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Preface

In this fifth edition of the Clinical Manual of Emergency Pediatrics, we have endeavored to
remain true to our original intention: to provide a dependable, comprehensive, portable
handbook that offers concise advice regarding the approach to the majority of conditions
seen in a pediatric emergency department. For each topic, we have included essential points
and priorities for diagnosis, management, and follow-up care, as well as indications for
hospitalization and a bibliography to guide further reading.

Traditionally, manuals such as this one were written for trainees, as well as experienced
pediatric emergency and emergency medicine physicians, who needed a summary of the
myriad conditions that present to the emergency department and a guide as to how to
differentiate among them. Now, however, primary care providers are expected to manage
acute illnesses in ambulatory settings. Ill children are hospitalized less often, and they tend
to be discharged back to their primary care providers sooner than ever before. In addition,
increasing numbers of chronically ill and medically fragile children are receiving care in
ambulatory sites. As a result of these shifting practices, physicians working in settings such
as private offices and clinics may be faced with potential, or real, pediatric emergencies.
These caregivers, as well as emergency physicians, can benefit from a practical handbook.

Since the publication of the first edition of this manual, on-line and portable resources
have become readily available. However, many are not geared to pediatric conditions or
presentations. It is our observation that there is a lack of detail, particularly when discussing
differential diagnoses. Our hope is that this manual, which gathers the necessary facts and
management recommendations in a user-friendly, easily accessible manual, will facilitate
decision-making and safe care.

In the fifth edition, we have maintained the book’s unique features while making many
changes that increase its utility. Because the scope of childhood illnesses and injuries seen in
acute care settings is constantly increasing, we have revised and updated every chapter. We
have added new sections on several infectious and rheumatic diseases that had been
overlooked in previous editions, along with sections on regional anesthesia, hyperkalemia,
and nephrolithiasis. The ingestion and orthopedic sections have been completely revised
and updated, and there is specific attention paid to MRSA, where relevant.

A word of caution is in order. Although a manual for emergency care can be very useful,
it may tempt physicians, particularly those still in training, to look for automatic solutions.
It is not our intent that this text be used as a protocol book. We urge students and
housestaff not to use this manual as a substitute for their own critical thinking and
sensitivity when caring for children and their families.

We owe special thanks to our associate editor, Sandra J. Cunningham, MD, for her
contributions and diligent editing. Her careful attention to detail greatly improved the
quality of the book. Katherine J. Chou, MD, and Anthony Ciorciari, MD, our colleagues in
pediatric emergency medicine and the Department of Emergency Medicine, respectively,
reviewed much of the text to ensure that recommendations were updated and evidence-
based. Although the quality of this fifth edition reflects the hard work of all the contributors,
the final manuscript reflects our approach to any given illness or problem, and we are
responsible for the book’s content.



Xvi Preface

By what they have taught us and by their example we are especially grateful to the
pediatric emergency department nurses, attendings, and nurse practitioners at the Jacobi
Medical Center. We have become better teachers and caregivers by observing them and
their interactions with patients and families.

We are particularly indebted to the pediatric and emergency medicine house staffs and
the pediatric emergency medicine fellows at the Jacobi Medical Center, and the medical
students of the Albert Einstein College of Medicine whom we have had the privilege of
teaching and learning from over the years. Their thoughtful questions provided the impetus
for this manual.

This book is dedicated to the memory of Dr. Lewis M. Fraad, our beloved mentor,
whose name has been memorialized in the name of our department, the Lewis M. Fraad
Department of Pediatrics at Jacobi Medical Center. Day in and day out he set an example
for all of us by combining intellectual rigor with a deep respect for children and their
families. He will always be with us when we are at our best.

Ellen F. Crain and Jeffrey C. Gershel



Resuscitation

Waseem Hafeez

Cardiopulmonary resuscitation overview

Cardiopulmonary arrest in infants and children is rarely a sudden event. The usual progres-
sion of arrest is respiratory failure, caused by hypoxia and hypercarbia, which eventually
leads to asystolic cardiac arrest. Common etiologies that may lead to cardiopulmonary arrest
include sudden infant death syndrome (SIDS), respiratory disease, sepsis, major trauma,
submersion, poisoning, and metabolic/electrolyte imbalance. In contrast, primary cardiac
arrest is relatively rare in the pediatric age group and is most frequently caused by congenital
heart disease, myocarditis, and chest trauma with myocardial injury. Although asystole and
pulseless electrical activity (PEA) are the primary rhythms in pediatric cardiac arrest, the
patient may also have ventricular tachycardia (VT) or ventricular fibrillation (VF).

The outcome of unwitnessed cardiopulmonary arrest in infants and children is poor.
Only 8.4% of pediatric patients who have out-of-hospital cardiac arrests survive to discharge
and most are neurologically impaired, while the in-hospital survival rate is 24%, with a
better neurological outcome. The best reported outcomes have been in children who receive
immediate high-quality cardiopulmonary resuscitation (resulting in adequate ventilation
and coronary artery perfusion), and in those with witnessed sudden arrest (presenting with
ventricular rhythm disturbance) that responds to early defibrillation.

Emergency department priorities

To optimize outcome, it is essential to recognize early signs and symptoms of impending
respiratory failure and circulatory shock prior to the development of full cardiopulmonary
arrest. All equipment, supplies, and drugs must be available and organized for easy access.
It is imperative that the staff have training in Pediatric Advanced Life Support (PALS), and
routinely practice mock pediatric resuscitations.

Pre-calculated drug sheets or the Broselow tape and a comprehensive plan to organize the
resuscitation team (Table 1-1) will optimize care in a high-stress situation. Assign a role to
each team member: team leader, airway management, chest compressions, vascular access,
obtaining a history, medication administration, recorder, and runner. Identify a team leader
early whose sole responsibility is to oversee the resuscitation and give instructions. Ideally, a
respiratory therapist will assist the team, and a clock must be available to facilitate record
keeping. Prepare in advance the essential equipment needed for resuscitation, using the
mnemonic IMSOAPP. (Table 1-2).

Rapid cardiopulmonary assessment

Quickly perform a primary evaluation, which focuses on the Appearance, Airway, Breathing
and Circulatory (ABCs) status of the patient. This initial examination provides assessment
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of the patient’s acuity, and prioritizes the urgency and aggressiveness of intervention in
response to the degree of physiologic compromise. Following stabilization of the ABCs, the
secondary assessment includes a complete examination of the patient, while maintaining

Table 1-1. Resuscitation team roles and preparation

Roles

Team leader

Airway management

Chest compressions

Vascular access

Medication administration

Obtaining a history

Recorder

Runner

Preparation

IV-I0/monitors/suction/O/airway equipment/medications

Assess weight (in kg) = 2 x (age in years + 4)

Airway (C-collar): head tilt—chin lift; jaw thrust; oxygen; suction
Breathing: rate; air; retractions; O, saturation (oximetry); R/7O pneumothorax
Circulation: pulse rate; BP; capillary refill; peripheral pulses

IV/IO Access: NS 20 ml/kg x 3; pressors; packed RBCs

Disability: AVPU; pupils; neurologic examination; GCS

Dextrose: DosW = 2 ml/kg ; < 3 mo: D1gW = 5 ml/kg

Exposure: log roll; rectal and guaiac

Evaluation: secondary head-to-toe examination

Fever: maintain normal temperature

Fast (trauma): RUQ, sub-xiphoid, cardiac, LUQ, suprapubic

Foley: contraindicated for high prostate; blood in meatus or scrotum
Gastric tube (NGT): not if there is a midface injury (use orogastric tube)

History: allergies; usual medications; PMH; last meal time

normothermia and normoglycemia.

Appearance

Assess the general appearance of the patient. Evaluate the activity level of the child, reaction
to painful or unfamiliar stimuli, interaction with the caretaker, consolability, and strength

of the cry, relative to the patient’s age.
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Table 1-2. IMSOAPP. mnemonic for resuscitation

IV fluids/IV catheter/intraosseous needle
Monitors: cardiorespiratory; pulse oximeter; blood pressure
Suction: tonsil tipped (Yankauer) and flexible catheters

100% Oxygen source

> O v Z

Airway equipment
Bag-mask: different size masks
Oral airway: nasopharyngeal and oral
Laryngoscope with assorted blades: Miller, Macintosh
Tracheal tube: cuffed and uncuffed, multiple sizes
Stylet
P Pharmacy: medications, either a pre-calculated drug sheet or Broselow tape

P Personnel: call a code, have resuscitation team available

Airway

Airway patency is particularly prone to early compromise in pediatric patients, as the
airway diameter and length are smaller than in adults. Determine whether the airway is
clear (no intervention required), maintainable with noninvasive intervention (positioning,
oropharyngeal or nasopharyngeal airway placement, suctioning, bag-mask ventilation) or
not maintainable without intubation.

Breathing

Ventilation and oxygenation are reflected in the work of breathing and can be quickly
assessed by the mnemonic RACE:

e Rate: age-dependent (Table 1-3). Tachypnea is often the first sign of respiratory distress.
e Air entry

e Listen to breath sounds in all areas: anterior and posterior chest, axillae
e Must rule out pneumothorax: absent breath sounds, tracheal deviation
e Abnormal sounds: rales, rhonchi, wheezing

e Color

e Pink, pallid, cyanotic, or mottled
e Pulse oximetry: use the O, saturation as the fifth vital sign
e Effort/mechanics

e “Tripod” position, nasal flaring, grunting, stridor, head bobbing
e Accessory muscle use: sternocleidomastoid prominence
e Retractions: suprasternal, subcostal, and/or intercostal

The presence of abnormal clinical signs of breathing such as grunting, severe retractions,
mottled color, use of accessory muscles, and cyanosis are precursors to impending respira-
tory failure.
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Table 1-3. Normal vital signs

Respiratory Pulse Systolic BP Diastolic BP
Age Weight (kg) Rate/min Rate/min 10th-90th 10th/90th
<1 month 3-4 35-55 95-180 65-90 35-55
1-11 months 5-8 25-40 110-170 85-105 45-65
1-3 years 10-15 20-30 90-150 90-105 45-65
4-6 years 15-20 20-25 65-135 95-110 50-70
7-9 years 20-30 18-25 60-130 100-115 50-70
10-12 years 30-40 16-22 60-110 100-120 50-70
13-15 years 40-60 15-22 60-110 105-125 55-70
16-18 years 60-70 15-20 60-100 110-130 55-75
>18 years >70 12-20 60-100 110-135 65-85

Circulation

The circulatory status reflects the effectiveness of cardiac output as well as end-organ
perfusion. The rapid assessment includes:

e Cardiovascular function

e Heart rate: age-dependent (Table 1-3)
Central and peripheral pulses: compare the femoral, brachial, and radial pulses

e Blood pressure: age-dependent. Use the following guidelines to estimate the lowest
acceptable (5th percentile) systolic BP:

Newborn - 1 month = 60 mmHg

1 month - 1 year = 70 mmHg

1-10 years = 70 mmHg + (2 x age in years)
> 10 years = 90 mmHg

e End-organ perfusion (systemic circulation)
e Skin perfusion: capillary refill (<2 sec normal), color, extremity temperature
(relative to ambient temperature)
e Renal perfusion: urinary output = 1 mL/kg per h (about 30 mL/h for an adolescent)
e (NS perfusion: mental status, level of consciousness, irritability, consolability

A awake

V  responsive to voice
P responsive to pain
U unresponsive

Tachycardia and tachypnea are early signs of cardiorespiratory compromise. Observe for
central or peripheral cyanosis and feel the skin temperature and moisture. With the fingers at
the level of the heart, apply pressure to the nail bed until it blanches, then release, timing the
interval until the fingertip “pinks up.” Delayed capillary refill (>2 sec), and cool, clammy
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extremities are clinical indicators of poor perfusion. A systolic blood pressure <5th percentile
(measured with an appropriate-size cuff), loss of central pulses, oliguria, and altered level of
consciousness are ominous signs of impending decompensated circulatory shock.

Initial management
Airway management

Airway management is always the first priority. Immediate goals in the ED include
reversing hypoxemia, supporting ventilation, maintaining airway patency, and protecting
the airway from secretions and vomitus. To open the airway, first use simple maneuvers
such as repositioning the head, suctioning secretions from the mouth, and placing an
oropharyngeal or nasopharyngeal airway.

Head tilt—chin lift

Open the airway using the head tilt-chin lift technique or jaw thrust maneuver. In an
unresponsive child, perform the head tilt-chin lift maneuver by placing one hand on the
patient’s forehead and gently tilting the head back into a neutral position. Curl the fingers of
the other hand gently under the jaw, and lift the mandible upward to open the airway.

Jaw thrust

In known or suspected trauma victims, use the jaw thrust maneuver without head exten-
sion. Protect the cervical spine by providing manual inline traction. Perform the jaw thrust
by keeping the head midline, placing the fingers at the angle of the jaw on both sides, and
lifting the mandible upward and forward without extending the neck.

Suction catheters

Suction secretions and blood from the nasal passages, oropharynx, and trachea with flexible
suction catheters. These must be available in sizes small enough to pass through the smallest
endotracheal tube (ETT). A 5 Fr catheter will pass through a 2.5 mm ETT (usually 2 x the
ETT size). Large rigid tonsil tip catheters (Yankauer) have rounded tips which are less likely
to injure the tonsils and are useful for clearing blood and particulate matter from the mouth
and hypopharynx. Limit suctioning to about 10 seconds, while monitoring the pulse
oximeter and heart rate, as vigorous suctioning may cause vagal stimulation resulting in
bradycardia and hypoxia.

Oropharyngeal airway

The oropharyngeal airway is an adjunct for ventilating an unresponsive patient with an
absent gag reflex. It will keep the base of the tongue away from the posterior pharyngeal
wall, maintaining airway patency. Do not use it in an awake or obtunded patient as it can
precipitate vomiting and laryngospasm.

An appropriately sized oral airway extends from the corner of the patient’s mouth to the
angle of the jaw. Depress the tongue with a blade, and insert the oropharyngeal airway with
its curvature along the hard palate. In infants and children, avoid inserting an airway that is
too large. Do not attempt to insert the airway in an inverted position and then rotate it 180°,
as this technique may damage the palate and push the base of the tongue posteriorly,
occluding the airway. The proximal part of the oral airway is firm and flat and is designed to
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be placed between the teeth to prevent biting (the tracheal tube or your finger). Tape the
flange to the lips to prevent it from being dislodged.

Nasopharyngeal airway

Use an NP airway in an obtunded patient with an intact gag reflex who has upper airway
obstruction secondary to a floppy tongue. Estimate the size by measuring the distance from
the tip of the nose to the tragus of the ear; the appropriately sized airway extends from the
nostril to the base of the tongue without compressing the epiglottis. Lubricate the device
and gently insert it along the floor of the nostril to avoid injuring the nasal mucosa or
adenoids. A nasopharyngeal airway is contraindicated in a patient with a possible basilar
skull fracture.

Foreign-body airway obstruction

If choking or airway obstruction from a foreign body is suspected and the patient is awake
and can speak, make no attempts to remove the object. Allow the patient to cough and clear
the airway while observing for signs of complete obstruction (i.e. the victim is unable to
make a sound). Remove the foreign body from the mouth only if it is visible. Do not
perform blind finger sweeps in any age because the obstructing object may be pushed
further into the pharynx and cause complete airway obstruction. If the patient deteriorates,
use the procedures as summarized in Table 1-4.

Infants <1 year of age

Lay the infant prone over your thighs, with the head supported in a dependent position.
Alternatively, hold the infant over your arm, in the prone position, supporting the head in
your hand. Deliver five sharp back slaps, in rapid succession, between the baby’s scapulae.
Turn the infant over and give five chest thrusts using two fingers on the mid-sternum. Look
into the mouth to see whether the foreign body is dislodged. Repeat these maneuvers until
the object is expelled or the infant becomes unconscious. Do not perform abdominal thrusts
in infants as there is risk of injury to the abdominal organs.

Unconscious infant

First open the mouth wide by grasping the tongue and jaw, and look for the foreign body in
the oral cavity. If an object is seen, remove it, but do not perform a blind sweep. If there is
no improvement, begin cardiopulmonary resuscitation (CPR) providing five cycles (30
compressions and two breaths per cycle) over 2 minutes. If breaths cannot be delivered,
reposition the head and try again, or proceed with advanced airway maneuvers until
respirations have been restored.

Children >1 year of age to adolescent

Use the Heimlich abdominal thrust maneuver in this age group. Place the child in a supine
position and kneel at his or her feet. Position the heel of the hand in the midline of the
epigastrium with the other hand on top of the first, then give a rapid series of separate and
distinct upward thrusts. With each thrust use sufficient force to dislodge the foreign body.
For a small child, the heel of one hand is sufficient, as overly vigorous abdominal thrusts
may cause damage to internal organs. If the patient loses consciousness, reposition the head



Table 1-4. Summary of BLS maneuvers for infants, children, and adolescents

Maneuver Infant <1 year Child 1-8 years ~ Adolescent
of age
Activate emergency Activate EMS after 5 cycles of CPR Activate if victim found
response (lone rescuer) For sudden, witnessed collapse, unresponsive
activate after verifying that victim If asphyxial arrest likely,
is unresponsive call after 5 cycles/2
minutes of CPR
A: Airway Head tilt—chin lift
Suspected trauma: use jaw thrust.
B: Breathing
Initial 2 effective breaths at 1 second/breath
Rescue breathing without ~ 12-20 breaths/min (approximately 10-12 breaths/min
chest compressions 1 breath every 3-5 seconds) (approximately 1 breath
every 5-6 seq)
Rescue breaths with 8-10 breaths/min (approximately 1 breath every 6-8 sec)
advanced airway
Foreign-body airway Back slaps and Abdominal thrusts
obstruction chest thrusts
C: Circulation
Pulse check (< 10 sec) Brachial or femoral Femoral or Carotid
carotid
Compression landmarks Just below nipple Center of chest, mid sternum between
line nipples
One rescuer: One hand: heel of one hand only
2 fingers Two hands: heel of one hand with second

Two rescuers: both  on top
thumbs with hands
encircling the chest

Compression depth Approximately one-third to one-half the 1% =2 inches
depth of the chest
Compression One rescuer = 30:2 One or two
ventilation ratio Two rescuers = 15:2 rescuers = 30:2
D: Defibrillation (use AED ~ No Use child pads Use adult pads
for sudden, witnessed recommendation Unwitnessed arrest
collapse) for infants <1 year or response time is
of age or < 10 kg > 4-5 min, may provide

5 cycles/2 min of CPR
before shock

F: Foreign-body airway Five back slaps Five abdominal thrusts until effective or
obstruction alternate with patient becomes unresponsive
If unresponsive: remove 5 chest thrusts Unresponsive: begin CPR for 5 cycles/2
visible object or start CPR No abdominal minutes

thrusts Remove visible foreign body

No blind finger Activate EMS

sweep

Source: Adapted with permission from: 2005AHA Guidelines for CPR and ECC, Part 3: Overview of CPR. Circulation
2005;112:V-15.




8 Chapter 1: Resuscitation

and attempt to visualize the object. If not visible, begin CPR, providing five cycles for
2 minutes.

A foreign body may also be removed under direct visualization with a laryngoscope and
Magill forceps. On rare occasions, if there is total obstruction of the proximal upper airway,
cricothyrotomy may be needed. Consult an otolaryngologist to remove more distal tracheal
or laryngeal foreign bodies via flexible bronchoscopy.

Oxygenation, ventilation, and intubation

Once the airway has been stabilized and the breathing assessed, the need for oxygenation
and ventilation takes priority. Place patients with mild to moderate respiratory distress
on supplemental oxygen. Reassess breathing effort by physical examination and pulse
oximetry. The equipment for airway support is described below.

Nasal cannula

The actual oxygen concentration delivered by nasal cannula is unpredictable, so this
method is appropriate only for patients who require minimal O, supplementation. Flow
rates of 1-4 L/min deliver O, concentrations of 25-40%. However, flow rates >3 L/min are
usually poorly tolerated by children, while flow rates >1-2 L/min may inadvertently
administer positive airway pressure to newborns and infants.

Simple 0, mask

This is the most frequently used method for oxygen delivery in spontaneously breathing
patients and it is more easily tolerated than nasal cannula. The actual O, concentration
that the patient receives is dependent on the flow rate and the patient’s ventilatory
pattern, as room air enters through the ventilation holes on the sides of the mask. Oxygen

flow rates of 6-10 L/min will deliver O, concentrations of 35-60% and prevent rebreathing
of exhaled CO,.

