival is possible
even after >50 minutes of CPR in selected patients.®!:62

Cardiovascular Monitoring

Attach electrocardiographic (ECG) monitoring leads or defi-
brillator pads as soon as possible and monitor blood pressure.
If the patient has an indwelling arterial catheter, use the
waveform to guide your technique in compressing the chest.
A minor adjustment of your hand position or depth of
compression can significantly improve the waveform.

Vascular Access

Vascular access is essential for administering medications
and drawing blood samples. Venous access can be challeng-
ing in infants and children during an emergency, whereas
intraosseous (IO) access can be easily achieved. Limit the
time you attempt venous access,®* and if you cannot achieve
reliable access quickly, establish IO access. In cardiac arrest
immediate IO access is recommended if no other I'V access is
already in place.

Intraosseous Access

10 access is a rapid, safe, and effective route for the
administration of medications and fluids,***> and it may be
used for obtaining an initial blood sample during resuscitation
(Class IIa; LOE 30¢59). You can safely administer epineph-
rine, adenosine, fluids, blood products,®*% and catechol-
amines.®” Onset of action and drug levels achieved are

comparable to venous administration.®® You can also obtain
blood specimens for type and crossmatch and for chemical
and blood gas analysis even during cardiac arrest,®® but
acid-base analysis is inaccurate after sodium bicarbonate
administration via the 10 cannula.”’® Use manual pressure or
an infusion pump to administer viscous drugs or rapid fluid
boluses,’”!-72 and follow each medication with a saline flush to
promote entry into the central circulation.

Venous Access

A central intravenous line (IV) provides more secure long-
term access, but central drug administration does not achieve
higher drug levels or a substantially more rapid response than
peripheral administration.”?

Endotracheal Drug Administration

Any vascular access, 1O or IV, is preferable, but if you cannot
establish vascular access, you can give lipid-soluble drugs
such as lidocaine, epinephrine, atropine, and naloxone
(“LEAN”)7+75 via the endotracheal tube,’® although optimal
endotracheal doses are unknown (Table 1). Flush with a
minimum of 5 mL normal saline followed by 5 assisted
manual ventilations.”” If CPR is in progress, stop chest
compressions briefly during administration of medications.
Although naloxone and vasopressin may be given by the
endotracheal route, there are no human studies to support a
specific dose. Non-lipid-soluble drugs (eg, sodium bicarbon-
ate and calcium) may injure the airway and should not be
administered via the endotracheal route.

Administration of resuscitation drugs into the trachea
results in lower blood concentrations than the same dose
given intravascularly. Furthermore, recent animal studies
suggest that the lower epinephrine concentrations achieved
when the drug is delivered by the endotracheal route may
produce transient B-adrenergic effects. These effects can be
detrimental, causing hypotension, lower coronary artery per-
fusion pressure and flow, and reduced potential for return of
spontaneous circulation. Thus, although endotracheal admin-
istration of some resuscitation drugs is possible, IV or 10
drug administration is preferred because it will provide a
more predictable drug delivery and pharmacologic effect.

Emergency Fluids and Medications

Estimating Weight

In the out-of-hospital setting a child’s weight is often un-
known, and even experienced personnel may not be able to
estimate it accurately.”® Tapes with precalculated doses
printed at various patient lengths are helpful and have been
clinically validated.?5787° Hospitalized patients should have
weights and precalculated emergency drug doses recorded
and readily available.

Fluids

Use an isotonic crystalloid solution (eg, lactated Ringer’s
solution or normal saline)8®-8! to treat shock; there is no
benefit in using colloid (eg, albumin) during initial resusci-
tation.32 Use bolus therapy with a glucose-containing solution
to only treat documented hypoglycemia (Class IIb; LOE 283;
6%4). There is insufficient data to make a recommendation for
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TABLE 1. Medications for Pediatric Resuscitation and Arrhythmias

Medication Dose Remarks
Adenosine 0.1 mg/kg (maximum 6 mg) Monitor ECG
Repeat: 0.2 mg/kg (maximum 12 mg) Rapid IV/I0 bolus
Amiodarone 5 mg/kg IV/10; repeat up to 15 mg/kg Monitor ECG and blood pressure
Maximum: 300 mg Adjust administration rate to urgency (give more slowly
when perfusing rhythm present)
Use caution when administering with other drugs that
prolong QT (consider expert consultation)
Atropine 0.02 mg/kg IV/I0 Higher doses may be used with organophosphate

Calcium chloride (10%)

0.03 mg/kg ET*
Repeat once if needed
Minimum dose: 0.1 mg
Maximum single dose:
Child 0.5 mg
Adolescent 1 mg

20 mg/kg IV/10 (0.2 mL/kg)

poisoning

Slowly
Adult dose: 5-10 mL

May repeat g 3—-5 min

DyoW: 5-10 mL/kg

Epinephrine 0.01 mg/kg (0.1 mL/kg 1:10 000) IV/I0
0.1 mg/kg (0.1 mL/kg 1:1000) ET*
Maximum dose: 1 mg IV/I0; 10 mg ET

Glucose 0.5-1 g/kg IV/10

Lidocaine Bolus: 1 mg/kg IV/I0

Maximum dose: 100 mg
Infusion: 20-50 wg/kg per minute
ET* 2-3 mg

Magnesium sulfate
Maximum dose: 29

Naloxone <5y or =20 kg: 0.1 mg/kg IV/IO/ET*

=5y or >20 kg: 2 mg IV/IO/ET*

Procainamide 15 mg/kg IV/I0 over 30-60 min

Adult dose: 20 mg/min IV infusion up to total

maximum dose 17 mg/kg

Sodium bicarbonate 1 mEqg/kg per dose IV/I0 slowly

DasW: 2-4 mL/kg
DgoW: 1-2 mL/kg

25-50 mg/kg IV/I0 over 10-20 min; faster in torsades

Use lower doses to reverse respiratory depression
associated with therapeutic opioid use (1-15 wg/kg)

Monitor ECG and blood pressure
Use caution when administering with other drugs that
prolong QT (consider expert consultation)

After adequate ventilation

IV indicates intravenous; 10, intraosseous; and ET, via endotracheal tube.
*Flush with 5 mL of normal saline and follow with 5 ventilations.

or against hypertonic saline for shock associated with head
injuries or hypovolemia (Class Indeterminate).8-8¢

Medications (See Table 1)

Adenosine
Adenosine causes a temporary atrioventricular (AV) nodal

conduction block and interrupts reentry circuits that involve
the AV node. It has a wide safety margin because of its short
half-life.

A higher dose may be required for peripheral administra-
tion than central venous administration.®”-88¢ Based on exper-
imental data%® and a case report,”® adenosine may also be
given by IO route. Administer adenosine and follow with a
rapid saline flush to promote flow toward the central
circulation.

Amiodarone
Amiodarone slows AV conduction, prolongs the AV refrac-

tory period and QT interval, and slows ventricular conduction
(widens the QRS).

Precautions
Monitor blood pressure and administer as slowly as the

patient’s clinical condition allows; it should be administered
slowly to a patient with a pulse but may be given rapidly to
a patient with cardiac arrest or ventricular fibrillation (VF).
Amiodarone causes hypotension through its vasodilatory
property. The severity of the hypotension is related to the
infusion rate and is less common with the aqueous form of
amiodarone.”!

Monitor the ECG because complications may include
bradycardia, heart block, and torsades de pointes ventricular
tachycardia (VT). Use extreme caution when administering
with another drug causing QT prolongation, such as procain-
amide. Consider obtaining expert consultation. Adverse ef-
fects may be long lasting because the half-life is up to 40
days.”?

Atropine
Atropine sulfate is a parasympatholytic drug that accelerates
sinus or atrial pacemakers and increases AV conduction.
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Precautions
Small doses of atropine (<0.1 mg) may produce paradoxical

bradycardia.”® Larger than recommended doses may be re-
quired in special circumstances (eg, organophosphate poison-
ing® or exposure to nerve gas agents).

Calcium
Routine administration of calcium does not improve outcome

of cardiac arrest.” In critically ill children, calcium chloride
may provide greater bioavailability than calcium gluconate.®
Preferably administer calcium chloride via a central venous
catheter because of the risk of sclerosis or infiltration with a
peripheral venous line.

Epinephrine

The a-adrenergic-mediated vasoconstriction of epinephrine
increases aortic diastolic pressure and thus coronary perfu-
sion pressure, a critical determinant of successful
resuscitation.?”-°8

Precautions
Administer all catecholamines through a secure line, prefer-

ably into the central circulation; local ischemia, tissue injury,
and ulceration may result from tissue infiltration.

Do not mix catecholamines with sodium bicarbonate;
alkaline solutions inactivate them.

In patients with a perfusing rhythm, epinephrine causes
tachycardia and may cause ventricular ectopy, tachyarrhythmias,
hypertension, and vasoconstriction.*®

Glucose
Infants have high glucose requirements and low glycogen

stores and develop hypoglycemia when energy requirements
rise.'? Check blood glucose concentrations during and after
arrest and treat hypoglycemia promptly (Class IIb; LOE 1'0';
7 [most extrapolated from neonates and adult ICU studies]).

Lidocaine

Lidocaine decreases automaticity and suppresses ventricular
arrhythmias'®? but is not as effective as amiodarone for
improving intermediate outcomes (ie, return of spontaneous
circulation or survival to hospital admission) among adult
patients with VF refractory to a shock and epinephrine.!®?
Neither lidocaine nor amiodarone has been shown to improve
survival to hospital discharge among patients with VF cardiac
arrest.

Precautions

Lidocaine toxicity includes myocardial and circulatory de-
pression, drowsiness, disorientation, muscle twitching, and
seizures, especially in patients with poor cardiac output and
hepatic or renal failure.!04105

Magnesium
There is insufficient evidence to recommend for or against

the routine administration of magnesium during cardiac arrest
(Class Indeterminate).'96-108 Magnesium is indicated for the
treatment of documented hypomagnesemia or for torsades de
pointes (polymorphic VT associated with long QT interval).
Magnesium produces vasodilation and may cause hypoten-
sion if administered rapidly.

Procainamide
Procainamide prolongs the refractory period of the atria and

ventricles and depresses conduction velocity.

Precautions

There is little clinical data on using procainamide in infants
and children.'0>110 Infuse procainamide very slowly while
you monitor for hypotension, prolongation of the QT interval,
and heart block. Stop the infusion if the QRS widens to
>50% of baseline or if hypotension develops. Use extreme
caution when administering with another drug causing QT
prolongation, such as amiodarone. Consider obtaining expert
consultation.

Sodium Bicarbonate
The routine administration of sodium bicarbonate has not

been shown to improve outcome of resuscitation (Class
Indeterminate). After you have provided effective ventilation
and chest compressions and administered epinephrine, you
may consider sodium bicarbonate for prolonged cardiac arrest
(Class IIb; LOE 6). Sodium bicarbonate administration may
be used for treatment of some toxidromes (see “Toxicologic
Emergencies,” below) or special resuscitation situations.

During cardiac arrest or severe shock, arterial blood gas
analysis may not accurately reflect tissue and venous
acidosis.!!-112

Precautions

Excessive sodium bicarbonate may impair tissue oxygen
delivery!'3; cause hypokalemia, hypocalcemia, hypernatre-
mia, and hyperosmolality!!4115; decrease the VF threshold!!¢;
and impair cardiac function.

Vasopressin
There is limited experience with the use of vasopressin in

pediatric patients,'!” and the results of its use in the treatment
of adults with VF cardiac arrest have been inconsistent.!!8-121
There is insufficient evidence to make a recommendation for
or against the routine use of vasopressin during cardiac arrest
(Class Indeterminate; LOE 5!17; 6121, 7'8-120 [extrapolated
from adult literature]).

Pulseless Arrest
In the text below, box numbers identify the corresponding
box in the algorithm (Figure 1.)

If a victim becomes unresponsive (Box 1), start CPR
immediately (with supplementary oxygen if available) and
send for a defibrillator (manual or automated external defi-
brillator [AED]). Asystole and bradycardia with a wide QRS
complex are most common in asphyxial cardiac arrest.!?> VF
and pulseless electrical activity (PEA) are less common'??
and more likely to be observed in children with sudden arrest.
If you are using an ECG monitor, determine the rthythm (Box
2); if you are using an AED, the device will tell you whether
the rhythm is “shockable” (ie, VF or rapid VT), but it may not
display the rhythm.

“Shockable Rhythm”’: VF/Pulseless VT (Box 3)
VF occurs in 5% to 15% of all pediatric victims of out-of-
hospital cardiac arrest!?3-125 and is reported in up to 20% of
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PULSELESS ARREST
* BLS Algorithm: Continue CPR
* Give oxygen when available
* Attach monitor/defibrillator when available

2
Shockable l Check rhythm Not Shockable
?
3 * i Shockable rhythm? ° |
VENT Asystole/PEA
4 Y
10 ¥
Give 1 shock
* Manual: 2 J/kg Resume CPR immediately
* AED: >1 year of age Give epinephrine
Use pediatric system if available s :ﬂ%:}gﬁoﬂ;wkﬁ o
for 1 to 8 years of age : : 0.1 mlikg
Resume CPR immediately 5 ﬁn;ﬂggglcgr:al tbt:‘er) 0.1 mg/kg
: 0.1 mi/kg]
Repeat every 3 to 5 min
Give 5 cycles
5 of CPR*
Y
Check rhythm ) Mo _ Give 5 :.‘!l.!rs
Shockable rhythm? » - of CPR
¥
Shochable Check rhythm
6 ¥ Shockable rhythm?
Continue CPR while defibrillator 12
gﬁha;g;;g K + |f asystole, go to Box 10 13
3 ':"B F_O: Ik * If electrical activity, check
anual: a pulse. If no pulse, go to Not Shockable Shockable Go to
* AED: =1 yea{ofage_ > Box 10 - > Box 4
gi':e"':;niz;:.:e““’d'm" » If pulse present, begin
« IV/10: 0.01 mg/kg postresuscitation care
{1:10000: 0.1 mL/kg)
« Endotracheal tube: 0.1 mg/kg
(1:1000: 0.1 mL/kg)
Repeat every 3 to 5 minutes
Give 5 cycles
of CPR*
7 ¥
\
Check rhythm No
Shockable rhythm?
During CPR
8 Shechable » Push hard and fast (100/min) * Rotate compressors every 2 minutes
A « Ensure full chest recoil it checks
ponﬁnu? CPR while defibrillator « Minimize interruptions in chest - Searc:; for an;:c treat_ possible
is charging compressions Eorr;:r:oﬂ;gmia o
Give 1 Sh_o‘:k * One cycle of CPR: 15 compressions - Hypoxia
: K‘:Sua‘1 4 Jfkgf then 2 breaths; 5 cycles =1 to 2 min ~ Hydrogen ion (acidosis)
R ‘>c§;a{° e * Avoid hyperventilation — Hypo-/hyperkalemia
i 2 bt - Hypoglycemia
Consider antiarrhythmics * Secure airway and confirm placement.  _ yoothermia
(eg, amiodarone 5 mg/kg V10 or - Toxins

lidocaine 1 mg/kg IV/IO)
Consider magnesium 25 to
50 mg/kg IV/10, max 2 g for

* After an advanced airway is placed,
rescuers no loenger deliver “cycles”
of CPR. Give continous chest com-

torsades de pointes pressions without pauses for breaths. _?ulmnnary}
After 5 cycles of CPR* go to Give 8 to 10 breaths/minute. Check e lauid
Box 5 above rhythm every 2 minutes.

- Tamponade, cardiac
— Tension pneumothorax
— Thrombosis (coronary or

Figure 1. PALS Pulseless Arrest Algorithm.

pediatric in-hospital arrests at some point during the
resuscitation. The incidence increases with age.!?3.125 De-
fibrillation is the definitive treatment for VF (Class I) with
an overall survival rate of 17% to 20%,'25-127 but in adults
the probability of survival declines by 7% to 10% for each
minute of arrest without CPR and defibrillation.'?® The
decline in survival is more gradual when early CPR is
provided.

Defibrillators
Defibrillators are either manual or automated (AED), with
monophasic or biphasic waveforms. For further informa-
tion see Part 5: “Electrical Therapies: Automated External
Defibrillators, Defibrillation, Cardioversion, and Pacing.”
Institutions that care for children at risk for arrhythmias
and cardiac arrest (eg, hospitals, emergency departments)
ideally should have defibrillators available that are capable of
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energy adjustment that is appropriate for children. Many
AED parameters are set automatically. When using a manual
defibrillator, several elements should be considered, and they
are highlighted below.

Paddle Size
Use the largest paddles or self-adhering electrodes'>*-13! that

will fit on the chest wall without touching (leave about 3 cm
between the paddles). The best paddle size is

® Adult paddles (8 to 10 cm) for children >10 kg (more than
approximately 1 year of age)
® Infant paddles for infants weighing <10 kg

Interface
The electrode—chest wall interface can be gel pads, electrode

cream, paste, or self-adhesive monitoring-defibrillation pads.
Do not use saline-soaked pads, ultrasound gel, bare paddles,
or alcohol pads.

Paddle Position
Apply firm pressure on the paddles (manual) placed over the

right side of the upper chest and the apex of the heart (to the
left of the nipple over the left lower ribs). Alternatively place
one electrode on the front of the chest just to the left of the
sternum and the other over the upper back below the
scapula.!3?

Energy Dose
The lowest energy dose for effective defibrillation and the

upper limit for safe defibrillation in infants and children are
not known. Energy doses >4 J/kg (up to 9 J/kg) have
effectively defibrillated children'33-135 and pediatric animal
models'3¢ with negligible adverse effects. Based on data from
adult studies'3”138 and pediatric animal models,'3°~'#! bipha-
sic shocks appear to be at least as effective as monophasic
shocks and less harmful. With a manual defibrillator
(monophasic or biphasic), use a dose of 2 J/kg for the first
attempt (Class Ila; LOE 5'42; 6!3¢) and 4 J/kg for subsequent
attempts (Class Indeterminate).

AEDs

Many AEDs can accurately detect VF in children of all
ages'#3-145 and differentiate shockable from nonshockable
rhythms with a high degree of sensitivity and specifici-
ty.'43144 Since publication of the ECC Guidelines 2000, data
has shown that AEDs can be safely and effectively used in
children 1 to 8 years of age.!#3-14¢ There is insufficient data to
make a recommendation for or against using an AED in
infants <1 year of age (Class Indeterminate).'#¢ When using
an AED for children about 1 to 8 years old, use a pediatric
attenuator system, which decreases the delivered energy to a
dose suitable for children (Class IIb; LOE 513¢; 6139-141) If an
AED with a pediatric attenuating system is not available, use
a standard AED, preferably one with sensitivity and specific-
ity for pediatric shockable rhythms. It is recommended that
systems and institutions caring for children and having AED
programs should use AEDs with both a high specificity to
recognize pediatric shockable rhythms and a pediatric atten-
uating system.

Defibrillation Sequence (Boxes 4, 5, 6, 7, 8)
The following are important considerations:

o Attempt defibrillation immediately. The earlier you attempt
defibrillation, the more likely the attempt will be
successful.

® Provide CPR until the defibrillator is ready to deliver a
shock, and resume CPR, beginning with chest compres-
sions, immediately after shock delivery. Minimize inter-
ruptions of chest compressions. In adults with a prolonged
arrest!47-148 and animal models,!34-14° defibrillation is more
likely to be successful after a period of effective chest
compressions. Ideally, chest compressions should be inter-
rupted only for ventilations (until an advanced airway is in
place), rhythm check, and shock delivery. Rescuers should
provide chest compressions after a rhythm check (when
possible) while the defibrillator is charging.

® Give 1 shock (2 J/kg) as quickly as possible and immedi-
ately resume CPR, beginning with chest compressions
(Box 4). Biphasic defibrillators have a first shock success
rate that exceeds 90%.'50 If 1 shock fails to eliminate VF,
the incremental benefit of another shock is low, and
resumption of CPR is likely to confer a greater value than
another shock. CPR may provide some coronary perfusion
with oxygen and substrate delivery, increasing the likeli-
hood of defibrillation with a subsequent shock. It is
important to minimize the time between any interruption in
chest compressions and shock delivery and between shock
delivery and resumption of postshock compressions. Check
the rhythm (Box 5). Continue CPR for about 5 cycles
(about 2 minutes). In in-hospital settings with continuous
monitoring (eg, electrocardiographic, hemodynamic) in
place, this sequence may be modified at the physician’s
discretion (see Part 7.2: “Management of Cardiac Arrest”).

® Check the rhythm (Box 5). If a shockable rhythm persists,
give 1 shock (4 J/kg), resume compressions immediately.
Give a dose of epinephrine. The drug should be adminis-
tered as soon as possible after the rhythm check. It is
helpful if a third rescuer prepares the drug doses before the
rhythm is checked so a drug can be administered as soon as
possible after the rhythm is checked. A drug should be
administered during the CPR that is performed while the
defibrillator is charging or immediately after shock deliv-
ery. However, the timing of drug administration is less
important than the need to minimize interruptions in chest
compressions.

Use a standard dose of epinephrine for the first and
subsequent doses (Class Ila; LOE 4).!5! There is no
survival benefit from routine use of high-dose epinephrine,
and it may be harmful, particularly in asphyxia (Class III;
LOE 2, 4).'5! High-dose epinephrine may be considered in
exceptional circumstances, such as [-blocker overdose
(Class IIb). Give the standard dose of epinephrine about
every 3 to 5 minutes during cardiac arrest.

® After 5 cycles (approximately 2 minutes) of CPR, check
the rhythm (Box 7). If the rhythm continues to be “shock-
able,” deliver a shock (4 J/kg), resume CPR (beginning
with chest compressions) immediately, and give amio-
darone (Class IIb; LOE 3, 7)103. 152-154 or lidocaine if you





do not have amiodarone (Box 8) while CPR is provided.
Continue CPR for 5 cycles (about 2 minutes) before again
checking the rhythm and attempting to defibrillate if
needed with 4 J/kg (you now have returned to Box 6).

® Once an advanced airway is in place, 2 rescuers no longer
deliver cycles of CPR (ie, compressions interrupted by
pauses for ventilation). Instead, the compressing rescuer
should give continuous chest compressions at a rate of 100
per minute without pauses for ventilation. The rescuer
delivering ventilation provides 8 to 10 breaths per minute.
Two or more rescuers should rotate the compressor role
approximately every 2 minutes to prevent compressor
fatigue and deterioration in quality and rate of chest
compressions.

® [f you have a monitor or an AED with a rhythm display and
there is an organized rhythm at any time, check for a pulse
and proceed accordingly (Box 12).

® [f defibrillation is successful but VF recurs, continue CPR
while you give another bolus of amiodarone before you try
to defibrillate with the previously successful shock dose
(see Box 8).

® Search for and treat reversible causes (see green “During
CPR” box).

Torsades de Pointes

This polymorphic VT is seen in patients with a long QT
interval, which may be congenital or may result from toxicity
with type I, antiarrhythmics (eg, procainamide, quinidine,
and disopyramide) or type III antiarrhythmics (eg, sotalol and
amiodarone), tricyclic antidepressants (see below), digitalis,
or drug interactions.!'>>15¢ These are examples of contributing
factors listed in the green box in the algorithm.

Treatment
Regardless of the cause, treat torsades de pointes with a rapid
(over several minutes) IV infusion of magnesium sulfate.

“Nonshockable Rhythm”: Asystole/PEA (Box 9)
The most common ECG findings in infants and children in
cardiac arrest are asystole and PEA. PEA is organized
electrical activity—most commonly slow, wide QRS com-
plexes—without palpable pulses. Less frequently there is a
sudden impairment of cardiac output with an initially normal
rhythm but without pulses and with poor perfusion. This
subcategory (formerly known as electromechanical dissocia-
tion [EMD]) is more likely to be treatable. For asystole and
PEA:

® Resume CPR and continue with as few interruptions in
chest compressions as possible (Box 10). A second rescuer
gives epinephrine while the first continues CPR. As with
VF/pulseless VT, there is no survival benefit from routine
high-dose epinephrine, and it may be harmful, particularly
in asphyxia (Class III; LOE 21!5!; ¢99:157.158; 7159) {Jse a
standard dose for the first and subsequent doses (Class Ila;
LOE 4).'5" High-dose epinephrine may be considered in
exceptional circumstances such as [(-blocker overdose
(Class IIb).

® Search for and treat reversible causes (see the green box).
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Bradycardia
Box numbers in the text below refer to the corresponding
boxes in the PALS Bradycardia Algorithm (Figure 2).
The emergency treatment of bradycardia depends on its
hemodynamic consequences.

® This algorithm applies to the care of the patient with
bradycardia that is causing cardiorespiratory compromise

(Box 1). If at any time the patient develops pulseless arrest,

see the PALS Pulseless Arrest Algorithm.

® Support airway, breathing, and circulation as needed,
administer oxygen, and attach a monitor/defibrillator (Box

2).

® Reassess the patient to determine if bradycardia is still
causing cardiorespiratory symptoms despite support of

adequate oxygenation and ventilation (Box 3).

® If pulses, perfusion, and respirations are normal, no emer-
gency treatment is necessary. Monitor and proceed with
evaluation (Box 5A).

® If heart rate is <60 beats per minute with poor perfusion
despite effective ventilation with oxygen, start chest com-

pressions (Box 6).

® Reevaluate the patient to determine if signs of hemody-
namic compromise persist despite the support of adequate
oxygenation and ventilation and compressions if indicated

(Box 5). Verify that the support is adequate—eg, check

airway and oxygen source and effectiveness of ventilation.

® Medications and pacing (Box 6)

—Continue to support airway, ventilation, oxygenation
(and provide compressions as needed) and give epineph-
rine (Class Ila; LOE 7, 8). If bradycardia persists or
responds only transiently, consider a continuous infusion
of epinephrine or isoproterenol.

—If bradycardia is due to vagal stimulation, give atropine
(Class I) (Box 6). Emergency transcutaneous pacing may
be lifesaving if the bradycardia is due to complete heart
block or sinus node dysfunction unresponsive to venti-
lation, oxygenation, chest compressions, and medica-
tions, especially if it is associated with congenital or
acquired heart disease (Class IIb; LOE 5, 7).'° Pacing is
not useful for asystole!®0-1! or bradycardia due to post-
arrest hypoxic/ischemic myocardial insult or respiratory
failure.

Tachycardia and Hemodynamic Instability
The box numbers in the text below correspond to the
numbered boxes in the Tachycardia Algorithm (Figure 3)

If there are no palpable pulses, proceed with the PALS
Pulseless Arrest Algorithm. If pulses are palpable and the
patient has signs of hemodynamic compromise (poor perfu-
sion, tachypnea, weak pulses), ensure that the airway is
patent, assist ventilations if necessary, administer supplemen-
tary oxygen, and attach an ECG monitor or defibrillator (Box
1). Assess QRS duration (Box 2): determine if the QRS
duration is =0.08 second (narrow-complex tachycardia) or
>0.08 second (wide-complex tachycardia).

Narrow-Complex (=0.08 Second) Tachycardia
Evaluation of a 12-lead ECG (Box 3) and the patient’s
clinical presentation and history (Boxes 4 and 5) should help
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BRADYCARDIA
With a Pulse
Causing
cardiorespiratory compromise

2 y

* Give oxygen

* Support ABCs as needed

* Attach monitor/defibrillator

¥

No

-
Bradycardia still causing Yes
cardiorespiratory compromise?

5A v

* Support ABCs; give oxygen No

4 y

Y

Perform CPR if despite
oxygenation and ventilation
HR <60/min with poor perfusion

5 ¥

if needed
* Observe
* Consider expert consultation

A

( Persistent symptomatic bradycardia? ]

\

Yes

6 Y

* Give epinephrine

= IV/10: 0.01 mg/kg
(1:10 000: 0.1 mL/kg)

- Endotracheal tube:
0.1 mg/kg
(1:1000: 0.1 mL/kg)

Repeat every 3 to

5 minutes

* If increased vagal tone
or primary AV block:

Reminders

(100/min) contributing factors:
Ensure full chest recoil = Hypovolemia
Minimize interruptions in chest
compressions
* Support ABCs

* Secure airway if needed; confirm 7 HYpoglycerpia
placement 5 'Ir'lgsitr:‘tshen'ma

* During CPR, push hard and fast * Search for and treat possible

~ Hypoxia or ventilation problems
— Hydrogen ion (acidosis)
- Hypo-/hyperkalemia

- Tamponade, cardiac

- Tension pneumothorax

- Thrombosis (coronary or pulmonary)
- Trauma (hypovolemia, increased ICP)

Give atropine, first dose:
0.02 mg/kg, may repeat.
(Minimum dose: 0.1 mg;

maximum total dose for

child: 1 mg.)

* Consider cardiac pacing

7 ¥

If pulseless arrest develops,
go to Pulseless Arrest
Algorithm

Figure 2. PALS Bradycardia Algorithm.

you differentiate probable sinus tachycardia from probable
supraventricular tachycardia (SVT). If the rhythm is sinus
tachycardia, search for and treat reversible causes.

Probable Supraventricular Tachycardia (Box 5)
Monitor rhythm during therapy to evaluate effect. The choice

of therapy depends on the patient’s degree of hemodynamic
instability.

o Attempt vagal stimulation (Box 7) first unless the
patient is very unstable and if it does not unduly delay
chemical or electrical cardioversion (Class Ila; LOE 4,
5,7, 8). In infants and young children, apply ice to the

face without occluding the airway.!¢>-163 In older chil-
dren, carotid sinus massage or Valsalva maneuvers are
safe (Class IIb; LOE 5, 7).1¢4-166 One method of a
Valsalva maneuver is to have the child blow through an
obstructed straw.!®> Do not apply pressure to the eye
because this can damage the retina.

Chemical cardioversion with adenosine (Box 8) is very
effective (Class Ila; LOE 287; 388; 7 [extrapolation from adult
studies]). If IV access is readily available administer adeno-
sine using 2 syringes connected to a T-connector or stopcock;
give adenosine rapidly with one syringe and immediately
flush with =5 mL of normal saline with the other.
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* Give oxygen

TACHYCARDIA
With Pulses and Poor Perfusion
* Assess and support ABCs as needed

* Attach monitor/defibrillator

Symptoms
3 Persint 9
e o Narrow QRS 2 v Wide QRS m
valuate m > ossible
with 12-lead {50.08 sec) ( Evaluate QRS duration \ .00 o = Ventricular
ECG or monitor . J Tachycardia
a L 5 l 10 v
Probable Sinus Tachycardia Probable Supraventricular Tachycardia » Synchronized cardioversion:
* Compatible history consistent * Compatible history (vague, nonspecific) 0.5 to 1 J/kg; if not effective,
with known cause * P waves absent/abnormal increase to 2 J/kg
* P waves present/normal * HR not variable Sedate if possible but don't
* Variable R-R; constant P-R * History of abrupt rate changes delay cardioversion
* |nfants: rate usually <220 bpm * Infants: rate usually =220 bpm * May attempt adenosine if it
* Children: rate usually <180 bpm * Children: rate usually =180 bpm does not delay electrical
cardioversion
6 l 7
[ Search for and treat cause I Consider vagal
maneuvers >
(No delays)
8 Y 1 y
* If IV access readily available: Expert consultation advised
Give adenosine 0.1 mg/kg (maximum * Amiodarone 5 mg/kg IV
first dose 6 mg) by rapid bolus over 20 to 60 minutes
May double first dose and give once or

{maximum second dose 12 mg)
or

* Synchronized cardioversion: 0.5 to Do not routinely administer
1 J/kg; if not effective, increase to 2 J/kg amiodarone and procainamide
Sedate if possible but don't delay together
cardioversion

Y

* Procainamide 15 mg/kg IV
over 30 to 60 minutes

During Evaluation Treat possible contributing factors:

* Secure, verify airway - Hypovolemia — Toxins
and vascular access - Hypoxia — Tamponade, cardiac
when possible — Hydrogen ion (acidosis) - Tension pneumothorax

* Consider expert - Hypo-/hyperkalemia - Thrombosis (coronary or
consultation ~ Hypoglycemia pulmonary)

* Prepare for — Hypothermia — Trauma (hypovolemia)
cardioversion

Figure 3. PALS Tachycardia Algorithm.

® [f the patient is very unstable or IV access is not readily
available, provide electrical (synchronized) cardioversion
(Box 8). Consider sedation if possible. Start with a dose of
0.5 to 1 J/kg. If unsuccessful, repeat using a dose of 2 J/kg.
If a second shock is unsuccessful or the tachycardia recurs
quickly, consider antiarrhythmic therapy (amiodarone or
procainamide) before a third shock.

® Consider amiodarone or procainamide (Box 11) for SVT
unresponsive to vagal maneuvers and adenosine (Class IIb;
5153, 154, 167-169; 7T [extrapolated from LOE 2 adult stud-
ies]'93152) Use extreme caution when administering more
than one drug that causes QT prolongation (eg, amiodarone
and procainamide). Consider obtaining expert consultation.
Give an infusion of amiodarone or procainamide slowly (over

several minutes to an hour), depending on the urgency, while you
monitor the ECG and blood pressure. If there is no effect and
there are no signs of toxicity, give additional doses (Table 1).

® Do not use verapamil in infants because it may cause
refractory hypotension and cardiac arrest (Class III; LOE
5170171y “and use with caution in children because it may
cause hypotension and myocardial depression.!7?

Wide-Complex (>0.08 Second) Tachycardia (Box 9)
Wide-complex tachycardia with poor perfusion is probably ventric-
ular in origin but may be supraventricular with aberrancy.'”3

® Treat with synchronized electrical cardioversion (0.5 J to
1 J/kg). If it does not delay cardioversion, try a dose of
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adenosine first to determine if the rhythm is SVT with
aberrant conduction (Box 10).

® If a second shock (2 J/kg) is unsuccessful or if the tachycardia
recurs quickly, consider antiarrhythmic therapy (amiodarone or
procainamide) before a third shock (see above) (Box 11).

Tachycardia With Hemodynamic Stability

Because all arrhythmia therapies have the potential for
serious adverse effects, consider consulting an expert in
pediatric arrhythmias before treating children who are hemo-
dynamically stable.

® For SVT, see above.

® For VT, give an infusion of amiodarone slowly (minutes to an
hour depending on the urgency) (Class IIb; LOE 7 [extrapolated
from adult studies]) while you monitor the ECG and blood
pressure. If there is no effect and there are no signs of toxicity,
give additional doses (Table 1). If amiodarone is not available,
consider giving procainamide slowly (over 30 to 60 minutes)
while you monitor the ECG and blood pressure (Class IIb; LOE
5, 6, 7). Do not administer amiodarone and procainamide
together without expert consultation.

Special Resuscitation Situations

Trauma
Some aspects of trauma resuscitation require emphasis be-
cause improperly performed resuscitation is a major cause of
preventable pediatric death.!'”* Common errors in pediatric
trauma resuscitation include failure to open and maintain the
airway, failure to provide appropriate fluid resuscitation, and
failure to recognize and treat internal bleeding. Involve a
qualified surgeon early, and if possible, transport a child with
multisystem trauma to a trauma center with pediatric
expertise.

The following are special aspects of trauma resuscitation:

® When the mechanism of injury is compatible with spinal
injury, restrict motion of the cervical spine and avoid
traction or movement of the head and neck. Open and
maintain the airway with a jaw thrust, and do not tilt the
head.

If you cannot open the airway with a jaw thrust, use head
tilt—chin lift, because you must establish a patent airway.
Because of the disproportionately large head size in infants
and young children, optimal positioning may require re-
cessing the occiput® or elevating the torso to avoid
undesirable backboard-induced cervical flexion.>*-60

® Do not overventilate (Class III; LOE 3'75; 5, 6) even in case
of head injury.!7¢ Intentional brief hyperventilation may be
used as a temporizing rescue therapy when you observe
signs of impending brain herniation (eg, sudden rise in
measured intracranial pressure, dilated pupil[s] not respon-
sive to light, bradycardia, hypertension).

® Suspect thoracic injury in all thoracoabdominal trauma,
even in the absence of external injuries. Tension pneumo-
thorax, hemothorax, or pulmonary contusion may impair
breathing.

® If the patient has maxillofacial trauma or if you suspect a
basilar skull fracture, insert an orogastric rather than a
nasogastric tube.!””

® Treat signs of shock with a bolus of 20 mL/kg of an
isotonic crystalloid (eg, normal saline or lactated Ringer’s
solution) even if blood pressure is normal. Give additional
boluses (20 mL/kg) if systemic perfusion fails to improve.
If signs of shock persist after administration of 40 to 60
mL/kg of isotonic crystalloid, give 10 to 15 mL/kg of
blood. Although type-specific crossmatched blood is pre-
ferred, in an emergency use O-negative blood in females
and O-positive or O-negative in males. If possible warm
the blood before rapid infusion.!78179

® Consider intra-abdominal hemorrhage, tension pneumotho-
rax, pericardial tamponade, spinal cord injury in infants
and children, and intracranial hemorrhage in infants with
signs of shock.!80.181

Children With Special Healthcare Needs

Children with special healthcare needs's>'8% may require
emergency care for their chronic conditions (eg, obstruction
of a tracheostomy), failure of support technology (eg, venti-
lator failure), progression of their underlying disease, or
events unrelated to those special needs.!®5 For additional
information about CPR see Part 11: “Pediatric Basic Life
Support.”

Ventilation With a Tracheostomy or Stoma
Parents, school nurses, and home healthcare providers should

know how to assess patency of the airway, clear the airway,
and perform CPR using the artificial airway in a child with a
tracheostomy.

Parents and providers should be able to provide ventilation
via the tracheostomy tube and verify effectiveness by chest
expansion. If you cannot ventilate after suctioning the tube,
replace it. If a clean tube is unavailable, perform mouth-to-
stoma or mask-to-stoma ventilations. If the upper airway is
patent, you may be able to provide effective bag-mask
ventilation through the nose and mouth while you or someone
else occludes the tracheal stoma.

Toxicologic Emergencies

Overdose with cocaine, narcotics, tricyclic antidepressants,
calcium channel blockers, and B-adrenergic blockers poses
some unique resuscitation problems in addition to the usual
resuscitative measures.

Cocaine
Acute coronary syndrome, manifested by chest pain and

cardiac rhythm disturbances (including VT and VF), is the
most frequent cocaine-related reason for hospitalization in
adults.!86:187 Cocaine prolongs the action potential and QRS
duration and impairs myocardial contractility.!ss18°

Treatment

® Cool aggressively; hyperthermia is associated with an
increase in toxicity.!?°

® For coronary vasospasm, consider nitroglycerin (Class Ila;
LOE 5, 6),'°1.192 a benzodiazepine, and phentolamine!%3.194
(Class IIb; LOE 5, 6).





® Do not give (B-adrenergic blockers.!%0

® For ventricular arrhythmia, consider sodium bicarbonate
(1 to 2 mEq/kg)'95196 (Class IIb; LOE 5, 6, 7) in addition
to standard treatments.

® To prevent arrhythmia secondary to myocardial infarction,
consider a lidocaine bolus followed by a lidocaine infusion
(Class IIb; LOE 5, 6).

Tricyclic Antidepressants and Other Sodium

Channel Blockers

Toxic doses cause cardiovascular abnormalities, including
intraventricular conduction delays, heart block, bradycardia,
prolongation of the QT interval, ventricular arrhythmias
(including torsades de pointes, VT, and VF), hypoten-
sion,'8%-197 seizures, and a depressed level of consciousness.

Treatment

® Give 1 to 2 mEq/kg boluses of sodium bicarbonate until
arterial pH is >7.45, and then infuse 150 mEq NaHCO; per
liter of DsW to maintain alkalosis. In severe intoxication,
increase the pH to 7.50 to 7.55.18%:198 Do not administer
Class I, (quinidine, procainamide), Class I (flecainide,
propafenone), or Class III (amiodarone and sotalol) antiar-
rhythmics, which may exacerbate cardiac toxicity (Class
III; LOE 6, 8).198

® For hypotension, give boluses (10 mL/kg each) of normal
saline. If you need a vasopressor, epinephrine and norepi-
nephrine have been shown to be more effective than
dopamine in raising blood pressure.!99-200

® Consider extracorporeal membrane oxygenation if high-
dose vasopressors do not maintain blood pressure.?0!.202

Calcium Channel Blockers

Manifestations of toxicity include hypotension, ECG changes
(prolongation of the QT interval, widening of the QRS, and
right bundle branch block), arrhythmias (bradycardia, SVT,
VT, torsades de pointes, and VF),?3 and altered mental
status.

Treatment

® Treat mild hypotension with small boluses (5 to 10 mL/kg)
of normal saline because myocardial depression may limit
the amount of fluid the patient can tolerate.

® The effectiveness of calcium administration is variable
(Class IIb; LOE 7, 8).203-207 Try giving 20 mg/kg (0.2
mL/kg) of 10% calcium chloride over 5 to 10 minutes; if
there is a beneficial effect, give an infusion of 20 to 50
mg/kg per hour. Monitor ionized calcium concentration to
prevent hypercalcemia. It is preferable to administer cal-
cium chloride via a central venous catheter; use caution
when infusing into a peripheral IV because of the risk for
sclerosis or infiltration.

® For bradycardia and hypotension, consider a high-dose
vasopressor such as norepinephrine or epinephrine (Class
IIb; LOE 5).200

® There is insufficient data to recommend for or against an
infusion of insulin and glucose?*8-2!! or sodium bicarbon-
ate (Class Indeterminate).

B-Adrenergic Blockers
Toxic doses of [-adrenergic blockers cause bradycardia,
heart block, and decreased cardiac contractility, and some
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(eg, propranolol and sotalol) may also prolong the QRS and
the QT intervals.2!1-214

Treatment

® High-dose epinephrine infusion may be effective?'42!5
(Class Indeterminate; LOE 5, 6).

® Consider glucagon (Class IIb; LOE 5, 6).211.214.216.217 [
adolescents, infuse 5 to 10 mg of glucagon over several
minutes followed by an IV infusion of 1 to 5 mg/h. If you
are giving >2 mg of glucagon, reconstitute it in sterile
water (<1 mg/mL) rather than the diluent supplied by the
manufacturer.2!”

® Consider an infusion of glucose and insulin (Class Indeter-
minate; LOE 6).208

® There is insufficient data to make a recommendation for or
against using calcium (Class Indeterminate; LOE 5,
6).204.218219 Calcium may be considered if glucagon and
catecholamine are ineffective (Class IIb; LOE 5, 6).

Opioids
Narcotics may cause hypoventilation, apnea, bradycardia, and
hypotension.

Treatment

® Ventilation is the initial treatment for severe respiratory
depression from any cause (Class I).

® Naloxone reverses the respiratory depression of narcotic
overdose (Class I; LOE: 1220; LOE 222!; LOE 3222; 5,
6223:224) but in persons with long-term addictions or those
with cardiovascular disease, naloxone may increase heart
rate and blood pressure and cause acute pulmonary edema,
cardiac arrhythmias (including asystole), and seizures.
Ventilation before administration of naloxone appears to
reduce these adverse effects.?2> Intramuscular administra-
tion of naloxone may lower the risk.

Postresuscitation Stabilization
The goals of postresuscitation care are to preserve brain
function, avoid secondary organ injury, diagnose and treat the
cause of illness, and enable the patient to arrive at a pediatric
tertiary-care facility in an optimal physiological state. Re-
assess frequently because cardiorespiratory status may
deteriorate.

Respiratory System

Continue supplementary oxygen until you confirm adequate
blood oxygenation and oxygen delivery. Monitor by contin-
uous pulse oximetry.

Intubate and mechanically ventilate the patient if there is
significant respiratory compromise (tachypnea, respiratory
distress with agitation or decreased responsiveness, poor air
exchange, cyanosis, hypoxemia). If the patient is already
intubated, verify tube position, patency, and security. In the
hospital setting, obtain arterial blood gases 10 to 15 minutes
after establishing the initial ventilatory settings and make
appropriate adjustments. Ideally correlate blood gases with
capnographic end-tidal CO, concentration to enable noninva-
sive monitoring of ventilation.

Control pain and discomfort with analgesics (eg, fentanyl
or morphine) and sedatives (eg, lorazepam, midazolam). In
very agitated patients, neuromuscular blocking agents (eg,
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TABLE 2. Medications to Maintain Cardiac Output and for Postresuscitation Stabilization

Medication Dose Range Comment

Inamrinone 0.75-1 mg/kg IV/I0 over 5 minutes; Inodilator

may repeat X 2; then: 2-20 n.g/kg per minute

Dobutamine 2-20 pg/kg per minute IV/10 Inotrope; vasodilator

Dopamine 2-20 ng/kg per minute IV/10 Inotrope; chronotrope; renal and splanchnic vasodilator
in low doses; pressor in high doses

Epinephrine 0.1-1 ng/kg per minute IV/10 Inotrope; chronotrope; vasodilator in low doses; pressor
in higher doses

Milrinone 50-75 wg/kg IV/I0 over 10-60 min Inodilator

then 0.5-0.75 wg/kg per minute
Norepinephrine 0.1-2 png/kg per minute

Sodium nitroprusside  1-8 wg/kg per minute

Inotrope; vasopressor

Vasodilator; prepare only in DsW

IV indicates intravenous; and 10, intraosseous.
Alternative formula for calculating an infusion:

Infusion rate (mL/h) = [weight (kg) X dose (wg/kg/min) X 60 (min/h)]/concentration pg/mL).

vecuronium or pancuronium) with analgesia or sedation, or
both, may improve ventilation and minimize the risk of tube
displacement. Neuromuscular blockers, however, will mask
seizures.

Monitor exhaled CO,, especially during transport and
diagnostic procedures.??¢ Insert a gastric tube to relieve and
help prevent gastric inflation.

Cardiovascular System
Continuously monitor heart rate, blood pressure (by direct
arterial line if possible), and oxygen saturation. Repeat
clinical evaluations at least every 5 minutes until the patient
is stable. Monitor urine output with an indwelling catheter.
Remove the 10 access after you have alternate (preferably
2) secure venous lines. As a minimum, perform the following
laboratory tests: central venous or arterial blood gas analysis
and measurement of serum electrolytes, glucose, and calcium
levels. A chest x-ray may help you evaluate endotracheal tube
position, heart size, and pulmonary status.

Drugs Used to Maintain Cardiac Output (Table 2)
Myocardial dysfunction is common after cardiac arrest.??7-228

Systemic and pulmonary vascular resistance are increased
except in some cases of septic shock.??® Vasoactive agents
may improve hemodynamics, but each drug and dose must be
tailored to the patient (Class Ila; LOE 5, 6, 7) because clinical
response is variable. Infuse all vasoactive drugs into a secure
IV line. The potential adverse effects of catecholamines
include local ischemia and ulceration, tachycardia, atrial and
ventricular tachyarrhythmias, hypertension, and metabolic
changes (hyperglycemia, increased lactate concentration,?3°
and hypokalemia).

Epinephrine

Low-dose infusions (<0.3 ug/kg per minute) generally pro-
duce B-adrenergic action (potent inotropy and decreased
systemic vascular resistance), and higher-dose infusions
(>0.3 pg/kg per minute) cause a-adrenergic vasoconstric-
tion.?3! Because there is great interpatient variability,?32.233
titrate the drug to the desired effect. Epinephrine may be

preferable to dopamine in patients (especially infants) with
marked circulatory instability and decompensated shock.

Dopamine

Titrate dopamine to treat shock that is unresponsive to fluid
and when systemic vascular resistance is low (Class IIb; LOE
5, 6, 7).229:234 Typically a dose of 2 to 20 ug/kg per minute is
used. Although low-dose dopamine infusion has been fre-
quently recommended to maintain renal blood flow or im-
prove renal function, more recent data has failed to show a
beneficial effect from such therapy. At higher doses
(>5 pg/kg per minute), dopamine stimulates cardiac
B-adrenergic receptors, but this effect may be reduced in
infants and in chronic congestive heart failure.?*! Infusion
rates >20 pg/kg per minute may result in excessive
vasoconstriction.?3!

Dobutamine Hydrochloride
Dobutamine has a selective effect on (8,- and f3,-adrenergic

receptors; it increases myocardial contractility and usually
decreases peripheral vascular resistance. Titrate an infu-
sion?32:235.236 to improve cardiac output and blood pressure,
especially due to poor myocardial function.?3¢

Norepinephrine

Norepinephrine is a potent inotropic and peripheral vasocon-
stricting agent. Titrate an infusion to treat shock with low
systemic vascular resistance (septic, anaphylactic, spinal, or
vasodilatory) unresponsive to fluid.

Sodium Nitroprusside
Sodium nitroprusside increases cardiac output by decreasing

vascular resistance (afterload). If hypotension is related to
poor myocardial function, consider using a combination of
sodium nitroprusside to reduce afterload and an inotrope to
improve contractility.

Inodilators

Inodilators (inamrinone and milrinone) augment cardiac out-
put with little effect on myocardial oxygen demand. Use an
inodilator for treatment of myocardial dysfunction with in-
creased systemic or pulmonary vascular resistance.?37-23°





Administration of fluids may be required because of the
vasodilatory effects.

Inodilators have a long half-life with a long delay in
reaching a new steady-state hemodynamic effect after chang-
ing the infusion rate (18 hours with inamrinone and 4.5 hours
with milrinone). In case of toxicity, if you stop the infusion
the adverse effects may persist for several hours.

Neurologic System

One goal of resuscitation is to preserve brain function.
Prevent secondary neuronal injury by adhering to the follow-
ing precautions:

® Do not provide routine hyperventilation. Hyperventilation
has no benefit and may impair neurologic outcome, most
likely by adversely affecting cardiac output and cerebral
perfusion.!”s Intentional brief hyperventilation may be used
as temporizing rescue therapy in response to signs of
impending cerebral herniation (eg, sudden rise in measured
intracranial pressure, dilated pupil[s] not responsive to
light, bradycardia, hypertension).

® When patients remain comatose after resuscitation, con-
sider cooling them to a temperature of 32°C to 34°C for 12
to 24 hours because cooling may aid brain recovery (Class
IIb). Evidence in support of hypothermia is LOE 7 (extrap-
olated from LOE 1**° and LOE 2*!' studies in adults
following resuscitation from VF sudden cardiac arrest and
2 LOE 2 neonatal studies*****). The ideal method and
duration of cooling and rewarming are not known. Prevent
shivering by providing sedation and, if needed, neuromus-
cular blockade. Closely watch for signs of infection. Other
complications of hypothermia include diminished cardiac
output, arrhythmia, pancreatitis, coagulopathy, thrombocy-
topenia, hypophosphatemia, and hypomagnesemia. Neuro-
muscular blockade can mask seizures.

® Monitor temperature and treat fever aggressively with
antipyretics and cooling devices because fever adversely
influences recovery from ischemic brain injury (Class IIb;
LOE 4, 5, 6).244-248

® Treat postischemic seizures aggressively; search for a
correctable metabolic cause such as hypoglycemia or
electrolyte imbalance.

Renal System

Decreased urine output (<1 mL/kg per hour in infants and
children or <30 mL/h in adolescents) may be caused by
prerenal conditions (eg, dehydration, inadequate systemic
perfusion), renal ischemic damage, or a combination of
factors. Avoid nephrotoxic medications and adjust the dose of
medications excreted by the kidneys until you have checked
renal function.

Interhospital Transport

Ideally postresuscitation care should be provided by a trained
team in a pediatric intensive care facility. Contact such a unit
as early into the resuscitation attempt as possible and coor-
dinate transportation with the receiving unit.?*® Transport
team members should be trained and experienced in the care
of critically ill and injured children3”-2%° and supervised by a
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pediatric emergency medicine or pediatric critical care phy-
sician. The mode of transport and composition of the team
should be established for each system based on the care
required by an individual patient.>>! Monitor exhaled CO,
(qualitative colorimetric detector or capnography) during
interhospital or intrahospital transport of intubated patients
(Class IIa).

Family Presence During Resuscitation
Most family members would like to be present during
resuscitation.?>2-2>7 Parents and care providers of chronically
ill children are often knowledgeable about and comfortable
with medical equipment and emergency procedures. Family
members with no medical background report that being at the
side of a loved one and saying goodbye during the final
moments of life is comforting?54258 and helps in their adjust-
ment,?5> and most would participate again.?>* Standardized
psychological examinations suggest that, compared with
those not present, family members who were present during
attempted resuscitation have less anxiety and depression and
more constructive grieving behavior.?” Parents or family
members often fail to ask, but healthcare providers should
offer the opportunity whenever possible.25¢-258.259 If the pres-
ence of family members proves detrimental to the resuscita-
tion, they should be gently asked to leave. Members of the
resuscitation team must be sensitive to the presence of family
members, and one person should be assigned to comfort,
answer questions, and discuss the needs of the family.?¢?