0, mask with reservoir

This system consists of a simple mask attached to a reservoir bag that is connected to an O,
source. Some models contain one-way valves at the exhalation ports to prevent the
entrainment of room air, and a second valve at the reservoir bag to prevent the entry of
exhaled gas back into the reservoir bag. The reservoir bag must be larger than the patient’s
tidal volume (5-7 mL/kg) and remain inflated during inspiration. Oxygen concentrations
up to 60% can be achieved in partial rebreathing systems, and >90% is possible if the
oxygen flow rate is 10-15 L/min, and there is a good seal around the face mask.

Ventilation

For patients with respiratory failure, ventilate with a bag-mask apparatus, until all the
appropriate equipment and personnel for intubation are assembled. For optimum airway
alignment, position the patient so that the auditory meatus is in line with the top of the
anterior shoulder. Use the “sniffing” position in an older child by placing a folded towel
under the head and elevating it. In an infant, keep the head midline and neck slightly
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extended with a pad under the shoulder. Flexing or overextending the neck may
inadvertently obstruct the airway.

Adequate ventilation results in symmetric movement of the chest wall with good breath
sounds heard on auscultation. If the patient is making any respiratory effort, synchronize
the delivered breaths with his or her efforts. If positive-pressure ventilation causes disten-
tion of the stomach, use gentle pressure on the cricoid cartilage (Sellick maneuver) to
occlude the proximal esophagus and prevent air from entering the stomach. However,
excessive cricoid pressure may kink the trachea and prevent air from entering the lungs.

Bag mask

The most common system used to ventilate an apneic patient consists of a self-inflating bag
(Ambu Bag), an O, reservoir (corrugated tubing), and mask with a valve. These bags do not
need a constant flow of O, to refill; they entrain room air. Using a reservoir with a
supplemental oxygen flow rate of 10-15 L/min delivers 60-95% oxygen to the patient.
If the bag has a pop-off valve set at 35-45 cmH,O, there must be a way to override it, since
ventilatory pressure may be inadequate in patients with increased airway resistance or poor
lung compliance.

Adequate ventilation requires an appropriate-size face mask, one that extends from the
bridge of the nose to the cleft of the chin. The minimum volume for the bag in newborns,
infants, and small children is 450-500 mL; use an adult bag for adolescents. If the only bags
available are larger than the recommended size, ventilate infants and children by using the
larger bag with a proper-size face mask and administering only enough volume to cause
the chest to rise.

Use the E-C clamp technique to achieve proper ventilation with a bag-mask device.
Hold the mask snugly to the face with the left thumb and index finger forming a “C”. Apply
downward pressure over the mask to achieve a good seal, while avoiding pressure to the
eyes. Place the remaining three fingers of the left hand, which form an “E”, on the mandible
to lift the jaw, avoiding compression of the soft tissues of the neck.

Use a rate of 12-20 breaths per minute for an infant or child (Table 1-4) (approximately
one breath every 3-5 seconds). Observe the chest rise, listen for breath sounds, and monitor
the O, saturation. Bagging too rapidly or using excessive pressure causes inflation of the
stomach and barotrauma to the airways. If ventilation is difficult or breath sounds are
unequal, reposition the head, suction the airway, and consider foreign-body aspiration or
pneumothorax. An oral or nasopharyngeal airway may help to maintain a patent airway
during bag-mask resuscitation, and if the patient is ventilated for more than a few minutes,
place a nasogastric tube to decompress air from the stomach to minimize the risk of
aspiration.

Intubation

Tracheal intubation is the best way to manage the airway during cardiopulmonary resusci-
tation. The indications for tracheal intubation include:

e Apnea

e Excessive work of breathing leading to fatigue

e Lack of airway protective reflexes (gag, cough)

e Complete airway obstruction unrelieved by foreign-body airway obstruction maneuvers
[ ]

CNS disorder (increased intracranial pressure, inadequate control of ventilation)
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Table 1-5. Laryngoscope blade size

Premature — newborn Miller O

One month - toddler Miller 1

18 months — 8 years Miller 2, Macintosh 2
>8 years Macintosh 3

Table 1-6. Tracheal tube (ETT) size and depth

Age Uncuffed ETT Cuffed ETT Depth
Premature 25 mm — 6-7 mm
Newborn 3.0-35 — 8-10 mm

1 month — 1 year 3.5-40 mm 3.0 mm 10-11 mm
Older 4 + [(age in years)/4] 3+ [(age in years)/4] 3x ETT size

Before attempting intubation ensure that all necessary supplies (Table 1-2), medications,
and personnel are available. All equipment must be available in various sizes along with
spare laryngoscope handles, bulbs, and batteries. A Broselow tape, which accurately correl-
ates weight with length (for patients <35 kg), gives precise sizes of airway equipment, as
well as appropriate drug doses. “Straight blades” (Miller) are often easier to use than
“curved blades” (Macintosh) in infants and young children. Estimate laryngoscope blade
size by the distance from the incisors to the angle of the mandible. See Table 1-5 for the
most popular age-appropriate blade sizes.

ETT tubes

Estimate the tracheal tube size by matching the diameter of the ETT to the width of the nail
of the patient’s fifth finger or the diameter of the nares. Tracheal tube sizes for different age
groups are listed in Table 1-6. Alternatively, use the following formulae, but always have
available tracheal tubes 0.5 mm larger and smaller than the calculated size:

uncuffed ETT size = 4 + (age in years/4)
cuffed ETT size = 3 + (age in years/4).

Previously, cuffed tracheal tubes were indicated only in children >8 years of age. Now there
are high-volume, low-pressure cuffed tracheal tubes that may be used in all ages (except
newborns), provided the cuff inflation pressure is kept <20 cmH,0. However, cuffed tubes
have smaller internal diameters than non-cuffed tubes, resulting in increased airflow resist-
ance. In some patients in whom high mean airway pressures are expected (e.g., status
asthmaticus), an alternate approach is to use a cuffed tube with the cuff initially deflated,
and inflate only when necessary.

Prepare the tracheal tube with a stylet tip placed 1 cm from the distal end of the tube and
bent in a gradual curve of the distal third. The tip and cuff of the tube may be lubricated
with viscous lidocaine or a water-soluble gel for easy passage.
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Intubation procedure

In emergency situations perform oral intubations, which are easier than nasal intubations.
In general, use a straight Miller laryngoscope blade for pediatric intubations. Cricoid
pressure (Sellick maneuver) during intubation may help visualization of the airway and
prevent regurgitation of stomach contents. Have a tonsil tipped suction (Yankauer) and an
appropriate-size flexible suction catheter readily available. To intubate the patient, keep the
head midline in the “sniffing” position. If cervical spine trauma is a concern, have an
assistant maintain manual in-line stabilization during the intubation, avoiding traction or
movement of the neck. Continuously monitor the heart rate and pulse oximeter throughout
the procedure. Calculate and prepare all of the medications before beginning rapid
sequence intubation (RSI, see below).

Place the thumb and index finger of the (gloved) right hand into the right side of the
patient’s mouth. Place the index finger on the patient’s upper teeth and the thumb on the lower
teeth, using the scissor technique to open the mouth as wide as possible. Hold the laryngoscope
in the left hand and introduce the blade into the right edge of the mouth, sweeping the tongue
towards the left and out of the line of vision. Place a straight blade under the epiglottis to elevate
it, but insert a curved blade into the vallecula and pull the epiglottis upwards. An assistant
providing cricoid pressure or retracting the right corner of the mouth laterally may improve
visualization of the glottic opening. Pull the handle of the laryngoscope up and away at a
45° angle to the floor, in the direction of the long axis of the handle. If the blade is in too deep,
slowly withdraw it until the glottis pops into view. Be careful not to tilt the handle or blade,
which may risk damaging the teeth.

Once the glottis is exposed, take care to introduce the tracheal tube from the right side of
the mouth (not down the barrel of the blade). Advance the ETT until the cuff just passes
beyond the vocal cords. Uncuffed tubes often have a mark at the distal end of the tube,
which when placed at the level of the cords will position the distal tip in the mid trachea.
This mark is only useful if the tube is the appropriate size and the patient has a normal-
sized trachea. A proper-size tracheal tube easily passes through the cords. If it meets
resistance in the subglottic area, replace it with a smaller tube. Hold the tube securely
against the upper teeth (or gums) and carefully withdraw the laryngoscope first, and then
remove the stylet from the ETT.

Confirming position

Verify proper tube placement by listening for equal breath sounds and observing symmet-
rical rise of the chest. Confirm the presence of exhaled CO, from the tracheal tube with
either a colorimetric CO, detector or a CO, analyzer, and use a pulse oximeter to monitor
oxygen saturation. Colorimetric devices are inaccurate if the patient does not have a
perfusing rhythm (even with appropriate chest compressions) or is <2 kg. If breath sounds
are louder over the stomach than the chest, or if it is unclear that the tube is in the trachea,
remove the tracheal tube and ventilate by bag mask. An audible air leak is expected, but if
there is a large air leak or none at all, the tube size may be inadequate; replace it with an
appropriately sized tracheal tube. On chest radiograph, confirm that the tip of the tube is
opposite T2 (one fingerbreadth above the carina). Neck extension or head movement brings
the tube higher while neck flexion pushes the ETT deeper. Once the tube position is
verified, inflate the cuff to a pressure <20 cmH,O, and secure it to the patient’s face with
tape or use a tracheal tube holder.
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Complications

If the patient deteriorates after endotracheal intubation, use the mnemonic DOPE to
reassess: Displacement of the tube into the esophagus or down the right mainstem bronchus,
Obstruction of the tube with blood or secretions, Pneumothorax, or Equipment
malfunction.

Alternate/adjunctive ventilation techniques

Alternate ventilation techniques are useful for securing a difficult airway when intubation is
not feasible or unsuccessful. The presence of certain congenital anomalies (Pierre-Robin,
Beckwith-Wiedemann, Down syndrome), anatomical defects (neck mass, laryngeal heman-
gioma, subglottic stenosis), or disease states (epiglottitis, angioedema, facial/neck trauma)
may necessitate the use of advanced airway techniques. These include noninvasive positive-
pressure ventilation (NIPPV), heliox, and laryngeal mask airways (LM As). Other advanced
airway techniques, such as fiberoptic laryngoscopy, a lighted stylet, needle cricothyrotomy,
or surgical cricothyrotomy, require training and experience to perform successfully.

Noninvasive positive-pressure ventilation (NIPPV)

NIPPV provides short-term mechanical ventilation without placement of a tracheal tube in
stable, spontaneously breathing, alert, and cooperative patients. Although tracheal intubation
is often a life-saving procedure, NIPPV functions to bridge the gap between maximal medical
management and intubation. Benefits include decreasing the work of breathing, improving
oxygenation, and avoiding common complications of intubation. It is important to note that
NIPPV is not a replacement for tracheal intubation in patients who have life-threatening
respiratory failure or require airway protection. It is contraindicated in patients who are
hemodynamically unstable, lethargic, vomiting, or have cardiac dysrhythmias. The decision
to use NIPPV is dependent on the patient (conscious and cooperative), specific disease (status
asthmaticus, bronchiolitis, acute pulmonary edema, and neuromuscular disease), and
whether airway protection is required.

The two common methods of NIPPV are continuous positive airway pressure (CPAP)
and bilevel positive airway pressure (BiPAP). These are delivered via a nasal or full-face
mask in children and by nasal prongs in infants. Straps hold the BiPAP face mask firmly to
the patient’s face to create a tight seal. Neonates, who are obligate nose breathers, generally
do not tolerate BiPAP and may benefit more from nasal prong CPAP. Typical initial
settings include an inspiratory positive airway pressure (IPAP) of 8-10 cmH,0, and an
expiratory positive airway pressure (EPAP) of 3-5 cmH,O. Titrate these settings upwards in
2 cmH,0 increments until the desired effects are achieved. Monitor the patient closely for
worsening respiratory failure with serial lung exams, vital signs measurements, and oxygen
saturation. If the patient’s respiratory status worsens or does not improve, discontinue
NIPPV and perform tracheal intubation.

Heliox

Helium is a biologically inert gas that decreases turbulent gas flow when mixed with oxygen.
Heliox improves delivery of oxygen and aerosolized medications to constricted peripheral
airways, thus reducing the work of breathing. It has been used in conditions that are
refractory to medical measures, such as status asthmaticus, moderate to severe
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Table 1-7. Laryngeal mask airway sizes (reproduced with permission from LMA North America, Inc.)

Mask size Patient size Maximum cuff volume
1 Neonates/infants up to 5 kg up to 4 mL

1% Infants 5-10 kg up to 7 mL

2 Infants/children 10-20 kg up to 10 mL

2> Children 20-30 kg up to 14 mL

3 Children 30-50 kg up to 20 mL

4 Adults 50-70 kg up to 30 mL

5 Adults 70-100 kg up to 40 mL

6 Adults >100 kg up to 50 mL

bronchiolitis, and severe croup. Heliox is delivered in mixtures of 80% helium and 20%
oxygen (80/20 heliox) or 70% helium and 30% oxygen (70/30 heliox). It is administered to
spontaneously breathing patients by using a face mask and reservoir bag. An in-line
attachment can be placed to add a nebulizer for concurrent beta-agonist administration.
Improvement of oxygenation and reduction of respiratory distress generally occurs within
1 hour of heliox initiation. If there is no improvement or a worsening of the patient’s
clinical status, change to an alternate means of ventilation.

Laryngeal mask airway (LMA)

The LMA is indicated for patients who require an airway but cannot be tracheally intubated
or ventilated with a bag mask and it can be used in patients with decreased airway reflexes
(i.e. obtunded or comatose). The LMA consists of a tube attached to a mask, rimmed with a
soft, inflatable cuff. When properly placed, the LMA sits in the hypopharynx around the
glottic opening and directs air into the trachea. Unlike a tracheal tube, it will not prevent
aspiration of gastric contents into the trachea.

Select the appropriate-size LMA and check for possible air leaks by inflating the cuff.
Hold the LMA like a pen, with the index finger of the dominant hand placed at the junction
of the tube and proximal aspect of the mask. Lubricate the posterior surface of the deflated
mask, and orient it so that the opening is directed towards the tongue. With one smooth
motion, insert the mask firmly along the hard palate and advance until resistance is
encountered. With the tip of the mask placed in the hypopharynx, inflate the cuff according
to the cuff size (Table 1-7). Auscultate the lungs to confirm correct placement. If endo-
tracheal intubation is subsequently necessary, insert the ETT blindly through the properly
placed LMA as it will be directed into the trachea.

There are newer LM As available for specific situations. One version (Proseal LMA) has
a parallel drainage tube attached to the airway tube to allow passage of a nasogastric tube,
potentially decreasing the risk of aspiration. Another variation, the intubating LMA (Fas-
trach LMA) is designed to facilitate blind tracheal intubation while allowing for continuous
positive-pressure ventilation.
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Rapid-sequence intubation (RSI)

The goals of RSI are to create ideal intubating conditions by attenuating airway reflexes
while minimizing elevations of intracranial pressure and maintaining adequate blood
pressure. Rapid-sequence intubation is indicated for patients who require emergency
tracheal intubation but are at high risk for pulmonary aspiration of gastric contents. In
patients who are critically ill, hemodynamically unstable, uncooperative, or with increased
intracranial pressure, attempting tracheal intubation without sedation is likely to cause
significant agitation. This can then worsen the symptoms and increase the risk of vomiting
and pulmonary aspiration. Patients in cardiac arrest, moribund patients, or babies within a
few hours after delivery rarely require medications to facilitate intubation.

Anticipate the possibility of an unsuccessful intubation and prepare for alternate airway
techniques before initiating sedation. Also, expect a difficult intubation and request help for
patients with significant facial trauma, restricted neck extension, or if the tip of the uvula is
not visible when the mouth is opened. Do not use sedation or muscle relaxation if there is
any concern that bag-mask ventilation will be inadequate.

NEVER sedate or paralyze a patient
whom you may not be able to ventilate!

Procedure

RSI involves the use of premedications to minimize adverse events, preselected sedative/
hypnotic agents with rapid onset and short duration of activity, neuromuscular blocking
agents, the application of cricoid pressure to prevent aspiration, and gaining immediate
control of the airway, all done in rapid sequence in the above order.

Preoxygenation

While preparing for RSI, have the patient breathe 100% oxygen via a nonrebreather face mask
for at least 3 minutes. If the patient is apneic or has inadequate respiratory effort, deliver
4-5 breaths by bag mask in 30 seconds, while applying cricoid pressure. This will establish
an oxygen reserve that will last up to 4 minutes in an infant and longer in older children and
adolescents. During the period of preoxygenation, determine the likelihood of a difficult
intubation, establish intravenous access, place the patient on cardiac and pulse oximeter
monitors, and assemble all necessary equipment and personnel for tracheal intubation.

History and physical examination
No single feature on physical examination accurately predicts a difficult intubation. Therefore,
perform a detailed pre-sedation assessment, including the SAMPLE history and a focused
physical examination.

SAMPLE history:

Signs and symptoms

Allergy: allergy to drugs, latex, foods

Medications: current prescription and non-prescription drugs
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Figure 1-1. Mallampati

Class Il Class Il Class IV Classification. With permission
from: Mallampati SR, et al:

A clinical sign to predict difficult
tracheal intubation: a prospective
study. Can Anaesth Soc J
1985,;32:429.

Past medical history: significant past medical and surgical history
Last meal time: last oral intake and type of food
Event: recent events or history of present illness

Upper airway examination

Ask a cooperative patient to open the mouth as wide as possible, with the tongue fully
protruded. The Mallampati airway class I and II (visible faucial pillars and uvula) indicates
relatively easier airway management (Figure 1-1). Use the “3-3-2 rule,” which is a predictor
of difficult intubation in adults. The patient should be able to place three fingers between
the open incisors, three fingers from the mental tubercle of the mandible to the thyroid (two
fingers in children, one finger in infants), and two fingers from the laryngeal prominence
to the floor of the mouth.
For pre-medications, sedative/hypnotics and paralytics, see Table 1-8.

Cricoid pressure, BURP maneuver

Cricoid pressure is the application of pressure on the cricoid cartilage sufficient to occlude
the esophagus without compressing the airway lumen or moving the cervical spine. After
the patient loses consciousness, have an assistant apply cricoid pressure to prevent passive
regurgitation of stomach contents. Intubate the trachea once the patient is paralyzed. Do
not release the cricoid pressure until placement of the ETT has been confirmed by
auscultation of breath sounds, observation of chest rise, use of an exhaled CO, detector,
and pulse oximetry.

If the laryngoscopic view is less than adequate, try the BURP maneuver - firm
Backward, Upward, Rightward Pressure on the thyroid cartilage. This will improve
the laryngeal view, especially in children, in whom the glottic opening is higher and
more anterior compared to adults. Once the vocal cords are exposed, have the
assistant maintain this view without releasing the cricoid pressure. If the intubation
cannot be performed within 20 seconds, ventilate the patient with a bag mask. Change
the laryngoscope blade, ETT size, patient’s position, or laryngoscopist before attempting
another intubation. Repeated intubation attempts will cause edema and bleeding
and make visualization more difficult. If the patient cannot be intubated or ventilated
by mask, insert a laryngeal mask airway or call for help with an advanced airway
technique.
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Post-intubation monitoring

Once the ETT is secured and the position is radiographically confirmed, provide adequate
sedation and analgesia, and continued muscle paralysis with a long-acting agent (vecur-
onium or rocuronium), if indicated. Use analgesics when appropriate. Insert a nasogastric
tube as soon as possible to decompress the stomach, especially in infants and children.

Initial mechanical ventilator settings

There are two modes of mechanical ventilation for emergency ventilation in children. For
newborns and infants <10 kg use pressure-limited ventilators, while volume-limited venti-
lators are indicated for older children. When using pressure ventilators, start with peak
inspiratory pressures (PIP) of 15-25 cmH,O for newborns and 20-25 cmH,O for infants
<1 year of age. Set the respiratory rate appropriate for age (20-40/min) and the positive
end-expiratory pressure (PEEP) at 3-5 cmH,O.

For volume control ventilation, begin with tidal volumes of 8-10 mL/kg for children
and 6-8 mL/kg for adolescents. Set an initial PEEP of 5 cmH,0, unless contraindicated,
with respiratory rates of 20-30/min in children, and 12-20/min in adolescents. For both
types of ventilators, initially use 100% O, an inspiratory time of 0.8-1 sec, and the I/E ratio
set at 1:2. Once the initial settings have been established, make repeated clinical assessments,
monitoring continuously, making appropriate adjustments as dictated by the patient’s
clinical condition.

Circulation

After the initial stabilization of ventilation, the next priority is establishing cardiovascular
perfusion. However, in a real-life scenario, the code team, with assigned roles (Table 1-1),
will be performing all tasks simultaneously. Begin chest compressions in patients with
cardiac arrest or a heart rate <60 bpm associated with signs of poor perfusion (unrespon-
sive, altered mental status, hypotension). For one rescuer CPR, provide 30 chest compres-
sions followed by two breaths, repeating five cycles over 2 minutes. If there are two
providers available and the child has not reached puberty, give 15 compressions and two
breaths per cycle, repeating 10 cycles over 2 minutes. Instruct providers to switch roles after
2 minutes to prevent exhaustion. Deliver compressions by pushing hard and fast in a
smooth motion, allowing complete chest recoil, and ensuring that each compression and
relaxation phase is of equal time. Keep the fingers or hands on the chest during the
relaxation phase of compressions to minimize interruptions. Coordinate compressions
and ventilation to avoid simultaneous delivery. However, once the airway is secured by
tracheal intubation, compressions and ventilation may be asynchronous and still be
effective.

Chest C0mPI'ESSi0nS

Infant

Use the two-thumb hand encircling technique. Place two thumbs in the midline just
below the nipple line and encircle the chest with the hands. Be sure not to compress the
lateral walls of the chest with the hands. If the infant is too large for this technique, place
two or three fingers below the intermammary line. Compress the sternum to a relative
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Table 1-8. Sedative agents for rapid-sequence intubation
Clinical status Agents
Normotensive Etomidate 0.3 mg/kg

or midazolam 0.1-0.2 mg/kg

or propofol 2-3 mg/kg (40 mg maximum)
Mild hypotension/no head injury Etomidate 0.3 mg/kg

or ketamine 1-2 mg/kg

or fentanyl 1-5-4 mcg/kg
Severe hypotension/no head injury None

or etomidate 0.3 mg/kg
Head injury/no hypotension Thiopental 3-5 mg/kg

or etomidate 0.3 mg/kg
Head injury with mild hypotension Etomidate 0.3 mg/kg

or thiopental 1-3 mg/kg

or midazolam 0.1 mg/kg
Status asthmaticus Ketamine 1-2 mg/kg
Status epilepticus Midazolam 0.1-0.2 mg/kg

or thiopental 1-3 mg/kg

depth of approximately one-third to one-half the anterior-posterior diameter of the chest,
at a rate of at least 100 compressions per minute. Adequate compressions usually generate
a pulse.

Child

Place the heel of one hand at the mid-sternum between the nipples. Compress to a relative
depth of approximately one-third to one-half the anterior-posterior diameter of the chest, at
a rate of 100 compressions per minute.

Adolescent

Use two hands, with the heel of one hand placed on top of the second hand interlocking the
fingers. Place the hands at the mid-sternum between the nipples, avoiding pressure to the
xiphoid process. With the arms straight and elbows locked, compress the sternum to a
relative depth of approximately 1%2-2 inches, at a rate of at least 100 compressions per
minute.

Vascular access

Spend no more than 1-2 minutes attempting peripheral vascular access in cardiac arrest or
other emergency situations.
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Intraosseous approach

The intraosseous (I0) approach allows for rapid vascular access for patients of all ages. Any
drug or fluid normally given through the IV route, including blood products, can be given
via the IO needle, although high flow rates are not possible without using an infusion pump.
Dilute hyperosmolar solutions, such as 50% dextrose and sodium bicarbonate, before
infusion into the marrow cavity. The IO needle is an emergency access device only. Replace
it with another secure intravascular catheter as soon as possible to prevent complications,
such as infection, or compartment syndrome from fluid extravasation.

Intraosseous technique

The primary site for IO insertion is the proximal tibia. Locate the tibial tuberosity and
palpate approximately two fingerbreadths (one fingerbreadth in infants) distally on the
medial flat portion of the tibia. Contraindications to IO needle placement include a fracture
or overlying skin infection at the site.

Intraosseous needle

The Jamshidi IO needle is available in 18G for infants and 15G for all others, while the Cook
IO needle is available in 16G and 18G sizes. Select the appropriate site and direct the 10
needle perpendicular to the bone. Use steady pressure with a screwing motion until a
sudden loss of resistance is felt, indicating that the needle has entered the marrow cavity.
If placed correctly, the needle will stand freely and upright without support. Inability to
aspirate blood does not indicate improper placement; infusion of fluid easily without
extravasation or resistance confirms proper placement. If fluid does extravasate (the calf
expands or feels cold), remove the needle and make an attempt on the other side. Do not
attempt more than once in the same bone. After proper placement is determined, tape the
needle in place to prevent accidental dislodgement.

Automated 10 infusion

There are various automated IO infusion devices on the market designed for use in children
and adolescents. If your emergency department stocks one of these automated devices,
become familiar with it and follow the specific product directions. Two of the most
commonly used automated IO systems are the EZ-I0® and the FAST1®.

Fluid resuscitation

Shock and circulatory collapse may be the primary cause of cardiopulmonary arrest, and
restoration of the circulating blood volume by fluid therapy is a mainstay of shock resusci-
tation. Once vascular access (peripheral, IO, central) is established, give an initial fluid bolus
of 20 mL/kg of an isotonic crystalloid solution. In patients who are critically ill or in
cardiopulmonary arrest, use a 60 mL syringe to infuse the fluid rapidly over a few minutes.
However, the rapid infusion of dextrose-containing solutions results in an osmotic diuresis
and is contraindicated in the initial phase of fluid resuscitation. Fluid resuscitation is
particularly challenging in patients with cardiac disease or head injuries, as restoring and
maintaining adequate tissue perfusion must be balanced with the risk of worsening cardiac
output or cerebral edema.

Base the decision to give additional intravenous fluids on reassessment of perfusion:
mental status, quality of pulses, blood pressure, heart rate, capillary refill, and urine output.
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In severe shock, give additional fluid boluses of 20 mL/kg, up to a total of 60 mL/kg, until
the vital signs and perfusion are restored. If further fluid is required, consider adding
inotropic agents (see below) to maintain adequate vascular tone. If the patient is in septic
shock, there may be significant capillary leakage. Large fluid volumes >60 mL/kg may be
required and 5% albumin may also be given in 10 mL/kg doses. Infusion of multiple fluid
boluses requires frequent and careful reassessment of the patient to prevent circulatory
overload.

Vasoactive infusions

Inotropic agents are the drugs of choice for improving myocardial contractility and cardiac
output in patients with shock. Because of their short half-life and potency, they are given as
an infusion. In patients who remain hypotensive despite adequate fluid resuscitation,
dopamine is the drug of choice to improve cardiac function and splanchnic circulation.
Dopamine-resistant shock commonly responds to norepinephrine or high-dose epinephrine.
Norepinephrine is the agent of choice for fluid-refractory warm septic shock (hyperdynamic
cardiac output, bounding pulses, vasodilatation and wide pulse pressure). Use epinephrine
for patients in hypodynamic cold shock (low cardiac output states). Dobutamine improves
systolic function and decreases systemic vascular resistance without significantly increasing
heart rate, and it is very effective in patients with cardiomyopathy and congestive heart
failure. If the desired effect is not achieved with one agent, combinations of several agents
may be necessary.

Dopamine (2-20 mcg/kg per min)

Dopamine is an endogenous catecholamine with complex effects on the heart and circula-
tion. At low doses (2 mcg/kg per min) dopamine has relatively little chronotropic effects,
and the primary result is an increase in renal and splanchnic perfusion. At high infusion
rates, it has positive inotropic and chronotropic effects and tends to increase cardiac output
and systemic vascular resistance (SVR). Infuse at an initial rate of 5-10 mcg/kg per min and
titrate to the desired effect.

Dobutamine (2-20 mcg/kg per min)

Dobutamine has selective action on beta-adrenergic receptors with chronotropic and
inotropic actions. It is an effective inotrope for the normotensive post-arrest patient with
poor perfusion. Dobutamine is particularly useful for patients with congestive heart failure
or cardiogenic shock, since it increases cardiac output without significantly increasing heart
rate. At a dose >10 mcg/kg per min, dobutamine tends to produce hypotension due to
afterload reduction and decreased SVR. The hypotension may then require dopamine or
epinephrine to increase the SVR. An alternate approach is to start the patient on dopamine
initially to stabilize the blood pressure and then switch to dobutamine. If dobutamine fails,
use epinephrine. Infuse dobutamine at an initial rate of 2-10 mcg/kg per min, and titrate to
the desired effect.

Epinephrine (0.1-1 mcg/kg per min)

Epinephrine is a potent inotropic agent that effectively increases myocardial perfusion
pressure. Low-dose epinephrine (< 0.2 mcg/kg per min) stimulates both beta-1 cardiac
and beta-2 peripheral vascular receptors, which results in increased heart rate, decreased
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SVR, and decreased diastolic blood pressure. At doses >0.3 mcg/kg per min, alpha-
adrenergic effects result in increased blood pressure. Epinephrine causes increased myocar-
dial oxygen demand and may lead to myocardial ischemia; however, this is rare in children.
An epinephrine infusion is useful for persistent hypotension after cardiopulmonary resusci-
tation, dopamine-resistant shock, and low-output septic shock. Infants can be less respon-
sive to dopamine and dobutamine, so epinephrine may be better in maintaining blood
pressure and cardiac output. Infuse at an initial rate of 0.1 mcg/kg per min, and titrate to the
desired effect.

Norepinephrine (0.1-1 mcg/kg per min)

Norepinephrine acts on both alpha- and beta-adrenergic receptors, producing potent ino-
tropic effects and peripheral vasoconstriction, significantly increasing mean arterial pres-
sure. The increased blood pressure also improves renal perfusion in patients with septic
shock. Norepinephrine is effective in dopamine-resistant shock, and maintains adequate
perfusion pressure in children with warm shock. Infuse at an initial rate of 0.1 mcg/kg per
min, and titrate to the desired effect.

Medications and electrical therapy in resuscitation

IV and IO are the preferred routes of drug administration. However, if an endotracheal tube
is placed prior to IV or IO insertion, administer lipid-soluble medications (lidocaine,
epinephrine, atropine, and naloxone, [LEAN]) via the ETT. Instill the drug directly into
the ETT or through a 5F feeding tube that extends beyond the tip of the ETT and follow
with 5 mL of normal saline.

Provide five manual positive-pressure ventilations after drug administration. Drug
absorption via the ETT route is unpredictable so higher doses are required to achieve
appropriate therapeutic levels. For epinephrine, use 0.1 mL/kg of the 1:1000 concentration;
for other drugs, administer 2-3 times the usual IV dose.

Epinephrine

Epinephrine is indicated in cardiac arrest (asystole and pulseless electric activity), and in
patients with symptomatic bradycardia and hypotension. It increases heart rate, myocardial
contractility, systemic vascular resistance, and cardiac automaticity, although it also
increases myocardial oxygen demand. Epinephrine can cause ventricular arrhythmias and
is therefore contraindicated for symptomatic AV block secondary to intrinsic disease, such
as myocarditis, cardiomyopathy, or post-operative cardiac conditions.

The IV/IO dose is 0.01 mg/kg (0.1 mL/kg) 1:10,000 concentration every 3-5 minutes
(maximum 1 mg; 10 mL). The ETT dose is 0.01 mg/kg (0.1 mL/kg) 1:1000 concentration
every 3-5 minutes. Use high-dose epinephrine for overdoses with specific toxins such as
B-blockers (pp. 456-457) or calcium channel blockers (pp. 458-460) if there is no response
after the usual IV/IO dose.

Atropine

Atropine is a parasympatholytic drug that inhibits vagal activity, accelerates sinoatrial
pacemakers, and enhances atrioventricular conduction. Atropine is indicated for symptom-
atic bradycardia due to increased vagal tone, cholinergic drug toxicity, or AV heart block,
with evidence of poor perfusion or hypotension. However, since hypoxia is commonly the
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underlying cause for bradycardia, particularly in small infants, efforts to improve oxygen-
ation and perfusion must precede the administration of atropine. If the patient does not
respond to atropine despite adequate oxygenation and ventilation, use epinephrine.

The dose is 0.02 mg/kg IV/IO (maximum single dose: 0.5 mg in children, 1 mg in
adolescents). Atropine may be repeated once in 5 minutes.

Glucose

Check the blood glucose concentration at the bedside with a glucometer, during and
after an arrest. Promptly give dextrose if the glucose level is <45 mg/dL in a neonate or
<60 mg/dL in an infant or child. Recheck the blood glucose concentration after each
administration, and try to avoid hyperglycemia.

The dose is 0.5 gm/kg. In neonates use 5 mL/kg of a 10% dextrose solution prepared by
diluting DsoW 1:4 with sterile water. For infants and children use 2 mL/kg of a 25%
dextrose solution.

Calcium chloride 10%

Routine administration of calcium does not improve outcome of cardiac arrest, and can
antagonize the action of epinephrine and other adrenergic agents. However, calcium is
indicated for documented hypocalcemia, hyperkalemia, and hypermagnesemia, as well as
calcium channel blocker overdose. Use the measured ionized calcium concentration to
determine the need for subsequent doses. Avoid rapid calcium administration, which can
cause bradycardia or sinus arrest. Due to the risk of sclerosis or extravasation with a
peripheral venous line, administer calcium chloride via a central venous catheter, if
possible. The dose is 20 mg/kg (0.2 mL/kg) IV (slow); this dose may be repeated once in
10 minutes.

Sodium bicarbonate

Do not use sodium bicarbonate routinely during cardiopulmonary resuscitation, as it may
further depress cardiac contractility and inactivate simultaneously administered catechol-
amines. Sodium bicarbonate is recommended for symptomatic hyperkalemia, tricyclic
antidepressant, or sodium channel blocker overdose or for severe metabolic acidosis or
prolonged cardiopulmonary arrest after appropriate ventilation and restoration of volume
are provided. The dose is 1 mEq/kg slowly IV. Use a 4.2% solution in infants.

Adenosine

Adenosine is the drug of choice for the treatment of stable supraventricular tachycardia
(pp- 42-46) or unstable SVT while preparations are being made for cardioversion. Adminis-
ter adenosine rapidly and follow with a rapid push of normal saline using a three-way stop
cock. After a brief period (15-30 sec) of asystole or heart block, the rhythm either converts
to sinus or reverts to SVT. If the patient deteriorates, immediately attempt synchronized
cardioversion. The first dose is 0.1 mg/kg IV/IO (rapid) to a maximum of 6 mg. Follow with
rapid push of 5-10 mL normal saline. If needed the second dose is 0.2 mg/kg IV/IO to a
maximum of 12 mg. This dose may be repeated once for a total of three doses.

Amiodarone

Amiodarone (p. 41) is indicated for shock-refractory VF or pulseless VT, hemodynamically
unstable VT, and stable SVT refractory to adenosine. Avoid administering amiodarone with
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any other drug that causes QT prolongation (procainamide), which may then precipitate
polymorphic VT. The loading dose for SVT or VT (with pulses) is 5 mg/kg IV (300 mg
maximum) over 20-60 minutes.

For VF or pulseless VT the loading dose is 5 mg/kg IV (300 mg maximum). Repeat this
dose every 10 minutes to a maximum total dose of 15 mg/kg per day (2.2 g/day).

Lidocaine

Lidocaine (p. 41) is a second line alternative to amiodarone for VT with pulses and shock-
resistant VF or pulseless VT. The initial IV/IO dose is 1 mg/kg. This dose may be repeated
in 10-15 minutes. The ETT dose is 2-3 mg/kg. If maintenance infusion is required, prepare
by mixing 1 g lidocaine in 250 mL of DsW and infuse at 20-50 mcg/kg per min.

Procainamide

Procainamide is effective in the treatment of atrial fibrillation, flutter and adenosine-
refractory stable SVT (including WPW syndrome) and can be used as an alternative therapy
for refractory or recurrent stable VT with pulses. Infuse medication slowly to avoid heart
block, myocardial depression, hypotension, or prolongation of the QT interval. Monitor
blood pressure and the ECG continuously. If the QRS widens by more than 50% or
hypotension develops, stop the infusion. Do not administer concurrently with other
medications that prolong the QT interval (amiodarone). The dose is 15 mg/kg IV/IO
(20 mg/min maximum) over 30-60 minutes.

Cardioversion and defibrillation

Cardioversion is synchronized electrical conversion of a rhythm disturbance. Synchronized
cardioversion is timed with the QRS complex to avoid delivery during the relative refractory
period of the cardiac cycle, during which a shock could induce potentially lethal VF. It is
indicated for unstable SVT and monomorphic VT when the patient shows clinical signs of
shock. The first dose is 0.5-1 J/kg (maximum 50-100 J). Increase subsequent doses to 2 J/kg
if the initial dose is ineffective.

Defibrillation is indicated for VF or pulseless VT. Defibrillators are either manual or
automated (AED), and deliver monophasic or newer biphasic waveforms.

Place the paddles or self-adhering electrodes on the chest wall, leaving about two
fingerbreadths between the paddles. Use infant paddles for children <1 year of age or those
weighing <10 kg. Place one paddle over the right side of the upper chest and the other to
the left of the nipple on the left lower ribs. Alternatively, apply 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.
Immediately after the shock resume high-quality CPR for 2 minutes or five cycles, begin-
ning with chest compressions. Try to limit interruption of CPR for rhythm checks to <10
seconds. If one shock does not convert the rhythm to normal, repeat the process. If VF or
VT persists despite delivery of one shock followed by 2 minutes of CPR, give epinephrine as
soon as IV or IO access is available.

The first dose is 2 J/kg. Deliver subsequent doses at 4 J/kg. In children, dosing is the
same whether using a monophasic or biphasic system.

An automatic external defibrillator (AED) can accurately detect VF in children and can
be safely and effectively used in patients >1 year of age or weighing >10 kg. In infants and
children 1-8 years of age (weight 10-25 kg; length <50 inches), use an AED with a pediatric
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Table 1-9. Classification and etiologies of shock

Type of shock Etiology

Hypovolemic: Dehydration (vomiting, diarrhea, poor intake, heat stroke)

PUTD 5 @By Hemorrhage (trauma, Gl bleed)

Metabolic disease (diabetes, adrenal insufficiency)
Plasma losses (burns, peritonitis, hypoproteinemia)

Cardiogenic: Rhythm disturbances

biegl sl guimp Congestive heart failure

Cardiomyopathy
Post-resuscitation

Distributive: Sepsis

Fluid distribution Anaphylaxis

Neurogenic shock (head trauma, spinal
cord injury)

Obstructive: Tension pneumothorax

Obstruction of outflow Crdiae Empenade

Pulmonary embolism

attenuator system. Use a standard adult AED if a pediatric system is unavailable in this age
group, as well as for patients >8 years (>25 kg).

Shock

Shock is a clinical condition that results from the inadequate delivery of oxygen and
nutrients needed to meet the metabolic demands of the tissues. Shock is categorized as
hypovolemic, distributive, cardiogenic, and obstructive (Table 1-9). It can be further
categorized by severity as compensated or hypotensive (previously known as decompen-
sated) shock.

In the early phases of shock, multiple compensatory physiologic mechanisms act to
maintain blood pressure and perfusion of vital organs (brain, heart, kidneys). In infants and
children, cardiac output is primarily maintained by changes in heart rate. Poor tissue
perfusion leads to metabolic acidosis, so that the respiratory rate is increased to promote
the excretion of CO,. Therefore, unexplained tachycardia and tachypnea, without other
signs of shock, may be the earliest signs of cardiorespiratory compromise. When the
cardiac output falls by 25%, rapid decompensation ensues; therefore, do not be
reassured by a normal blood pressure if there is other evidence of circulatory compromise.
Bradycardia and hypotension are ominous, and are present in advanced stages of hypoten-
sive shock, which can rapidly progress to irreversible organ damage and cardiorespiratory
arrest.
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Hypovolemic shock

Hypovolemia is the most common etiology of shock in infants and children and diarrhea is
the most common cause of hypovolemia. Other causes include hemorrhage, third spacing,
vomiting, inadequate intake, or excessive diuresis as seen in DKA. A child’s normal blood
volume is about 80 mL/kg, and what may appear to be a minor hemorrhage can represent a
significant loss of blood volume. Compensatory mechanisms in response to hypovolemia
include an increase in heart rate, contractility, and SVR, with a redistribution of intravas-
cular perfusion to the heart, brain, and kidneys. The shunting of blood flow away from the
skin causes the changes in skin color, temperature, and moisture seen in compensated
shock. However, compensatory mechanisms cannot be maintained indefinitely, and brady-
cardia, myocardial ischemia and subsequent cardiopulmonary arrest will occur without
timely intervention.