Termination of Resuscitative Efforts
Unfortunately there are no reliable predictors of outcome
during resuscitation to guide when to terminate resuscitative
efforts. Witnessed collapse, bystander CPR, and a short time
interval from collapse to arrival of professionals improve the
chances of a successful resuscitation. In the past, children
who underwent prolonged resuscitation and absence of return
of spontaneous circulation after 2 doses of epinephrine were
considered unlikely to survive,!-2326! but intact survival after
unusually prolonged in-hospital resuscitation has been docu-
mented.®!122.262-265 Prolonged efforts should be made for
infants and children with recurring or refractory VF or VT,
drug toxicity, or a primary hypothermic insult. For further
discussion on the ethics of resuscitation, see Part 2: “Ethical
Issues.”
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Introduction

pericarditis. Any child who has
a clinical presentation sugges-
tive of cardiac disease, must
receive appropriate diagnostic
testing and timely referral to
optimize the child’s outcome.
The authors provide a thor-
ough, focused review of the
most commonly encountered
cardiac diseases in the ED and
key aspects to stabilization.
—The Editor

Although pediatric cardiac diseases infrequently are seen in
the emergency department (ED), early diagnosis and aggressive
management is critical. Most importantly, the clinician must
include these diseases in their differential and have a thorough
understanding of typical and atypical presentations for congeni-
tal heart disease (CHD), dys-
rhythmias, myocarditis and

chief complaints such as fussiness or difficulty feeding may be

the initial presentation for an infant with supraventricular tachy-
cardia or congestive heart failure (CHF). Complaints commonly
associated with cardiovascular disorders in adults, such as chest
pain or palpitations, may be absent in children. This article pro-
vides an overview of the diag-
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Pediatric cardiac disorders, though not common in the ED,
may be associated with significant morbidity and mortality.
Emergency physicians cannot afford to miss these problems; a
missed diagnosis may result in further decompensation or death.
Further challenging the clinician, the presenting complaints for
many pediatric cardiac disorders may be nonspecific. Vague

nosis and management of pedi-
atric cardiac disorders.

Dysrhythmias

Normally, the heart rate is
fastest in the newborn, and
decreases with age until adoles-
cence, when the upper and
lower parameters of normal are
similar to those of an adult.
Normal variations do occur, but
the explanation should follow
expected physiologic patterns.

Sinus tachycardia may result
from fever, pain, anxiety, dehydration, anemia, or acute blood
loss. Sinus bradycardia may be caused by vagal stimulation,
hypoxemia, increased intracranial pressure, hypothyroidism, or
acidosis. A sinus dysrhythmia is not uncommon in children, and
does not necessarily denote a pathological condition.
Supraventricular Tachycardia. Paroxysmal supraventricular
tachycardia (SVT) is the most common symptomatic dysrhyth-
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mia in infants and children. (See Figure 1.) The history for
infants with SVT may include nonspecific complaints, such as
fussiness, lethargy, poor feeding, pallor, sweating with feeds, or
simply “not acting right.” Chest pain, pounding in the chest,
dizziness, or shortness of breath may be the initial complaint of
older children with SVT. In contrast, patients with sinus tachy-
cardia generally have a more specific history, such as fever, dehy-
dration due to fluid or blood loss, anxiety, or pain that accounts for
the tachycardia.

In newborns and infants with SVT, the heart rate is greater

than 220 beats per minute (BPM).! SVT in older children is
defined as a heart rate of more than 180 BPM.' The electrocar-
diogram (ECG) for supraventricular tachycardia will show a nar-
row complex tachycardia without discernible p-waves or beat-to-
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beat variability. (See Figure 1).

An accessory atrioventricular pathway is the most common
cause of SVT in children younger than 12 years, whereas atri-
oventricular node re-entry tachycardia becomes more common
in adolescents.” The term Wolff-Parkinson-White (WPW) syn-
drome is applied when there is an extra atrioventricular accesso-
ry pathway.

Treatment for supraventricular tachycardia depends on patient
stability. Immediate cardioversion with 0.5 to 1 J/kg is indicated
for unstable patients. In the stable patient, vagal maneuvers, such
as blowing through an occluded straw or placing an ice bag on
an infant’s face, may prove successful. If vagal maneuvers are
unsuccessful, adenosine 0.1 mg/kg (up to 6 mg) may be given
through the most central vein possible. A normal saline flush of
5 mL should then be administered. If the first dose is unsuccess-
ful, an increased dose of 0.2 mg/kg (up to 12 mg) may be admin-
istered.! If these measures are unsuccessful, a pediatric cardiolo-
gist should be consulted; there are several options, including pro-
cainamide or amiodarone. Verapamil should be avoided in chil-
dren younger than 1 year; cardiovascular collapse and death can
occur due to electromechanical dissociation.> Long-term man-
agement of children with supraventricular tachycardia may
include beta-blockers, procainamide, sotalol, amiodarone, or fle-
cainide. Another option may be radio-frequency catheter abla-
tion, which has reported success rates of 85-95%.*

Digoxin is effective in converting SVT; however, the onset of
action is slow, and it may be associated with dangerous compli-
cations if used to treat a patient with SVT and WPW.?

Wolff-Parkinson-White Syndrome (WPW). WPW syn-
drome denotes an accessory atrioventricular pathway (Kent bun-
dle) that predisposes individuals to supraventricular tachycardias.
Episodes of SVT in children with WPW syndrome usually occur
early in the first year of life, frequently resolve, and then recur
later in life, usually between 6-8 years of age.°

Clinical manifestations of WPW syndrome are secondary to
the occurrence of dysrhythmias and dependent on the patient’s
age, and the duration and rate of the dysrhythmia. Infants typi-
cally present with symptoms of fussiness, irritability, and poor
feeding. If CHF is present, caretakers may describe pallor,
cough, and respiratory distress. The heart rate in infants will be
greater than 220 BPM, and may be as fast as 280 BPM.” The
presentation in older children differs due to their ability to
describe symptoms and the fact that CHF rarely develops sec-
ondary to SVT in older children.” Episodic palpitations are a
common complaint in older children, and often occur during
rest. Older patients also describe symptoms of dizziness, short-
ness of breath, and chest discomfort.

SVT in WPW syndrome generally is initiated by a premature
atrial depolarization that travels to the ventricles via the normal
atrioventricular pathway, travels retrograde through the accesso-
ry pathway and reenters the AV node to start a reentrant type of
tachycardia.® Antegrade conduction through the AV node fol-
lowed by retrograde conduction through the accessory pathway
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Figure 1. Rhythm Strip Demonstrating Supraventricular
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(maximum of 12 mg) as needed.’

Figure 2. ECG Showing Wolff-Parkinson-White (WPW)

Syndrome

Cardioversion should not be
delayed for attempts at intravenous
access or sedation in unstable patients. In stable
patients, adenosine (same dose as above) is the

first line of therapy. Failure to terminate the dys-
. rhythmia with adenosine in a stable patient

P I should prompt consultation with a pediatric car-
3 diologist. Digoxin should not be used in patients
with WPW syndrome secondary to the risk of
enhancing conductivity through the accessory
path and subsequent ventricular fibrillation and
s sudden death. It also should be noted that intra-

AP A venous verapamil and propranolol are con-

traindicated in children younger than 1 year of
age.” Following stabilization and conversion of
| s the SVT to a normal sinus rhythm, long-term
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Jerr Aol pediatric cardiologist. Generally, prophylactic

therapy is instituted in all infants until at least 1

Figure 2. Note the delta waves.

year of age.’ Beta-blockers are recommended as
the drug of choice for prophylactic therapy in

produces a narrow complex tachycardia (orthodromic tachycar-
dia), and is the most common form of SVT found with WPW
syndrome.’ Less commonly, reentry occurs with antegrade con-
duction through the accessory pathway and retrograde conduc-
tion through the AV node (antidromic tachycardia), to produce a
wide complex tachycardia.’

ECG findings consistent with WPW syndrome include a short
PR interval, a widened QRS, and a slurred upstroke of the QRS
complex known as a delta wave. (See Figure 2.) The characteris-
tic ECG findings of WPW syndrome are not evident during a
tachydysrhythmia. As described earlier, the ECG will demon-
strate a narrow QRS supraventricular tachycardia if conduction
is antegrade through the AV node (orthodromic). A wide QRS
tachycardia may be present with antegrade conduction through
the accessory pathway (antidromic), and this can be mistaken for
a ventricular tachycardia. Atrial fibrillation in patients with
WPW syndrome, although rare in infancy, does occur in late
childhood, particularly after 12 years of age.’

Acute management of SVT in patients with WPW syndrome
is similar to that of other forms of SVT with some specific pre-
cautions. In unstable patients, synchronized cardioversion at 0.5
to 1 J/kg is the recommended initial therapy.' Repeat attempts at

infants with WPW syndrome.’ Procainamide may be used if
beta-blockers fail.?

Bradydysrhythmias. Acute bradycardia, in pediatric
patients, may be attributable to vagal stimulation, hypoxemia,
acidosis, or increased intracranial pressure. Complete heart block
is a common cause of significant bradycardia in pediatric
patients and may be acquired or congenital. Causes of congenital
heart block include structural lesions like L-transposition of the
great arteries, or maternal connective tissue disorders. Acquired
heart block may result from disorders such as Lyme disease, lupus,
muscular dystrophies, Kawasaki disease, or rheumatic fever.®!?

Management of bradycardia includes identification of the eti-
ology and appropriate cardiopulmonary resuscitation, with
assisted ventilation, oxygenation, and chest compressions as
indicated. Epinephrine or atropine is given if symptomatic
bradycardia persists despite initial resuscitative measures.' Phar-
macologic management of complete heart block includes
atropine or isoproterenol. A transcutaneous pacemaker may
serve as a bridge to a transvenous pacemaker in the acute setting.

Ventricular Tachycardia/Fibrillation. Ventricular tachycar-
dia (VT) may result from electrolyte abnormalities, congenital
heart disorders, myocarditis, or drug toxicity. Both ventricular
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Figure 3. ECG Demonstrating Long QT Syndrome
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death, with younger children
being more likely to die sudden-
ly.""13 Several reports of death
due to abrupt awakening by an
alarm clock or ringing telephone
have been documented in pa-
tients with LQTS.'"13 LQTS also
may present in infancy as sud-
den infant death syndrome.!*!¢
The Bazett formula is the
most commonly used manual
method to measure the QT inter-
val. (See Figure 3.)'7 This equa-
tion accounts for the normal
| physiologic shortening of the
QT interval that occurs with

| W
¥

QTc = 545 msec.

Courtesy of Nicholas Tsarouhas, MD, The Children’s Hospital of Philadelphia

Figure 3. Note the prolonged QT interval as calculated with the Bazett formula:
QTc = QT/square root of the preceding RR interval. QTc = 0.36/(square root of 0.44).

increasing heart rate. The QT
interval on ECG represents the
time from onset of depolariza-
tion to completion of repolariza-
tion. Lead II generally is the

tachycardia and ventricular fibrillation (VF) are uncommon
rhythms in pediatric patients. VT with a pulse in an unstable
patient warrants immediate synchronized cardioversion at 0.5 to
1 J/kg.! Pharmacologic alternatives also may include amio-
darone, procainamide, or lidocaine.! Amiodarone and pro-
cainamide should not be given together. Pulseless VT and VF
should be treated with defibrillation at 2 J/kg, then 2-4 J/kg, and
then 4 J/kg if it does not respond to the initial attempts at defib-
rillation.! If defibrillation is unsuccessful, epinephrine should be
given, and repeated every 3-5 minutes as necessary.! Amio-
darone, lidocaine, and magnesium also may be considered if VF
or pulseless VT is refractory to the above measures.'

Prolonged QT Syndrome. Congenital prolonged QT syn-
drome, also known as long QT syndrome (LQTS), is a disorder
of delayed ventricular repolarization characterized by prolonga-
tion of the QT interval. (See Figure 3.) It may be either heredi-
tary or acquired. Jervell-Lange-Nielsen syndrome is an autoso-
mal recessive form of prolonged QT syndrome associated with
congenital deafness, whereas Romano-Ward syndrome is an
autosomal dominant form that is not associated with deafness.
The hallmark dysrhythmia is torsades de pointes (twisting of the
points), although other dysrhythmias may occur. Patients com-
monly present between the ages of 9 and 15 years with recurrent
episodes of near-syncope or syncope.'"!? Syncopal episodes may
be precipitated by intense emotion, vigorous physical activity, or
loud noises. Spontaneous return of consciousness usually fol-
lows a syncopal episode, but the dysrhythmia has the potential to
degenerate into ventricular fibrillation and sudden death.'"!?

lead accepted for QTc calcula-
tions. The QT interval is meas-
ured from the onset of the QRS complex to the end of the T
wave where it returns to the baseline. The QT and preceding RR
intervals should be measured for three consecutive beats and
averaged for the greatest accuracy.'® Other ECG abnormalities
that suggest LQTS include prominent U waves, a T-U complex
with an indistinct termination of the T wave, and broad T waves,
which may be notched, biphasic, or inverted. T-wave alternans,
an alternating amplitude and polarity of the T waves, also may
be present.'

Computer-generated interpretations of ECGs generally are
useful and correct, but may be less accurate as a screening tool
for LQTS.? Errors in the automated measurement of the QTc
increase when the precise end of the T wave cannot be deter-
mined easily. One recent study shows that, despite a prolonged
QTec by automated measurement, the computer generated a nor-
mal ECG reading in 50% of family members who proved to be
genetic carriers of LQTS.?

Any patient with a suspicious history, borderline prolongation
of the QT interval with symptoms, or identified prolonged QT
syndrome should receive a cardiology consult for further man-
agement. Therapy is aimed at reducing sympathetic activity to
the heart, either pharmacologically or surgically. Beta-blockers
generally are recommended as the initial therapy of choice and
have been shown to significantly reduce episodes of syncope and
sudden death, with a decrease in mortality from 71% in untreat-
ed patients to 6% in those treated.?' Beta-blockers also have been
shown to effectively eradicate dysrhythmias in 60% of patients.'?
These beneficial effects occur, however, in the absence of QT
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shortening.' All beta-blockers appear to be effective, but propra-
nolol and nadolol are used most commonly.?

Patients presenting with LQTS may require emergency inter-
vention. Patients with polymorphic ventricular tachycardia or
torsades de pointes of unknown etiology, should receive IV mag-
nesium (25-50 mg/kg; max 2 g). Serum electrolytes and a toxi-
cology screen should be obtained. Beta-blockers may be useful
in suppressing catecholamine surges and further dysrhythmic
activity. Patients with recurrent ventricular tachycardia may
require temporary transcutaneous ventricular pacing.?

Physicians should be aware of drugs known to prolong the
QT interval and avoid their use in patients with LQTS. Family
members and close friends should be instructed in cardiopulm-
nary resuscitation because of the high risk of unexpected cardiac
events. Once a patient is diagnosed with LQTS, ECGs should be
done on all other family members. Asymptomatic carriers often
are identified by routine ECG or after familial ECG screening
due to a symptomatic family member.

Brugada Syndrome. First described in 1992 by Brugada and
Brugada, the Brugada syndrome is associated with sudden death
in patients with a structurally normal heart, and characterized by
specific ECG findings, which include a right bundle-branch
block (RBBB) and ST-segment elevation in leads V -V,.**
Although it has been found throughout the world, occurring in
both women and children,?*?® the syndrome most commonly
occurs in southeast Asian males, and the initial cardiac event
usually occurs in the 30s and 40s.2>%° It also has been suggest-
ed that Brugada syndrome may cause sudden death in children
during the first few months of life and may be misdiagnosed as
sudden infant death syndrome.*’

Brugada syndrome is a genetically inherited disease with an
autosomal dominant inheritance pattern and variable expres-
sion.*?73° The mutation occurs in the SCN5A gene that encodes
for the human cardiac sodium channel. The improperly function-
ing sodium channels predispose to developing ventricular tachy-
dysrhythmias, specifically a rapid polymorphic ventricular
tachycardia, which can degenerate into ventricular fibrilla-
tion.?%* Dysrhythmic episodes are unpredictable and may or
may not terminate spontaneously. Episodes that do not terminate
spontaneously result in sudden cardiac arrest, whereas those that
do terminate spontaneously may present as syncope or near-syn-
cope. Unfortunately, sudden death may be the initial presenta-
tion. Sudden death seems to occur commonly during sleep, par-
ticularly in the early hours of the morning.** Medications, such
as Type I antidysrhythmics, which affect the cardiac sodium
channels, can provoke dysrhythmias.?

A presumptive diagnosis of Brugada syndrome should be
made in patients with sudden cardiac arrest that are resuscitated
successfully, syncope, or near-syncope, and have an ECG pattern
suggestive for Brugada syndrome. The ECG pattern, as original-
ly described, consists of a RBBB with ST-segment elevation in
leads V -V, > It has been noted since that the RBBB pattern may
be incomplete.?® Three types of ST-segment patterns have been

described. Type 1 is characterized by a coved ST-segment eleva-
tion with amplitude of more than 2 mm at its peak followed by a
negative T-wave.’® The ST-segment pattern in Type 2 has a high
take-off ST-segment elevation that descends, followed by a posi-
tive T-wave resulting in a saddle-back configuration.*® Type 3 has
a ST-segment elevation of less than 1 mm with a saddle-back or
coved morphology.*® The morphology of the ST-segment eleva-
tion does not appear to be predictive of sudden cardiac events.?
It is important to note that the ECG pattern is intermittent and
may transiently normalize.?**°

Management in the ED of symptomatic patients with a sug-
gestive ECG includes initial stabilization as necessary and cardi-
ology consultation. All patients suspected of having Brugada
syndrome require confirmatory testing and definitive manage-
ment by a cardiologist. The only effective long-term treatment
for patients at risk for sudden cardiac events is placement of an
implantable cardioverter-defibrillator (ICD). Antidysrhythmic
medications have not been shown to have any beneficial effects
in patients with Brugada syndrome.

Further inpatient studies, such as administration of pharmaco-
logic agents to accentuate the ECG changes or electrophysiolog-
ic studies, can be performed to confirm the diagnosis of Brugada
syndrome. Although there has been some debate, these studies
appear to be useful as predictors of dysrhythmic events.3!-

Congenital Heart Disease (CHD)

CHD occurs in eight of 1000 live births; many of the structur-
al CHDs present in the neonatal period.* The signs and symp-
toms of CHDs may be nonspecific and include: tachypnea, sud-
den onset of cyanosis or pallor that worsens with crying, sweat-
ing with feedings, lethargy, or failure to thrive. Time of presenta-
tion for cyanotic and acyanotic CHD and the common associated
ECG and pulmonary blood flow pattern findings are listed in
Tables 1 and 2.3

Congenital heart lesions that present in the first two to three
weeks of life are typically ductal-dependent. The ductus arterio-
sus sustains blood flow for these infants and when the ductus
closes anatomically at 2-3 weeks of life, these infants decompen-
sate. The ductus arteriosus supplies blood to either the lungs, as
with tetralogy of Fallot (TOF) or tricuspid atresia (cyanotic
CHD), or to the systemic circulation as in the case of coarctation
of the aorta, hypoplastic left heart syndrome, or aortic stenosis.
When the ductus closes, the infant develops respiratory distress,
shock, or an altered mental status.

Any neonate presenting with cyanosis or respiratory distress
should be evaluated immediately with close attention to the
ABCs (airway, breathing, and circulation). A pulse oximetry
measurement or arterial blood gases (ABG) measurement from
the right hand and foot may help in the diagnosis. Significantly
lower oxygen saturation will be found in the lower extremities in
a patient with a coarctation of the aorta or interrupted aortic arch.
However, transposition of the great arteries may be associated
with higher oxygen saturations in the lower extremities than in
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Table 1. Typical ECG and Radiographic Findings in Cyanotic

Congenital Heart Disease Based on Age of Presentation

the upper extremities.*

The main etiologies of cyanotic CHD
are TOF, tricuspid atresia, transposition AGE ECG  X-RAY
of the great arteries (TGA), truncus arte- Birth-first week of ~ Transposition of the great vessels RVH PBF (inc)
riosus, total anomalous pulmonary life
venous return (TAPVR), and pulmonary
atresia or stenosis. If cyanosis is present,

First week of life Total anomalous pulmonary venous return RVH PBF (inc)

one must first determine if the cyanosis 1-4 weeks of life  Tricuspid atresia LVH PBF (dec)
is central (cyanosis of the lips, tongue, Severe pulmonic stenosis RVH PBF (dec)
and oral mucous membranes) or periph-
eral. If the cyanosis is central, then per- 1-12 weeks of life  Tetralogy of Fallot RVH PBF (dec)
forming the hyperoxia test can help dis-
tinguish a cardiac from a pulmonary eti- Anytime in infancy  Truncus arteriosus BVH PBF (inc)

ology. To perform the hyperoxia test, the
cyanotic infant should be placed on
100% oxygen. If the oxygen saturation
increases significantly, then the infant

Key: RVH = right ventricular hypertrophy. PBF = pulmonary blood flow. inc = increased.
LVH = left ventricular hypertrophy. dec = decreased. BVH = biventricular hypertrophy.

probably has pulmonary pathology. If the
oxygen saturation does not increase by 10%, then consider a
congenital heart disorder. The most accurate way to perform this
test is to obtain a baseline ABG measurement, and then repeat it
approximately 10 minutes after administration of 100% oxygen.

Other congenital cardiac lesions that present in the first month
of life are the left-to-right intracardiac shunts, such as ventricular
septal or atrioventricular canal defects. As the normal pulmonary
vascular resistance falls during the first month of life, any pre-
existing left-to-right shunt will see a gradual increase in flow
across the shunt resulting in CHF. The differential diagnosis of
congenital heart diseases that cause CHF include the left-to-right
intracardiac shunts, hypoplastic left ventricle, coarctation of the
aorta, truncus arteriosus, endocardial cushion defect, patent duc-
tus arteriosus (PDA), aortic stenosis, interrupted aortic arch, aor-
tic atresia, and mitral valve atresia.’®’

An ECG and chest X-ray should be obtained in all infants
suspected of having CHD. Frequently it is difficult in the ED to
distinguish between sepsis and CHD. Therefore, all children
who present with cyanosis or shock should receive a full septic
evaluation and early initiation of antibiotic therapy. The lumbar
puncture may be postponed if there is any concern about the
infant’s respiratory status.

If a ductal-dependent CHD is suspected, a prostaglandin E1
(PGE1) infusion should be initiated immediately at a rate of
0.05-0.1 meg/kg/minute. Ideally, a pediatric cardiologist should
be consulted prior to initiation of the infusion and echocardiog-
raphy used if immediately available to confirm the diagnosis of
CHD.*® However, therapy with PGE1 should not be withheld;
there are no other temporizing medications to maintain ductal
patency. Prostaglandin is a very potent vasodilator and will have
immediate effects on the ductus, with improvement usually seen
within 15 minutes. The practitioner should be prepared to intu-
bate because apnea is a common occurrence with PGE1 initia-
tion. Although routine intubation is not necessary prior to initia-
tion of PGEL, it may be prudent to prophylactically intubate

patients requiring transportation to another facility. Other com-
plications of prostaglandin use include fever, hypotension, and
seizures.

If the patient has CHF, furosemide (1 mg/kg) should be
administered with the possible addition of morphine, dobuta-
mine, dopamine, or angiotensin inhibitors.*® These patients can
deteriorate rapidly and should be admitted to either a neonatal or
pediatric intensive care unit (PICU).

Hypertrophic Cardiomyopathy

Most cases of hypertrophic cardiomyopathy (HCM) are diag-
nosed in patients between 30 and 40 years of age, but 2% of
cases occur in children younger than 5 years, and 7% occur in
children younger than 10 years of age.*’ The hallmark anatomic
finding in patients with HCM is an asymmetric, hypertrophied,
nondilated left ventricle with greater involvement of the septum
than the ventricle. Although the left and right ventricles are small
to normal in size, there is atrial enlargement and thickening of
the mitral valve in 95% of cases."!

Presenting symptoms range from chest pain, palpitations, or
shortness of breath, to near syncope, syncopal episodes, and sud-
den death. Children with HCM who experience syncope are at
significant risk for sudden death, typically occurring during
strenuous exercise.

The physical examination typically reveals a loud S, gallop
with a harsh mid-systolic crescendo-decrescendo murmur. This
murmur is accentuated with Valsalva maneuvers or the standing
position. Squatting, isometric hand grip, or lying down will
decrease the murmur due to an increase in left ventricular end-
diastolic volume.

Classic ECG findings include left atrial and ventricular hyper-
trophy, ST-segment abnormalities, T-wave inversions, Q waves,
and diminished or absent R waves in the lateral leads. Premature
atrial and ventricular contractions, supraventricular tachycardia,
multifocal ventricular dysrhythmias, or new onset atrial fibrilla-
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Table 2. Age of Presentation, ECG Findings,

and Pulmonary Blood Flow Patterns with Acyanotic nea, tachycardia, hyperthermia or hypothermia, and
hypotension. Signs of poor perfusion and heart fail-
ure, such as tachycardia, weak pulses, decreased

capillary refill, cool mottled extremities, jugular

Congenital Heart Disease

AGE ECG X-RAY

First week of life Hypoplastic left heart syndrome RVH PBF (inc) venous distention, hepatomegaly, and lower
Coarctation of the aorta LVH PBF (nl) extremity edema, may be present. Heart tones may
First 2-3 weeks of Complete AV canal BVHor  PBF (inc) include an S, that may be muffled if pericarditis is
life LVH present. Although several types of dysrhythmias
1-4 weeks of life ~ Patent ductus arteriosus LVH PBF (inc) occur, the most common dysrhythmia is sinus
tachycardia. Tachycardia faster than expected for
2-12 weeks of life  Ventricular septal defect LVH PBF (inc) the degree of fever (10 BPM for each degree of

Key: RVH = right ventricular hypertrophy. PBF = pulmonary blood flow. inc =
increased. LVH = left ventricular hypertrophy. dec = decreased. BVH = biventricu-

lar hypertrophy. AV = atrioventricular. nl = normal.

temperature elevation) may be suggestive of
myocarditis.

A complete blood count (CBC) with differential
may show an elevated white blood cell count. A

tion also may be present. The echocardiogram is the diagnostic
procedure of choice.