Distributive shock

Distributive shock occurs when there is vasodilatation and inappropriate distribution of
fluid within the vascular space. The most common causes are sepsis, anaphylaxis and
neurologic injury.

Septic shock

Sepsis is the most common cause of distributive shock. Septic shock can evolve over a few
hours (particularly in young infants) or days. The cardiac output may be high, normal, or
low. Early phases of “warm”septic shock may not be clinically apparent since the skin may
be warm and dry without an increase in capillary refill time. This is due to low SVR and
cutaneous vasodilatation, which result in hyperdynamic cardiac output. Pulses will be rapid,
full, and bounding, and the pulse pressure is wide. Normal or low-output “cold” septic
shock is characterized by high SVR and peripheral vasoconstriction, resulting in cold
extremities, with weak pulses and poor capillary refill time.

Anaphylaxis

Anaphylaxis (pp. 30-34) is a systemic reaction to an allergen involving two or more
body systems (cutaneous, respiratory, cardiovascular, neurologic, or gastrointestinal).
The shorter the interval between exposure and reaction, the more severe the reaction is
likely to be. Common triggers include antibiotics, radiographic contrast agents, peanuts,
shellfish, and latex (especially in healthcare workers and children with spina bifida). Initial
symptoms of anaphylactic shock include urticaria, angioedema, upper airway edema
(manifested by stridor) and dyspnea, which may rapidly progress to cardiovascular collapse
and death.

Neurogenic shock

Neurogenic shock is a result of cervical or high thoracic (above T6) spinal cord injury with
loss of sympathetic vascular tone. The patient has warm, dry skin, normal capillary refill,
hypotension with wide pulse pressure, and paradoxical bradycardia. There is no compen-
satory tachycardia in response to hypotension. A careful assessment is necessary to differen-
tiate neurogenic shock from other causes of shock. Hypovolemic shock classically presents
with tachycardia, narrow pulse pressure, cool, moist skin, and delayed capillary refill. In
warm septic shock, fever and tachycardia may be important distinguishing features, while
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neurogenic shock may present with flaccid paralysis and loss of bladder and rectal tone.
Although patients in neurogenic shock may be warm with well-perfused skin, they may not
respond to either fluid boluses or inotropic support.

Cardiogenic shock

Cardiogenic shock occurs when there is compromised cardiac output secondary to myo-
cardial dysfunction. This is most often seen with congenital heart disease, viral myocarditis,
dysrrhythmias (idiopathic or secondary to drug ingestions), cardiomyopathy, or post-
operative complications of cardiac surgery. Occasionally, infants within the first 3 months
of life with undiagnosed congenital heart disease present to the ED in congestive heart
failure and shock due to closure of the ductus arteriosus. However, cardiogenic shock is a
terminal complication of virtually all types of shock as a result of high myocardial oxygen
requirement and decreased cardiac contractility. Cardiogenic shock can usually be distin-
guished from other forms of shock by signs of congestive heart failure, including tachycar-
dia with a gallop rhythm, tachypnea with rales, and hepatomegaly. A 12-lead ECG may
show low-voltage tachycardia or ST changes, and a chest radiograph reveals cardiomegaly
and pulmonary edema. An urgent echocardiogram will demonstrate cardiac function as
well as any underlying anatomic defects that may be contributing to the condition.

Obstructive shock

Obstructive shock occurs when mechanical pressure to the heart results in ventricular
outflow tract obstruction. Causes include pericardial tamponade, tension pneumothorax,
and pulmonary embolism. In pericardial tamponade (pp. 66-68), fluid accumulates within
the pericardial sac, resulting in increased pericardial pressure, and decreased cardiac
compliance and cardiac output. The classic signs are described as Beck’s triad: hypotension,
muffled heart sounds, and distended neck veins. In tension pneumothorax (pp. 720-722)
free air accumulates within the pleural cavity causing a mediastinal shift toward the
opposite side, collapsing the lung and compromising cardiac output. Patients present
with severe respiratory distress, decreased breath sounds on the ipsilateral side, tracheal
deviation, tachycardia and a shift in the apical cardiac impulse. Pulmonary embolism (PE)
is rare in pediatrics, and may present with pleuritic chest pain (which may radiate to the
shoulders), cough, hemoptysis, dyspnea, palpitations, and hypoxemia.

Clinical presentation

The clinical presentation of patients in compensated shock depends on the cardiac output
relative to end-organ demand. Initially, the blood pressure is normal, although there may be
tachycardia and irritability. Once 20-30% of the effective circulating blood volume is lost,
the patient will decompensate into hypotensive shock. As the process continues untreated,
there is multiple organ failure and death from irreversible shock. The signs of shock are
summarized in Table 1-10.

Diagnosis

Perform an initial assessment of the patient, including the general appearance, mental
status, and ABCs (see pp. 1-5). Rapid cardiopulmonary assessment). Obtain a SAMPLE
history, and a complete set of vital signs (see pp. 14-15). During the initial assessment, do
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Table 1-10. Signs of shock

Early Late

Tachycardia Hypotension

Orthostatic changes (adolescent) Altered mental status

Delayed capillary filling >2 sec Markedly delayed capillary filling >4 sec
Adequate central pulse Weak or absent peripheral pulse
Tachypnea Cold, pale mottled skin

Normal blood pressure Oliguria

not delay providing critical interventions; properly position the head, provide supplemental
oxygen, and establish vascular or IO access.

Since the signs of early shock are subtle, maintain a high index of suspicion. Be alert to
tachycardia, mild tachypnea, slightly delayed capillary refill (>2 sec), orthostatic changes in
blood pressure or pulse, and mild irritability. Patients with septic shock may have hypo-
thermia or hyperthermia, altered mental status, irritability or lethargy; and peripheral
vasodilatation with bounding pulses (warm shock) or mottled cool extremities with thready
pulses (cold shock).

ED management

The most common error in treating shock is underestimating the severity of the condition.
If compensated shock is suspected, treat promptly and aggressively to prevent progression
to hypovolemic shock. All patients require a secure vascular access, oxygen therapy, and
cardiopulmonary monitoring. The goals of initial management are to restore normal
mental status, heart rate and blood pressure, good peripheral perfusion, and adequate urine
output.

1. Position: allow a conscious patient to assume a position of comfort.

2. Oxygen: give 100% supplemental oxygen by nonrebreather mask to spontaneously
breathing patients. Consider the use of noninvasive positive-pressure ventilation
(BiPAP, CPAP) as an alternative to intubation in selected cases (awake and cooperative
patients).

3. Assisted ventilation: if there is evidence of airway compromise, assist ventilation with
either a bag-mask device or tracheal intubation.

4. Intravenous access: establish two large-bore peripheral IV lines or place a central
catheter. If venous access is not possible or delayed, use an IO needle. In critically ill or
injured patients, do not spend more than 1-2 minutes attempting to establish peripheral
vascular access. The effort may be resumed after the IO line is secured.

5. Fluid: infuse a fluid bolus of 20 mL/kg of isotonic crystalloid (lactated Ringer’s or
normal saline) as rapidly as possible. Several boluses may be required; large volumes of
fluid for resuscitation in previously healthy children do not increase the risk of
developing acute respiratory distress syndrome or cerebral edema. Trauma victims may
require blood (10 mL/kg) to replace ongoing losses; use cross-matched, type-specific or
O-negative blood. Trauma patients who remain hypotensive after fluid resuscitation
may require immediate operative intervention.
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6.

10.

11.

Reassess: after each intervention, look for improvement in vital signs, skin perfusion,
and level of consciousness. Insert a Foley catheter and monitor urine output; the goal is
1-2 mL/kg/h or 30 mL/h in adolescents.

. Inotropic infusion: if the patient remains hypotensive after initial fluid resuscitation of

40-60 mL/kg, an inotropic agent, or a combination of several agents, may be necessary
to stabilize blood pressure (pp. 19-20). Titrate the dose to the desired effect. Monitor the
patient carefully and switch to a less potent agent once the blood pressure has improved.

. Septic shock: administer antibiotic therapy as soon as possible. Send the appropriate

cultures, but do not delay therapy if cultures are not readily obtained. Empiric
antibiotics include vancomycin plus cefotaxime or ceftriaxone for the possibility of
resistant Streptococcus pneumoniae and methicillin-resistant Staphylococcus aureus.
Consider adding acyclovir for HSV in neonates and cefepime for Pseudomonas
aeruginosa in immunocompromised patients.

. Anaphylactic shock: management involves early recognition of symptoms of

anaphylaxis and anticipating need for advanced airway techniques (pp. 30-34).
Cardiogenic shock: give fluid boluses judiciously, at volumes of 5-10 mL/kg, to patients
with a history of cardiomyopathy or congenital heart disease. Reassess frequently for
signs of cardiac failure. Give patients in congestive heart failure supplemental oxygen,
diuretics (furosemide 1 mg/kg), and inotropic agents (dobutamine, dopamine), and
consult with a pediatric cardiologist. Treat pediatric dysrhythmias according to the
PALS Guidelines (pp. 39-47).

a. Asystole and PEA: epinephrine

b. Symptomatic bradycardia: epinephrine and atropine
c. Supraventricular tachycardia

i. Stable: adenosine
ii. Unstable: synchronized cardioversion (0.5-1 J/kg)

d. Ventricular tachycardia (with pulses)

i. Stable: amiodarone or procainamide (not concurrently) or lidocaine
ii. Unstable: synchronized cardioversion (0.5-1 J/kg)

e. Ventricular fibrillation and pulseless ventricular tachycardia: CPR followed by
defibrillation, one shock, (2 J/kg) and immediate resumption of CPR, epinephrine, and/
or amiodarone, and/or lidocaine. Alternate drugs with defibrillation (4 J/kg: single shock
each time). Always resume CPR immediately after shock for 2 minutes or 5 cycles of 30:2
or 10 cycles of 15:2, then reassess rhythm. Once defibrillation is successful, many patients
will required additional CPR before they regain a perfusing rhythm.

Obstructive shock: see pp. 66-68 for the treatment of pericardial tamponade and

pp- 720-722 for the treatment of a tension pneumothorax. Therapy for pulmonary

embolism includes supplemental oxygen and anticoagulation with IV heparin.

Post-resuscitation care

The goals of post-resuscitation care are to preserve brain function, avoid secondary organ
injury, and to diagnose and treat the cause of illness. After successful initial resuscitation,
patients require continuous reassessment to monitor signs of potential hypoxic-ischemic
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insult to vital organs. Post-resuscitation patients are often poorly perfused, hypotensive
from arrest-associated myocardial ischemia, and have poor lung compliance. Continuously
monitor heart rate, blood pressure, and oxygen saturation.

Monitor urine output with an indwelling catheter (>1 mL/kg per h in children or >30
mL/h in adolescents). Maintain normal temperature; treat fever with antipyretics, while
infants, who are usually hypothermic, may need warming devices. For intubated patients,
verify tube position, obtain ABGs, and adjust ventilatory settings as necessary. Control pain
and discomfort with analgesics (fentanyl or morphine) and sedatives (lorazepam or mid-
azolam). Infants and chronically ill children can easily become hypoglycemic, so check glucose
early and treat as needed. Avoid hyperglycemia, targeting glucose levels <150 mg/dL.
Patients usually have metabolic acidosis, which responds to adequate fluid therapy. The routine
administration of sodium bicarbonate has not been shown to improve the outcome of
resuscitation.

Family presence during resuscitation

Family presence during cardiopulmonary resuscitation has been a topic of debate in
recent years, but it appears to be associated with beneficial outcomes for both family
members and patients. Most family members who were present during resuscitation
reported that being at the side of a loved one and saying goodbye during the final moments
of life was comforting, and helped in their adjustment. Have a member of the resuscitation
team offer the family the opportunity to be present, and if they decline, ensure that a team
member is available to be with the family to inform them of the progress of resusci-
tation efforts. Gently ask family members who are disruptive to the resuscitation team
efforts to leave. Assign one member of the team to remain with the family when they are
present during the resuscitation in order to offer an explanation of events and answer
questions.

Termination of resuscitation

Currently, there are no reliable predictors of outcome during resuscitation to guide when to
terminate in-hospital resuscitation efforts. Bystander CPR for witnessed collapse, and a
short interval from collapse to arrival of EMS, improve the chances of survival. Children
with prolonged resuscitation efforts without return of spontaneous circulation after two
doses of epinephrine are unlikely to survive, although survival after unusually prolonged
in-hospital resuscitation has been documented in children with VF or VT, drug toxicity, or
a primary hypothermic insult.

When resuscitation efforts are terminated, arrange for the team leader to meet with
family members, in order to comfort and appraise them of the resuscitation efforts.
Afterwards, organize a debriefing of the resuscitation team by the senior members, in order
to acknowledge the contributions of the team and discuss how and why their efforts did not
succeed.
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Allergic emergencies

4

Stephanie R. Lichten

Anaphylaxis

Anaphylaxis is a potentially life-threatening multi-system allergic reaction that can be
triggered by a variety of agents (Table 2-1). The mechanism may be either IgE-mediated
(anaphylactic reaction) or non-IgE-mediated (anaphylactoid reaction). However, each
process leads to the release of immune mediators from mast cells and basophils, so that
the clinical presentation and treatment is similar and the term “anaphylaxis” is often
applied to both.

Clinical presentation

Anaphylaxis can present with a variety of signs and symptoms (Table 2-2). It involves at
least two organ systems, most commonly cutaneous, respiratory, gastrointestinal, and/or
cardiovascular. A reaction can occur as rapidly as seconds after exposure or it may be
delayed for hours. Up to 20% of patients with a severe allergic reaction will have a
biphasic response, and 30% of children with severe food allergies will do so. With a late-
phase response, symptoms can recur 1-72 hours (average 8 hours) after the initial reaction
has remitted. In protracted anaphylaxis, symptoms persist for 5-32 hours.

Diagnosis

The diagnosis of anaphylaxis is based on clinical manifestations fulfilling one of the

following three criteria:

1. Acute onset with involvement of skin and/or mucosal tissues and at least one of the
following: respiratory compromise, hypotension, evidence of end-organ dysfunction.

2. Rapid onset after exposure to an allergen of at least two of the following: skin or mucosal
involvement, respiratory compromise, hypotension, persistent gastrointestinal
symptoms.

3. Hypotension after exposure to a known allergen.

The differential diagnosis of anaphylaxis is summarized in Table 2-3.

ED management

Anaphylaxis is a medical emergency requiring immediate attention. Institute the ABCs of
emergency care. Limit any continued exposure and discontinue any intravenous agents
immediately. Avoid using latex products when caring for a latex-allergic patient. If the
affected patient is taking beta-blocking medication, be prepared for a difficult recovery;
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Table 2-1. Agents that can trigger anaphylaxis

Anaphylactic (IgE-dependent)

Hymenoptera sting (yellow jacket, hornet, wasp, honeybee, fire ant)
Antibiotics: beta-lactams, sulfonamides

Foods: shellfish (crustaceans, mollusks), peanuts, tree nuts (pecans, pistachios, walnuts), egg whites,
fish, wheat, milk, soy, sesame

Latex

Animal dander

Colorants (carmine dye)

Hormones (estrogen, progesterone)

Anaphylactoid (IgE-independent)

Medications: opioids, muscle relaxants, nonsteroidal anti-inflammatories, aspirin
Physiologic factors: exercise, cold temperature, heat, pressure, sunlight
Immune aggregates

Transfusion reaction

IV immunoglobulin

Radiocontrast material (any)

|diopathic

Table 2-2. Clinical manifestations of anaphylaxis

Organ system Signs and symptoms Frequency (%)
Cutaneous Urticaria, angioedema 88

Cutaneous Flushing 46

Cutaneous Pruritus (no rash) 5

Respiratory Wheezing, dyspnea, stridor 50
Gastrointestinal Nausea, vomiting, diarrhea, abdominal pain 30
Cardiovascular Syncope, hypotension, arrhythmias 30
Miscellaneous Sense of impending doom, seizure, diaphoresis, 1-20

rhinitis, headache, metallic taste

sometimes extraordinary efforts are required to overcome beta-blockade associated with
anaphylaxis.

The first priority is to maintain airway patency. Allow the patient to assume a position
of comfort. If adequate ventilation and oxygenation are documented by pulse oximetry, do
not change the patient’s position, but administer 100% oxygen as tolerated. Place a
hypotensive patient in the recumbent position and elevate the lower extremities. If stridor
is present, prepare to intubate the patient if initial therapy with epinephrine (see below) is
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Table 2-3. Differential diagnosis of anaphylaxis

Diagnosis

Airway foreign body

Angioedema
Asthma

Cardiac tamponade
Croup

Food poisoning
Flushing syndromes
Globus hystericus

Hereditary angioedema

Differentiating features

Aspiration history

Auscultatory findings may be localized

No respiratory symptoms

Involves only the respiratory system

Muffled heart sounds, pericardial rub, pulsus paradoxus
Barking cough

Flushing 2° to ciguatera/scromboid

Catecholamine excreting tumors; carcinoid

Sensation of a lump in the throat

May have a history of previous similar episodes

Panic attack Precipitating event

No cutaneous findings

Pulmonary embolism Pleuritic pain, fourth heart sound

Jugular venous distension

Red man syndrome History of vancomycin exposure

Serum sickness Fever, lymphadenopathy, arthralgias/arthritis

Urticaria Skin is sole organ system involved

Vasovagal episode Gradual onset after precipitating event

Vocal cord dysfunction Onset is not acute

not effective. Monitor the ECG and oxygen saturation continuously, establish IV access and
give a 20 mL/kg normal saline bolus. Make a rapid assessment of the rate of progression and
the extent of the reaction.

Epinephrine

Epinephrine is the mainstay of treatment of anaphylaxis. The alpha-adrenergic effects
reverse peripheral vasodilatation, decreasing hypotension and reducing angioedema and
urticaria; the beta-adrenergic effects cause bronchodilatation, increase myocardial contract-
ility, and suppress further release of mast cells and basophils.

If the patient is not hypotensive, give 0.01 mL/kg (0.5 mL maximum) of 1:1000
epinephrine intramuscularly. Repeat the dose every 5-15 minutes, as needed. As an
alternative, use an EpiPen (>30 kg, 0.3 mg) or EpiPen Jr (<30 kg, 0.15 mg), also
intramuscularly.

If the patient is hypotensive, give 0.01 mg/kg (0.1 mL/kg, 10 mL maximum) of 1:10,000
epinephrine intravenously. Repeat every 3-5 minutes. If venous access is not available,
administer epinephrine (0.1 mL/kg of 1:1000) via the endotracheal tube. If the initial



Chapter 2: Allergic emergencies 33

response to epinephrine is inadequate, use an intravenous drip, starting with 0.1 mcg/kg per
min (1.5 mcg/kg per min maximum).

Vasopressor infusion

A vasopressor infusion is indicated for hypotension refractory to epinephrine and volume
repletion. Give dopamine at 2-20 mcg/kg per min.

Antihistamines

H, and H, antihistamines block the effect of circulating histamines but do not decrease
mediator release. H, blockers may also inhibit the histamine effects on peripheral vascu-
lature and myocardial tissues. The onset of action of antihistamines is delayed, so epineph-
rine is still necessary. Give diphenhydramine (H;), 1-2 mg/kg (50 mg/dose maximum, 400
mg/day maximum) IV or PO q 4-6 h and ranitidine (H,), 2 mg/kg (50 mg/dose maximum)
q 6-8 h IV or PO.

Albuterol

Treat bronchospasm resistant to epinephrine with nebulized albuterol, 0.15 mL/kg (2.5 mg
minimum, 10 mg maximum) diluted in 3.0 mL of saline, either q 1 h or continuously. See
Asthma (pp. 606-612) for the treatment of bronchospasm not responsive to albuterol.

Corticosteroids

Give systemic corticosteroids to patients with a history of asthma, idiopathic anaphylaxis, or
severe or prolonged symptoms. Steroids may also reduce the risk of recurrent or protracted
anaphylaxis. Use methylprednisolone 1-2 mg/kg per day (60 mg/day maximum) divq 6 h
IV or prednisone 0.5-1 mg/kg per day (60 mg/day maximum) PO, for 5-7 days.