A cardiologist should be consulted as soon as the diagnosis is
suspected to assist with management. Unless the patient is symp-
tomatic, it is not necessary to start medications in the ED. The
goal of therapy is to decrease the heart rate to increase the dias-
tolic filling time with beta-blockers the cornerstone of therapy.
Calcium-channel blockers also are used, particularly if there is
no response to the beta-blocker. Nitrates should be avoided if
HCM is suspected, as they decrease ventricular volume and
resultant outflow tract volume. Digoxin also is contraindicated.

Ventricular dysrhythmias may be treated with amiodarone.
Surgical intervention, typically a septal myomectomy, may be
warranted in patients with systolic gradients more than 50 mmHg,
minimal response to medical management, or severe symptoms.
Antibiotic prophylaxis against bacterial endocarditis also is indi-
cated. Patients undergoing an evaluation for HCM, or in whom
the diagnosis is suspected, should refrain from strenuous activity
or physical exertion as sudden death can occur.**

Myocarditis

Myocarditis is an inflammatory condition of the myocardium
that can occur in conjunction with pericarditis or in isolation.
Although there are numerous causes, including infections, drugs,
endocrine disorders, radiation, and collagen vascular diseases,
the most common etiology in North America is viral (coxsack-
ievirus A and B, ECHO viruses, and influenza viruses).**** The
clinical presentation varies depending on multiple factors,
including the etiology and age of the patient. Neonates and
infants may present with symptoms such as lethargy, poor feed-
ing, irritability, pallor, fever, or failure to thrive. Symptoms sug-
gestive of heart failure, such as diaphoresis with feeding, rapid
breathing, or respiratory distress, may be present. Older children
and adolescents can present similarly, and also have complaints
of weakness, fatigue, chest pain, or shortness of breath. A recent
history of a nonspecific viral-syndrome type illness also is com-
mon. Potential findings on physical examination include tachyp-

lymphocytic predominance on the differential sug-
gests a viral etiology. The sedimentation rate and C-reactive pro-
tein level usually are elevated, but normal values do not exclude
the diagnosis of myocarditis. Elevation of creatine kinase-MB
isoenzyme (CK-MB), lactate dehydrogenase (LDH), and tro-
ponin levels can occur. Blood cultures as well as throat, nasopha-
ryngeal, stool, and urine specimens should be obtained to identi-
fy bacterial or viral pathogens.

The most common finding on ECG is sinus tachycardia.
Other abnormalities, such as premature ventricular beats, junc-
tional tachycardias, ventricular tachycardias, and even second-
and third-degree atrioventricular blocks also may be present. A
low-voltage QRS, fewer than 5 mm in all limb leads, suggests
myocarditis. As pericarditis may occur simultaneously, the ECG
may show ST-segment elevation and PR depression (see section
on pericarditis).

The chest x-ray frequently demonstrates cardiomegaly, and
pulmonary edema may be present. An echocardiogram is valu-
able to determine myocardial function. If heart failure is present,
an echocardiogram will show increased left ventricular end dias-
tolic and systolic dimensions. Other potential echocardiogram
findings include left ventricular wall dysfunction, decreased
ejection fraction, segmental wall motion abnormalities, or global
hypokinesis.

Initial management should focus on the patient’s respiratory
and circulatory status. All patients in respiratory distress should
be started on supplemental oxygen, and cardiac monitoring and
pulse oximetry should be initiated. If the patient continues to
deteriorate, or is in cardiogenic shock, endotracheal intubation
and ventilatory support may be necessary. Management for
patients with signs of heart failure includes diuretics, digoxin,
inotropic agents as needed, and afterload reduction. Intravenous
furosemide (1 mg/kg IV) is used to decrease fluid overload and
preload. Digoxin may be used to improve left ventricular func-
tion following consultation with a cardiologist. Digoxin has
potential risk in patients with increased myocardial sensitivity
secondary to the inflammatory changes of myocarditis. Inotropic
agents, such as dopamine and dobutamine may be necessary if
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hemodynamic instability is present. Afterload-reducing agents
help reduce the workload for the poorly functioning myocardi-
um. If hypotension is not present, intravenous nitroprusside or
milrinone may be used. Oral agents such as ACE inhibitors may
be used if the patient is stable.

Intravenous gamma globulin in the setting of acute myocardi-
tis may improve ventricular function and survival.* The use of
immunosuppressive agents (e.g., steroids or cyclosporine) in
acute myocarditis is controversial, and therefore should not be
initiated in the ED. All patients with myocarditis should be
admitted to a PICU for further management and observation.

The diagnosis of myocarditis may not be made in the ED;
endomyocardial biopsy is the gold standard for diagnosis of
myocarditis. Patients may present with a seemingly benign viral
illness with symptoms of weakness, fever, and emesis; it is
important for the clinician to maintain a high degree of suspicion
for this disease.

Pericarditis. The pericardium consists of two layers: the vis-
ceral layer and the parietal layer. In a healthy person, a small
amount (10-15 mL in a child) of serous fluid normally exists.
When inflammation of the pericardium occurs, fluid accumu-
lates between the two layers of the pericardium and forms a peri-
cardial effusion. Normally, the pericardium does not affect the
filling of the heart. However, when a pericardial effusion is pres-
ent, the filling capacities of the heart chambers are limited,
resulting in increased end-diastolic filling pressures and
decreased cardiac output. Acute development of an effusion is
more likely to result in such complications because the pericardi-
um does not have time to stretch and accommodate the increased
volume. Significant effusions may lead to cardiac tamponade.

The frequency of pericarditis is unknown, and there does not
appear to be any sex or age predilection. Symptoms vary
depending on the etiology and how rapidly the pericardial effu-
sion develops. Common presenting symptoms include respirato-
ry difficulty, fever, and substernal chest pain that may radiate to
the left shoulder. The chest pain may be accentuated by lying flat
or respiratory motion and improved with sitting forward. Patients
with a viral etiology may have a recent history of illness, includ-
ing upper respiratory tract symptoms and fever. There are both
infectious and noninfectious causes of pericarditis. Among the
infectious causes, viral etiologies (e.g., coxsackievirus A and B,
ECHO viruses, and influenza) are more common.

Physical findings vary depending on the severity of disease.
With no significant effusion, the only sign on physical examina-
tion may be a friction rub. With more serious disease, there will
be tachypnea and tachycardia. Signs of cardiac tamponade
include distended neck veins, clear lungs, weak peripheral puls-
es, tachycardia, distant heart tones with auscultation, and a pul-
sus paradoxus.

A CBC count may reveal an elevated white blood cell count
in the presence of bacterial pericarditis, but may be normal with
other etiologies. Measurements of electrolyte, BUN, and creati-
nine levels are indicated. Appropriate cultures (e.g., blood, urine,

stool) and viral serology should be obtained, and an erythrocyte
sedimentation rate (ESR) may be helpful.

The ECG typically shows diffuse ST-segment elevation in
both the limb and precordial leads with associated upright T-
waves. ST depression in aVR and PR-segment depression also
may be present. (See Figure 4.) With chronic pericarditis, the ST-
segment elevation resolves and widespread T-wave inversion
develops. A large effusion may be associated with generalized
low voltage and electrical alternans on ECG, although the latter
is an uncommon finding.

The initial chest X-ray study usually demonstrates clear lung
fields and a cardiac silhouette that may be mistaken for car-
diomegaly. A large effusion may give the appearance of a water-
bottle shaped heart. An echocardiogram is the diagnostic study
of choice and demonstrates the effusion, quantifies the amount
and thickness of the pericardium, and allows evaluation of the
cardiac hemodynamic function.

Advanced techniques of non-surgical percutaneous pericar-
dial biopsy, pericardioscopy, cytologic analysis of pericardial
fluid, and molecular techniques (e.g., polymerase chain reaction
and in situ hybridization) currently are available.**” Such tech-
niques significantly improve diagnosis of specific etiologies, but
are not available immediately in the ED.

Following a cardiology consultation, stable patients with idio-
pathic or viral pericarditis may be treated as outpatients with
nonsteroidal anti-inflammatory agents. Salicylates can be used,
as can ibuprofen.*® The patient should be placed on bed rest for
1-3 weeks with close follow-up. In stable patients with no signs
of decompensation, pericardiocentesis may be deferred safely,
particularly if removal of fluid is for diagnostic purposes only. In
an unstable patient with evidence of tamponade, pericardiocente-
sis should be performed immediately. In addition, an initial fluid
bolus should be given if hypotension is present. Antibiotics
should be initiated until a bacterial source can be excluded. Rec-
ommended antibiotics include nafcillin and cefotaxime.*® Corti-
costeroids have been found effective only with certain etiologies
of pericarditis (i.e., autoreactive).” Steroids should not be used
until a bacterial etiology can be excluded, and are not recom-
mended in acute viral pericarditis. A pediatric cardiology consult
is required, and all unstable patients should be admitted to an
ICU setting.

Congestive Heart Failure (CHF)

CHEF can be defined as an inability of cardiac output to meet
the metabolic needs of the body. The causes of CHF in children
tend to differ from those in adults. In developed countries, the
main etiologies of CHF in children include congenital heart
defects, cardiomyopathy, and myocardial dysfunction following
heart defect repair.®® Of these three etiologies, congenital heart
defects are the most common. The incidence of congenital heart
defects is approximately eight of every 1,000 live births.*
Among children with congenital heart defects, the prevalence of
CHEF can be as high as 20%.’' Cardiomyopathy has multiple eti-
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Figure 4. ECG of Patient with Acute Pericarditis

tify respiratory acidosis.
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cated if ischemia or
myocarditis is suspected.

A chest x-ray should be
j performed in all children
evaluated for CHF. The
chest x-ray helps identify
pulmonary vascular conges-
tion and cardiomegaly. A
cardiothoracic ratio on the
chest x-ray greater than 0.55
indicates cardiomegaly in
infants, and a ratio greater
than 0.5 is indicative in chil-
dren older than 1 year.>*%’

Other essential tests
include an ECG and
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Figure courtesy of Amal Mattu, MD, University of Maryland School of Medicine.

echocardiogram. The ECG
may help identify causes of

ologies including genetic neuromuscular and metabolic disor-
ders, collagen vascular diseases, hypothyroidism, hyperthy-
roidism, viral infections, drugs (e.g., anthracycline and
cyclophosphamide), malnutrition, and hematologic disorders
(e.g., sickle cell anemia). Studies have shown an annual inci-
dence of cardiomyopathy ranging from 0.34-0.6 cases per
100,000 persons.*>> The prevalence of CHF following heart
defect repair is unclear and appears to depend on the specific
defect and repair performed.

Common symptoms of CHF in infancy include poor feeding,
a prolonged feeding time, an increased respiratory rate and
effort, and excessive sweating.**> Physical exam findings for an
infant with CHF classically include pallor, tachycardia, tachyp-
nea, diaphoresis, and hepatomegaly. An S, gallop rhythm may be
present. A sternal heave and laterally displaced point of maximal
impulse indicates cardiomegaly. Rales are not always heard on
auscultation of the lungs, and the absence of rales does not
exclude the possibility of CHF. Peripheral edema is a very
uncommon finding in infants. Failure to thrive in an infant is a
hallmark of heart failure.>

Older children with heart failure often have poor exercise tol-
erance and fatigue in addition to poor appetite, growth failure,
and increased respiratory rate and effort.>® Atypical symptoms
(e.g., abdominal pain, nausea, weight loss, and anorexia) also
may occur in older children. Signs of CHF in older children
include tachycardia, tachypnea, rales on auscultation of the
lungs, and hepatomegaly. Jugular venous distention and periph-
eral edema also may be present.

Laboratory tests in the ED should include a CBC count, and
measurements of electrolytes, BUN, creatinine, and blood glu-
cose levels. Hyponatremia may be present with fluid overload.
An ABG measurement may help evaluate oxygenation and iden-

CHEF, such as myocardial
ischemia or dysrhythmias, or it may be nonspecific. It also can
help identify heart chamber enlargement and electrolyte abnor-
malities. A low voltage in the QRS-complex may suggest
myocarditis. Echocardiography is valuable in identifying struc-
tural lesions, valve abnormalities, potential effusions, ventricular
wall motion abnormalities, and assessing the ejection fraction.

As in other situations involving unstable patients, or poten-
tially unstable patients, the first priorities of management are
assessment and stabilization of the patient’s airway, breathing,
and circulation. The patient should be provided supplemental
oxygen, and ventilation assisted as necessary. Cardiac monitor-
ing, pulse oximetry, and frequent blood pressure measurements
should be initiated immediately and obtained regularly to assess
for changes in hemodynamic status. Agents such as dopamine or
dobutamine may be required for cardiovascular support. At low
doses (2-5 mcg/kg/min), dopamine improves renal perfusion.
Moderate doses of dopamine (5-10 mcg/kg/min) increase
myocardial contractility via betal-adrenergic receptor activation,
and evoke vasoconstriction through alpha-adrenergic receptor
effects. Doses greater than 10 mcg/kg/min have predominantly
vasoconstrictive effects. The improvements in hemodynamic sta-
tus with dopamine come at the expense of tachycardia, increased
myocardial oxygen demand, and the risk of tachydysrhythmias.
Dobutamine (2-15 mcg/kg/min) primarily functions as an
inotrope and vasodilator. Secondary to the vasodilatory effects,
dobutamine may not increase blood pressure significantly, and
actually decreases peripheral resistance. Therefore, if significant
hypotension is present, dobutamine should not be the primary
inotrope initiated. Furosemide (1mg/kg IV) reduces preload and
decreases fluid overload in patients with pulmonary edema. In
some situations, vasodilators may help by decreasing afterload to
improve cardiac output. Nitroprusside (0.5-10 mecg/kg/min [V)
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has both venous and arterial effects and provides afterload reduc-
tion and venodilation. Intravenous nitroglycerin also may be
used, but is primarily a venodilator.

In stable patients, following consultation with a cardiologist,
digoxin is the indicated drug for inotropic support.®** Digoxin
acts to decrease the heart rate, increase myocardial contractility,
and decreases sympathetic outflow.’® The initial loading dose, or
total digitalizing dose (TDD), is given during a 24-hour period,
with half of the total dose given initially, then a quarter of the
total dose given 8-12 hours after the first dose, and the remaining
quarter dose given 8-12 hours after the second dose.®** The oral
TDD in full-term newborns is 30 mcg/kg, and in children older
than 1 year the TDD is 30-50 mcg/kg. It is important to note that
the intravenous TDD is only 75% of the oral TDD.

Other agents like angiotensin-converting enzyme (ACE)
inhibitors have been shown to improve survival in adults with
CHF and may have some benefit in children with CHF.* Howev-
er, these agents generally are used for chronic maintenance and
not in the ED setting.

Conclusions

Cardiac disorders are uncommon in children, and present
infrequently to the ED. However, as illustrated in this discussion,
significant morbidity and mortality are associated with these
conditions if not recognized and treated promptly. Cardiac dis-
eases must be considered in the differential of infants who pres-
ent with acute illnesses in the first month of life and older chil-
dren with suggestive signs and symptoms, and particularly chil-
dren who appear ill and fail to respond to common management.
Early recognition and aggressive management may significantly
improve the child’s chance for an optimal outcome.
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CME Instructions

Physicians participate in this continuing medical education pro-
gram by reading the article, using the provided references for fur-
ther research, and studying the questions at the end of the article.
Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to test their
knowledge.

To clarify confusion surrounding any questions answered incor-
rectly, please consult the source material. After completing this
activity, you must complete the evaluation form that will be pro-
vided at the end of the semester and return it in the reply envelope
provided to receive a certificate of completion. When your evalua-
tion is received, a certificate will be mailed to you.

CME Objectives

The CME objectives for Pediatric Emergency Medicine Reports
are to help physicians:

a.) Quickly recognize or increase index of suspicion for specific
conditions;

b.) Understand the epidemiology, etiology, pathophysiology,
historical and physical examination findings associated with the
entity discussed;

c.) Be educated about how to correctly formulate a differential
diagnosis and perform necessary diagnostic tests;

d.) Apply state-of-the-art therapeutic techniques (including the
implications of pharmacologic therapy discussed) to patients with
the particular medical problems discussed;

e.) Provide patients with any necessary discharge instructions.
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Physician CME Questions

1. Which of the following statements is true regarding paroxysmal
supraventricular tachycardia (SVT) in infants and children?

A. The history for infants with SVT may include non-specific
complaints such as fussiness, lethargy, poor feeding, or pallor.

B. Infants with SVT always have a fever and dehydration.

C. Older children usually present with a cough and fever.

D. SVT always is associated with WPW.

2. Which of the following statements is true regarding ECG changes
associated with Wolff-Parkinson-White syndrome?
A. A short PR interval is typical.

B. A wide QRS typically occurs.
C. A delta wave is typically present.
D. All of the above are true.
3. Which of the following statements is true regarding the congenital
prolonged QT syndrome, also known as long QT syndrome (LQTS)?
A. Ttisadisorder of accelerated ventricular repolarization charac-
terized by shortening of the QT interval.

B. Jervell-Lange-Nielsen syndrome is an autosomal recessive form
of prolonged QT syndrome associated with congenital deafness.

C. Romano-Ward syndrome is an autosomal dominant form that is
associated with deafness.

D. The hallmark dysrhythmia is bradycardia.

4. A 4-year-old child presents with weakness, fatigue, and shortness of
breath following a cold. On physical examination the child has
tachypnea and tachycardia. The ECG shows a sinus tachycardia and a
low-voltage QRS, fewer than 5 mm in all limb leads. What is this
patient’s most likely diagnosis?

A. Myocarditis

B. Pericarditis

C. Long QT syndrome

D. L-transposition of the great arteries

5. Causes of congenital heart blockage include which of the following
conditions?

A. Structural lesions such as L-transposition of the great arteries
B. Maternal connective tissue disorders
C. Acquired heart blockage from disorders such as Lyme disease,
lupus, muscular dystrophies, Kawasaki disease, or rheumatic
fever
D. All of the above
12

10.

Which of the following statements is true regarding the ECG of a

patient with LQTS?

A. The Bazett formula is not used to measure the QT interval.

B. The QT interval on ECG represents the time from onset of
depolarization to completion of repolarization.

C. Lead Il is generally the lead accepted for QTc calculations.

D. T-wave alternans excludes the diagnosis of LQTS.

Which of the following statements is ot true regarding the pericardi-

um of a child?

A. The pericardium consists of two layers: the visceral layer and
the parietal layer.

B. Inahealthy person, a small amount (10-15 mL in a child) of
serous fluid normally exists.

C.  When inflammation of the pericardium occurs, fluid accumu-
lates between the two layers of the pericardium and forms a
pericardial effusion.

D. Chronic fluid accumulation in the pericardium leads to more

serious complications than acute development of an effusion.

Which of the following children is at highest risk for sudden death?
A. An 8-year-old with HCM and chest pain

B. A 10-year-old with HCM and shortness of breath

C. A 12-year-old with HCM and a syncopal episode

D. A 4-year-old with HCM and a cough and fever

The physical examination of a child with HCM classically shows

which of the following symptoms?

A.  Aloud S, gallop with a harsh mid-systolic crescendo-decrescen-
do murmur

B. Aloud S, gallop without a murmur

C. A murmur that decreases with Valsalva maneuvers or the stand-
ing position

D. Squatting, isometric hand grip, or lying down will increase the
murmur due to an increase in left ventricular end-diastolic

volume.

Which of the following statements is not true regarding the Brugada

syndrome?

A. ltis a genetically inherited disease with an autosomal dominant
inheritance pattern and variable expression.

B. Dysrhythmic episodes are unpredictable and may or may not
terminate spontaneously.

C. Medications, such as Type I antidysrhythmics, which affect the
cardiac sodium channels, can provoke dysrhythmias.

D. The ECG pattern, as originally described, consists of a LBBB
with ST-segment depression in leads V -V..

Answer Key: 1. A; 2.D; 3.B; 4.A; 5.D; 6.B; 7.D; 8.C; 9.A; 10.D

The Febrile Child
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Factors Warranting ECG Evaluation

D That Prol the QT Int |
rugs That Prolong the QT Interva for LQTS

« Anti-arrhythmics (Class 1A and 3) « First-degree relatives of known LQTS carrier

« Antiemetics (e.g., droperidol) » Emotional, exertional, or stress-induced syncope

* Antifungals (e.g., ketoconazole) + Syncope associated with chest pain or palpitations

* Antihistamines (e.g., astemizole, terfenadine) « Recurrent episodes of light-headedness or presyncope
« Antimicrobials (e.g., erythromycin, trimethoprim-sulfamethoxazole) « Family history of syncope, seizures, or sudden death

« Antipsychotics (e.g., haloperidol, risperidone)
« Organophosphate insecticides

« Phenothiazines (e.g., thioridazine)

« Promotility agents (e.g., cisapride)

« Tricyclic antidepressants (e.g., amitryptyline)

» Sibling with sudden infant death syndrome
» Seizure of unknown etiology

» Unexplained near-drowning incident

» Bradycardia in infants

» Congenital deafness

Key: ECG = electrocardiogram. LQTS = long QT syndrome.

Normal Pediatric Vital Signs

AGE RESPIRATORY RATE  HEART RATE SYSTOLIC
(BPM) (8PM) BP

Newborn (28 30-60 120-160 50-70

days)

Infant (1 month 20-40 80-140 70-100

-1yn)

1-5 years 20-30 80-130 80-110

6-12 years 20-30 70-110 80-120

Adolescents 12-20 60-100 110-120

KEY: BP = blood pressure.

Typical ECG and Radiographic Age of Presentation, ECG Findings,
Findings in Cyanotic Congenital Heart | and Pulmonary Blood Flow Patterns
Disease Based on Age with Acyanotic Congenital Heart
of Presentation Disease
AGE ECG  X-RAY AGE ECG X-RAY
Birth-first week of ~ Transposition of the great vessels RVH PBF (inc) First week of life  Hypoplastic left heart syndrome RVH PBF (inc)
life Coarctation of the aorta LVH PBF (nl)
First week of life Total anomalous pulmonary venous return RVH PBF (inc) First 2-3 weeks of Complete AV canal BVHor  PBF (inc)
life LVH
1-4 weeks of life  Tricuspid atresia LVH PBF (dec) 1-4 weeks of life  Patent ductus arteriosus LVH PBF (inc)
Severe pulmonic stenosis RVH PBF (dec)
2-12 weeks of life  Ventricular septal defect LVH PBF (inc)
1-12 weeks of life  Tetralogy of Fallot RVH PBF (dec)

Key: RVH = right ventricular hypertrophy. PBF = pulmonary blood flow. inc =
increased. LVH = left ventricular hypertrophy. dec = decreased. BVH = biventric-
Anytime in infancy  Truncus arteriosus BVH PBF (inc) ular hypertrophy. AV = atrioventricular. nl = normal.

Key: RVH = right ventricular hypertrophy. PBF = pulmonary blood flow. inc = increased.
LVH = left ventricular hypertrophy. dec = decreased. BVH = biventricular hypertrophy.





Rhythm Strip Demonstrating

Supraventricular Tachycardia

Etiology of Heart Failure Categorized
by Age of Common Occurrence
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Figure 3. Note the prolonged QT interval as calculated with the Bazett formula:
QTc = QT/square root of the preceding RR interval. QTc = 0.36/(square root of 0.44).
QTc = 545 msec.

AGE
Birth

1 week

1-6 weeks

Infancy

ETIOLOGY

Heart muscle dysfunction

- Asphyxia

- Sepsis

- Hypoglycemia

- Hypocalcemia

- Myocarditis
Structural defects

- Tricuspid regurgitation

- Pulmonary regurgitation

- Systemic arteriovenous fistula
Paroxysmal supraventricular tachycardia
Congenital complete heart block

Structural defects

- Hypoplastic left heart

- Aortic stenosis

- Pulmonary stenosis

- Total anomalous pulmonary venous return
Paroxysmal supraventricular tachycardia

Structural defects
- Coarctation of the aorta
- Ventricular septal defects
- Atrioventricular (AV) canal defects

Many conditions above may present later in
infancy, but usually appear before 6 weeks.

« Endocardial fibroelastosis
* Hypertension
« Endocrine disorders

- Hypothyroidism

- Adrenal insufficiency

Courtesy of Nicholas Tsarouhas, MD, The Children’s Hospital of Philadelphia

ECG Showing Wolff-Parkinson-White
Older children « Valvular regurgitation

» Postoperative complication of congenital
] heart disease
| * Myocarditis
| ) + Rheumatic fever
e ALt ~hyN J il e » Bacterial endocarditis

(WPW) Syndrome

Figure. Note the delta waves.

ECG of Patient with Acute Pericarditis
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Figure courtesy of Amal Mattu, MD, University of Maryland School of Medicine.
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object, and 12 % were attributed to projectiles such as firearms
and pellet (BB) guns.*® Alcohol consumption was involved in
10% of cases, and 57% of all eye injuries occurred duirng warm
weather months (spring and summer).’ In the United States, 1.7%
of all eye injuries will progress to permanent visual loss,’ result-

Eye injuries present a significant challenge to emergency per-
sonnel. Patient stress and coexisting periorbital findings can
complicate any evaluation, and many of the signs of serious
injury may be quite subtle. Because the majority of eye injuries
present between 10 p.m. and 4 a.m.,’ when ophthalmology con-

sultation is not available imme-
diately in most hospitals, a
tremendous burden is placed on
the emergency health care
provider to identify and manage
potential vision-threatening dis-
orders. The following is a
review of ocular trauma with a
focus on clinical findings, their
implications, and management.
— The Editor

Initial Evaluation of the Traumatized Eye

Authors: Jacob W. Ufberg, MD, Assistant Professor and Residency Program
Director, Department of Emergency Medicine, Temple University School of Med-
icine, Philadelphia, PA. David C. Wright, MD, Attending Physician, Department
of Emergency Medicine, Temple University Hospital, Philadelphia, PA.

Peer Reviewer: Robert A. Felter, MD, FAAP, Chairman, Department of Pedi-
atrics, Tod Children’s Hospital, Youngstown, OH.

ing in 60,000 new cases of
monocular blindness related to
trauma annually.'

Among the pediatric popula-
tion (birth—16 years of age), eye
injuries occur at an annual rate
of 15.2 per 100,000 with males
outnumbering females four to
one. Males, ages 11-15, have
the highest incidence of eye
injuries at 23.7 per 100,000

|
Epidemiology and Introduction

More than 2.5 million eye injuries occur in the United States
annually.? From 1988- 2000, the United States Eye Injury Reg-
istry (USEIR) reported more than 10,000 major eye injuries,* an
annual hospitalized incidence of 13.2 per 100,000.*° Eighty per-
cent of those injured were male, with a mean age of 29 years.
Traditionally, the workplace presented the most common site of
ocular injuries, but the USEIR reports 40% of these injuries
occurring in the home, 13% in the workplace, and another 13%
during recreation. Of these injuries, 31% were caused by a blunt
object (e.g., rock, fist, baseball, or lumber), 18% by a sharp

annually, and 40% of these

injuries are attributed to sports.'" In victims of child abuse, an
ocular injury will be the presenting injury in up to 40% of all

cases'? and in 95% of cases of shaken baby syndrome. '3

Physical Exam

Dannenberg et al reported that 33% of all registered penetrat-
ing eye injuries were in the setting of multisystem trauma.® Thus,
Advanced Trauma Life Support (ATLS) guidelines and a thor-
ough general examination must precede any ocular evaluation.
Secondly, any eye with a potential exposure to hazardous materi-
als (e.g., acids, alkali, particulate matter, or heat) should be irri-
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gated prior to evaluation. Whenever possible, a thorough history
should be obtained detailing the context, mechanism, time of
injury, and use of eye protection. Past medical history should
include previous ophthalmologic conditions, surgeries and trau-
ma, current ocular medications, and pre-injury vision status (e.g.,
glasses/ contact lenses wearer, and visual acuity).

Figure 1 demonstrates a simple guide for the trauma examina-
tion of the eye. The first step is an assessment of visual acuity,
which can be accomplished with a Snellen Eye Chart or near
card. For pre-literate children, Allen cards or HOTV vision test
letters may be used. For infants, fixation and smooth pursuit can
be assessed using a hand light or colorful target. In many cases,
the visual acuity may be too poor to assess by standard charting,
and thus a gross assessment of visual acuity should be obtained
using finger counting, motion perception, and light perception.

Most patients, regardless of mechanism, will complain of
some degree of eye pain, but care must be taken to differentiate
between globular and periorbital sources of pain. On inspection,
examine the orbit for any step-off deformities or crepitus that
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may reveal an orbital wall fracture. Although there may be evi-
dence of significant periorbital ecchymosis and edema, the lids
still should be examined closely for lacerations and inverted
when possible to remove retained foreign bodies. In the setting
of prominent periorbital edema, a speculum or retractor may be
employed to visualize the globe; however, if there is any evi-
dence of a globe rupture (e.g., prolapse of intraocular contents,
hemorrhagic chemosis, or enophthalmos), then this step should
be foregone in favor of imaging studies and immediate ophthal-
mologic consultation. When possible, examine the anterior
chamber for hyphema or pupil irregularities, findings that require
further examination by slit lamp. Globe pain or foreign body sen-
sation imply, at the minimum, corneal irritation and can be evalu-
ated using fluorescein dye with a Wood’s lamp to reveal corneal
abrasions, ulcerations, or lacerations. All corneal exams that
require fluorescein should be followed by a slit-lamp examina-
tion for occult foreign bodies.

Ocular motility should be assessed in both the vertical and
horizontal planes. Classically, orbital wall fractures will present
with deficits of ocular motility, but a proptotic eye with any
motion deficit is the hallmark of a retrobulbar hemorrhage. For
this reason, any defects in ocular motion should be evaluated fur-
ther with a computerized tomography (CT) scan.

Finally, the posterior segment should be assessed by pupil
reactivity to direct light and accommodation. Even in cases of
prominent trauma to the anterior segment, the retina and optic
nerve can be assessed by direct light to the affected eye and mon-
itoring accommodation in the unaffected eye, known as the
swinging flashlight test. A pupil that fails to constrict with direct
light stimulation, but responds to stimulation of the other eye
implies a defect in the posterior segment. Children may have a
corresponding lack of a red reflex (Bruckner’s test) in the affect-
ed eye. Both should be investigated further with an ophthalmo-
scope, when possible, or imaging studies such as ultrasound or
CT scan.

In theory, any patient with a painless eye with intact visual
acuity, a normally reactive pupil, and intact ocular motility in the
absence of any anatomic deformities following a traumatic event
may be discharged without further study and appropriate follow
up. Nevertheless, an examining physician should have a low
threshold for advanced study in the setting of high energy trauma
or any projectiles where these findings may be masked by either
trauma elsewhere or the delicate size of the particulate matter.
Any new visual deficits or any impairment in mental status that
complicates the examination should prompt a full evaluation.!®*17

Classification of Eye Trauma

In 1993, a group of ophthalmologists from Birmingham, Ala.,
developed a standardized classification of eye trauma that would
ease communication between peers and provide prognostic sig-
nificance. In 1995, the International Society of Ocular Trauma,
The USEIR, and the American Academy of Ophthalmology
endorsed this new system. Ocular Trauma Classification (Tables
1 and 2) involves identifying the type of injury (open vs closed
globe), the grade of the injury (visual acuity), pupil response, and
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Figure 1. Trauma Examination of the Eye
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the zone of the injury. Zone defines the anterior-posterior relation-
ship of the injury on the globe.

An open-globe injury contains a full thickness wound of the
eyewall (sclera or cornea). Open-globe injuries are then divided
into lacerations (sharp mechanism) and ruptures (blunt mecha-
nism). Lacerations are further divided into penetrating injuries
(i.e., one entrance wound only), perforating injuries (i.e., two full
thickness entrance and exit wounds), and intraocular foreign
bodies. A closed-globe injury has no full thickness wound of the
eyewall, and these injuries are divided into contusion (blunt
mechanism), lamellar laceration (sharp mechanism), and superfi-
cial foreign body categories.

The Ocular Trauma Classification System provides a univer-
sal means of communicating the type and severity of an eye in-
jury to an ophthalmology consultant or between emergency per-
sonal. In addition to quantifying an injury, this system, within the
ophthalmology community, provides a foundation for management

requirements as well as prognostic value for regaining vision.'*?!

Superficial Injuries of the Eye

Superficial injuries of the eye, such as periorbital edema and
ecchymosis, are very common sequelae of eye trauma, and often
are quite dramatic on initial presentation. Despite the stress they
may cause patients, these injuries involving the eyelids are quite

benign in the absence of any globe injury and can be managed
conservatively. For this reason, evaluation of lid injuries, regard-
less of mechanism, should be delayed for the evaluation and
management of intraocular injuries.

Eyelid lacerations are divided into three types: vertical, hori-
zontal, and canilicular (involving the medial lacrimal duct).
Essentially, all eyelid laceration repairs may be delayed safely
for 24-48 hours.?>? Thus, it is recommended that these injuries
be irrigated to remove any foreign bodies, covered with a semi-
moist pressure dressing, and ophthalmology evaluation arranged
within one day. This is acceptable management for all pediatric
and uncooperative patients as well.

Partial thickness injuries may be closed by emergency person-
nel, especially if ophthalmology evaluation will be delayed more
than two days. However, all canalicular lacerations should be left
to a specialist; the most superficial lacerations require proper
exploration prior to closure.

Horizontal lacerations are more serious than vertical lacera-
tions due to potentially significant impairment of the levator
muscle. Evidence of ptosis or prolapsing fat indicates violation
of the orbital septum, and, due to the close proximity of the leva-
tor aponeurosis, is highly suggestive of a levator injury. These
repairs also should be delayed for a specialist.

Partial or full thickness vertical lacerations can be repaired by
first approximating the tarsoconjunctival edge with simple, inter-
rupted polyglycolic acid suture material with a D-1 needle.>*
The muscle layer can be sutured with 6-0 catgut, and the external
eyelid can be closed with 6-0 silk. Once sutured, a pressure patch
should be placed to reduce eye swelling and horizontal tension
on the eyelid."” Although suture removal is recommended in 7-10
days, an ophthalmology follow-up evaluation should be sched-
uled in 2-3 days to ensure adequate wound healing.

Injury by Presentation: Pain

Pain is the hallmark of a corneal injury. Corneal abrasions are
the single most common ocular condition evaluated in the ED,*
as well as the most common eye injury related to airbag deploy-
ment.”® For injuries confined to the superficial corneal epitheli-
um, patients will present with a painful eye with conjunctival
injection, ciliary flush, and tearing. Prior to examination, the eye
should be anesthetized with tetracaine or proparacaine. Findings
on fluorescein dye examination of the eye under a cobalt blue
light or Wood’s lamp will vary depending on the mechanism of
the injury. Large abrasions with sharp borders are most often due
to blunt trauma. Diffuse, punctuate lesions represent mild burn
injuries from chemical exposure or ultraviolet light. Foreign bod-
ies under the eyelid will produce multiple linear defects. Treat-
ment includes removal of any foreign bodies, broad-spectrum
antibiotics for the eye (e.g., ciprofloxacin/polymyxin B-trimetho-
prim), oral analgesia such as non-steriodal anti-inflammatory
drugs (NSAIDS) or acetaminophen, tetanus prophylaxis as need-
ed, and ophthalmology follow-up in 24-48 hours.?

Burns. Corneal burns account for up to 18% of all ocular
trauma, with 68% of these injuries occurring in an occupational
setting.”” Burning agents can be divided into three broad cate-
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gories (alkaline chemical agents, acidic chemical agents, and
thermal agents), and the severity of the injury is related to the
composition of the offending agent, volume, pH, and duration of
exposure. Alkaline agents, accounting for 58% of all burn
injuries, damage the cornea by saponifying the fatty acid compo-
nents of the corneal cell membranes. This induces a liquefactive
necrosis and allows deeper penetration into the globe. Ammonia
is the most common alkaline agent causing eye injuries, but oth-
ers include lye, potassium hydroxide, and lime.

Acids damage the cornea by inducing protein precipitation
and denaturation into the epithelium and superficial stroma. The
resultant coagulative necrosis tends to protect deeper intraocular
structures. The most common acid-burning agents include sulfu-
ric, sulfurous, hydrofluoric, and hydrochloric acids.?

Thermal injuries are usually the result of splash injuries from
hot liquids or molten metal. A temperature greater than 100° C is
required to injure the corneal epithelium. Cigarette burns to the
cornea are a common injury in children ages 2-4 years. Usually
the result of a child running into a cigarette at eye level; this burn
pattern is rarely a manifestation of abuse.'’

Eye burns are classified into four grades. A Grade I injury
presents with hyperemia, conjuntival ecchymosis, and a cornea
with a ground-glass appearance. A cigarette burn will produce
this pattern of injury. In addition, a Grade II injury will have con-
junctival chemosis and minor eschar formation. Grade III burns
are deeper injuries characterized by conjunctival ischemia,
thrombosed blood vessels, and reduced corneal clarity with
preservation of the remaining anterior segment. Complete opaci-
fication of the cornea and lens, in addition to diffuse conjunctival
ischemia and a grey iris in mydriasis, typify a Grade IV injury.
Necrosis of the conjunctiva is accompanied by a dramatic
inflammatory response that will induce further corneal ulceration
within 4-6 weeks.

The mainstay of burn therapy is irrigation, preferably with a
solution that is isotonic to the corneal stroma. Ideal solutions
include lactated Ringers, balanced saline solution, or diphoterine;
however, any irrigation (water, or normal saline) is far better than
none at all. Upon presentation, patients should be anesthetized
topically and then irrigated promptly for 15 minutes or 1L of
fluid using a Morgan lens. Irrigation should not stop until nor-
malization of the corneal pH (7.4). Lime and cement products
will react with water to produce calcium hydroxide (pH 12.4),
exacerbating their effect. These patients will require aggressive
cleaning of the cul-de-sac with a cotton-tipped applicator dipped
in 1% ethylenedinitrilotetraacetic acid (EDTA).?

Grade I and II burns may be discharged home on topical
antibiotics and oral analgesics with ophthalmology follow-up
within 24 hours. Grade III burns require admission for operative
microscopy to determine the depth of tissue destruction. Grade
IV lesions require steroids (oral or IV), as well as topical antibi-
otics prior to admission. Grade III lesions may be admitted to a
local hospital with ophthalmology services; however, a Grade IV
burn will most likely require a tertiary center with expertise in
plastic reconstruction of the eye.?

Table 1. Open-Globe Injury Classification

TYPE

* Rupture

» Penetrating

* Intraocular foreign body
» Perforating

* Mixed

GRADE (VISUAL ACUITY)

e >20/40

e 20/50 to 20/100

e 19/100 to 5/200

» 4/200 to light perception (LP)
* No light perception (NLP)

PUPIL

* Negative: Relative afferent pupillary defect absent in affected
eye

» Positive: Relative afferent pupillary defect present in affected
eye

ZONE

 [:Isolated to cornea (including corneoscleral limbus)
 |I: Corneoscleral limbus to 5 mm posterior into the sclera
* |ll: Posterior to the anterior 5 mm of sclera

Reprinted with permission from Pieramici DJ, et al. A system for
classifying mechanical injuries of the eye (Globe). Am J Ophthal-
mol. 1997;123:820-831.

Ultraviolet Keratitis. Ultraviolet keratitis is another form of
exposure injury to the cornea classically known as snow blind-
ness. Caused by the cumulative effect of ultraviolet light from
electric arcs (welding) or tanning lamps, this disorder initially
will present as a bilateral foreign body sensation and photopho-
bia. Symptoms progress to severe bilateral eye pain with con-
junctival erythema and tearing. Fluorescein staining reveals dif-
fuse punctuate lesions on the cornea. Symptoms usually will
resolve in 24-36 hours once removed from the inciting agent.
Management includes topical antibiotics and narcotic analgesia.?

Lacerations. A corneal laceration is defined as a traumatic
disruption of the cornea involving all three layers (epithelium,
stroma, and endothelium) due to a penetrating mechanism; 75%
of these injuries in children were caused by a sharp object.?® Like
other corneal injuries, pain is the most common presenting com-
plaint. An examination of the eye may reveal a shallow anterior
chamber or teardrop-shaped pupil directed toward the laceration.
Prolapse of intraocular contents is a confirmatory finding; how-
ever, in many cases, the eye will appear normal due to the self-
sealing properties of the elastic corneal stroma. Fluorescein eval-
uation of the cornea under blue light will reveal a bright green
stream (Seidel test) caused by egress of fluid from the anterior
chamber. A slit-lamp examination on oblique illumination may
reveal the length and depth of a laceration. Nevertheless, a nor-
mal fluorescein study does not completely eliminate the possibil-
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Table 2. Closed-Globe Injury Classification

TYPE

e Contusion

e Lamellar laceration

e Superficial foreign body
¢ Mixed

GRADE (VISUAL ACUITY)

e >20/40

e 20/50 to 20/100

e 19/100 to 5/200

e 4/200 to light perception (LP)
¢ No light perception (NLP)

PUPIL

* Negative: Relative afferent pupillary defect absent in affected
eye

e Positive: Relative afferent pupillary defect present in affected
eye

ZONE

e |: External (limited to bulbar conjunctiva, sclera, and cornea)
 |I: Anterior segment

« lll: Posterior segment

Reprinted with permission from Pieramici DJ,et al. A system for
classifying mechanical injuries of the eye (Globe). Am J Ophthal-
mol. 1997;123:820-831.

ity of a corneal laceration. Partial-thickness lacerations can be
managed like corneal abrasions.***

Foreign Bodies. Forty-one percent of all open-globe injuries
involve an intraocular foreign body.*® The majority of these pro-
jectiles (80%) are generated in the setting of hammering either a
chisel, nail, or stone.***! Other causes of ocular foreign bodies
include motor vehicle collisions, explosions, projectile weapons,
and activities involving power tools such as drilling. Magnetic
metals (iron, lead, and copper) account for the majority of
intraocular foreign bodies (IOFB); however, nonmetallic items
such as glass, wood, and especially organic materials in pastoral
settings, may be a nidus for a disastrous Bacillus infection. More
than 80% of IOFBs will penetrate the cornea and settle within
the vitreous.* Other common sites for foreign bodies include the
underside of the upper lid, the infracorneal recess within the lid
fissure, and the inferior angle of the anterior chamber.*

Missed foreign bodies constitute 56% of all eye trauma-relat-
ed legal claims, and therefore, IOFBs should be excluded in any
patient with a suspicious mechanism. One-fifth of all patients
with ocular foreign bodies will have no pain and intact visual
acuity.*® Many patients, especially children, will be unaware of
the exposure, resulting in a significant delay to presentation. Like
other corneal injuries, pain or foreign body sensation will be the
most common complaint, but visual deficits will vary depending
on the size of the projectile, extent of the injury, and delay in
presentation. Fluorescein examination of the cornea should be

followed by a slit lamp examination of the cornea, anterior cham-
ber, and the area under the lids. Any superficial foreign body
may be removed with either a cotton-tipped applicator (lid) or a
27-gauge needle.**

Assault-related Injuries. Dannenberg et al reported that one-
third of all occupational eye injuries'' and 56% of all assault-
related injuries involve the sclera.’ Scleral rupture is a traumatic
disruption of the sclera commonly in the supranasal quadrant at
the insertions of the rectus muscles on the globe. Most often this
injury is the result of a blunt mechanism and has a prevalence of
3.5% in blunt trauma.* In the absence of obvious prolapse of
intraocular contents, evidence of a scleral rupture may be quite
subtle. Low intraocular pressures (< 6 mmHg), reduced visual
acuity on initial presentation, an afferent pupillary defect, and a
shallow anterior chamber are clinical findings highly specific to
scleral ruptures, and thus, warrant further investigation. In addi-
tion, one-quarter of hyphemas and 22% of bloody chemosis
cases are associated with a full-thickness scleral injury. '230:36-38

Because full thickness injuries of the eyewall (e.g., corneal
lacerations, scleral rupture, and intraocular foreign bodies) are
open-globe injuries, any suspicion of such requires prompt oph-
thalmology evaluation. CT imaging (axial and coronal views)
may be diagnostic (sensitivity, 93%; specificity, 75%; PPV
95%)**40 of scleral injuries, but is the modality of choice to detect
intraocular foreign bodies (sensitivity 100% for objects more
than 0.06 mm).>*! Magnetic resonance imaging (MRI) is con-
traindicated for IOFB due to migration of metallic fragments.

The examiner should avoid placing any pressure on a suspect-
ed globe rupture to limit further prolapse of intraocular content;
therefore, tonometry should be deferred despite the value of con-
firming low intraocular pressures. An eye shield should be placed
promptly pending further evaluation. Tetanus vaccinations
should be updated, and prophylactic antibiotics should be started
in the ED. Up to 16% of open-globe injuries may progress to
bacterial endophthalmitis caused by Staphylococcus, Streptococ-
cus, or Bacillus species, which are particularly aggressive. Cur-
rent antibiotic recommendations include ceftazidime (1 g every 8
hours) and vancomycin (1 g every 12 hours). Ciprofloxacin (400
mg every 12 hours) and vancomycin may be used in cases of
penicillin allergy.*?

Metallic intraocular foreign bodies may induce similar local-
ized inflammatory reactions known as metallosis (chalcosis for
copper IOFB; siderosis for iron IOFB), which can progress to
hypopyon, retinal detachment, and irreversible visual deficits
within hours. Therefore, prompt surgical evaluation is the defini-
tive management for open-globe injuries, ideally performed by
an ophthalmology specialist familiar with anatomical reconstruc-
tion to optimize visual outcomes.

Injury by Presentation: Diplopia

The two major components of the external eye are the
extraocular muscles and the bones of the orbit. Post-traumatic
deficits in ocular motility are suggestive of extraocular injuries
leading to the common complaint of binocular diplopia.
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The conical orbit comprises six bones that integrate to create a
floor (maxilla), roof (frontal bone), lateral wall (sphenoid and
zygoma), and medial wall (maxilla, lacrimal bone, ethmoid, and
sphenoid). Orbital wall fractures are largely the result of blunt
trauma from an object greater in diameter than the orbital rim
such as a fist, ball, or dashboard. The energy from the trauma is
dispersed across the orbital rim and elastic globe, which will
transmit this force into the orbit. The evolutionary shape of the
orbit minimizes the effect of these sudden elevations in intraocu-
lar pressure by collapsing, like a safety valve, at its weakest
points — the floor and ethmoid aspect of medial wall (lamina
papyracea). Sports-related injuries (e.g., baseball, softball, and
soccer) are the most common causes of orbital wall fractures in
children.® In adults, these injuries often are attributed to motor
vehicle collisions, assault with a blunt object, and falls.*

Blow-out Fractures. Impairment of upward gaze due to
entrapment of the inferior rectus muscle is the classic presenta-
tion of a blow-out fracture, a fracture of the floor or medial wall
of the orbit. Patients commonly will complain of binocular
diplopia with periorbital edema, ecchymosis, and an acutely
proptotic eye. This can be associated with periorbital crepitus
due to subcutaneous emphysema,* as well as hypoesthesias of
the upper lip and maxillary teeth secondary to infraorbital nerve
injury. Enophthalmos, usually a delayed finding, may develop
proportional to the size of the maxillary fracture.

Blow-in Fractures. A blow-in fracture is a fracture of the
orbital roof (frontal bone) caused by high-velocity blunt trauma
directed at the superior orbital rim. A rare fracture (5% of all
facial fractures), orbital roof fractures have a strong association
with other facial fractures (73% of cases) and intracranial injuries
(44% of cases).* Because this fracture reduces orbital space,
exophthalmos will persist after the periorbital edema has
regressed. As in a blow-out fracture, patients will complain of
diplopia, but this may be associated with supraorbital hypoesthe-
sia and ptosis secondary to entrapment of the levator palpabrae.
In rare cases, intracranial contents may herniate inferiorly, and
cerebrospinal fluid (CSF) may leak from the eye.

A CT scan with fine-cut axial and coronal images of the face
and orbit is the modality of choice for the diagnosis of orbital
bone fractures. Due to the bony immaturity, children will have a
higher rate of false negatives despite obvious clinical signs, and
management should proceed as if a fracture is present.*’ Surgery
is the definitive treatment, and indications include fractures
greater than 50% of the orbital floor, extraocular muscle entrap-
ment, and enophthalmos greater than 2 mm. In most cases, inter-
vention will be delayed 7-10 days to allow reduction of post-
traumatic edema; thus, emergent management is conservative.
Ice packs with head elevation are primary, and the patient should
be instructed to avoid nose blowing. Nasal decongestants and a
10-day course of antibiotic prophylaxis against sinusitis may be
initiated. Because practice varies, ophthalmology should be noti-
fied, but does not require urgent consultation unless the patient
demonstrates evidence of an orbital roof fracture, elevated orbital
pressures, or stimulation of the oculocardiac reflex (bradycar-
dia/hypotension),!7:22:334043-45.45-52

Extraocular Muscular Avulsion. Another cause of post-trau-
matic diplopia is extraocular muscle avulsion. The superior
oblique most often is affected due to the close proximity of the
trochlea to the superior orbital rim. Penetrating mechanisms are
almost always the cause including projectiles (e.g., pellets [BBs],
bullets), bone fragments from orbital wall injuries, and dog bites
in children. Presentation will vary depending upon the degree of
transection. Patients will complain of diplopia, and examination
will reveal a motion deficit or, in cases of complete transection,
deviation of the globe. CT imaging may confirm a muscle injury,
and isolated injuries may be managed conservatively with oph-
thalmology follow-up within 24-48 hours. 334

Retrobulbar Hemorrhage. Because the orbit is a rigid,
enclosed space, it is susceptible to a compartment syndrome.
Retrobulbar hemorrhage is a very rare injury with serious conse-
quences. Unfortunately studies in the United Kingdom have sug-
gested that an overwhelming majority (73%) of emergency per-
sonnel are not familiar with the presentation and management of
this disorder.>* Post-traumatic retrobulbar hemorrhage will occur
in the setting of either penetrating or blunt mechanism. Like
compartment syndrome elsewhere, pain is the hallmark of this
injury with rigid, rock-hard proptosis, which may be accompa-
nied by painful ocular motility progressing to diplopia. Increas
ing intraocular pressures will reduce perfusion pressures to the
optic nerve causing a progressive visual deficit and an afferent
pupillary defect that is irreversible within 1-2 hours of onset.*

Management begins with recognition of a painful proptotic
eye. CT imaging will confirm the presence of an intraorbital
hematoma, but if the patient has any visual or pupillary deficits
on presentation, immediate intervention is necessary. Concerning
presentations with negative CT scans can be assessed with
tonometry to confirm normal ocular pressures prior to discharge.

An ophthalmologist should be notified. The patient’s head
should be elevated, and he should be instructed to avoid any val-
salva maneuvers (e.g., coughing, sneezing, and straining). Man-
nitol, acetazolamide, and steroids should be given to reduce
intraocular pressures and protect the optic nerve. If symptoms
continue to progress, a lateral canthotomy should be performed
with lateral cantholysis of the inferior crus. If intraocular pres-
sures are normalized within a timely manner, symptoms typically
resolve within hours, including a return to baseline vision. 465638

Injury by Presentation: Photophobia

The uvea is composed of the iris, ciliary body, and choroids.
Because its primary role is pupillary regulation, injuries usually
will present as pain with pupillary constriction, and patients will
complain of photophobia.

Traumatic Iritis. Traumatic iritis is acute inflammation of the
anterior uvea, secondary to blunt or penetrating trauma. The
chief complaint will be photophobia, but patients also may com-
plain of headache, blurred vision, or light sensitivity due to trau-
matic mydriasis. They also will have pain in the affected eye
when a light is shone in the unaffected eye, termed consensual
photophobia. Slit-lamp examination will reveal ciliary flush with
characteristic cell and flare. Treatment consists of symptomatic
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relief with a cycloplegic agent such as 5% homatropine and oph-
thalmology follow-up in 2-3 days. '

Sympathetic Ophthalmia. Sympathetic ophthalmia is a
bilateral, autoimmune, granulomatous uveitis incited by penetrat-
ing injuries to the eye. The incidence ranges from 1% in open-
globe injuries® to 10 cases per 100,000 penetrating eye
wounds.®' Onset can range from five days to 66 years, but the
average is 4-8 weeks following trauma.®' Patients will complain
of photophobia with tearing and visual deficits, but the key ele-
ment in the history is the bilateral presentation (consensual pho-
tophobia) despite sustaining an injury to only one eye. If left
untreated, the inflammatory conditions related to sympathetic
ophthalmia can progress rapidly to profound visual impairment
from secondary cataract, glaucoma, or retinal detachment. Slit-
lamp examination will reveal cell and flare, and the standard of
care in the ED is steroid therapy with prompt ophthalmology
follow-up.®

Blurred Vision with Intact Afferent Pupillary
Reflex

A normal pupillary response is indicative of an intact posteri-
or segment, mainly the retina and optic nerve. Visual deficits
with normal accommodation reflect injury anterior to the retina.
These injuries obscure the visual axis to the posterior eye; there-
fore, patients will complain of aberrant vision without a com-
plete deficit.