Glucagon

Anaphylaxis may be very difficult to treat in a patient taking beta-adrenergic blockers,
which blunt the response to epinephrine. The patient is at increased risk for bronchospasm,
hypotension, and paradoxical bradycardia. Glucagon has both inotropic and chronotropic
effects that are mediated independently of o- and B-receptors and therefore can reverse
refractory hypotension and bradycardia. Give a loading dose of 20-30 mcg/kg (1 mg
maximum) IV over 5 minutes, followed by a continuous infusion of 5-15 mcg/min,
titrating the dose to the desired blood pressure.

Discharge considerations

1. Observe for 6-8 hours. Most late-phase reactions occur within this time period

2. Give prednisone 0.5-1 mg/kg per day (60 mg/day maximum) for 5-7 days

3. Give diphenhydramine (5 mg/kg per day div q 6 h, 50 mg/dose maximum) for 2-3 days
to treat urticaria

4. Give an H, antihistamine, ranitidine (2 mg/kg q 6-8 h, 50 mg/dose maximum) for
2-3 days

5. Prescribe injectable epinephrine (EpiPen Jr <30 kg, EpiPen >30 kg) and instruct
the parent and/or child to administer it in the anterolateral aspect of thigh, through the
clothing, while avoiding placing the thumb over tip

6. Educate the family regarding avoidance of the trigger(s)
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7. Inform the family about MedicAlert bracelets (1-888-633-4298 or
www.medicalert.org)
8. Refer all patients with an episode of anaphylaxis to an allergist

Indications for admission

e Severe anaphylaxis

e Hypotension

e DPersistent bronchospasm or hypoxia

e Datient resides some distance from medical facilities
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Angioedema

Angioedema is swelling of the deeper layers of skin and/or submucosal tissue. It often
occurs simultaneously with urticaria.

Clinical presentation

The face, neck, and extremities are most commonly affected, although angioedema may
occur anywhere on the body. The swelling is most evident where the skin is loose, such as
the scrotum, lips, and eyelids. There is usually accompanying erythema, warmth, and a
sensation of pressure or pain, but pruritus is rare. Angioedema may also present as
unexplained abdominal pain secondary to the swelling of any portion of the gastrointestinal
tract.

The etiologies of angioedema are the same as for urticaria (pp. 36-38). In addition,
hereditary angioedema (HAE) is an autosomal dominant condition that affects the gene for
the plasma protein C1 inhibitor, leading to uncontrolled generation of bradykinin. The
patient will have recurrent episodes of angioedema, usually beginning in childhood and
worsening during puberty. Attacks of HAE are often sporadic, although about one-third are
triggered by injury or trauma. Most episodes are of 1-2 day duration and are preceded by a
prodrome of numbness, tingling, and pressure. The edema of HAE most commonly
involves the hands and feet, although other sites can be affected, as well. In addition, life-
threatening swelling of the airway can occur.

Diagnosis

Angioedema is most often confused with edema. However, angioedema is non-pitting and
is not limited to dependent areas. It may be also difficult to distinguish angioedema from
anaphylaxis, especially since angioedema can be the primary manifestation of anaphylaxis.
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Table 2-4. Differential diagnosis of angioedema

Diagnosis Differentiating features

Anaphylaxis Other organ systems involved (respiratory, Gl, etc))
Edema Occurs in dependent areas, may be pitting
Cellulitis Usually localized, on exposed areas of skin

May have fever, chills
Erysipelas Raised above the level of the skin
Sharply demarcated borders
Vasculitis Fever, weight loss
Paresthesias, joint/muscle pain

Lymphedema Usually involves one extremity including digits

However, anaphylaxis involves at least two organ systems, while angioedema is solely an
edema of the deeper tissues. Angioedema can present as abdominal pain from swelling in
the GI tract as well, but again this can be differentiated from anaphylaxis by the absence of
other system involvement. The differential diagnosis is summarized in Table 2-4.

Once it is clear that the patient has angioedema, and not anaphylaxis, obtain a complete
history, seeking a possible offending agent, as well as a family history of similar episodes.
Obtain blood for a CBC with differential, ESR, total serum IgE, thyroid function tests
and C;-inhibitor level (low in 85% of cases). A more extensive evaluation is indicated
for severe or recurrent cases of angioedema, although this can be deferred to a primary
care setting.

ED management

The priority is to ensure an adequate airway, as laryngeal edema can be rapidly progressive
(see Anaphylaxis, pp. 30-34 for the treatment of airway edema). If the patient is known to
have hereditary angioedema, give C;-inhibitor concentrate as soon as possible for signifi-
cant edematous attacks (i.e., laryngeal edema, extensive facial edema, and severe abdominal
attacks). Use 10-20 units/kg (500 units maximum <50 kg; 1000 units maximum 50-100 kg)
and repeat if needed in 1 hour.

The best treatment is prevention and education of the family and patient. Remove the
offending agent, if identified. Advise the patient to avoid dry skin or harsh soaps/cream, as
well as aspirin and oral contraceptives, which can precipitate an attack.

If the etiology is unknown, prescribe an H; antihistamine, such as diphenhydramine
(5 mg/kg per day div q 6 h) or hydroxyzine (2 mg/kg per day div q 8 h). Reserve
corticosteroids for severe cases (prednisone or prednisolone, 2 mg/kg per day, 60 mg/day
maximum, for 5-7 days).

Follow-up

e Primary care follow-up in 1-2 weeks; dermatology or allergy follow-up in 2-4 weeks
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Urticaria

Urticaria, or hives, is a common cutaneous reaction caused by release of chemical medi-
ators, especially histamine, from mast cells or basophils. Urticaria may occur at any age and
up to 25% of the population will have at least one episode in their lifetime.

Acute urticaria lasts less than 6-8 weeks in duration, while chronic urticaria is defined as
hives persisting beyond this time frame. In 80% of cases the etiology is unknown, although
chronic urticaria can be associated with systemic illnesses such as JRA, SLE, viral hepatitis,
lymphomas, and thyroid disease. The most common causes are listed in Table 2-5.

Clinical presentation

A hive is a pruritic, well-circumscribed, raised, evanescent area of skin edema on an
erythematous base. They are usually circular or annular in shape, found most commonly
on the trunk and extremities, and vary in size from a few millimeters to centimeters (giant
urticaria). Acute urticaria usually develops within minutes of exposure to the causative
agent and is virtually always pruritic. Simple hives tend to come and go in crops, with
individual lesions usually lasting for less than one day, although new lesions tend to evolve
as older ones resolve. On rare occasions a hive will persist for up to 48 hours.

Diagnosis
The key feature in making the diagnosis of urticaria is the duration of the lesions. Hives that
remain fixed in place for longer than 24-48 hours are not typical. A violet hue within the
lesions, or the absence of pruritus, also suggests alternative etiologies. Obtain a history
looking for a possible offending agent. Determine the time of onset, site, duration, and
frequency of the lesions. Inquire about recent medication use, injections, insect bites,
illness, and other triggers or provoking factors. Examine the distribution of lesions to check
for temperature-exposed regions or contact etiologies. Stroke the skin to assess for derma-
tographism, which is caused by histamine release from mast cells. The differential diagnosis
of urticaria is summarized in Table 2-6.

For patients with chronic urticaria, ascertain whether there are any related symptoms,
such as fever, joint pain, abdominal pain, weight loss, or poor circulation in the hands or feet.

A priority is to assess for signs of associated respiratory, cardiovascular, or gastrointest-
inal involvement, which would imply that the urticaria is a manifestation of an anaphylactic
episode. Similarly, look for the presence of associated angioedema on physical examination.

In general, for acute urticaria, no laboratory testing is required and it is not necessary to
identify the trigger for a patient who is otherwise well, and in whom the history and
physical examination do not suggest a cause. However, if the patient presents with chronic
urticaria, and the history and physical examination do not suggest an etiology, obtain a CBC
with differential, ESR and/or CRP, liver function tests, urinalysis, antinuclear antibody,
thyroid function, anti-thyroid antibodies, and possibly a chest X-ray.
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Table 2-5. Causes of urticaria
Acute urticaria
Hypersensitivity
Foods: eggs, milk, wheat, soy, peanuts
Antibiotics: beta-lactam, sulfa
Stings and bites: bees, wasps, scorpions, spiders, jellyfish
Pseudoallergic reactions: medications, radiocontrast, foods
Toxin-mediated
Infectious: viral, bacterial (strep), parasitic, fungal
Contact urticaria: latex, animal saliva
Immune-complex-mediated: serum sickness, post-transfusion, post-viral
Idiopathic
Chronic urticaria
Autoimmune
Idiopathic
Exercise-induced
Cold/solar
Dermographism
Cholinergic
Adrenergic
Presumed immune-complex-mediated
Thyroid disease
Urticarial vasculitis
Malignancy
Collagen vascular disease: SLE, JRA, rheumatic fever, dermatomyositis
Inflammatory bowel disease
Behget's disease

Hypersensitivity reactions

ED management
The priority for all patients with urticaria is to rule out anaphylaxis (pp. 30-34).

Acute urticaria

Remove or avoid the offending agent, if it can be identified. If there is airway involvement,
give epinephrine as for anaphylaxis. Treat severe pruritus with 1:1000 epinephrine subQ
(0.01 mL/kg, 0.5 mL maximum). Otherwise, oral H; antihistamines are the treatment
of choice. Prescribe a non-sedating antihistamine for 3-4 days. Choices include loratadine
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Table 2-6. Differential diagnosis of urticaria

Diagnosis Differentiating features
Anaphylaxis Involves more than one organ system
Erythema multiforme Symmetrical target lesions

Mucosal involvement with erythema multiforme major

Guttate psoriasis Small salmon-pink drop-like papules
Henoch-Schonlein purpura Abdominal pain, hematochezia, joint pain, purpura
Mastocytosis Widespread symmetric lesion

Macules, papules, nodules, plagques, bullae, and vesicles
Darier sign (wheal develops after rubbing), hepatosplenomegaly
Pityriasis rosea Herald patch precedes general eruption

Christmas tree pattern of pruritic lesions on the back

(2-5years old: 5 mg/day; >6 years old: 10 mg/day), cetirizine (6 months - 2 years old: 2.5 mg/
day; 2-5 years old: 2.5 mg/day [may increase to 5 mg/day, if needed]; >6 years old: 5-10 mg/
day), or fexofenadine (6-11 years old: 30 mg bid; >12 years old: 60 mg bid). Also prescribe an
H, antihistamine, such as ranitidine (2 mg/kg per day div q 12 h, 300 mg/day maximum),
cimetidine (20-40 mg/kg per day div q 6 h, 800 mg/day maximum), or famotidine (0.5-1 mg/
kg q 12 h). For breakthrough itching, prescribe either diphenhydramine (5 mg/kg per day div
q 6 h) or hydroxyzine (2 mg/kg per day div q 8 h).

Chronic urticaria

In addition to the treatment listed for acute urticaria, in severe cases, add an antileukotriene,
montelukast (2-5 years old: 4 mg/day; 6-14 years old: 5 mg/day; >15 years old: 10 mg/day)
in combination with the antihistamines. Refer patients with chronic urticaria to either an
allergist or primary care provider for further evaluation.

Follow-up

® Acute urticaria: if no improvement; primary care in 3-5 days

o Allergy referral in 1-2 weeks: peanut- or latex-induced urticaria, urticarial vasculitis,
urticaria with systemic manifestations, urticaria with angioedema, urticaria that
responds poorly to therapy, or if the results of the ED evaluation do not suggest an
etiology for chronic urticaria
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Arrhythmias

Pediatric arrhythmias are increasing in prevalence secondary to improved patient survival
following cardiac surgery and more extensive use of ECG monitoring. Proper management
includes accurate electrocardiographic diagnosis, careful clinical evaluation, and initiation
of appropriate therapy. With all rhythm disturbances, the approach to the patient begins
with a 12-lead ECG, but, if there is hemodynamic instability, a single-lead ECG will suffice.

Cardiac arrhythmias requiring emergency therapy can be classified simply into tachy-
cardias and bradycardias. The tachycardias can be further divided into narrow and wide
QRS complex groups. Rhythms in the narrow complex group include atrial fibrillation,
atrial flutter, and supraventricular tachycardia, although the most common is sinus
tachycardia.

Atrial fibrillation

Atrial fibrillation is usually associated with dilatation of the right or left atrium. It most
commonly occurs in patients with mitral valve disease, chronic atrioventricular (AV) valve
insufficiency, Wolff-Parkinson-White syndrome, or following the Fontan procedure in
patients with only one functional ventricle. Other associations include hyperthyroidism,
Ebstein’s anomaly, atrial septal defect, or atrial tumor. Atrial fibrillation suggests significant
atrial conduction system disease and is usually a chronic problem. “Lone” atrial fibrillation,
in the absence of other cardiac abnormalities, is rare in children.

Clinical presentation and diagnosis

Suspect atrial fibrillation when the pulse is “irregularly irregular.” Heart sounds may vary
in intensity, a pulse deficit may be present, and the cardiac impulse is markedly variable.
The ECG shows chaotic fibrillatory waves of varying amplitude, morphology, and duration,
causing variation of the baseline. The RR interval is irregularly irregular. The atrial rate
is generally >350 bpm, while the ventricular rate varies between 100 and 200 bpm
(Figure 3-1). Sporadic aberrant ventricular conduction can result in random wide QRS
complexes.

ED management

Treatment can usually be delayed until the patient is admitted to an intensive care setting,
where therapy is aimed at control of ventricular rate, conversion to sinus rhythm, and
prevention of stroke. However, in the ED, treat acute atrial fibrillation associated with a



40 Chapter 3: Cardiac emergencies

Figure 3-1. Atrial fibrillation.

rapid ventricular rate and signs of hemodynamic compromise with synchronized cardio-
version (0.5-1 J/kg).

If the patient is hemodynamically stable, consult a pediatric cardiologist before initiating
pharmacologic cardioversion, which can most frequently be accomplished with ibutilide.
Rate control is best accomplished with diltiazem or digitalis. However, digitalis and
verapamil are contraindicated if the patient is known to have Wolff-Parkinson-White
syndrome, since they may facilitate conduction through an accessory AV connection,
leading to ventricular fibrillation.

Although atrial thrombus is uncommon in children with atrial fibrillation, give anti-
coagulation prior to cardioversion if there is chronic (>48 hours) atrial fibrillation. Obtain
an echocardiogram in order to document the presence of a thrombus.

Indications for admission

e Acute onset of atrial fibrillation
e Chronic atrial fibrillation with an increase in ventricular rate requiring treatment with a
new anti-arrhythmic medication
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Atrial flutter

Atrial flutter can be a manifestation of pre- or postoperative structural cardiac disease,
cardiomyopathy, or primary electrical disease. Atrial flutter is relatively rare in childhood,
although the incidence is increasing as more patients survive complex atrial surgery, such as
the Fontan procedure.

Clinical presentation and diagnosis

Atrial flutter is characterized by an atrial tachycardia with a rate between 300 and 480 bpm.
The atrial rhythm is extremely regular, and flutter waves are usually present. These form a
continuous sawtooth undulation of the baseline P waves (Figure 3-2). The ventricular rate
is dependent on AV conduction, which is most commonly 2:1. When 1:1 conduction is
present, the flutter waves may not be apparent.
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Figure 3-2. Atrial flutter.

When the diagnosis is in doubt, use vagal maneuvers or adenosine to increase the degree
of AV block and slow the ventricular rate. This will make the flutter waves more apparent,
but will not convert the rhythm to sinus.

ED management

Hemodynamically unstable patient

If the patient is hemodynamically unstable, presenting with hypotension or congestive
heart failure, cardiovert using 0.5-1.0 J/kg, in the synchronized mode, as the initial dose.
If the patient is taking digoxin, give 1 mg/kg of lidocaine IV prior to cardioversion to

prevent ventricular arrhythmias. If initial cardioversion is unsuccessful, increase the dose
to 2 J/kg.

Hemodynamically stable patient

If the patient is hemodynamically stable, first attempt pharmacologic treatment. Use
IV digoxin (total digitalizing dose [TDD] = 30 mcg/kg; give %2 TDD initially, followed
by % TDD q 6-8 h x 2), IV amiodarone (5 mg/kg over 10-15 min), or IV ibutilide
(0.01 mg/kg over 10 min), in order to slow the ventricular rate or convert to sinus
rhythm. If these are unsuccessful, elective electrical cardioversion may be required in a
critical care unit.

Indications for admission

e New onset atrial flutter
¢ Difficult to control atrial flutter for observation, or electrical or drug therapy
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Sinus tachycardia

Sinus tachycardia (ST) is an increased heart rate for age originating from the sinus node.
The most common causes of ST are anxiety, fever, pain, hypovolemia, anemia, congestive
heart failure, exercise, hyperthyroidism, emotional upset, and medications (stimulants,
bronchodilators, decongestants).
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Clinical presentation and diagnosis

Since normal hemodynamics are generally maintained, ST is usually an incidental finding
in a patient with a non-cardiac disease process. The rate is generally between 100 and 180
bpm, although in infants the rate may reach 240 bpm.

Sinus tachycardia must be differentiated from supraventricular tachycardia (SVT), in
which the rate can be as rapid as 340 bpm and the QRS complexes may not be preceded by
recognizable P waves of sinus origin. In some cases of SVT, the QRS complexes may follow
abnormally directed P waves which are negative in leads I and AVF. Also, in ST the rate
may vary, while in SVT the RR interval is consistent. Increasing the ECG paper speed to
50 mm/sec may help to identify normal P waves.

ED management

Most often, ST is encountered in the settings mentioned above, so therapy is directed
toward identifying and treating these conditions.

B|bl|ography Vignati G, Annoni G: Characterization of
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Supraventricular tachycardia

Supraventricular tachycardia is the most common significant pediatric cardiac arrhythmia.
The mechanism of SVT is usually reentry, sometimes secondary to microreentrant circuits,
as in atrioventricular node reentry utilizing dual AV nodal pathways. In other cases there
are macroreentrant circuits involving an atrioventricular bypass tract, sometimes manifest
as Wolff-Parkinson-White (WPW) syndrome. In 20% of patients there is a trigger, such as
infection or the use of cold remedies containing sympathomimetics (Table 3-1). Congenital
heart disease, such as Ebstein’s anomaly or corrected transposition, occurs in approximately
20% of patients.

Clinical presentation

The presentation depends on the age of the patient, the rate and duration of the tachycardia,
and whether there is associated heart disease. Common clinical findings include palpita-
tions, shortness of breath, chest pain, respiratory distress, dizziness, syncope, irritability,
pallor, and poor feeding in infants. The heart rate is usually between 150 and 300 bpm.
Heart failure is uncommon in patients >1 year of age and is usually associated with
congenital heart disease, SVT for >24 hours, and heart rates >200 bpm.

Diagnosis

The electrocardiogram in SVT typically reveals a narrow complex tachycardia at a rate of
150-300 bpm with 1:1 AV conduction and a fixed RR interval (Figure 3-3). The P wave may
not be seen; it may be inverted just after the QRS complex; or it may precede the QRS, but
have an abnormal axis (negative in leads I or AVF). The ventricular complexes are usually
normal in contour, although aberrant rate-dependent conduction can cause slight
widening. In supraventricular tachycardia the atrial rate is 180-240 bpm.
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Table 3-1. Factors predisposing to supraventricular tachycardia

Primary electrical disease
Atrioventricular bypass tract (WPW)
Dual AV nodal pathways

Mitral valve prolapse
Sepsis
Hyperthyroidism

Myocarditis Fever
Cardiomyopathy Drugs
Ebstein’s anomaly Epinephrine
Previous cardiac surgery Decongestants
(Mustard or Senning procedure for Ephedrine
TPGV; Fontan; TAPVR repair) Methylphenidate

Figure 3-3. Supraventricular tachycardia.

Supraventricular tachycardia must be differentiated from sinus tachycardia. In the
latter, the rate is usually <180 bpm (240 bpm in infants), a P wave with normal axis
precedes the QRS complex, and some variation in the RR interval may be present.

Supraventricular tachycardia with wide QRS complexes due to aberrant conduction
may be difficult to differentiate from ventricular tachycardia. Ventricular tachycardia is
suggested by the presence of atrioventricular dissociation, a sicker patient, slower rate of the
tachycardia, and isolated premature ventricular contractions elsewhere on the ECG.
Assume that all wide complex tachycardias in children are ventricular tachycardia unless
the diagnosis of SVT is absolutely certain.

ED management

Perform a history and physical examination, carefully evaluate the patient’s hemodynamic
status, and continuously monitor the ECG and blood pressure. Congestive heart failure or
hemodynamic compromise are indications for rapid termination of the arrhythmia with
synchronous cardioversion. After successful conversion to a sinus rhythm, obtain a com-
plete ECG looking for WPW and refer the patient to a pediatric cardiologist.

Vagal maneuvers

Vagal nerve stimulation increases the effective refractory period of the AV node, thus
interrupting the reentrant circuit. Continuously monitor the ECG when vagal maneuvers
are attempted. If successful, the tachycardia breaks abruptly and is replaced by a normal
sinus rhythm (Figure 3-4). Transient slowing of the ventricular rate suggests that either
sinus tachycardia or atrial flutter was misdiagnosed as SVT. Eyeball pressure is not
recommended, as retinal detachment can occur. Gagging and inducing vomiting can be
effective, but may lead to aspiration in infants or agitated patients. Commonly employed
vagal techniques include the following.
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Figure 3-4. SVT: response to treatment.

Eliciting the diving reflex
Submerge the face of an older child in ice-cold water or place an ice bag with equal volumes
of ice and water over the face for 10-20 seconds.

Unilateral carotid massage

Perform the massage at the junction of the carotid artery and the mandible. This is much
more likely to be successful in the older child or adolescent.

Valsalva maneuver

Ask the patient to “bear down,” or “strain,” as if attempting to move his or her bowels.
If this is unsuccessful, have the patient stand on his or her head for 15-30 seconds.

Pharmacotherapy
Adenosine

Adenosine, an endogenous purine metabolite, is the drug of choice for the treatment of SVT.
It terminates SVT by blocking conduction in the AV node and thus breaks the reentry circuit.
Give an initial dose of 0.1 mg/kg (6 mg maximum) as a rapid IV bolus, preferably at a
proximal IV site. If ineffective in 2-3 minutes, double the dose (12 mg maximum). The onset
of action is within 10-15 seconds and the half-life is about 15 seconds. Bradycardia or
transient asystole may occur after termination of the arrhythmia; flushing, wheezing, and
cough are transient side effects.

Verapamil

Verapamil is a calcium slow channel blocker which is extremely effective in treating SVT.
The dose is 0.075-0.15 mg/kg, slowly IV. This can be repeated twice at 15-minute intervals.
Verapamil is contraindicated <1 year of age because of possible cardiovascular collapse;
other contraindications include congestive heart failure and beta-blocker (propranolol) use.
Side effects may include bradycardia and hypotension; treat with atropine (0.01-0.04 mg/kg),
isoproterenol (0.1 mcg/kg per min infusion), and calcium chloride (5-7 mg/kg of elemental
calcium = 0.2-0.25 mL/kg of calcium chloride).

Digoxin

Digoxin terminates SVT through its vagal effect. While digoxin remains the mainstay of
treatment for chronic SVT, it has been replaced by adenosine for acute SVT. The major
drawback of digoxin is the delayed onset of action; SVT may not be terminated for 6-24
hours after beginning therapy. The IV total digitalizing dose (TDD) is 30 mcg/kg. Give
one-half of the TDD initially, then one quarter of the TDD at 6-8 hour intervals. Digoxin is
contraindicated in patients with WPW, as it shortens the refractory period of a bypass tract
in up to one-third of these patients.

Cardioversion

Synchronous cardioversion is indicated when there is hemodynamic compromise (heart
failure, shock, acidosis) or if other treatment modalities have failed. The dose is 0.5-1 J/kg,
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¢ BLS Algorithm: Assess and support ABCs as needed
* Provide oxygen

¢ Attach monitor/defibrillator

¢ Evaluate 12-lead ECG if practical

QRS duration normal for age QRS duration wide for age
(approximately <0.08 sec) v (approximately > 0.08 sec)

Evaluate rhythm QRS duration Probable ventricular tachycardia

A

v v v

Probable sinus tachycardia Probable SVT «—»| During evaluation

e History compatible * History incompatible * Provide O,/ventilation PRN
» P waves present/normal * P waves absent/abnormal * Support ABCs

« HR often varies with activity ¢ HR not variable with activity * Confirm continuous monitor
« Variable RR, constant PR « Abrupt rate changes » Consider cardiology consult
« Infant: rate usually <220 bpm o Infant: rate usually >220 bpm * Prepare for cardioversion:

Child: rate usually <180bpm Child: rate usually >180bpm 0.5-1.0 J/kg (with sedation?)

Identify/treat possible causes

* Hypoxemia
Consider vagal maneuvers > ° Hypovolemlg
¢ Hyperthermia
* Hyper-/hypokalemia
* Metabolic disorders
* Tamponade
o Establish IV access * Tension pneumothorax
¢ Consider adenosine 0.1 mg/kg IV * Toxins/poisons/drugs
(maximum first dose: 6 mg) P R * Thromboembolism
* May double and repeat dose once g ¢ Pain

(maximum second dose: 12mg)
¢ Use rapid bolus technique

v Vv Consider alternative medications
« Consult a pediatric cardiologist * Amiodarone: 5 mg/kg IV over 20-60 minutes
* Attempt cardioversion(0.5-1.0 J/kg) e or Procainamide: 15 mg/kg IV over 30-60 minutes
(may increase to 2 J/kg if ineffective) (Do not routinely administer amiodarone and
e Sedate prior to cardioversion procainamide together)
e 12-lead ECG e or Lidocaine: 1 mg/kg IV bolus

Figure 3-5. PALS algorithm for tachycardia with adequate perfusion.

which can be repeated, doubling the dose to a maximum of 2 J/kg. Sedate older patients
with midazolam (0.1 mg/kg IV) prior to cardioversion. To prevent ventricular dysrhyth-
mias, give lidocaine (1 mg/kg IV) to digitalized patients prior to attempting cardioversion.
Prior to cardioversion, be certain of synchronized mode setting, to avoid potentially lethal
ventricular arrhythmias.

Conversion to sinus rhythm using vagal maneuvers, adenosine, verapamil, and/or cardio-
version is within the realm of the ED physician. However, consult a pediatric cardiologist in
cases when the SVT is refractory or after conversion is accomplished to arrange appropriate
evaluation and follow-up. The Pediatric Advanced Life Support algorithms for tachycardia
with adequate and poor perfusion are summarized in Figures 3-5 and 3-6.
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| ¢ BLS Algorithm: Assess and support ABCs |
» 12-lead ECG (if

practical)

,_, * Evaluate QRS duration
No A 4 Yes

. * Provide oxygen and ventilation
* Initiate CPR < Pulse »| « Attach monitor/defibrillator

QRS duration normal for age During evaluation QRS duration wide for age
approximately <0.08 sec; : i approximately > 0.08 sec;
(@pp! V= ) Provide O, and ventilation (app y> )

.
* Support ABCs i

Evaluate the tachycardia « Confirm continuous monitor Evaluate the tachycardia
.

Consider expert consultation
Prepare for cardioversion, 0.5—
1.0 J/kg (with sedation?)

Y

Identify/treat possible causes

* Hypoxemia Probable ventricular tachycardia
. Hypovolemig « Immediate cardioversion with
 Hyperthermia 0.5-1.0 J/kg (Consider sedation, but

* Hyper-/hypokalemia do not delay the cardioversion)
* Metabolic disorders

¢ Tamponade

¢ Tension pneumothorax
.

.

Toxins/poisons/drugs
Thromboembolism
Pain

v l
A4

Probable sinus tachycardia . . P
. ) Probable SVT Consider alternative medications
¢ History compatible . . .
« History incompatible ¢ Amiodarone: 5 mg/kg IV over 20-60 minutes
* P waves present/normal y P ¢ or Procainamide: 15 mg/kg IV over 30-60 min
* HR often varies with activity * P waves absent/abnormal mice:1s mokg )
« Variable RR with constant PR  HR not variable with activity (Do not rog;mely adhmlnlster amiodarone and
* Infant: rate usually <220 bpm  Abrupt rate changes zrrolfizgsgr:: 1t0r?1a/kerl)v bolus (wide complex
« Child: rate usually <180 bpm « Infant: rate usually >220 bpm . -1 mgikg P
« Child: rate usually >180 bpm only) o o
¢ Consult pediatric cardiologist
* 12-lead ECG
Consider vagal maneuvers > b
(no delays)
4
Immediate cardioversion or Immediate 1V/I0 adenosine
* Attempt cardioversion with 0.5-1.0 J/kg ¢ Use if IV access immediately available
(may increase to 2 J/kg if ineffective) ¢ First dose: 0.1 mg/kg IV/IO (6 mg maximum)
* Use sedation, if possible * May double and repeat once (12 mg maximum)
¢ Sedation must not delay cardioversion ¢ Use rapid bolus technique

Figure 3-6. PALS algorithm for tachycardia with poor perfusion.

Follow-up

e SVT without hemodynamic compromise, terminated in ED: 2-3 days
e SVT with WPW: consult a pediatric cardiologist to determine appropriate follow-up

Indications for admission

e First episode of SVT with parental anxiety or need for parental education

e SVT causing hemodynamic compromise.

¢ Initiation of a medication with proarrhythmia potential (flecainide, sotalol,
amiodarone)
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Ventricular premature contractions

Ventricular premature contractions (VPCs) most commonly occur due to primary elec-
trical disease in asymptomatic adolescents without structural heart disease. Other etiologies
include ingestions (tobacco, sympathomimetic agents, tricyclic antidepressants, digoxin,
caffeine), electrolyte imbalances (hypokalemia, hypocalcemia), anesthesia, and underlying
heart disease (mitral valve prolapse, myocarditis, hypertrophic or dilated cardiomyopathy,
coronary artery malformation, status-post ventricular surgery).

Clinical presentation

Most cases are discovered during the routine examination of an asymptomatic patient, when
an irregular heart beat is noted. However, some patients complain of chest discomfort,
palpitations, chest pain, or syncope.

Diagnosis

Ventricular premature contractions are characterized by bizarre, widened QRS complexes
which are not preceded by a P wave (Figure 3-7). They may occur in a fixed ratio with normal
beats (bigeminy 1:1; trigeminy 2:1) (Figure 3-8). VPCs can be uniform (identical electrocar-
diographic appearance with consistent interval from the preceding QRS) or multiform
(dissimilar ECG appearances with varying coupling intervals with the preceding QRS). It is
possible for the VPC to fall on the T wave of the preceding normal complex (R-on-T
phenomenon) and initiate ventricular tachycardia.

VPCs can also be divided into benign and ominous categories. Benign VPCs
are asymptomatic, uniform, single, infrequent, with a normal resting ECG, including the
QTc interval (<0.45), and not associated with an R-on-T phenomenon or structural heart
disease. Benign VPCs can be suppressed by exercise, such as 20 seconds of jumping jacks.

Figure 3-7. Ventricular premature contraction.

Figure 3-8. VPC in trigeminal pattern.
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Ominous VPCs may be symptomatic, multiform, paired, associated with a prolonged
QTc interval, an R-on-T phenomenon, or structural heart disease. Exercise either has no
effect or increases the VPC frequency. Ominous VPCs indicate an increased risk of
ventricular tachycardia (three or more consecutive VPCs).

ED management
Benign VPCs

No treatment is necessary. However, for reassurance, elective referral to a pediatric cardi-
ologist may be indicated.

Ominous VPCs

Consult with a pediatric cardiologist, who may recommend admission and/or treatment.

Follow-up

e Benign VPCs: primary care follow-up in 1-2 weeks

Indication for admission
e (Ominous VPCs

hili Driscoll DJ, Shaddy RE, Feltes TF (eds),
Blb!lography o ) Moss and Adams’ Iyieart Disease in Infants,
Doniger SJ, Sharieff GQ: Pediatric dysrhythmias. Children, and Adolescents: Including the Fetus
Pediatr Clin North Am 2006;53:85-105. and Young Adult, 7th ed. Philadelphia:
Kannakeril PJ, Fish FA: Disorders of cardiac Lippincott, Williams & Wilkins, 2008,
rhythm and conduction. In Allen HD, pp. 293-342.

Ventricular tachycardia

Wide complex tachycardias are uncommon in children, but they are often difficult to
diagnose and potentially more dangerous than narrow complex tachycardias. Wide com-
plex tachycardias may be ventricular or supraventricular (with aberrancy secondary to a
bundle branch block or WPW syndrome) in origin. However, in the ED, assume that a wide
complex tachycardia is ventricular tachycardia and treat accordingly. Erroneously treating
ventricular tachycardia as SVT can be devastating.

Nonetheless, it is important to remember that the upper limit of normal QRS duration
varies with age. For example, a tachycardia with a QRS duration of 0.10 seconds is wide
complex in a newborn, but narrow complex in a 10-year-old.

Ventricular tachycardia (VT) is defined as a series of three or more consecutive ectopic
beats. Etiologies include primary electrical disease (long QTc syndrome), hypoxemia,
arrhythmogenic right ventricular dysplasia, electrolyte imbalance (hyperkalemia), and
ingestions (tricyclics, digoxin). Ventricular tachycardia can degenerate into ventricular
fibrillation, either as a terminal event or in the setting of a prolonged QT interval.

Clinical presentation

The symptomatology depends on the rate and duration of the tachycardia and the presence
or absence of underlying structural heart disease. Occasional patients are asymptomatic,
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Figure 3-9. Ventricular tachycardia.

although chest pain, syncope, and palpitations are common, and lethargy, disorientation,
hypotension, and sudden death with hemodynamic collapse can occur.

Diagnosis

Ventricular tachycardia is a wide QRS complex tachycardia. The rate of ventricular tachycardia
(Figure 3-9) is 120-200 bpm, which is slower than supraventricular tachycardia with aberrant
conduction. Ventricular tachycardia is suggested by AV dissociation or if the QRS morphology
resembles that of a single VPC appearing during sinus rhythm elsewhere on the ECG.

ED management

Regardless of the patient’s status, consult a pediatric cardiologist.

Hemodynamically stable

Give intravenous amiodarone (5 mg/kg over 10-15 min) and consult a pediatric cardiolo-
gist for further management in an intensive care setting. Bretylium is contraindicated in VT
as its use may precipitate ventricular fibrillation.

Hemodynamically compromised with palpable pulses

The treatment of choice is synchronized cardioversion at an initial dose of 0.5 J/kg; double
the dose and repeat if not successful. If the rhythm does not convert, give an IV lidocaine
bolus (1 mg/kg), followed by a third attempt at cardioversion. Ventricular pacing by a
cardiologist may be required. The treatment is summarized in Figure 3-5.

Hemodynamically compromised without pulses

Defibrillate with 2 J/kg, double to 4 J/kg for a maximum of three consecutive defibrillations
or until conversion to sinus rhythm. The treatment is summarized in Figure 3-6.

Indications for admission

e Newly diagnosed or difficult to control ventricular tachycardia
e Presumed or documented ventricular tachycardia with long QT syndrome

ihli Kannakeril PJ, Fish FA: Disorders of cardiac
Blbl |Og raphy ) rhythm and conduction. In Allen HD, Driscoll
Denjoy I, Lupogl.azoff M, Gulche%ney P, Leenhardt DJ, Shaddy RE, Feltes TF (eds), Moss and
A: Arrhythmlc sudden death in children. Adams’ Heart Disease in Infants, Children, and
Arch Cardiovasc Dis 2008;101:121-5. Adolescents: Including the Fetus and Young
Doniger SJ, Sharieff GQ: Pediatric dysrhythmias. Adult, 7th ed. Philadelphia: Lippincott,

Pediatr Clin North Am 2006;53:85-105. Williams & Wilkins, 2008, pp. 293-342.



50 Chapter 3: Cardiac emergencies

Figure 3-10. Ventricular fibrillation.

Ventricular fibrillation

Ventricular tachycardia can degenerate into ventricular fibrillation, either as a terminal
event or when there is a prolonged QT interval or R-on-T phenomenon.

Clinical presentation

Patients with ventricular fibrillation are generally unresponsive and pulseless.

Diagnosis
In ventricular fibrillation (Figure 3-10) there is a wavy, sinusoidal line, without any true
QRS complexes.

ED management

If the ventricular tachycardia degenerates into ventricular fibrillation, immediately
defibrillate using 2 J/kg. If unsuccessful, double to 4 J/kg for three consecutive defibrillations.
If unsuccessful, also give IV lidocaine (1 mg/kg) alternating with epinephrine (0.01 mg/kg of
1:10,000 IV or 0.1 mL/kg of 1:1000 ET). If fibrillation recurs, start a lidocaine continuous
infusion (20-50 mcg/kg per min).

Indication for admission

e Any patient who survives after treatment for ventricular fibrillation
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Heart block (atrioventricular [AV] block)

Heart block is secondary to abnormal atrioventricular conduction. It can be primary, as
in patients with congenital complete heart block, or secondary, as with myocarditis or
Lyme disease.
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Clinical presentation and diagnosis
First-degree AV block

First-degree block is defined as prolongation of the PR interval (Figure 3-11). Patients are
asymptomatic. It may be seen with increased vagal tone, digoxin administration, myocarditis,
acute rheumatic fever, or diphtheria, or it may be a primary electrical phenomenon.

Second-degree AV block

Second-degree block may be secondary to acute or chronic heart disease, or it may
occasionally occur in otherwise normal children. With Mobitz type I (Wenckebach) there
is progressive lengthening of the PR interval, until the impulse is not conducted and a
ventricular beat is dropped (Figure 3-12). Mobitz type I is thought to occur at the AV
node and it can occur in normal patients. In Mobitz type II ventricular beats are
dropped without prior prolongation of the PR interval (Figure 3-13). The site of block is in
the more distal AV conduction system. Therefore, with Type II there is a greater chance of
progression to complete (third-degree) heart block, while Type I is more likely to be benign.

Third-degree AV block

Third-degree AV block represents complete failure of conduction of the atrial impulses
to the ventricles. There is AV dissociation; the atria and ventricles beat completely in-
dependently (Figure 3-14) and the atrial rate is faster than the ventricular rate. Generally,
the lower the location of the pacemaker within the ventricular conduction system, the
slower the rate and the wider the QRS complexes. The etiology may be congenital (isolated
or associated with congenital heart disease) or acquired (postoperative, acute rheum-
atic fever, Lyme disease, streptococcal infection, digoxin toxicity, or hyper- and
hypocalcemia).

Many patients with congenital third-degree heart block are asymptomatic. However, a
patient may exhibit decreased exercise tolerance, congestive heart failure, dizziness, or
syncope. Acquired complete heart block is usually symptomatic, with syncope, congestive

Figure 3-11. First-degree heart block.

Figure 3-12. Mobitz | second-degree heart block.

Figure 3-13. Mobitz Il second-degree heart block.
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Figure 3-14. Third-degree heart block.

heart failure, shock, or sudden death. These are more likely in a patient with an awake pulse
<50 bpm, VPCs, structural heart disease, and cardiomegaly.

ED management
First-degree AV block

No treatment is required other than determining the etiology of the disturbance.

Second-degree AV block

No intervention is needed for Type 1 block. For Type 2, in addition to determining the
etiology, an ambulatory 24 hour Holter ECG is indicated. Admit symptomatic patients
(dizzy spells or syncope) and consult a pediatric cardiologist to evaluate for possible
pacemaker implantation.

Third-degree AV block

Congenital complete heart block usually requires pacemaker insertion eventually. Infants
with congestive heart failure, hydrops, rates <50 bpm, or premature ventricular contrac-
tions require pacing. Older children or adolescents with congenital complete AV block and
dizziness, syncope, exercise intolerance, or VPCs require pacing. Patients with acquired
third-degree block require temporary or permanent pacing. The ventricular rate may
occasionally be increased by -adrenergic agents (isoproterenol) or vagolytics (atropine)
in patients with reversible AV block (Lyme disease or ingestion) or while awaiting
permanent pacemaker placement. Consult a pediatric cardiologist prior to instituting
pharmacotherapy.

Follow-up

e Cardiology follow-up of newly diagnosed first- or second-degree AV block within
one week

Indications for admission

o First degree: marked PR interval prolongation

e Second degree: newly diagnosed, postoperative, or symptomatic
e Third degree: newly diagnosed, congestive failure, or syncope
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Figure 3-15. Pacemaker spikes.

Pacemaker and defibrillator assessment

An increasing number of children have permanent pacemakers or implanted defibrillators.
These patients may have congenital complete heart block, cardiac channelopathy, or
congenital or acquired cardiomyopathy, or may have had cardiac surgery.

Clinical presentation and diagnosis

Patients may present with palpitations, dizziness, syncope, or collapse, and may report the
sensation of receiving a therapeutic shock. Obtain an ECG or place the patient on a monitor
to determine the cardiac rhythm, but interrogation of the implanted device using a
manufacturer-specific interrogation/programming device is also necessary for the accurate
diagnosis of device function.