Traumatic Hyphema. Traumatic hyphema is the presence of
blood in the anterior chamber secondary to trauma. The annual
incidence is 17 to 20 per 100,000 with a peak age range of 10-
20.53% Two-thirds of all hyphemas are due to blunt mechanisms
with 44% percent due to assaults,>%? 44% sports-related,**% and
the remainder associated with motor vehicle collisions and the
workplace.! Hyphemas are also the most common eye injury
associated with paintball trauma.® In the pediatric population,
65% of these injuries are sports-related.

A hyphema results from shearing forces on the uvea, leading
to disruption of the iris, ciliary body, or choroid with subsequent
hemorrhage into the anterior chamber. It is the hallmark of a
severe ocular injury, and 25% are associated with a scleral rup-
ture.>® Most patients will present with eye pain and visual
deficits, but the degree of visual impairment will be proportional
to the percentage of the anterior chamber occupied by blood. For
that reason, hyphemas are graded:

* A Grade I lesion occupies less than one-third of the anterior
chamber;

* a Grade II lesion occupies between one-third and one-half
of the anterior chamber;

* a Grade III lesion occupies more than half of the anterior
chamber; and

» a Grade IV lesion is a total hyphema (black ball or eight
ball).®?

The severity of hyphemas is related to the corresponding
complications. One-third of hyphemas are associated with elevat-
ed intraocular pressures, which may progress to acute angle-clo-
sure glaucoma secondary to obstruction of the trebecular mesh-

work by blood products or direct compression of outflow chan-
nels. Sickle cell disease or trait may exacerbate this effect, pro-
gressing to dramatic increases in intraocular pressure even in low
volume hyphemas. Persistently elevated intraocular pressures can
lead to optic nerve atrophy, and irreversible visual deficits. Final-
ly, large hyphemas may cause corneal blood staining, a yellow
discoloration of the cornea contributing to permanent visual deficits.

The first step in examining a hyphema is to rule out an open-
globe injury. In the absence of any signs or symptoms of a full-
thickness eyewall injury, a thorough history should be obtained,
focusing on a medical history of blood disorders such as sickle
cell disease, leukemia, Von Willebrand disease, or hemophilia.
The history also should note any use of anticoagulant or anti-
platelet medications such as aspirin, NSAIDS, clopidogrel, war-
farin, or enoxaparin. In children, any delay in presentation or his-
torical inconsistency warrants concern of child abuse.

A CT scan may be necessary to rule out associated orbital
fractures or open-globe injury. All hyphemas require slit-lamp
examination to evaluate the anterior chamber, and tonometry
once an open-globe injury is ruled out.

Twenty-five percent (Grade 1) to 67% (Grade III) of hyphe-
mas will rebleed, usually 2-5 days post-trauma.®* For this reason,
management is directed at limiting rebleeding and subsequent
elevations in intraocular pressure. This management may vary
among specialists; ophthalmology should be notified prior to ini-
tiating treatment. The patient should be positioned with the head
of the bed elevated to promote settling of the hyphema, and a
rigid shield should be placed over the eye to prevent further
injury. Topical cycloplegics, such as 1% atropine and topical
steroids, may be given to relieve photophobia and intraocular
inflammation. To limit rebleeding, recommendations include a
five-day regimen of either aminocaproic acid or prednisone.
Aminocaproic acid is favored in the setting of sickle cell disease,
and may require concomitant, antiemetic therapy. For elevated
intraocular pressures (> 25 mmHg), topical beta-adrenergic
antagonists, alpha-adrenergic agonists, and carbonic anhydrase
inhibitors are recommended. Table 3 outlines indications for out-
patient management of hyphemas. If a patient is discharged, he
should be instructed to discontinue all anticoagulant/antiplatelet
medication, avoid any rigorous activity, and follow up with oph-
thalmology within 24 hours. 2626367

Cyclodialysis. Cyclodialysis is a disruption of the ciliary
muscle attachment at the sclera that results in a cleft allowing
extravasation of aqueous humor into a potential space within the
choroids. It will present in an estimated 4% of blunt eye
traumas.®’ Patients will complain of poor vision with possible
pain, erythema, and tearing. Because of the loss of volume, the
anterior chamber will appear shallow on slit-lamp examination,
and intraocular pressures will be low. This hypotony can lead to
corneal edema, choroidal detachment, and optic disc edema. All
cases of cyclodialysis will require surgical correction, but most
of the sequelae are chronic manifestations. Normal vision still
can be restored within eight weeks of the injury. Thus, patients
may be discharged home with topical cycloplegics, and follow-
up with an ophthalmologist within 3-4 days.**
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Lens Subluxation. Lens subluxation is a partial displacement
of the lens off the visual axis due to disruption of the lens zonule
fibers that anchor it to the ciliary body. Blunt trauma is the most
common mechanism. A complete dissociation of the lens from
the ciliary body is known as a lens dislocation.

Patients may present with reduced visual acuity, monocular
diplopia, or a visual glare, but symptoms may be delayed until
months after the initial trauma. Conditions that predispose to lens
dislocation with minimal trauma include Marfan’s syndrome,
homocystinuria, syphilis, Weill-Marchesani syndrome, and
retinitis pigmentosa. A slit-lamp examination with pupillary dila-
tion will reveal a displaced lens, prolapse of vitreous into the
anterior chamber, or iridodonesis (a trembling of the iris with
rapid eye movements). In children, an asymmetric red reflex will
characterize lens abnormalities. Subluxation and posterior dislo-
cation are benign conditions that can be managed with a correc-
tive lens. Anterior displacement of a dislocated lens into the ante-
rior chamber is an ocular emergency leading to pupillary
obstruction and elevated intraocular pressures (pupillary block
glaucoma). Any concern for anterior dislocation requires imme-
diate ophthalmology evaluation for surgical correction, assess-
ment of intraocular pressures, and management with topical beta-
adrenergic antagonists, alpha-adrenergic agonists, or carbonic
anhydrase inhibitors.'617:¢

Traumatic Cataracts. A traumatic cataract results from
swelling and opacification of the lens secondary to disruption of
the external capsule. This is the most common lens injury in trau-
ma occurring in 39% of open-globe injuries and 11% of closed-
globe injuries.® In addition, traumatic cataracts accounts for 10%
of eye injuries secondary to assault,’ 32% of workplace-related
injuries,' and 12% of sports-related injuries.? Symptoms tend to
be delayed in onset (weeks to months) with a common complaint
of a unilateral, progressive blurring of the vision. Because the
majority are associated with open-globe injuries and associated
vitreoretinal injuries, many traumatic cataracts are diagnosed and
managed in the operating room. Chronic, isolated injuries will be
apparent on slit-lamp examination and are managed conserva-
tively with ophthalmology follow-up in 2-3 days. Because a
swollen, deformed lens may obstruct the pupil lending to pupil-
lary block glaucoma, intraocular pressures should be assessed
prior to discharge.'¢7

Vitreous Hemorrhage. Vitreous hemorrhage is the extravasa-
tion of blood into the vitreous space. It is one of the most com-
mon post-traumatic ocular injuries, accounting for 40% of
assault-related eye injuries,® 42% of work-related eye injuries,’
and more than 60% of paintball-related injuries.* Vitreous hem-
orrhage also has a strong association with shaken baby syn-
drome.!” The sources of bleeding include the iris, ciliary body,
choroids, and retina. Although the mechanism may be blunt or
penetrating, vitreous hemorrhage most often is associated with a
closed-globe injury. Visual deficits represent the most common
presentation, with patients complaining of a haze, floaters, cob-
webs, smoke signals, or simply a shadowy appearance to their
vision. This may be associated with pain or photophobia,
depending on the site of disruption. Work-up is directed at

Table 3. Traumatic Hyphema: Indications

for Outpatient Management

No associated ocular injury mandating hospitalization

Hyphema less than Grade Il

Intraocular pressure < 35 mmHg

No history of sickle cell disease, blood dyscrasias, or
coagulopathic disorders

No concern regarding the safety of home environment
(including child abuse), ability to comply with limited activity,
ability to comply with medication regimen, or ability to follow
up with ophthalmology within 24 hours

excluding retinal detachment. Direct ophthalmoscopy should be
employed, but may be obscured by blood. Ultrasound is useful in
diagnosing a corresponding retinal detachment, but CT imaging
will provide additional information on the integrity of the
choroids, sclera, or any evidence of intraocular foreign body.
Treatment of an isolated vitreous hemorrhage is conservative
with symptomatic relief of pain as needed. Patients can be dis-
charged home with instructions for bed rest with head elevated
and ophthalmology follow-up in 2-3 days.

Complications related to vitreous hemorrhage include retinal
detachment secondary to traction from the hemorrhage and ghost
cell glaucoma, elevated intraocular pressures secondary to
obstruction of aqueous humor outflow tracts by the byproducts
of hemoglobin degradation. Onset is usually 1-3 weeks post-trau-
ma, and patients will present with a painful eye with a beige col-
lection of cells within the anterior chamber that often is confused
for a hypopion. The presence of ghost-cells, elevated intraocular
pressures, and impending retinal detachment are all indications
for immediate surgical evacuation of the vitreous.**’!"?

Vision Loss with an Afferent Pupillary Defect

Trauma to the posterior segment of the eye (retina/optic
nerve) may impair the pupillary light reflex, causing a pupil that
will fail to constrict with direct light stimulation, known as a rel-
ative afferent pupillary defect.” In addition, posterior segment
injuries also may have profound visual deficits, including com-
plete loss of vision.

Retinal Detachment. Retinal detachment is a separation of
the superficial neurosensory layer of the retina from the underly-
ing pigmented layer. Fifteen percent of all retinal detachments
are caused by trauma with blunt mechanisms (70-85% of cases),
the most common etiology.” The development of a detached reti-
na is a three-step process. The first is a break in the retinal layer
generated during the initial trauma. Retinal dialysis (detachment
from ciliary body) is the most common of these precipitants, but
others include operculated holes, horseshoe flaps, or areas of
necrosis. Secondly, fluid will seep into this defect and weaken
the bond between the two superficial layers. Finally, traction
must be provided to separate the two layers. During the initial
trauma, this is provided by a blunt mechanism and the subse-
quent elastic recoil of the globe that places traction at the vitre-
ous base. In many instances, this traction is a delayed process
caused by the contraction of the vitreous secondary to healing.
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Due to the separation from its blood supply in the choroids, the
separated layer becomes ischemic and irreversibly atrophies.

In many cases, a retinal detachment will be delayed months to
years after the initial injury. Patients will complain of seeing light
flashes progressing to a “falling curtain of darkness.” This may
lead to profound visual deficits with a relative afferent pupillary
defect, an unreactive iris to direct stimulation that constricts with
stimulation of the opposite eye (consensual response). Examina-
tion in children may reveal a diminished red reflex. On direct
ophthalmoscopy, detachments appear as grayish billowing of the
retina; however, many smaller or peripheral detachments may not
be seen with simple fundoscopy (even after dilating the pupil).
Ultrasound will reveal a smooth membrane within the vitreous
cavity or a triangular shape extending from the optic disc in cases
of total detachment. Immediate surgical intervention is indicated,
thus, any pupillary deficit or suspicion of retinal detachment
requires immediate ophthalmology evaluation.!67727577

Because of the high incidence of ocular findings in child
abuse, retinal detachment in children should raise suspicion, but
retinal hemorrhage in children younger than 3 years is pathogno-
monic for shaken baby syndrome.

Optic Nerve Injuries. Optic nerve injuries have a 7% inci-
dence in major trauma’ and will result in permanent visual loss in
50% of cases.”™ The optic nerve can be injured by two major
mechanisms. Direct injuries cause trauma to the nerve usually by
penetrating, open-globe mechanisms such as bone fragments,
foreign bodies, or projectiles (e.g., bullets, BBs). Walsh and Hoyt
described indirect injuries as a “traumatic loss of vision which
occurs without external or initial ophthalmoscopic evidence of
injury to the eye or the nerve.”” These injuries are caused by
transmitted forces upon the optic nerve due to bony apposition or
globe mobility. Indirect injuries are the most common cause of
traumatic optic neuropathy usually attributed to blunt, decelera-
tion injuries with impact at the supraorbital or frontal regions of
the head. Such forces are encountered in motor vehicle colli-
sions, bicycle accidents, assaults, and falls, but optic nerve
injuries also have been described in lower energy mechanisms
such as falling debris and skateboard accidents.”” 808!

The optic nerve can be divided into four anatomic sections:
the intraocular portion that we recognize as the optic disc; a
mobile intraorbital section; a fixed intracanalicular section that is
accompanied by the ophthalmic artery as it runs through the
optic canal; and an intracranial section that joins the complimen-
tary optic nerve to form the optic chiasm. The intracanalicular
portion is the most common site of injury and follows a dual
insult paradigm. The primary insult, at the time of initial trauma,
results from shearing forces due to a mobile globe and intra-
orbital nerve section placing stress on an immobile intracanalicu-
lar section and vessels. This results in permanent axonal injury,
as well as, disruption of the vasculature with possible hemor-
rhage. This loss of blood supply produces a secondary ischemia
and circulation of toxic metabolites such as free radicals,
bradykinin, and calcium. Any axons that survive the initial insult
may succumb to the secondary effects of ischemia, contributing
to the delayed presentation of optic nerve injury.” 777828

The most common presentation for traumatic optic neuropa-
thy is a visual deficit with an afferent pupillary defect (Marcus-
Gunn pupil) on exam. Typically, patients present with vision of
20/400 or less, with 10% having a delayed-onset of symptoms.
Visual fields deficits are indicative of intracranial injury, but in
most instances will be difficult to elicit; more than 50% of optic
nerve injuries are associated with a loss of consciousness.>*”’

Any deficits in vision should raise suspicion of an optic nerve
injury. Again, an afferent pupillary defect is diagnostic of a pos-
terior segment injury and requires immediate ophthalmologic
evaluation. Delayed loss of vision can be described as a lucid
interval before normal vision rapidly fades. Often it is associated
with compression from an expanding hematoma; in most cases,
full visual acuity is returned with prompt surgical decompres-
sion. This rapid deterioration of vision has a good prognosis,
while delayed regressions during a 1-2 week period are associat-
ed with axonal atrophy and suggest more permanent visual deficits.

The physical exam should focus on reversible causes of optic
nerve injury—specifically signs of retrobulbar hemorrhage such
as a rigid globe and diplopia. Ophthalmoscopic examination will
vary depending upon the location of the injury. Anterior injuries
involving the intraocular portion of the nerve will demonstrate an
edematous retina with a pale optic disc if the central retinal artery
is involved. Otherwise, an avulsed intraocular optic nerve will
produce a hemorrhagic ring on the fundus, with the optic disc
appearing as a deep round pit. Posterior injuries involving the
intracanalicular portion of the nerve will appear normal on initial
presentation. Only after 3-6 weeks will the disc appear pale and
atrophic. In more subtle cases, be aware of the close association
of optic nerve injury with midface fractures (2.5% incidence).
All patients with suspected ocular nerve injuries should receive a
CT scan to evaluate for fractures, as well as, pathologic nerve
sheath hematomas or retrobulbar hemorrhages.!677:8485

In 1998, The International Optic Nerve Trauma Study*®
attempted to evaluate the current management recommendations
for optic nerve trauma, high-dose steroids vs. surgical decom-
pression. Researchers concluded that neither improved visual
outcomes, but this study was retrospective and grossly lacked
power (n=133). There has never been a prospective, randomized
trial to determine efficacy in the management of these injuries;
one of the reasons is that the incidence of the disorder is too low
to generate statistical significance within a given community.
Thus, high-dose steroids commonly are used in some centers.
Surgical decompression also is employed, but due to a lack of a
universal protocol, the use of these therapies will vary by region,
therefore, a consulting ophthalmologist should be notified prior
to initiating any treatments.”’-*8!

Prognosis and Conclusion

In general, post-traumatic eye injuries with poor visual acuity
on initial presentation have a lower probability of regaining base-
line vision. Pieramici et al demonstrated that 88% of patients
with post-traumatic visual acuity of 20/40 or better retained that
degree of acuity on follow-up visits. In contrast, 79% of patients
with a post-traumatic inability to perceive light on initial evalua-
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tion required enucleation of the affected eye.®” Much of this
prognostic data related to eye trauma focused on open-globe
injuries in recent years; other initial indicators of poor visual out-
come in the setting of these injuries include the length of the eye-
wall defect, presence of an afferent pupillary defect, prolapse of
intraocular contents, and finally, the presence of a hyphema.%

Pitfalls in assessing and managing eye trauma are related to
the rarity of true vision-threatening injuries. The majority of the
eye injuries evaluated by emergency health care providers will be
benign, but complacency can be overcome by maintaining a sys-
tematic approach to all eye injuries, while being mindful of the
hallmarks of severe injuries such as rigid proptosis and the
absence of a pupillary response. As a final precaution, all eye
injuries, regardless of their triviality, should be referred for fol-
low-up ophthalmology evaluation.
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CE/CME Objectives

Upon completing this program, the participants will be able to:

a.) recognize or increase suspicion for traumatic injuries that
present to the emergency department;

b) describe the various modalities used to identify different
traumatic conditions covered in the newsletter;

c) describe how to correctly and quickly stabilize, and then to
manage patients with the particular condition covered in the
newsletter; and

d) identify both likely and rare complications that may occur
with traumatic injuries.

CE/CME Instructions

Physicians and nurses participate in this continuing medical
education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a certificate of completion. When your evaluation is
received, a certificate will be mailed to you.
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Which of the following conditions is not characterized as an open-
globe injury?

A. Intraocular foreign body

B. Corneal abrasion

C. Corneal laceration

D. Scleral rupture

Which of the following conditions is not associated with diplopia?

A. Orbital wall fractures

B. Lens subluxation

C. Retrobulbar hemorrhage
D. Retinal detachment

A rigid rock-hard proptotic eye is characteristic of what post-
traumatic eye injury?

A. Retrobulbar hemorrhage

B.  Traumatic hyphema

C. Scleral rupture

D. Orbital wall fracture

Which of the following conditions is not associated with elevated

intraocular pressures?

A. Traumatic hyphema

B. Vitreous hemorrhage

C. Anterior lens dislocation
D. Posterior lens dislocation

5. Which of the following eye injuries is the most specific for shaken
baby syndrome?
A. Retinal hemorrhage
B. Retinal detachment
C. Traumatic optic neuropathy
D.

Vitreous hemorrhage

6. Which of the following is not part of the anterior segment of the eye?
A. Lens

Iris

Retina

o ow

Cornea

7. Which of the following groupings has the highest incidence of eye
trauma?
A. Male, ages 10-15
B. Female, ages 10-15
C. Male, ages 25-30
D. Female, ages 25 -30

8. Which of the following agents account for the majority of corneal
burns?
A. Acidic chemical agents
B.  Alkali chemical agents
C. Thermal agents
D. Ultraviolet light

9. What are the two most common bones injured in orbital wall

fractures?

A. Maxilla and sphenoid
B. Maxilla and frontal
C. Maxilla and ethmoid
D. Maxilla and zygoma

10.  Where is the most common anatomic site of optic nerve injury from
blunt trauma?
A. Intraocular (optic disc)
B. Intraorbital
C. Intracanalicular
D. Intracranial (optic chiasm)

Answer Key: 1.B; 2.D; 3.A;4.D; 5.A; 6.C; 7. A; 8.B; 9.C; 10.C

Management of the Burned Patient
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Cardiopulmonary arrest occurs much less frequently in children than in adults. It rarely
occurs suddenly and is more commonly due to a respiratory problem and not from a primary
cardiac cause. In the out-of-hospital setting, conditions such as trauma, sudden infant
death syndrome, drowning, poisoning, choking, and severe asthma represent the most
common causes of arrest. In the hospital setting, common causes include sepsis, res-
piratory failure, drug toxicity, metabolic abnormalities, and arrhythmias. The tenets of
pediatric advanced life support are the recognition and treatment of trauma, shock, res-
piratory failure, or other prearrest conditions to prevent progression to cardiopulmonary
arrest. This article provides an update on pediatric advanced life support recommendations
for equipment and medications for resuscitation and explains the guidelines for their use
based on available clinical and experimental evidence.
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Pediatric advanced life support (PALS) protocols are
guidelines for the assessment and support of pulmo-
nary and circulatory function in the time before, during,
or after a cardiopulmonary arrest. Cardiopulmonary
arrest occurs much less frequently in children than in
adults. It rarely occurs suddenly and is more commonly
because of a respiratory problem and not from a primary
cardiac cause. These causes vary based on the child’s age
and overall health, as well as where the event occurs.

In the out-of-hospital setting, conditions such as
trauma, sudden infant death syndrome, drowning, poi-
soning, choking, and severe asthma represent the most
common causes of arrest.
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Common causes of cardiac arrest in the hospital
include sepsis, respiratory failure, drug toxicity, meta-
bolic abnormalities, and arrhythmias. These in-hospital
causes often complicate an underlying condition. Pediat-
ric cardiac arrest frequently represents the terminal event
of progressive shock or respiratory failure. However,
because the progression from shock or respiratory failure
to cardiac arrest associated with each of these causes may
vary, research is difficult.

The emergency department (ED) represents a tran-
sition from the out-of-hospital to the in-hospital setting.
The components of PALS are similar to those of adult
advanced cardiac life support and include:

* Recognizing and treating patients with trauma,
shock, respiratory failure, or other prearrest con-
ditions to prevent cardiopulmonary arrest.

* Performing basic life support.

* Using adjunctive equipment and special techniques
to ensure effective oxygenation and ventilation.

* Establishing appropriate monitoring and vascular
access.

* Assessing and maintaining perfusion.
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* Evaluating electrocardiograms, recognizing arrhy-
thmias, and treating them, when appropriate.

* Administering medications or electrical defibrilla-
tion for patients with cardiac arrest.

* Identifying and treating reversible causes of car-
diopulmonary arrest.

This article focuses on equipment and medications for
resuscitation and explains the guidelines for their use
based on clinical and experimental evidence available
from the American Heart Association.

Airway and Ventilation Adjuncts

Health care providers may use different airway ventilation
adjuncts based on the child’s condition and level of
consciousness. Administering oxygen using mask or nasal
cannula is a common treatment for the sick or injured
child who is breathing spontaneously. Nasopharyngeal
airways may be used in conscious patients requiring relief
of upper airway obstruction. In addition, oropharyngeal
airways are sometimes indicated for the unconscious
infant or child if standard procedures for opening the
airway fail to maintain an unobstructed airway.

Laryngeal Mask Airway

A relatively recent adjunct available in both the in-
hospital and out-of-hospital settings is the laryngeal mask
airway (LMA). The LMA is a tube with a cuffed mask at
the distal end. Widely used in the operating room, the
LMA can maintain an airway in an unconscious patient.
LMAs enable effective oxygenation and ventilation,
particularly in patients with difficult airways.

To use, introduce the LMA into the pharynx and
advance it until feeling resistance as the tube becomes
positioned above the glottis in the hypopharynx. Once in
place, inflate the balloon cuff, which then helps form a
seal between the cuffed mask of the LMA and the glottis.
This leaves the distal opening of the tube just above the
glottis and provides a clear airway. The health care
provider may then secure the tube in place either with
tape or an appropriate device.

Health care providers who are not skilled at intubation
may find LMAs relatively easy to use compared with
tracheal intubation [1]. Although LMAs can be placed
safely and effectively in infants and children, data suggest
that health care providers need proper training and
supervision to master the technique [2-4]. Moreover,
during patient transport, it may be more difficult to
maintain an LMA than an endotracheal tube.

The LMA is relatively expensive, and the costs increase
because of the number of sizes of LMAs needed for
various-age children. Although reasonable evidence for
the use of the LMA in adult cardiopulmonary arrest
exists, there are no studies of LMA usage in pediatric
cardiopulmonary arrest.

Two case series support LMA use in neonatal
patients. Paterson et al [5] reported a small series of
21 mneonates “successfully” resuscitated with a size 1
LMA. This series makes the point that an LMA can be
safely and effectively used in delivery room resuscita-
tion. A larger case series later reported successful
resuscitation of even low-birth-weight neonates with
an LMA. The study group was limited to neonates with
apnea and bradycardia, which are the usual indications
for delivery room resuscitation, but quite a different
population than pediatric cardiopulmonary arrest in
other settings [6].

Exhaled or End-tidal CO, Monitoring

In infants and children who require intubation, clinical
confirmation of tube placement can be difficult and
unreliable at times. For children and infants weighing
more than 2 kg, tube placement should be secondarily
confirmed by exhaled CO, detection using a colorimetric
device or continuous capnography. First, administer 6
ventilations to wash out CO, that may be present in the
stomach and esophagus after bag-mask ventilation. Tube
placement in the trachea can then be confirmed when
there is a positive color change, or a capnographic
waveform shows exhaled CO, [7,8]. Exhaled CO, may
be detected with right main-stem intubation. Therefore,
even with exhaled CO, detection, proper tube position in
the trachea must be confirmed using chest x-ray and
clinical examination.

CO, detection is not as useful in patients in cardiac
arrest. Infants and children in cardiac arrest may have
diminished pulmonary blood flow and thus limited
exchange of CO, in the lungs [9,10]. In addition, clinical
experience in adults suggests that severe airway obstruc-
tion and pulmonary edema may impair CO, elimination
[10,11]. The colorimetric detector may not be reliable if
gastric contents or acidic drugs, such as tracheal-
administered epinephrine, contaminate the CO, detector.
With confirmed correct tube placement, absent or low
detectable CO, correlates with poor outcome in animals
and adults [12-15]. No studies have been done in
children looking at exhaled CO, to predict outcome.

Esophageal Detector Devices

Esophageal detector devices can confirm proper place-
ment of endotracheal tubes in patients. Their design is
based on the ability to aspirate air from the cartilage-
supported trachea and lower airways. If the tracheal tube
is in the esophagus instead, the esophageal walls collapse
when aspiration is attempted, alerting the clinician to the
misplacement. In adults, the esophageal detector device
can accurately detect proper esophageal tube placement
[16,17]. These devices are available for children; how-
ever, they may be unreliable in children younger than
1 year [18].
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A prospective, single-blind, repeated-measures study
involved 75 children weighing more than 20 kg [19].
Pediatric patients in the operating room had endotracheal
tubes placed into both the trachea and esophagus, and the
endotracheal tubes’ positions were evaluated using the
esophageal detector device. Using the “off-deflate”
method (ie, the bulb was deflated before attachment to
the tube), the esophageal detector device was highly
sensitive and specific for correct tube position. There
have been no studies of the esophageal detector device in
children weighing more than 20 kg who were also in
cardiac arrest.