ED management
Pacemaker

Assess the ECG for pacemaker activity, rhythm, and rate (Figure 3-15). If heart rate is
inadequate for cardiac output, emergency external pacing may be necessary. Contact a
pediatric cardiologist or the local manufacturer’s representative for interrogation of pace-
maker parameters. Some pacemaker issues can be solved with reprogramming, while others
will require change of lead and/or device.

Defibrillator

If the patient is stable, consult a pediatric cardiologist to assess the urgency of interrogation
of the device and advisability of adjustments in medical therapy.

Follow-up

e As per the pediatric cardiologist, based upon the nature of the device problem and
whether it can be solved by reprogramming

Indications for admission

e Significant problem with pacemaker, defibrillator, or lead that cannot be solved with
reprogramming

¢ Ongoing symptoms that indicate either continuous or intermittent hemodynamic
instability or the potential for life-threatening dysrhythmia

Blb|logl’aphy Silvetti MS: Pacemaker and implantable
Silka MJ, Bar-Cohen Y: P " d cardioverter defibrillator implantation in
tika IV, bar-Lohen 1I: Facemakers an ediatric patients. Minerva Cardioangiol
implantable cardioverter-defibrillators in 5007;55:883—1 3. &
pediatric patients. Heart Rhythm
2006;3:1360-6.
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Chest pain

Chest pain is a common complaint in late childhood and adolescence. While it is often a
manifestation of underlying cardiac disease in the adult population, this association is
relatively infrequent in younger patients. In children chest pain is commonly associated
with asthma and musculoskeletal conditions. However, at times, it is important to rule out a
cardiac etiology.

Clinical presentation and diagnosis

Note the characteristics of the pain, including the subjective quality (e.g., sharp, dull,
aching), the position in which it is greatest, radiation, duration, and alleviating or exacer-
bating factors. Cardiac pain is typically associated with exercise and improves with rest.
Associated symptoms may be especially useful in determining the etiology of the pain. Also
ask about a family history of sudden death (particularly during exercise), cardiomyopathy,
or “heart attacks” at early ages.

Noncardiac etiologies
Musculoskeletal problems

Musculoskeletal problems are common causes of chest pain in the pediatric population.
Tietze’s syndrome (costochondritis) is characterized by anterior chest pain and tenderness
to palpation over the sternocostal or costochondral junctions. Reproduction of the patient’s
pain on palpation is the most helpful sign. Intercostal muscle cramping (precordial catch
syndrome) in the left substernal area may mimic this condition.

Psychogenic causes

Although psychogenic causes are the second most frequent, always consider them to be
diagnoses of exclusion. Adolescents with hyperventilation or anxiety can present with
chest pain. The history may reveal repeated episodes of hysterical behavior, recent personal
or family stresses, or a relative with heart disease. Typical complaints include shortness
of breath, palpitations, or tingling of the extremities. The pain often mimics one or
more organic conditions, but usually it suggests several conditions in the differential
diagnosis.

Pulmonary chest pain

Chest pain can be pleuritic in nature, exacerbated by deep inspiration, swallowing, and
coughing. It is caused by inflammation or irritation of the pleura, and is seen most
commonly in pneumonia, pleurodynia (Coxsackie virus), or pneumothorax. Pulmonary
embolism or infarction can present similarly. Bronchospasm may be the most common
pulmonary cause of chest pain. A careful history of associated symptoms (fever, cough,
preceding upper respiratory infection), oral contraceptive use, and underlying chronic
disease (sickle cell anemia, cystic fibrosis, asthma, lupus) is useful for differentiating among
these etiologies.

Gastroesophageal disease

Gastrointestinal reflux (GERD), esophagitis, gastritis, and gastrointestinal spasm can all
cause precordial pain. While upper esophageal pain is usually well localized, mid- and lower
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esophageal pain may be noted from the epigastrium to the suprasternal notch and radiate to
the back or arms. The heart and esophagus have similar segmental innervation, so the
substernal “burning” pain of GERD may mimic angina pectoris, which is distinctly uncom-
mon in the pediatric age group. The discomfort may be associated with eating (postpran-
dially or in the early morning before breakfast), accentuated in the recumbent position and
with straining, and relieved with antacids or cold milk.

Cardiac etiologies

Pericarditis

Pericarditis can present with pleuritic-type chest pain that is relieved by sitting up. Patients
are often unable to assume the supine position, and the pain is frequently referred to the
neck, shoulders, and abdomen. On physical examination a pericardial friction rub may be
noted in the midprecordial area with the patient supine or in the left lateral decubitus
position. The ECG typically shows ST-segment elevation, and a chest X-ray may reveal
cardiomegaly if there is a moderately large pericardial effusion. An echocardiogram is
diagnostic in excluding a significant pericardial effusion, but may not be definitive in
pericarditis without effusion.

Arrhythmias
Inadequate coronary blood flow secondary to an arrhythmia can cause chest pain.

Prolapse of the mitral valve

Vague anterior chest pain has been described in patients found to have prolapse of
the mitral valve, although this occurs much less frequently than previously thought.
Rarely, it may be part of a constellation of symptoms in this condition (dyspnea, palpita-
tions, near syncope, and fatigue). The diagnosis is suggested by auscultation (mid-systolic
click or clicks and late systolic murmur) and confirmed by two-dimensional
echocardiography.

Aortic dissection

Although aortic dissection is extremely rare in childhood, consider it in patients with
connective tissue disorders (Marfan’s syndrome, Ehlers-Danlos syndrome). The severe pain
is typically sudden in onset and “tearing” in quality. Radiation is from the anterior chest to
the neck and back.

Coronary artery disease

Coronary artery disease (myocardial ischemia, angina pectoris, myocardial infarction) is
extremely rare in the pediatric population. Arteritis and cocaine use may present with the
pain of myocardial ischemia or infarction. Severe persistent irritability has been noted in
infants with aberrant origin of the left coronary artery from the pulmonary artery; only very
rarely do older children present with recurrent episodes of chest pain after exercise. Patients
with a history of Kawasaki disease, who can be at risk for coronary artery thrombosis and
aneurysm, may present with pallor, diaphoresis, or irritability. Coronary artery spasm
leading to myocardial ischemia can also be seen, most commonly in teenagers.
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ED management

Most cases of chest pain are either musculoskeletal, gastroesophageal, pulmonary, or
psychogenic in origin. Therefore, a careful history, palpation of the chest wall, and pul-
monary and cardiac auscultation usually suffice to determine the etiology and initiate
appropriate therapy. Ask an adolescent about the possibility of recent cocaine use. Treat
costochondritis with ibuprofen 10 mg/kg q 6 h.

If a cardiac etiology is suspected (irregular pulse, auscultation of an organic murmur, a
systolic click, or a friction rub) obtain an ECG and check for ST- or T-wave abnormalities,
chamber enlargement or hypertrophy, conduction abnormality, or arrhythmia. Many
patients with noncardiac chest pain are concerned about the possibility of heart disease
and are reassured by a normal ECG.

Further evaluation is dictated by the history and physical findings. A chest X-ray is
indicated for patients with pleuritic chest pain, dyspnea, tachycardia, or cyanosis. Obtain a
CBC, ESR, CRP, and ECG if acute pericarditis or myocarditis is suspected, and serial
troponins if myocardial infarction is a possibility. An echocardiogram, while usually not
required for assessment of chest pain in children, can be helpful if these specific conditions
are being considered. If mitral valve prolapse or intermittent arrhythmia is suspected, refer
the patient to a cardiologist for a nonemergent evaluation.

Follow-up

e Stable patient with noncardiac chest pain: primary care follow-up in 1-2 weeks

Indications for admission

e Suspected coronary artery disease, pleural effusion, myocarditis, pericarditis, or aortic
dissection
e Severe chest pain of unknown etiology

ihli department: a review of recent medical
Blbllography _ o ) literature and published practice guidelines.
Cava JR, Sayger PL: Chest pain in children and Mt Sinai ] Med 2006;73:499-505.
adolescents. Pediatr Clin North Am . ) L .
2004;51:1553-68. Singh AM, McGregor RS: Differential diagnosis
) of chest symptoms in the athlete. Clin Rev
Ringstrom E, Freedman J: Approach to Allergy Immunol 2005;29:87-96.

undifferentiated chest pain in the emergency

Congestive heart failure

By definition, congestive heart failure (CHF) occurs when the heart cannot maintain
adequate tissue perfusion to meet the body’s basal metabolic requirements, which in
children includes growth.

Four principal factors determine cardiac function: preload (ventricular end diastolic
volume), contractility (force of ventricular contraction), afterload (force opposing ventricu-
lar ejection or intramyocardial tension during ejection), and heart rate. Changes in heart
rate or stroke volume directly affect cardiac output, which, in turn, is a major determinant
of blood pressure.



Chapter 3: Cardiac emergencies 57

Table 3-2. Etiologies of congestive heart failure

Congenital heart disease
Structural problems
Left ventricular outflow obstruction
Coarctation of the aorta
Critical aortic stenosis
Large shunt lesions
Severe valvular regurgitation
Rhythm disorders
Postoperative cardiac problems
Ischemic cardiomyopathy

AV valve regurgitation

Acquired heart diseases
Inflammatory conditions
Myocarditis
Kawasaki disease
Rheumatic fever
Cardiomyopathy

Endocarditis

Extracardiac diseases
Metabolic-endocrine diseases
Hypoglycemia
Hypocalcemia
Electrolyte disorders
Hypothyroidism and thyroid storm
Sepsis
Lipid disorders

Toxins
Primary cardiac medicines
Cancer chemotherapy (adriamycin)
Digoxin
Antiarrhythmics
Cocaine
Cardiac depressants
Phenytoin

Lidocaine

In general, physiologic problems include excessive pressure loads, excessive volume

loads, inotropic depression from impaired muscle, and rhythm disturbances. Either con-
genital structural heart defects or acquired diseases affecting the strength of the heart
muscle, or both, can lead to CHF (Table 3-2).

Clinical presentation

The clinical manifestations of CHF reflect physiologic adjustments to reduced cardiac
function. These include mechanical (hypertrophy and dilatation), biochemical (cardiac
cellular energetic changes), neurohumoral (adrenergic nervous system), hematologic
(oxygen transport effects), and pulmonary (tachypnea) responses.

On examination, the patient is usually tachycardic and tachypneic. Pulmonary conges-
tion causes rales, rhonchi, and wheezing which may be confused with primary pulmonary
disease. In infants, rales may be absent despite considerable tachypnea, while in older
children dyspnea on exertion or orthopnea may be present. A chronic cough may also be
associated with the pulmonary congestion.

On cardiac auscultation, there may be a third heart sound (S;), the ventricular gallop,
which is a sign of poor ventricular compliance and increased resistance to filling. A fourth
heart sound (S,), the atrial gallop, can also be heard, particularly in older children, although
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sometimes both of these can be present with otherwise normal cardiac findings. Not
infrequently, a holosystolic, blowing murmur associated with mitral regurgitation can be
heard, associated with left ventricular dilatation.

There may also be central and peripheral edema, although this is unusual in infants.
Liver enlargement, jugular venous distension, and other signs of tissue fluid accumulation
may be seen. The extremities may be pale and cool secondary to compensatory vasocon-
striction. Pulsus alternans (beat-to-beat variability in pulse strength) may also be a palpable
sign of poor myocardial strength. With chronic CHF, growth failure, especially in young
infants, reflects increased caloric expenditure as well as undernutrition associated with
feeding difficulties. CHF can also be associated with tachypnea and diaphoresis, particularly
during feeding in the infant.

Cardiac enlargement results from ventricular dilatation and is usually readily apparent,
along with pulmonary congestion, on the chest X-ray. Often, cardiomegaly can also be
detected by palpation of a laterally displaced cardiac impulse. Cardiac hypertrophy is
usually easily noted on an ECG (left or combined ventricular hypertrophy).

Diagnosis

Obtain a thorough history, as the presence of preexisting cardiac disease or of conditions
related to myocardial dysfunction can be important indicators of the possibility of CHF.
Ask about a history of thalassemia or other chronic anemia; systemic infections such as
HIV; systemic illnesses such as collagen vascular disease or metabolic diseases; or other
acquired diseases such as rheumatic fever or Kawasaki disease.

Often, an older child with overt CHF presents with a combination of wheezing, respira-
tory distress, bibasilar rales, and hepatomegaly. In general, however, wheezing is most often
secondary to asthma. There may be a history of asthma and allergies, or a family history of
allergies, or the patient may have eczema. Bronchiolitis also causes similar findings during
seasonal epidemics. The patient may have fever, rhonchi, and rales in addition to wheezing.

Other causes of tachypnea, respiratory distress, and cough are pneumonia (fever, localized
fine end-inspiratory rales, no hepatomegaly), croup (fever, inspiratory stridor), and foreign-
body aspiration (sudden onset of inspiratory stridor). Most etiologies of hepatomegaly
(pp. 248-249) are not associated with tachypnea or respiratory distress. When the diagnosis is
in doubt, obtain a chest X-ray to look for cardiomegaly and pulmonary vascular congestion.

ED management

Although the etiology dictates the specific therapy, begin with general treatment. Give
supplemental humidified oxygen and elevate the head and shoulders. Start an IV and obtain
blood for an ABG, electrolytes, and a CBC. Obtain an ECG early in the course, as therapy
for an underlying arrhythmia may be necessary. Inquire about the chronic use of cardiac
medications. Consult with a cardiologist to help confirm the diagnosis and develop a
specific treatment strategy. The patient may be discharged once the CHF is compensated
and the vital signs are stable, as long as appropriate cardiac follow-up is arranged.

Give IV diuretics (furosemide 1-2 mg/kg), unless pericardial tamponade (pp. 719-720)
is suspected. Give morphine sulfate (0.05-0.1 mg/kg subcutaneously) if there is pulmonary
edema and consequent air hunger and restlessness. A slow transfusion of packed RBCs
(10 mL/kg) is indicated for severe anemia (hematocrit <28%). Give sodium bicarbonate
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Table 3-3. Treatment of congestive heart failure
Preload reduction (diuretics)

Furosemide

Hydochlorthiazide

Metalozone

Afterload reduction

Captopril

Enalapril

Milrinone

Nitroprusside

Inotropic agents

Dopamine

Dobutamine

Digoxin (IV doses are 75% of PO)
Premature babies
0-10 years
>10 years

1 mg/kg PO or IV, up to gid
2 mg/kg PO, up to bid
0.2 mg/kg PO, up to bid

0.1-0.5 mgr/kg PO g 8 h

0.1 mg/kg PO, up to bid (0.5 mg/kg per day
maximum)

0.5-1 mcg/kg per min IV
0.5-10 mcg/kg per min IV

5-25 mcg/kg per min IV
5-25 mcg/kg per min IV

0.005 mg/kg per day div bid
0.10 mg/kg per day PO div bid
0.005 mg/kg per day PO per day

(1-2 mEq/kg) only for severe acidosis (pH <7.2); the airway must be secure since respira-
tory decompensation may elevate the pCO, and cerebral edema can develop.

Occasionally, respiratory support including intubation and mechanical ventilation may
be required; inotropic support is then usually needed, also. In the acute setting, dobutamine
or dopamine (3-5 mcg/kg per min) is preferred. Digoxin may also be given, but its onset of
action is longer and specific control over dosage is less precise. In severe cases, addition of
afterload-reducing agents (nitroprusside or enalapril) may be required, once indwelling
pressure monitoring has been secured and a cardiologist is present (Table 3-3).

Two-dimensional echocardiography may help identify the cause of the CHF and
document the magnitude of the decrease in ventricular function (ejection fraction), as well
as the extent of cardiac chamber enlargement and valvar regurgitation. Long-term manage-
ment usually includes an ACE inhibitor or beta-blocker.

Follow-up
e CHF successfully treated in the ED: 1-2 days

Indications for admission

e Newly diagnosed or worsening CHF
e New arrhythmia or a newly acquired complication, such as endocarditis, which requires
urgent attention
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Cyanosis

Cyanosis specifically refers to a bluish tone visible in the mucous membranes and skin when
desaturated or abnormal hemoglobin is present in the peripheral circulation. At least 5 g/dL of
reduced hemoglobin is required for cyanosis to be visible. Thus, systemic desaturation may be
substantial but inapparent to the eye if there is an associated anemia. Conversely, abnormal
hemoglobins may be fully saturated with oxygen, yet unable to release it to the tissues, so
cyanosis will also be visible. Methemoglobinemia is the classic example of this situation.

Central cyanosis occurs when poorly oxygenated blood enters the systemic circulation.
This usually occurs through a cardiac defect allowing systemic venous blood to bypass the
pulmonary capillary bed. This is termed a “right-to-left” shunt and may occur within the
heart or in the pulmonary circulation itself. When there is primary parenchymal lung disease
or neurologic disease causing alveolar hypoventilation, an “intrapulmonary” right-to-left
shunt can occur.

Typical cyanotic lesions are the “five Ts” of congenital heart disease (tetralogy of Fallot,
transposition of the great vessels, total anomalous pulmonary venous return, tricuspid
atresia, and truncus arteriosus), but others may also be present. Pulmonary diseases causing
cyanosis can occur anywhere along the airway, from upper airway obstructive problems
(croup, epiglottitis) to lower airway diseases (asthma, cystic fibrosis, pneumonia with lobar
consolidation).

Peripheral cyanosis, on the other hand, usually does not reflect reduced systemic arterial
oxygenation but is typically found in otherwise healthy patients who are exposed to cold or
who have a vasoconstrictor response to fever. Peripheral cyanosis, visible particularly in the
nail beds but absent from the perioral mucous membranes or conjunctivae, can also occur
as a result of circulatory insufficiency or chronic neuromuscular disease with changes in
peripheral vasomotor tone.

Clinical presentation and diagnosis

Observation for the presence of cyanosis requires proper ambient conditions. Neon
lighting, for example, may cause a false bluish tint, while cyanosis may be difficult to
discern in a dark-skinned patient unless there is a strong light source.

Respiratory findings are of vital importance and may help to differentiate among the
possible causes of cyanosis. Tachypnea may be present with most pulmonary diseases or with
cardiac conditions associated with excess pulmonary blood flow. Shallow respirations, not
necessarily associated with an increase in rate, may indicate a neurologic problem.
Hyperpnea, or deep breathing with only a mild increase in rate, is more characteristic of a
primary cardiac disorder where alveolar ventilation is maximized but pulmonary blood flow
is reduced. Hyperpnea can also reflect metabolic acidosis or elevated intracranial pressure.
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Differentiating cardiac from pulmonary etiologies is critical. In many, though not all,
cases of cardiac disease the breath sounds will be normal and the pattern of chest excursions
symmetric, while wheezes, rhonchi, and chest wall abnormalities usually accompany a
pulmonary process. In either case there is reduced oxygen saturation, but the patient
with cyanotic cardiac disease has little response to increased ambient oxygen, whereas with
pulmonary disease the saturation increase may be dramatic (hyperoxia test). An ABG may
also be useful, since an elevated pCO, indicating impaired ventilatory status is usually not
seen with cyanotic congenital heart disease unless there is associated pulmonary congestion.
The chest X-ray may reveal cardiomegaly, an abnormal pulmonary circulatory pattern, or
overt pulmonary parenchymal abnormalities such as atelectasis or pneumothorax.

The absence of a heart murmur does not rule out cyanotic cardiac disease; in most
conditions with right-to-left shunting there is no murmur. Also, in some conditions, such
as tetralogy of Fallot, the murmur may lessen as the cyanosis becomes more intense
secondary to decreased pulmonary blood flow.

ED management

See p. 62 for the treatment of an acute hypoxemic attack (“spell”). For chronic cyanotic
congenital heart conditions, supportive treatment is all that can be done until a surgical or
catheter-directed intervention can be accomplished. Give supplemental oxygen, even
though dramatic changes in saturation will not occur with oxygen alone. Secure IV access
and give fluid to maintain an adequate circulating volume. Treat systemic acidosis once
adequate ventilation is ensured. Most of all, immediately consult with a cardiologist to
arrange for more definitive treatment and to prevent unnecessary interventions.

Indication for admission

e Central cyanosis

Blb|lography Silberbach M, Hannon D: Presentation of
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Cyanotic (Tet) spells

Acute hypoxemic attacks represent a true emergency and initial treatment is crucial to long-
term outcome. Usually, the underlying diagnosis is tetralogy of Fallot, or a variant, and
hence the pseudonym for these attacks is Tet spells.

In a Tet spell, an acute increase in obstruction to pulmonary blood flow has occurred,
either at the level of the right ventricular outflow tract within the heart or at the level of the
pulmonary circulation, with a consequent increase in right-to-left shunting through an
intracardiac septal defect. Alternatively, if systemic perfusion is reduced, as with hypovo-
lemia or the development of a tachyarrhythmia, right-to-left shunting will also increase and
a cyanotic spell develop.