Circulatory Adjuncts

Several circulatory adjuncts exist to assist with resusci-
tation efforts. These include:

* Mechanical devices for chest compression.

* Interposed abdominal compression cardiopulmo-
nary resuscitation (IAC-CPR).

* Medical antishock trousers (MAST).

* Open-chest cardiac compression and extracorpo-
real membrane oxygenation (ECMO).

Mechanical Devices for Chest Compression

Mechanical devices to compress the sternum have not
been tested in pediatric patients to date and are not
recommended. Active compression-decompression CPR
has a compression phase as in conventional CPR. Instead
of passive relaxation, however, a rescuer performs active
decompression using a handheld suction cup that lifts the
chest wall upward. This active decompression increases
venous return through a rapid decrease in intrathoracic
pressure. Active compression-decompression CPR offers
multiple benefits, including:

* Increased cardiac output compared with standard
CPR in animal models [20,21].

* Maintained coronary perfusion during compression
and decompression in humans.

* Ventilation if the airway is open [22].

Interposed Abdominal Compression
Cardiopulmonary Resuscitation

IAC-CPR involves a third rescuer rather than specific
equipment. IAC-CPR includes all the steps of conven-
tional CPR with the addition of IAC. A second or
third rescuer applies these in counterpoint to the
rhythm of chest compression, using overlapping hands,
just above the umbilicus. IAC-CPR has been shown to
increase blood flow in laboratory and computer
models of adult CPR but has not been adequately
tested in children.

Medical Antishock Trousers

MAST therapy is controversial, and the effects of using
MAST during resuscitation of pediatric cardiac arrest are
unknown. Randomized trials show either no benefit of
MAST or an increased mortality with their use for treating
hemorrhagic shock [23,24]. Potential complications of
MAST include:

* Lower extremity ischemia and compartment syn-
drome [25].
» Compromised ventilation [26].

Health care providers who choose to use MAST must
know the proper indications and hazards of this therapy.

Open-Chest Cardiac Compression
and ECMO

Internal or open-chest cardiac compression is superior to
closed-chest compressions in generating cardiac output
and cerebral and myocardial blood flow in animals and
adults [27,28]. However, similar improvement in cardiac
output may not translate to infants and children because
the chest wall is extremely compliant in this age group
[29]. For blunt traumatic pediatric arrest, using open
thoracotomy and direct cardiac compression is not
beneficial [30]. There are no adequate clinical data
showing a beneficial effect of internal cardiac compression
for children in cardiac arrest caused by any mechanism
and therefore cannot be routinely recommended.

There are limited data on the use of ECMO to support
circulation after cardiac arrest. It is used after cardiac
surgery; however, no data exist regarding its use in the
pediatric ED. Late application of cardiopulmonary bypass
was uniformly unsuccessful for 10 adult patients in an ED
after prolonged arrest. ECMO should be considered
optional for selected patients when used by properly
trained personnel.

Drugs Used for Cardiac Arrest
and Resuscitation

This section highlights several drugs used for cardiac
arrest and resuscitation:

* Epinephrine.
* Vasopressin.
* Magnesium.
* Adenosine.

e Amiodarone.

Epinephrine

Epinephrine is an endogenous catecholamine with
powerful «- and f-adrenergic properties. In cardiac
arrest, the most important pharmacological action is
o-adrenergic—mediated vasoconstriction. Vasoconstric-
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tion increases aortic diastolic pressure and, in turn,
coronary perfusion pressure. This is key to determining
the success or failure of resuscitation [31]. Epinephrine’s
p-adrenergic effects offer many benefits:

* Improve the contractile state of the heart.

* Stimulate spontaneous contractions.

¢ Increase the strength and intensity of ventricular
fibrillation (VF), which increases the success of
defibrillation [32].

* Reduce the chances of reflex bradycardia that can
happen with pure o agonists.

Asystole and bradyarrhythmias are the most commonly
observed rhythms in the pediatric patient with cardiac
arrest. If a child has symptomatic bradycardia that is
unresponsive to effective assisted ventilation and supple-
mental oxygenation, epinephrine should be given.

High Rescue Doses

Because acidosis and hypoxemia may depress the action
of catecholamines, health care providers must pay
attention to ventilation, oxygenation, and circulation
[33]. In animals with cardiac arrest, high doses of
epinephrine (10-20 times the routine dose) improve
myocardial and cerebral blood flow [34,35]. In a single
nonblinded clinical trial of 20 children with witnessed
arrest, high rescue doses of epinephrine improved
survival and neurological outcome [36].

Subsequent large multi-institutional adult studies,
well-controlled animal studies, and uncontrolled retro-
spective pediatric data did not show any benefit from
high-dose epinephrine [37-45]. Other studies showed
that high-dose epinephrine can have adverse effects
including hypertension, ventricular ectopy, increased
myocardial oxygen consumption during CPR, myocardial
necrosis, and worsened postarrest myocardial dysfunc-
tion [42,46,47].

A recently published, prospective, randomized, blinded
trial compared high-dose epinephrine (0.1 mg/kg) with
standard-dose epinephrine (0.01 mg/kg) as a rescue
therapy for in-hospital pediatric cardiac arrests secondary
to asphyxia, after failure of the initial standard epinephrine
dose [48]. Thirty-four patients were recruited in each arm
of the study.

In the high-dose group, 1 of 34 patients survived
24 hours, whereas in the standard dose group, 7 of
34 patients survived 24 hours (unadjusted odds ratio,
8.56; 95% confidence interval, 1.0-397.0; P = .05). The
2 treatment groups did not differ in the rate of return of
spontaneous circulation (ROSC; 20/34 vs 21/34). Survival
to hospital discharge was 0 of 34 in the high-dose group
and 4 of 34 in the standard-dose group.

Based on these data, it appears that high-dose epi-
nephrine confers no added advantage in terms of 24-hour
survival, discharge from the hospital, or neurological
status after discharge following in-hospital cardiac arrest

in children. In fact, it may make these outcomes worse.
Therefore, high-dose epinephrine should not be given as
a rescue dose in in-hospital pediatric cardiac arrests
caused by asphyxia.

Recommended Dosing

The recommended initial dose of epinephrine for cardiac
arrest is 0.01 mg/kg (0.1 ml/kg of 1:10000 solution)
given by the IV or IO route or 0.1 mg/kg (0.1 ml/kg of
1:1000 solution) by the tracheal route.

Give repeated doses every 3 to 5 minutes for ongoing
arrest.

* Use the same dose of epinephrine for second and
subsequent doses for unresponsive asystolic and
pulseless arrest.

* Consider higher doses of epinephrine, particularly
with documented low diastolic blood pressure
(<20 mm Hg) in the aorta.

When possible, administer epinephrine through a
secure central line. The drug may cause ischemia, leading
to localized tissue injury, if it penetrates local tissue.
However, do not withhold epinephrine in an arrest
situation if the only available access is a peripheral IV
line. Epinephrine and other catecholamines are inacti-
vated in alkaline solutions and should not be mixed with
sodium bicarbonate.

Vasopressin

Vasopressin is an endogenous hormone that acts at
specific receptors to mediate systemic vasoconstriction
and reabsorption of water in the renal tubule. When
compared with epinephrine, vasopressin produced
improved long-term survival and increased blood flow
to the heart and brain in experimental models of cardiac
arrest [49,50].

The use of vasopressin has recently become a focus of
intense discussion in resuscitation. Considerable animal
evidence supports vasopressin use, whereas human data
have been less promising. A meta-analysis of all animal
trials reported a benefit of vasopressin for ROSC in
animals, whereas the human data from the same meta-
analysis reported no benefit in human ROSC when
compared with adrenaline [51]. This meta-analysis also
did not show a survival-to-discharge advantage in humans.

The pediatric use of vasopressin in cardiac arrest is
only supported by a small human case series [52]. In this
series of 4 patients, vasopressin was given as a rescue
therapy when conventional resuscitation had failed. Two
patients survived to 24 hours, and one survived to
hospital discharge.

In a pediatric asphyxial arrest model, researchers found
significant improvement in both perfusion pressure and
ROSC when they compared the combined effects of
vasopressin and epinephrine to either epinephrine or
vasopressin given as a single agent in prolonged VF and
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CPR [53]. The overall effects on blood pressure as well as
cerebral perfusion were found to be the same when
vasopressin alone was compared with epinephrine alone
in another piglet model [54]. Although the data are
limited, it appears that vasopressin is not superior to
epinephrine alone but may be useful in combination
with epinephrine.

Magnesium

Magnesium is a major intracellular cation and serves as a
cofactor for many enzymatic reactions in the body.
Although health care providers have used magnesium to
treat a wide range of arrhythmias, current data support
the routine use of magnesium sulfate only in patients with
torsades de pointes ventricular tachycardia (VT) or with
documented hypomagnesemia [55,56].

Torsade de pointes is a unique type of polymorphic VT
characterized by an electrocardiographic appearance of
QRS complexes changing in amplitude and polarity so
that they appear to rotate around an isoelectric line.
Torsade de pointes appears in conditions that are
associated with a long QT interval. Prolonged QT
intervals may occur in congenital conditions (eg,
Romano-Ward) or after drug toxicity.

Reported pharmacological causes include type I anti-
arrhythmics (eg, quinidine), type III antiarrhythmics (eg,
sotalol, amiodarone), tricyclic antidepressants, and digi-
talis. In addition, unanticipated pharmacokinetic inter-
actions may cause torsades de pointes. These include the
interaction between cisapride and inhibitors of
the cytochrome P450 system (eg, erythromycin, clari-
thromycin) [57].

Recommended Dosing

Regardless of the cause, magnesium sulfate should be
given in a rapid IV infusion (25-50 mg/kg over several
minutes) when torsade de pointes VT is present.

Adenosine

Adenosine is an endogenous nucleoside that acts at
specific receptors to temporarily block conduction
through the atrioventricular (AV) node. When medi-
cations are indicated for treating supraventricular
tachycardia (SVT), adenosine is the drug of choice in
the ED [58,59]. Adenosine is very effective, and side
effects are minimal because the half-life is usually less
than 10 seconds.

In patients with SVT, adenosine interrupts reentry
circuits that involve the AV node. These reentry circuits
are the underlying mechanism for most SVT episodes in
infants and children. In assessing the effectiveness of
adenosine, one must watch the rhythm closely for even
transient termination of the SVT. If the SVT terminates
but subsequently reinitiates, the same dose of adenosine
can be repeated, or use of another agent considered,
because adenosine has no lasting effects.

Recommended Dosing

The starting dose of adenosine is 0.1 mg/kg as a rapid
bolus infusion. If unsuccessful, the repeat dose is 0.2
mg/kg because of the short half-life of adenosine, it
should be injected through the most central IV site avail
able (ie, a vein that is as close to the heart as possible).
Adenosine should be immediately followed by a saline
flush, preferably through a 3-way stopcock or second port
on the same IV line. Adenosine may also be given by the
10 route [60].

Amiodarone

Amiodarone is a highly lipid-soluble antiarrhythmic
agent. It has very complex pharmacology and does not
fit neatly into any classification system for antiarrhyth-
mics. Amiodarone is a noncompetitive inhibitor of both
o- and f-adrenergic receptors [61]. Because of the
sympathetic block, intravenous amiodarone produces
vasodilation and AV nodal suppression [62]. This
suppression results from prolonging the AV nodal
refractory period and slowing AV nodal conduction [63].

Amiodarone inhibits the outward potassium ion move-
ment in myocardial cells, which prolongs the QT interval
[64]. Although this effect is thought to be its major action
in acutely controlling arrhythmias, it may also increase
the potential for arrhythmias, including the risk of
torsades de pointes [65]. Amiodarone also inhibits
sodium channels. This can slow conduction in the
ventricular myocardium and prolongs QRS duration
[66]. In children, amiodarone has been used to treat
ectopic atrial tachycardia or junctional ectopic tachycar-
dia after cardiac surgery, as well as VT in postoperative
children with underlying cardiac disease [67-71].

Amiodarone is unique because of its unusual phar-
macokinetics. It is highly concentrated in the tissues,
so it has a relatively short serum half-life with initial
bolus dosing. However, in a patient on chronic therapy,
amiodarone has a half-life of several weeks. The oral
form of amiodarone is poorly absorbed, making acute
therapy by the oral route impractical. An intra-
venous preparation is available and used for a wide
range of both atrial and ventricular arrhythmias in adults
and children.

Because of its complex pharmacology, poor oral
absorption, and potential for long-term adverse effects,
a health care professional skilled in arrhythmia manage-
ment should manage the dosing and administration. Drug
levels correlate poorly with drug effect because of
amiodarone’s high lipid solubility, so it is not useful to
measure them. The main acute side effect of amiodarone
is hypotension [72].

Terminal elimination of amiodarone (after loading is
completed) is quite long with a half-life lasting more than
40 days. Potential long-term complications include
interstitial pneumonitis, corneal microdeposits, blue-gray
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skin discoloration, elevated liver enzymes, and interfer-
ence with thyroid hormone metabolism, leading to
hypothyroidism or hyperthyroidism [73,74].

Recommended Dosing

For both supraventricular and ventricular arrhythmias, a
loading dose of 5 mg/kg over several minutes to 1 hour
is recommended, depending on the need to achieve
rapid drug effect. The initial dose of 5 mg/kg may need
to be repeated.

Defibrillation, Cardioversion,

and External Pacing

Defibrillation is the untimed (asynchronous) depolariza-
tion of the myocardium, which successfully terminates VF
or pulseless VT. Electric shocks produce a simultaneous
depolarization of a critical mass of myocardial cells. This
interrupts the abnormal rhythm and allows resumption of
a more organized and stable rhythm (ideally, a sinus
rhythm). Success is more likely if the myocardium is
normothermic, oxygenated, and not acidotic.

The optimum electrical dose for pediatric shocks to
produce defibrillation is not conclusively established.
However, available data suggest an initial dose of
approximately 2 J/kg [75,76]. The recommended energy
dose of 2 J/kg is appropriate for children up to at least
8 years of age. The age and size at which a fixed energy
dose “adult” defibrillator (150-200 J) can be used are
unknown. In the out-of-hospital setting, it may be
reasonable to use adult defibrillation algorithms in
children older than 8 years, and it is reasonable to use
adult energy doses in children who weigh more than
50 kg. If this dose of energy is unsuccessful, double the
energy dose to 4 J/kg and shock the child again. If
the second shock is unsuccessful, use the same energy
dose (4 J/kg) and shock the child a third time. Perform
the first 3 defibrillation attempts in rapid succession, with
pauses just long enough to confirm whether VF persists.

Synchronized cardioversion involves timing the deliv-
ery of electrical energy to the onset of cardiac depolari-
zation and is used to restore a stable rhythm in
symptomatic patients with SVT or VT. Its timing,
coinciding with the QRS complex, is critically important
to avoid shocking the heart during the vulnerable phase
of the T wave, which risks converting the existing rhythm
to VF. Synchronized cardioversion is used with rhythms
such as SVT, atrial flutter, or VT with a pulse. The
synchronize function on the defibrillator must be acti-
vated before attempting to cardiovert. The initial dose of
energy is 0.5 to 1 J/kg. Children are usually very
responsive to cardioversion attempts and rarely need a
second shock. If unsuccessful, the dose can be increased
up to 2 J/kg as needed.

Newer defibrillators use biphasic waveforms (BWFs)
that appear to be effective in adults at lower energy levels

[77]. Several animal studies comparing biphasic and
monophasic waveform defibrillation showed an advan-
tage of BWF defibrillation over monophasic waveform
defibrillation, with BWF defibrillation resulting in
greater ROSC and survival [78-80]. Several recent animal
studies have determined the BWF dosing required to
successfully treat VF in infant- and child-size piglets.
These studies support that BWF dosing of 2 to 4 J/kg
successfully treats VF, although some animals may
require higher doses [78-81]. To date, there are no
published pediatric human studies of BWF dosing.
Current studies are evaluating BWF dosing in children,
but not enough data exist to recommend a lower dose of
energy at the present time.

Automatic External Defibrillators in Children

Automatic external defibrillators (AEDs) are commonly
used in adults in the prehospital setting to assess cardiac
rhythm and to deliver shocks to produce defibrillation.
Although data suggest that AEDs can accurately detect VF
in children of all ages, there are inadequate data regarding
AEDs’ ability to correctly distinguish tachycardic rhythms
in infants [82-84].

Research supports using AEDs that initially provide
50 J of biphasic defibrillation in children aged 1 to 8 years
[85]. A dose of 5 J/kg (50 J for an average 1-year-old
child) may effectively defibrillate and be tolerated by the
pediatric heart, as 50 ] BWF is well within the successful
dose ranges used in animal and human studies. The
American Heart Association currently recommends using
an AED with pediatric pads and/or a pediatric attenuator
(delivering 50 J of energy) for children aged 1 to 8 years.
A standard adult AED can be used on children older than
8 years [86].

Noninvasive Transcutaneous Pacing

Noninvasive transcutaneous pacing has been used to treat
adults with bradycardia or asystole; however, experience
with children is limited and does not support a beneficial
effect of pacing on outcome of children with cardiac arrest
[87,88]. This form of pacing is uncomfortable. Therefore, it
should be used only on children with profound symp-
tomatic bradycardia that is refractory to basic life support
and medications, particularly when caused by under-
lying congenital or acquired heart disease producing com-
plete heartblock orsinusnode dysfunction.

For noninvasive pacing, use an external pacing unit
and 2 large, adhesive-backed electrodes. If the child
weighs less than 15 kg, use pediatric (small or medium)
electrodes [87]. Place the negative electrode over the
heart on the anterior chest and the positive electrode
behind the heart on the back. If the back cannot be used,
place the positive electrode on the right side of the
anterior chest under the clavicle and the negative
electrode on the left side of the chest over the fourth in-
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tercostal space in the midaxillary line. Precise placement
of the electrodes does not appear to be necessary as long
as the negative electrode is placed near the apex of the
heart [89,90]. Transcutaneous pacing is often painful,
and analgesia and sedation are usually required.

Summary

Pediatric cardiopulmonary arrest remains a relatively
infrequent event in emergency care. The basic tenets of
the updated PALS guidelines remain much the same as
those from the program’s inception, the early recognition
and treatment for children with prearrest conditions,
such as shock or respiratory failure. Although much is
known and has already been incorporated into the latest
PALS recommendations, further research in pediatric
resuscitation is clearly needed.
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Part 11: Pediatric Basic Life Support

For best survival and quality of life, pediatric basic life
support (BLS) should be part of a community effort that
includes prevention, basic CPR, prompt access to the emer-
gency medical services (EMS) system, and prompt pediatric
advanced life support (PALS). These 4 links form the
American Heart Association (AHA) pediatric Chain of Sur-
vival (Figure 1). The first 3 links constitute pediatric BLS.

Rapid and effective bystander CPR is associated with
successful return of spontaneous circulation and neurologi-
cally intact survival in children.!-> The greatest impact occurs
in respiratory arrest,? in which neurologically intact survival
rates of >70% are possible,*~¢ and in ventricular fibrillation
(VF), in which survival rates of 30% have been documented.”
But only 2% to 10% of all children who develop out-of-
hospital cardiac arrest survive, and most are neurologically
devastated.”'3 Part of the disparity is that bystander CPR is
provided for less than half of the victims of out-of-hospital
arrest.%!1-14 Some studies show that survival and neurologic
outcome can be improved with prompt CPR.615-17

Prevention of Cardiopulmonary Arrest
The major causes of death in infants and children are
respiratory failure, sudden infant death syndrome (SIDS),
sepsis, neurologic diseases, and injuries.!®

Injuries

Injuries, the leading cause of death in children and young
adults, cause more childhood deaths than all other causes
combined.!® Many injuries are preventable. The most com-
mon fatal childhood injuries amenable to prevention are
motor vehicle passenger injuries, pedestrian injuries, bicycle
injuries, drowning, burns, and firearm injuries.!®

Motor Vehicle Injuries
Motor vehicle—related injuries account for nearly half of all

pediatric deaths in the United States.'® Contributing factors
include failure to use proper passenger restraints, inexperi-
enced adolescent drivers, and alcohol.

Appropriate restraints include properly installed, rear-
facing infant seats for infants <20 pounds (<9 kg) and <1
year of age, child restraints for children 1 to 4 years of age,
and booster seats with seat belts for children 4 to 7 years of
age.?? The lifesaving benefit of air bags for older children and
adults far outweighs their risk. Most pediatric air bag-related
fatalities occur when children <12 years of age are in the
vehicle’s front seat or are improperly restrained for their age.
For additional information consult the website of the National
Highway Traffic Safety Administration (NHTSA): http://
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Figure 1. Pediatric Chain of Survival.

nhtsa.gov. Look for the Comprehensive Child Passenger
Safety Information.

Adolescent drivers are responsible for a disproportionate
number of motor vehicle-related injuries; the risk is highest
in the first 2 years of driving. Driving with teen passengers
and driving at night dramatically increase the risk. Additional
risks include not wearing a seat belt, drinking and driving,
speeding, and aggressive driving.?!

Pedestrian Injuries
Pedestrian injuries account for a third of motor vehicle-

related injuries. Adequate supervision of children in the street
is important because injuries typically occur when a child
darts out mid-block, dashes across intersections, or gets off a
bus.??

Bicycle Injuries

Bicycle crashes are responsible for approximately 200 000
injuries and nearly 150 deaths per year in children and
adolescents.?®> Head injuries are a major cause of bicycle-
related morbidity and mortality. It is estimated that bicycle
helmets can reduce the severity of head injuries by >80%.2*

Burns
Approximately 80% of fire-related and burn-related deaths

result from house fires and smoke inhalation.?>2¢ Smoke
detectors are the most effective way to prevent deaths and
injuries; 70% of deaths occur in homes without functioning
smoke alarms.?’

Firearm Injuries

The United States has the highest firearm-related injury rate
of any industrialized nation—more than twice that of any
other country.?® The highest number of deaths is in adoles-
cents and young adults, but firearm injuries are more likely to
be fatal in young children.?® The presence of a gun in the
home is associated with an increased likelihood of adoles-
cent3%-31 and adult suicides or homicides.3? Although overall
firearm-related deaths declined from 1995 to 2002, firearm
homicide remains the leading cause of death among African-
American adolescents and young adults.!®

Sudden Infant Death Syndrome

SIDS is “the sudden death of an infant under 1 year of age,
which remains unexplained after a thorough case investiga-
tion, including performance of a complete autopsy, examina-
tion of the death scene, and review of the clinical history.”3?
The peak incidence of SIDs occurs in infants 2 to 4 months of
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age.>* The etiology of SIDS remains unknown, but risk
factors include prone sleeping position, sleeping on a soft
surface,35-37 and second-hand smoke.383° The incidence of
SIDS has declined 40%*° since the “Back to Sleep” public
education campaign was introduced in the United States in
1992. This campaign aims to educate parents about placing an
infant on the back rather than the abdomen or side to sleep.

Drowning

Drowning is the second major cause of death from uninten-
tional injury in children <5 years of age and the third major
cause of death in adolescents. Most young children drown
after falling into swimming pools while unsupervised; ado-
lescents more commonly drown in lakes and rivers while
swimming or boating. Drowning can be prevented by install-
ing isolation fencing around swimming pools (gates should
be self-closing and self-latching)*' and wearing personal
flotation devices (life jackets) while in, around, or on water.

The BLS Sequence for Infants and Children
For the purposes of these guidelines, an “infant” is less than
approximately 1 year of age. This section does not deal with
newborn infants (see Part 13: “Neonatal Resuscitation Guide-
lines”). For lay rescuers the “child” BLS guidelines should be
applied when performing CPR for a child from about 1 year
of age to about 8 years of age. For a healthcare provider, the
pediatric (“child”) guidelines apply from about 1 year to
about the start of puberty. For an explanation of the differ-
ences in etiology of arrest and elaboration of the differences
in the recommended sequence for lay rescuer and healthcare
provider CPR for infants, children, and adults, see Part 3:
“Overview of CPR.”

These guidelines delineate a series of skills as a sequence
of distinct steps, but they are often performed simultaneously
(eg, starting CPR and activating the EMS system), especially
when more than one rescuer is present. This sequence is
depicted in the Pediatric Healthcare Provider BLS Algorithm
(Figure 2). The numbers listed with the headings below refer
to the corresponding box in that algorithm.

Safety of Rescuer and Victim

Always make sure that the area is safe for you and the victim.
Move a victim only to ensure the victim’s safety. Although
exposure to a victim while providing CPR carries a theoret-
ical risk of infectious disease transmission, the risk is very
low.#2

Check for Response (Box 1)

® Gently tap the victim and ask loudly, “Are you okay?” Call
the child’s name if you know it.

® ook for movement. If the child is responsive, he or she
will answer or move. Quickly check to see if the child has
any injuries or needs medical assistance. If necessary, leave
the child to phone EMS, but return quickly and recheck the
child’s condition frequently. Children with respiratory
distress often assume a position that maintains airway
patency and optimizes ventilation. Allow the child with
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respiratory distress to remain in a position that is most
comfortable.

® If the child is unresponsive and is not moving, shout for
help and start CPR. If you are alone, continue CPR for 5
cycles (about 2 minutes). One cycle of CPR for the lone
rescuer is 30 compressions and 2 breaths (see below). Then
activate the EMS system and get an automated external
defibrillator (AED) (see below). If you are alone and there
is no evidence of trauma, you may carry a small child with
you to the telephone. The EMS dispatcher can guide you
through the steps of CPR. If a second rescuer is present,
that rescuer should immediately activate the EMS system
and get an AED (if the child is 1 year of age or older) while
you continue CPR. If you suspect trauma, the second
rescuer may assist by stabilizing the child’s cervical spine
(see below). If the child must be moved for safety reasons,
support the head and body to minimize turning, bending, or
twisting of the head and neck.

Activate the EMS System and Get the AED

(Box 2)

If the arrest is witnessed and sudden>74+3 (eg, an athlete who
collapses on the playing field), a lone healthcare provider
should activate the EMS system (by telephoning 911 in most
locales) and get an AED (if the child is 1 year of age or older)
before starting CPR. It would be ideal for the lone lay rescuer
who witnesses the sudden collapse of a child to also activate
the EMS system and get an AED and return to the child to
begin CPR and use the AED. But for simplicity of lay rescuer
education it is acceptable for the lone lay rescuer to provide
about 5 cycles (about 2 minutes) of CPR for any infant or
child victim before leaving to phone 911 and get an AED (if
appropriate). This sequence may be tailored for some learners
(eg, the mother of a child at high risk for a sudden arrhyth-
mia). If two rescuers are present, one rescuer should begin
CPR while the other rescuer activates the EMS system and
gets the AED.

Position the Victim

If the victim is unresponsive, make sure that the victim is in
a supine (face up) position on a flat, hard surface, such as a
sturdy table, the floor, or the ground. If you must turn the
victim, minimize turning or twisting of the head and neck.

Open the Airway and Check Breathing (Box 3)
In an unresponsive infant or child, the tongue may obstruct
the airway, so the rescuer should open the airway.**-47

Open the Airway: Lay Rescuer

If you are a lay rescuer, open the airway using a head
tilt—chin lift maneuver for both injured and noninjured
victims (Class Ila). The jaw thrust is no longer recommended
for lay rescuers because it is difficult to learn and perform, is
often not an effective way to open the airway, and may cause
spinal movement (Class IIb).

Open the Airway: Healthcare Provider
A healthcare provider should use the head tilt—chin lift

maneuver to open the airway of a victim without evidence of
head or neck trauma.
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No movement or response
Send someone to phone 911, get AED

| Lone Rescuer: For SUDDEN COLLAPSE,
[ PHONE 911, Get AED

| If no response, check pulse: | ...

I
2

5
Definite » = = = =
| » Give 1 breath every
— 3seconds
* Recheck pulse every
minutes

One Rescuer: Give cycles of 30 COMPRESSIONS and 2 BREATHS
Push hard and fast (100/min) and release completely

If not already done, PHONE 911, for child get AED/defibrillator
Infant (<1 year): Continue CPR until ALS responders take over or
victim starts to move
Child (>1 year): Continue CPR; use AED/defibrillator after 5 cycles of CPR
(Use AED as soon as it is available for sudden, witnessed collapse)

8 Y
| Child >1 year:
o Check rhythm
" L Shockable rhythm? -
hochable ot Sho< kabde
] / 10
Give 1 shock Resume CPR immediately
Resume CPR immediately for 5 cycles
for 5 cycles Check rhythm every
5 cycles, continue until
ALS providers take over or
victim starts to move

Approximately 2% of all victims with blunt trauma requir-
ing spinal imaging in an emergency department have a spinal
injury. This risk is tripled if the victim has craniofacial
injury,*® a Glasgow Coma Scale score of <8,% or both.#8:50 If
you are a healthcare provider and suspect that the victim may
have a cervical spine injury, open the airway using a jaw
thrust without head tilt (Class IIb).#¢-5152 Because maintaining
a patent airway and providing adequate ventilation is a pri-
ority in CPR (Class I), use a head tilt—chin lift maneuver if
the jaw thrust does not open the airway.

Check Breathing (Box 3)
‘While maintaining an open airway, take no more than 10 seconds to

check whether the victim is breathing: Look for rhythmic chest and
abdominal movement, listen for exhaled breath sounds at the nose
and mouth, and feel for exhaled air on your cheek. Periodic gasping,
also called agonal gasps, is not breathing.53-*

Figure 2. Pediatric Healthcare Provider
BLS Algorithm. Note that the boxes bor-
dered by dotted lines are performed by
healthcare providers and not by lay
rescuers.

® [f the child is breathing and there is no evidence of trauma:
turn the child onto the side (recovery position, Figure 3).
This helps maintain a patent airway and decreases risk of
aspiration.

Give Rescue Breaths (Box 4)

If the child is not breathing or has only occasional gasps:

® For the lay rescuer: maintain an open airway and give 2 breaths.

® For the healthcare provider: maintain an open airway
and give 2 breaths. Make sure that the breaths are
effective (ie, the chest rises). If the chest does not rise,
reposition the head, make a better seal, and try again.>>
It may be necessary to move the child’s head through a
range of positions to obtain optimal airway patency and
effective rescue breathing.





Figure 3. Recovery position.

In an infant, use a mouth-to-mouth-and-nose technique
(LOE 7; Class IIb); in a child, use a mouth-to-mouth
technique.>

Comments on Technique
In an infant, if you have difficulty making an effective seal

over the mouth and nose, try either mouth-to-mouth or
mouth-to-nose ventilation (LOE 5; Class IIb).>¢-3% If you use
the mouth-to-mouth technique, pinch the nose closed. If you
use the mouth-to-nose technique, close the mouth. In either
case make sure the chest rises when you give a breath.

Barrier Devices

Despite its safety,*> some healthcare providers®-¢' and lay
rescuers®263 may hesitate to give mouth-to-mouth rescue
breathing and prefer to use a barrier device. Barrier devices
have not reduced the risk of transmission of infection,*> and
some may increase resistance to air flow.6+5 If you use a
barrier device, do not delay rescue breathing.

Bag-Mask Ventilation (Healthcare Providers)
Bag-mask ventilation can be as effective as endotracheal

intubation and safer when providing ventilation for short
periods.®6-%° But bag-mask ventilation requires training and
periodic retraining in the following skills: selecting the
correct mask size, opening the airway, making a tight seal
between the mask and face, delivering effective ventilation,
and assessing the effectiveness of that ventilation. In the
out-of-hospital setting, preferentially ventilate and oxygenate
infants and children with a bag and mask rather than attempt
intubation if transport time is short (Class Ila; LOE 196; 3¢7;
468.69)

Ventilation Bags

Use a self-inflating bag with a volume of at least 450 to 500
mL7%; smaller bags may not deliver an effective tidal volume
or the longer inspiratory times required by full-term neonates
and infants.”!

A self-inflating bag delivers only room air unless supple-
mentary oxygen is attached, but even with an oxygen inflow
of 10 L/min, the concentration of delivered oxygen varies
from 30% to 80% and depends on the tidal volume and peak
inspiratory flow rate.”> To deliver a high oxygen concentra-
tion (60% to 95%), attach an oxygen reservoir to the
self-inflating bag. You must maintain an oxygen flow of 10 to
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15 L/min into a reservoir attached to a pediatric bag’? and a
flow of at least 15 L/min into an adult bag.

Precautions
Avoid hyperventilation; use only the force and tidal volume

necessary to make the chest rise. Give each breath over 1
second.

® In a victim of cardiac arrest with no advanced airway in
place, pause after 30 compressions (1 rescuer) or 15
compressions (2 rescuers) to give 2 ventilations when using
either mouth-to-mouth or bag-mask technique.

® During CPR for a victim with an advanced airway (eg,
endotracheal tube, esophageal-tracheal combitube [Combi-
tube], or laryngeal mask airway [LMA]) in place, rescuers
should no longer deliver “cycles” of CPR. The compress-
ing rescuer should compress the chest at a rate of 100 times
per minute without pauses for ventilations, and the rescuer
providing the ventilation should deliver 8 to 10 breaths per
minute. Two or more rescuers should change the compres-
sor role approximately every 2 minutes to prevent com-
pressor fatigue and deterioration in quality and rate of chest
compressions.

® [f the victim has a perfusing rhythm (ie, pulses are present)
but no breathing, give 12 to 20 breaths per minute (1 breath
every 3 to 5 seconds).

Healthcare providers often deliver excessive ventilation
during CPR,73-75 particularly when an advanced airway is in
place. Excessive ventilation is detrimental because it

® Impedes venous return and therefore decreases cardiac
output, cerebral blood flow, and coronary perfusion by
increasing intrathoracic pressure’

® Causes air trapping and barotrauma in patients with small-
airway obstruction

® [ncreases the risk of regurgitation and aspiration

Rescuers should provide the recommended number of
rescue breaths per minute.

You may need high pressures to ventilate patients with
airway obstruction or poor lung compliance. A pressure-relief
valve can prevent delivery of sufficient tidal volume.”> Make
sure that the manual bag allows you to use high pressures if
necessary to achieve visible chest expansion.”®

Two-Person Bag-Mask Ventilation
A 2-person technique may be necessary to provide effective

bag-mask ventilation when there is significant airway ob-
struction, poor lung compliance,’® or difficulty in creating a
tight seal between the mask and the face. One rescuer uses
both hands to open the airway and maintain a tight mask-to-
face seal while the other compresses the ventilation bag. Both
rescuers should observe the chest to ensure chest rise.

Gastric Inflation and Cricoid Pressure
Gastric inflation may interfere with effective ventilation”” and

cause regurgitation. To minimize gastric inflation:

® Avoid excessive peak inspiratory pressures (eg, ventilate
slowly).c¢
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® Apply cricoid pressure. Do this only in an unresponsive
victim and if there is a second rescuer.’8-3° Avoid exces-
sive pressure so as not to obstruct the trachea.®!

Oxygen
Despite animal and theoretic data suggesting possible adverse

effects of 100% oxygen,®>-8> there are no studies comparing
various concentrations of oxygen during resuscitation beyond
the newborn period. Until additional information becomes
available, healthcare providers should use 100% oxygen
during resuscitation (Class Indeterminate). Once the patient is
stable, wean supplementary oxygen but ensure adequate
oxygen delivery by appropriate monitoring. Whenever pos-
sible, humidify oxygen to prevent mucosal drying and thick-
ening of pulmonary secretions.

Masks
Masks provide an oxygen concentration of 30% to 50% to a

victim with spontaneous breathing. For a higher concentra-
tion of oxygen, use a tight-fitting nonrebreathing mask with
an oxygen inflow rate of approximately 15 L/min that
maintains inflation of the reservoir bag.

Nasal Cannulas
Infant and pediatric size nasal cannulas are suitable for

children with spontaneous breathing. The concentration of
delivered oxygen depends on the child’s size, respiratory rate,
and respiratory effort.’¢ For example, a flow rate of only 2
L/min can provide young infants with an inspired oxygen
concentration >50%.

Pulse Check (for Healthcare Providers) (Box 5)

If you are a healthcare provider, you should try to palpate a
pulse (brachial in an infant and carotid or femoral in a child).
Take no more than 10 seconds. Studies show that healthcare
providers87-23 as well as lay rescuers®*-¢ are unable to
reliably detect a pulse and at times will think a pulse is
present when there is no pulse. For this reason, if you do not
definitely feel a pulse (eg, there is no pulse or you are not sure
you feel a pulse) within 10 seconds, proceed with chest
compressions.

If despite oxygenation and ventilation the pulse is <60
beats per minute (bpm) and there are signs of poor perfusion
(ie, pallor, cyanosis), begin chest compressions. Profound
bradycardia in the presence of poor perfusion is an indication
for chest compressions because an inadequate heart rate with
poor perfusion indicates that cardiac arrest is imminent.
Cardiac output in infancy and childhood largely depends on
heart rate. No scientific data has identified an absolute heart
rate at which chest compressions should be initiated; the
recommendation to provide cardiac compression for a heart
rate <60 bpm with signs of poor perfusion is based on ease
of teaching and skills retention. For additional information
see “Bradycardia” in Part 12: “Pediatric Advanced Life
Support.”

If the pulse is =60 bpm but the infant or child is not
breathing, provide rescue breathing without chest compres-
sions (see below).

Lay rescuers are not taught to check for a pulse. The lay
rescuer should immediately begin chest compressions after
delivering 2 rescue breaths.

I, L /_ 'N—c‘_____r
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Figure 4. Two-finger chest compression technique in infant
(1 rescuer).

Rescue Breathing Without Chest Compressions
(for Healthcare Providers Only) (Box 5A)
If the pulse is =60 bpm but there is no spontaneous breathing
or inadequate breathing, give rescue breaths at a rate of about
12 to 20 breaths per minute (1 breath every 3 to 5 seconds)
until spontaneous breathing resumes (Box 5A). Give each
breath over 1 second. Each breath should cause visible chest
rise.

During delivery of rescue breaths, reassess the pulse about
every 2 minutes (Class Ila), but spend no more than 10
seconds doing so.

Chest Compressions (Box 6)

To give chest compressions, compress the lower half of the
sternum but do not compress over the xiphoid. After each
compression allow the chest to recoil fully (Class IIb)
because complete chest reexpansion improves blood flow
into the heart.®” A manikin study®’ showed that one way to
ensure complete recoil is to lift your hand slightly off the
chest at the end of each compression, but this has not been
studied in humans (Class Indeterminate). The following are
characteristics of good compressions:

® “Push hard”: push with sufficient force to depress the chest
approximately one third to one half the anterior-posterior
diameter of the chest.

® “Push fast”: push at a rate of approximately 100 compres-
sions per minute.

® Release completely to allow the chest to fully recoil.

® Minimize interruptions in chest compressions.

In an infant victim, lay rescuers and lone rescuers should
compress the sternum with 2 fingers (Figure 4) placed just
below the intermammary line (Class IIb; LOE 5, 6).98-102

The 2 thumb-encircling hands technique (Figure 5) is
recommended for healthcare providers when 2 rescuers are
present. Encircle the infant’s chest with both hands; spread
your fingers around the thorax, and place your thumbs
together over the lower half of the sternum.®-192 Forcefully
compress the sternum with your thumbs as you squeeze the
thorax with your fingers for counterpressure (Class IIa; LOE





Figure 5. Two thumb-encircling hands chest compression in
infant (2 rescuers).

5103,104; 6105,106) If you are alone or you cannot physically
encircle the victim’s chest, compress the chest with 2 fingers
(as above). The 2 thumb-encircling hands technique is
preferred because it produces higher coronary artery perfu-
sion pressure, more consistently results in appropriate depth
or force of compression,'®>-198 and may generate higher
systolic and diastolic pressures.!03.104,109.110

In a child, lay rescuers and healthcare providers should
compress the lower half of the sternum with the heel of 1
hand or with 2 hands (as used for adult victims) but should
not press on the xiphoid or the ribs. There is no outcome data
that shows a 1-hand or 2-hand method to be superior; higher
compression pressures can be obtained on a child manikin
with 2 hands.!'! Because children and rescuers come in all
sizes, rescuers may use either 1 or 2 hands to compress the
child’s chest. It is most important that the chest be com-
pressed about one third to one half the anterior-posterior
depth of the chest.

Coordinate Chest Compressions and Breathing (Box 6)
The ideal compression-ventilation ratio is unknown, but
studies have emphasized the following:

® [n 2000''? a compression-ventilation ratio of 5:1 and a
compression rate of 100 per minute were recommended.
But at that ratio and compression rate, fewer than 50
compressions per minute were performed in an adult
manikin, and fewer than 60 compressions per minute were
performed in a pediatric manikin even under ideal
circumstances.!!3-115

® [t takes a number of chest compressions to raise coronary
perfusion pressure, which drops with each pause (eg, to
provide rescue breathing, check for a pulse, attach an
AED).!16.117

® [ong and frequent interruptions in chest compressions have
been documented during CPR by lay rescuers!!-!1° and by
healthcare providers”>120 in the out-of-hospital and in-hospital
settings. Interruptions in chest compressions are associated
with decreased rate of return of spontaneous circulation.!?!-123

® Ventilations are relatively less important during the first
minutes of CPR for victims of a sudden arrhythmia-
induced cardiac arrest (VF or pulseless ventricular
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tachycardia [VT]) than they are after asphyxia-induced
arrest,!16:117.124-127 byt even in asphyxial arrest, a minute
ventilation that is lower than normal is likely to maintain an
adequate ventilation-perfusion ratio because cardiac output
and, therefore, pulmonary blood flow produced by chest
compressions is quite low.

® For lay rescuers, a single compression-ventilation ratio
(30:2) for all age groups may increase the number of
bystanders who perform CPR because it is easier to
remember.

If you are the only rescuer, perform cycles of 30 chest
compressions (Class Indeterminate) followed by 2 effective
ventilations with as short a pause in chest compressions as
possible (Class IIb). Make sure to open the airway before
giving ventilations.

For 2-rescuer CPR (eg, by healthcare providers or others,
such as lifeguards, who are trained in this technique), one
provider should perform chest compressions while the other
maintains the airway and performs ventilations at a ratio of
15:2 with as short a pause in compressions as possible. Do not
ventilate and compress the chest simultaneously with either
mouth-to-mouth or bag-mask ventilation. The 15:2 ratio for 2
rescuers is applicable in children up to the start of puberty.

Rescuer fatigue can lead to inadequate compression rate
and depth and may cause the rescuer to fail to allow complete
chest wall recoil between compressions.'?® The quality of
chest compressions deteriorates within minutes even when
the rescuer denies feeling fatigued.'?*:13% Once an advanced
airway is in place for infant, child, or adult victims, 2 rescuers
no longer deliver cycles of compressions interrupted with
pauses for ventilation. Instead, the compressing rescuer
should deliver 100 compressions per minute continuously
without pauses for ventilation. The rescuer delivering the
ventilations should give 8 to 10 breaths per minute and should
be careful to avoid delivering an excessive number of
ventilations. Two or more rescuers should rotate the com-
pressor role approximately every 2 minutes to prevent com-
pressor fatigue and deterioration in quality and rate of chest
compressions. The switch should be accomplished as quickly
as possible (ideally in less than 5 seconds) to minimize
interruptions in chest compressions.

Compression-Only CPR
Ventilation may not be essential in the first minutes of VF

cardiac arrest,!'6:124127.131 during which periodic gasps and
passive chest recoil may provide some ventilation if the
airway is open.'?* This, however, is not true for most cardiac
arrests in infants and children, which are more likely to be
asphyxial cardiac arrest. These victims require both prompt
ventilations and chest compressions for optimal resuscitation.
If a rescuer is unwilling or unable to provide ventilations,
chest compressions alone are better than no resuscitation at
all (LOE 5 through 7; Class IIb).!25.126

Activate the EMS System and Get the AED (Box 7)

In the majority of infants and children with cardiac arrest, the
arrest is asphyxial.®11.17.132.133 [ one rescuers (with the excep-
tion of healthcare providers who witness sudden collapse)
should perform CPR for 5 cycles (about 2 minutes) before
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activating EMS, then start CPR again with as few interrup-
tions of chest compressions as possible. If there are more
rescuers present, one rescuer should begin the steps of CPR as
soon as the infant or child is found to be unresponsive and a
second rescuer should activate the EMS system and get an
AED. Minimize interruption of chest compressions.

Defibrillation (Box 8)

VF can be the cause of sudden collapse, or it may develop
during resuscitation attempts.”-'3* Children with sudden wit-
nessed collapse (eg, a child collapsing during an athletic
event) are likely to have VF or pulseless VT and need
immediate CPR and rapid defibrillation. VF and pulseless VT
are referred to as “shockable rhythms” because they respond
to electric shocks (defibrillation).

Many AEDs have high specificity in recognizing pediatric
shockable rhythms, and some are equipped to decrease the
delivered energy to make it suitable for children 1 to 8 years
of age.!3*135 Since the publication of the ECC Guidelines
2000,"12 data has shown that AEDs can be safely and
effectively used in children 1 to 8 years of age.'30-138
However, there is insufficient data to make a recommenda-
tion for or against using an AED in infants <1 year of age
(Class Indeterminate).!36-138

In systems and institutions that care for children and have
an AED program, it is recommended that the AED have both
a high specificity in recognizing pediatric shockable rhythms
and a pediatric dose-attenuating system to reduce the dose
delivered by the device. In an emergency if an AED with a
pediatric attenuating system is not available, use a standard
AED. Turn the AED on, follow the AED prompts, and
resume chest compressions immediately after the shock.
Minimize interruptions in chest compressions.

CPR Techniques and Adjuncts
There is insufficient data in infants and children to recom-
mend for or against the use of mechanical devices to
compress the sternum, active compression-decompression
CPR, interposed abdominal compression CPR (IAC-CPR), or
the impedance threshold device (Class Indeterminate). See
Part 6: “CPR Techniques and Devices” for adjuncts in adults.

Foreign-Body Airway Obstruction (Choking)

Epidemiology and Recognition

More than 90% of deaths from foreign-body aspiration occur
in children <5 years of age; 65% of the victims are infants.
Liquids are the most common cause of choking in infants,!3°
whereas balloons, small objects, and foods (eg, hot dogs,
round candies, nuts, and grapes) are the most common causes
of foreign-body airway obstruction (FBAO) in children.!40-
142 Signs of FBAO include a sudden onset of respiratory
distress with coughing, gagging, stridor (a high-pitched, noisy
sound), or wheezing. The characteristics that distinguish
FBAO from other causes (eg, croup) are sudden onset in a
proper setting and the absence of antecedent fever or respi-
ratory symptoms.

Relief of FBAO

FBAO may cause mild or severe airway obstruction. When
the airway obstruction is mild, the child can cough and make
some sounds. When the airway obstruction is severe, the
victim cannot cough or make any sound.

e [f FBAO is mild, do not interfere. Allow the victim to clear
the airway by coughing while you observe for signs of
severe FBAO.

e [f the FBAO is severe (ie, the victim is unable to make a
sound):

— For a child, perform subdiaphragmatic abdominal
thrusts (Heimlich maneuver)'#314+ until the object is
expelled or the victim becomes unresponsive. For an
infant, deliver 5 back blows (slaps) followed by 5 chest
thrusts'45-14° repeatedly until the object is expelled or
the victim becomes unresponsive. Abdominal thrusts
are not recommended for infants because they may
damage the relatively large and unprotected liver.!>0-152

— If the victim becomes unresponsive, lay rescuers and
healthcare providers should perform CPR but should
look into the mouth before giving breaths. If you see a
foreign body, remove it. Healthcare providers should
not perform blind finger sweeps because they may push
obstructing objects further into the pharynx and may
damage the oropharynx.'>3.!54 Healthcare providers
should attempt to remove an object only if they can see
it in the pharynx. Then rescuers should attempt venti-
lation and follow with chest compressions.

Special Resuscitation Situations

Children With Special Healthcare Needs

Children with special healthcare needs's>-'57 may require emer-
gency care for complications of chronic conditions (eg, obstruction
of a tracheostomy), failure of support technology (eg, ventilator
failure), progression of underlying disease, or events unrelated to
those special needs.!>® Care is often complicated by a lack of
medical information, plan of medical care, list of current medica-
tions, and Do Not Attempt Resuscitation (DNAR) orders. Parents
and child-care providers are encouraged to keep copies of medical
information at home, with the child, and at the child’s school or
child-care facility. School nurses should have copies and should
maintain a readily available list of children with DNAR or-
ders.!3815 An Emergency Information Form (EIF) was developed
by the American Academy of Pediatrics and the American College
of Emergency Physicians'>7and is available on the Worldwide Web
at http://www.pediatrics.org/cgi/content/full/104/4/e53.

If a decision to limit or withhold resuscitative efforts is
made, the physician must write an order clearly detailing the
limits of any attempted resuscitation. A separate order must
be written for the out-of-hospital setting. Regulations regard-
ing out-of-hospital “do not attempt resuscitation” (DNAR or
so-called “no-CPR”) directives vary from state to state. For
further information about ethical issues of resuscitation, see
Part 2: “Ethical Issues.”

When a child with a chronic or potentially life-threatening
condition is discharged from the hospital, parents, school
nurses, and home healthcare providers should be informed
about the reason for hospitalization, hospital course, and how





to recognize signs of deterioration. They should receive
specific instructions about CPR and whom to contact.!>®

Ventilation With a Tracheostomy or Stoma

Everyone involved with the care of a child with a tracheos-
tomy (parents, school nurses, and home healthcare providers)
should know how to assess patency of the airway, clear the
airway, and perform CPR using the artificial airway.

Use the tracheostomy tube for ventilation and verify
adequacy of airway and ventilation by watching for chest
expansion. If the tracheostomy tube does not allow effective
ventilation even after suctioning, replace it. Alternative ven-
tilation methods include mouth-to-stoma ventilation and bag-
mask ventilation through the nose and mouth while you or
someone else occludes the tracheal stoma.

Trauma
The principles of BLS resuscitation for the injured child are
the same as those for the ill child, but some aspects require
emphasis; improper resuscitation is a major cause of prevent-
able pediatric trauma death.'®® Errors include failure to
properly open and maintain the airway and failure to recog-
nize and treat internal bleeding.

The following are important aspects of resuscitation of
pediatric victims of trauma:

® Anticipate airway obstruction by dental fragments, blood,
or other debris. Use a suction device if necessary.

® Stop all external bleeding with pressure.

® When the mechanism of injury is compatible with spinal
injury, minimize motion of the cervical spine and avoid
traction or movement of the head and neck. Open and
maintain the airway with a jaw thrust and try not to tilt the
head. If a jaw thrust does not open the airway, use a head
tilt—chin lift. If there are 2 rescuers, the first opens the
airway while the second restricts cervical spine motion. To
limit spine motion, secure at least the thighs, pelvis, and
shoulders to the immobilization board. Because of the
disproportionately large size of the head in infants and
young children, optimal positioning may require recessing
the occiput'®! or elevating the torso to avoid undesirable
backboard-induced cervical flexion.!¢!.162

® If possible, transport children with multisystem trauma to a
trauma center with pediatric expertise.

Drowning

Outcome after drowning depends on the duration of submer-
sion, the water temperature, and how promptly CPR is
started.!-'%163 An excellent outcome can occur after prolonged
submersion in icy waters.!®+165 Start resuscitation by safely
removing the victim from the water as rapidly as possible. If
you have special training, start rescue breathing while the
victim is still in the water's® if doing so will not delay
removing the victim from the water. Do not attempt chest
compressions in the water, however.

There is no evidence that water acts as an obstructive
foreign body; don’t waste time trying to remove water from
the victim. Start CPR by opening the airway and giving 2
effective breaths followed by chest compressions; if you are
alone, continue with 5 cycles (about 2 minutes) of compres-
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sions and ventilations before activating EMS and (for chil-
dren 1 year of age and older) getting an AED. If 2 rescuers are
present, send the second rescuer to activate the EMS system
immediately and get an AED (if appropriate), while you
continue CPR.

Summary: The Quality of BLS
Immediate CPR can improve survival from cardiorespiratory
arrest in children, but not enough children receive high-
quality CPR. We must increase the number of laypersons who
learn, remember, and perform CPR and must improve the
quality of CPR provided by lay rescuers and healthcare
providers alike.

Systems that deliver professional CPR should implement
processes of continuous quality improvement that include
monitoring the quality of CPR delivered at the scene of
cardiac arrest, other process-of-care measures (eg, initial
rhythm, bystander CPR, and response intervals), and patient
outcome up to hospital discharge (see Part 3: “Overview of
CPR”). This evidence should be used to optimize the quality
of CPR delivered (Class Indeterminate).
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