Clinical presentation and diagnosis

Spells are particularly common in the early morning, shortly after the patient awakens, when
there is a rapid shift in circulatory dynamics from the recumbent sleeping state. Prolonged
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agitation and crying are also cited as precipitants, but it is sometimes unclear whether the
developing hypoxemia itself has caused the agitated state which is then first noticed by the
parent. Also, noxious stimuli, such as phlebotomy or a bee sting, or any circumstance which
leads to enhanced catecholamine output can precipitate a spell in a susceptible child.

When caring for an acutely hypoxemic infant or child, inquire about a history of
congenital heart disease, which raises the possibility that a spell has occurred. Rapid
diagnosis of the presence of any form of tetralogy of Fallot is a priority. Obtain a chest
X-ray, which may reveal poor pulmonary blood flow and the typical “coeur en sabot” (boot-
shaped heart), while the pulmonary parenchyma will be normal. Obtain an ECG to
document right ventricular hypertrophy and a rightward axis and to rule out an underlying
tachyarrhythmia. In such cases, the absence of a heart murmur is a worrisome indicator
that pulmonary blood flow is severely compromised.

ED management

Management is directed at manipulating the relative resistances of the systemic and pulmon-
ary vascular beds, as well as maintenance of appropriate circulating volume and heart rate.
Flex the child’s knees to the chest to help raise systemic tone. Some older patients will
instinctively squat to achieve the same result. Give 100% oxygen, which also increases
systemic resistance and may help enhance oxygen delivery. Treat any underlying arrhythmia
and correct hypovolemia.

If oxygen and position changes do not break the spell, establish IV access and give
morphine sulfate (0.1 mg/kg IV or subcutaneously). Although the precise mechanism of
action is unclear, morphine may cause pulmonary vasodilatation and also provide a
beneficial sedative effect, with consequent reduction of catecholamine secretion.

If the patient fails to demonstrate improved oxygen saturation promptly or is obtunded,
give an IV fluid bolus of 20 mL/kg normal saline and obtain an ABG. Treat metabolic
acidosis with sodium bicarbonate, 1-2 mEq/kg slowly IV, only if ventilation is adequate
(low or normal pCQO,). If cyanosis persists, give phenylephrine (10 mcg/kg by slow IV push)
to pharmacologically increase the systemic vascular resistance. Intubation and mechanical
ventilation may also be necessary in severe, protracted spells.

Follow-up

e Tet spell not requiring admission: 24-48 hours

Indication for admission

¢ Any hypoxemic attack requiring medical attention (not responding to simple position
maneuvers)
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Heart murmurs

Although congenital heart disease is present in only about 0.8% of the general population,
the prevalence of heart murmurs in children approaches 50-60%, or more. Most murmurs,
therefore, are “innocent” or “functional,” and not pathologic.
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Clinical presentation and diagnosis
Innocent (functional) murmur

Most innocent murmurs are mid-systolic, short in duration (end well before the second
heart sound), and mid-frequency or “vibratory” in quality. The intensity is < grade III/VI
and changes with position or Valsalva maneuver. They may be heard at the apex or the base
and are not associated with other findings suggestive of cardiovascular disease (wide, fixed,
or paradoxical splitting of Sy; ejection click). Innocent murmurs may be increased in
intensity with conditions associated with increase stroke volume, such as fever, anemia,
and hyperthyroidism. Types of innocent murmurs include the following.

Still’s murmur

Still’s murmur occurs in over 50% of children between 4 and 10 years of age. It is vibratory,
musical, or twanging, heard best in the midprecordium between the lower left sternal
border and the apex; and generally grade II-III/VI in intensity. There is a normal S,, no
ejection click, and no thrill.

Pulmonic ejection murmur

A pulmonic ejection murmur is noted most often in older children and young adolescents.
It is early to midsystolic, diamond-shaped, grade I-III/VI in intensity, and vibratory in
quality. It is best detected in the second left intercostal space. There is a normal S,, and no
thrill, click, or diastolic murmur.

Venous hum

A venous hum can be appreciated in over 60% of children 3-6 years of age. It is heard best
in the infraclavicular area, especially on the right. It is continuous in timing with diastolic
accentuation, vibratory and generally grade I-1I/VT in intensity. The loudness changes with
rotation of the head and generally disappears with lying down or with compression of the
jugular vein. Release of pressure may cause accentuation of the murmur for a few seconds.
There is no thrill, systolic accentuation, or increased peripheral pulsation.

Organic murmurs

In contrast to the conditions described above, organic murmurs are the result of turbulent
blood flow through abnormal cardiac structures or communications. Murmurs which are
diastolic (other than a venous hum); right-sided; holosystolic; harsh in quality; associated
with a thrill, ejection click, or fixed S, splitting; or accompanied by physical findings
consistent with heart disease (cyanosis, clubbing, absent lower extremity pulses, signs of
congestive heart failure) suggest that a murmur is organic.

ED management

A murmur itself does not require acute management. Rather, intervention may be necessary
for the underlying disease causing the murmur (such as endocarditis). Refer all patients
with murmurs that do not meet the strict criteria of an innocent or functional murmur to a
pediatric cardiologist.

Per the revised American Heart Association guidelines, very few patients with organic
murmurs require SBE prophylaxis prior to procedures. Patients with murmurs secondary
to rheumatic heart disease do require rheumatic fever prophylaxis.
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Indications for admission

e Signs of congestive heart failure or acute rheumatic fever
e Suspected or proven infective endocarditis
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Infective endocarditis

Infective endocarditis (IE) is an infection of the endothelium of the heart valves or great
vessels. It is most commonly subacute, developing in patients with preexisting congenital
heart disease, particularly valvular anomalies (aortic stenosis, prosthetic valve) and condi-
tions associated with increased turbulence of blood flow (ventricular septal defect, aortic
regurgitation). In this regard, conditions such as isolated secundum atrial septal defect are
not likely to be related to IE.

A substantial percentage of IE cases occur in patients with no preexisting cardiac
anomaly. These children have developed acute bacterial endocarditis and may suddenly
become extremely ill.

For IE to occur, the endocardium must be exposed to potentially pathogenic bacteria.
Dental treatments can result in bacteremia even without periodontal disease. Similarly,
certain surgical procedures (tonsillectomy, urologic surgery) or the presence of a chronic
indwelling parenteral catheter also place the patient at risk.

Clinical presentation and diagnosis

Diligence is required to suspect and treat IE and to refrain from other incorrect therapy.
Inquire about any factors establishing a milieu for IE, particularly recent dental and surgical
procedures, the presence of a venous catheter, and IV drug use.

Although fever in any patient with congenital heart disease raises the possibility of IE,
certain situations are particularly worrisome. These are a protracted febrile illness, particu-
larly without any obvious focus, even if thought to be of “viral” etiology; a documented
change in the clinical picture, such as the development of a new heart murmur or congestive
heart failure; the onset of hematuria; signs of either cutaneous emboli or embolic events
to other organs; a new neurologic finding; or a focal infection such as pneumonia or
meningitis.

Frequently, early signs and symptoms may be subtle. Classic findings such as change in
a murmur, evidence of emboli, and splenomegaly may not be easily discernible. Nonethe-
less, carefully examine the conjunctivae, nail beds, palms, soles of the feet, and other skin
surfaces to search for evidence of emboli, including tender nodules in the finger or toe pads
(Osler nodes), small hemorrhages on the palms or soles (Janeway lesions), and linear
subungual lesions (splinter hemorrhages). Perform a careful fundoscopic exam and serial
auscultations, as murmurs may be transient and change may be rapid. Conversely, in
fulminant acute IE, only the signs of severely compromised circulatory status may be
present, without any heart murmur.
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Obtain blood for a CBC, ESR, CRP, multiple blood cultures, as well as a urinalysis.
The diagnosis is ultimately confirmed by obtaining positive blood cultures and/or positive
findings on an echocardiogram. There may be a leukocytosis with a leftward shift, anemia,
and elevation of the ESR and CRP. The urinalysis may reveal pyuria, hematuria, and
proteinuria, as infective endocarditis is a cause of immune complex nephritis. Scrape
any cutaneous emboli and examine after Gram’s staining. If IE is being considered, consult
a cardiologist to arrange for a two-dimensional echocardiogram. If a vegetation is identi-
fied, the study can indicate the diagnosis, even before the blood results have become
available.

ED management

While it may sometimes be crucial to initiate treatment rapidly, it is always imperative that an
alternative diagnosis not be obscured. The treatment of IE involves protracted use of
appropriate antibiotics, depending on culture and sensitivity results. Attempt to obtain at
least two sets of blood cultures from any febrile child at risk for IE (congenital heart disease,
normal heart but chronic indwelling catheter) before antibiotics are administered. Once the
cultures have been obtained give broad-spectrum IV antibiotics such as penicillin (200 000
units/kg per day div q 4 h, 18 million units/day maximum) or ceftriaxone (100 mg/kg per day,
4 g/day maximum) combined with gentamicin (3 mg/kg per day div q 8 h, 240 mg/day
maximum). If there is particular suspicion for a Gram-negative organism, such as in an
immunocompromised patient, use ampicillin (300 mg/kg per day div q 6 h, 12 g/day
maximum) or ceftriaxone combined with gentamicin.

These recommendations may not be adequate for patients with prosthetic heart valves
or other special considerations. Consult with an infectious disease expert before initiation of
therapy.

Endocarditis prophylaxis

Children with congenital and acquired heart disease may require an urgent invasive
procedure. In 2007, the American Heart Association, and others, published new
guidelines for the consideration of appropriate antibiotics for infectious endocarditis
prophylaxis. This statement dramatically changed the recommendations, so that
prophylactic antibiotics are no longer indicated solely to prevent endocarditis for
any genitourinary or gastrointestinal procedure. For respiratory tract procedures, if
incision and/or biopsy of the respiratory mucosa is involved, give oral amoxicillin (50
mg/kg, 2 g maximum), parenteral ampicillin (50 mg/kg, 2 g maximum) or parenteral
ceftriaxone (50 mg/kg, 1 g maximum). Recommendations for prophylaxis extend only
to patients with prosthetic valves or conduits, previous IE, unrepaired cyanotic heart
disease (even with a shunt in place), repaired congenital heart disease within the first
6 months of surgery or with a residual defect, and cardiac transplant recipients with a
valvulopathy in the new heart.

Indication for admission

e Suspected or proven infective endocarditis
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Pericardial disease

Three distinct disease processes can involve the pericardium: pericarditis, pericardial effu-
sion, and pericardial tamponade. Infections are the most common etiology of pericardial
diseases, but there are a variety of other causes in childhood (Table 3-4).

Pericarditis

Pericarditis is inflammation of the pericardium (infectious or noninfectious).

Pericardial effusion

A pericardial effusion is the accumulation of fluid in the pericardial space.

Pericardial tamponade

Pericardial tamponade is impaired cardiac output secondary to reduced ventricular filling.
This is caused either by fluid accumulation in the pericardial space or by constriction of
the heart from an abnormally thickened pericardium. The rapid accumulation of a small
amount of fluid can produce tamponade, while chronic slow accumulation is more readily
tolerated.

Clinical presentation and diagnosis
Pericarditis

Chest pain is the initial symptom in acute pericarditis. It is a constant, sharp sensation
across the anterior precordium and is frequently associated with shoulder discomfort.
The pain varies with position, being worse when supine and relieved when upright.
Respiratory symptoms, particularly tachypnea, typically accompany the pain. There is often
a history of a preceding URI. Fever is usually present and the patient may also complain of
abdominal pain. There may be a history of open heart surgery in the past 10-14 days (post
pericardiotomy syndrome).

Pericardial effusion

When a substantial pericardial effusion is present, the symptoms may mimic CHF. There
may be tachypnea with chest retractions and nasal flaring. With impaired cardiac output,
tachycardia and vasoconstriction occur, with pallor, low blood pressure, and cool extrem-
ities. Other findings secondary to systemic congestion are hepatosplenomegaly and neck
vein distension.

Pericardial tamponade

Cardiac tamponade is a true medical emergency. Classic findings include hypotension,
distended neck veins, muffled heart sounds, and the presence of pulsus paradoxus, a
>10 mmHg fall in systolic blood pressure associated with inspiration. A fall in the blood
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Table 3-4. Etiologies of pericarditis

Infections Traumatic

Bacterial Postpericardiotomy syndrome
H. influenzae Chest wall injury
Staphylococcus
Streptococcus Oncologic
Pneumococcus Leukemia

Viral Lymphoma

Other (tuberculosis, fungal)

Inflammatory Other

Rheumatic Drug induced (minoxidil)

Collagen Blood dyscrasias

pressure of >20 mmHg is serious. Pulsus paradoxus may also be found in respiratory
disorders such as asthma and in congestive heart failure.

On auscultation, findings depend on the amount of fluid accumulation. When inflam-
mation is present without fluid, as in acute pericarditis, there is often a loud friction rub
audible. This is a scratchy, harsh sound heard throughout the cardiac cycle. The pericardial
rub diminishes in proportion to the volume of fluid collection. The heart sounds in general
decrease in intensity in direct proportion to pericardial fluid volume. Particularly ominous is
the agitated child with signs of reduced cardiac output and a “quiet” auscultatory examination.

Obtain an ECG and chest X-ray. With pericarditis the ECG reveals elevated ST segments
and, often, generalized T-wave inversions. Diminished precordial voltage usually indicates
pericardial fluid accumulation. On X-ray, the heart size is increased with pericardial effusion
but may be small with pericardial constriction without fluid (constrictive pericarditis). Other
laboratory tests are nonspecific. With purulent pericarditis, there is leukocytosis and an elevated
ESR and CRP. However, viral diseases will often be associated with normal values of both
parameters, and the highest acute-phase reactants can be seen with rheumatologic pericarditis.

ED management

The approach to the child with pericardial disease varies depending on whether there is
an effusion.

Pericarditis

For pericarditis without fluid accumulation, invasive treatment is not warranted. Admit
the patient, give analgesics (aspirin, ibuprofen, or indomethacin) and observe for the
development of complications (effusion, tamponade, myocarditis). Steroids are usually
not indicated for initial management.

Pericardial effusion

Closely follow the vital signs and degree of pulsus paradoxus, as pericardial fluid accumu-
lation is usually a dynamic process. Rapidly changing circumstances may precipitate an
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acute crisis. Consult a cardiologist and admit the patient. Diagnostic pericardiocentesis may
be required, especially if purulent pericarditis is suspected.

If purulent pericarditis is suspected, provide supplemental oxygen, establish IV
access, and arrange for pericardiocentesis. Obtain blood and pericardial fluid specimens
and begin broad-spectrum antibiotics (nafcillin 150 mg/kg per day div q 6 h and cefotaxime
150-200 mg/kg per day div q 6 h). Substitute vancomycin (40 mg/kg per day div q 6 h) for
nafcillin if MRSA is a possibility.

Pericardial tamponade

When a substantial volume of pericardial fluid has accumulated, tamponade can develop
rapidly. Arrange for immediate therapeutic drainage.

Indications for admission

® Pericardial effusion (unless chronic)
® Pericarditis

® Pericardial tamponade

hili and Adams’ Heart Disease in Infants,
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Rheuban KS: Pericardial diseases. In Allen HD, pp- 1290-98.
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Syncope
Syncope is a transient loss of consciousness, accompanied by loss of postural tone, resulting
from decreased cerebral perfusion.

Clinical presentation

The unconscious period may be preceded by a history of an inciting factor, such as a
noxious stimulus, an excessively warm environment, emotional upset, or exercise.
The patient may report a prodrome of dizziness, diaphoresis, headache, chest pain, palpita-
tions, visual or auditory phenomena, respiratory distress, or a history of recurrent episodes.
Findings on physical examination may include diaphoresis, hypotension (sometimes
postural), tachycardia or bradycardia, lethargy, or dilated pupils. Mechanisms of
syncope can be classified into three groups: neurocardiovascular, cardiac, or non-
neurocardiovascular.

Neurocardiovascular

Vasovagal

Vasodilatation, with pooling of blood in capacitance vessels, causes decreased blood pres-
sure with a resultant decrease in cerebral perfusion. Usually, an associated increase in vagal
tone results in bradycardia and diaphoresis. Vasodepressor syncope is often precipitated by
noxious stimuli, strong emotions, or fatigue, and is common in adolescents.
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Orthostatic hypotensive syncope

This occurs on assuming an erect posture. It is rare in young children, but not uncommon
in normal adolescents. It may also occur if the patient is dehydrated, chronically fatigued or
malnourished, has suffered an acute blood loss, or is taking vasodilator drugs. These
patients can have tachycardia associated with the syncope, the so-called postural orthostatic
tachycardia syndrome.

Cardioinhibitory
Parasympathetic impulses cause a severe bradycardic response.

Cardiac

Although uncommon, cardiac causes of syncope can be life threatening. The mechanism
may involve hypoxemia due to cyanotic heart disease or decreased cardiac output secondary
to myocardial dysfunction, arrhythmias, or obstructive lesions.

Structural lesions

Syncope can occur in patients with obstructive lesions (severe valvar or subvalvar aortic
stenosis, pulmonary hypertension) secondary to low cardiac output, cyanotic heart disease
(tetralogy of Fallot) secondary to hypoxia, or mitral valve prolapse. Most of these episodes
occur during physical exertion; this history suggests a cardiac etiology. Generally, there are
auscultatory abnormalities, such as a murmur or abnormal second heart sound, or evidence
of ventricular hypertrophy on electrocardiogram.

Arrhythmias

Arrhythmias such as atrioventricular block (second or third degree) may cause syncope.
Sick sinus syndrome is usually seen in the setting of repaired congenital heart disease. These
patients may develop syncope secondary to severe bradycardia or sinus arrest. Syncope can
also be associated with paroxysmal supraventricular tachycardia, atrial flutter, and atrial
fibrillation, especially in patients with Wolff-Parkinson-White syndrome. Ventricular
tachycardia or ventricular fibrillation may present with syncope in patients with repaired
congenital heart disease, arrhythmogenic right ventricular dysplasia, or primary electrical
disease.

Syncope is also associated with long QT syndrome (LQTS), either congenital (the
Romano-Ward syndrome, deafness-associated Jervell-Lange-Neilsen syndrome) or
acquired, secondary to drugs (antibiotics [clarithromycin, erythromycin], anti-arrhythmics
[sotalol, ibutilide, flecainide, quinidine], tricyclic antidepressants, antipsychotics), electro-
lyte imbalance, or starvation diets. LQTS can lead to a specific dysrhythmia, a polymorphic
ventricular tachycardia called torsade de pointes. Consider LQTS in children with a history
of syncope and a corrected QT interval >0.45 seconds.

Non-neurocardiovascular syncope
Cerebral hypoxemia

Hypoxia and anemia (rare) can cause syncope secondary to decreased cerebral oxygen
delivery despite normal cardiac output. Respiratory causes include breath-holding spells
in infants and toddlers and hyperventilation in adolescents. The infant or child with
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a breath-holding spell becomes pallid or cyanotic before losing consciousness, while
hyperventilating adolescents may have paresthesias or carpopedal spasm. In both, there is
usually a history of emotional upset.

Hysterical fainting

Hysterical fainting occurs primarily in patients with a histrionic (theatrical) personality
style. These episodes can last for up to 1 hour and usually occur in front of others. The pulse
and blood pressure are normal, and there is never any associated injury.

Fasting hypoglycemia

Fasting hypoglycemia is the most common metabolic cause of syncope. Inquire about a
history of diabetes or insulin use. Weakness, diaphoresis, confusion, and palpitations may
occur prior to the actual syncopal episode, which is gradual in onset. Also, aspirin and
ethanol ingestion can be associated with hypoglycemia.

Other causes

Consider seizures in the differential diagnosis, although true syncope lacks convulsive
movements, an aura, or a postictal state. Frequent episodes of loss of consciousness suggest
epilepsy. Migraine headaches involving the vertebral-basilar system can cause syncope,
preceded by an aura and followed by the headache.

Diagnosis

A careful history usually suggests the diagnosis. Especially important is a description of the
events leading up to the episode, particularly whether the syncope was abrupt and without
warning, or preceded by lightheadedness, dizziness, sweating, palpitations, chest pain, or
respiratory distress. Cardiac syncope can be sudden, without any warning. Inquire about
the frequency of the attacks, any sequelae after the episode, possible drug ingestion, and
family history of arrhythmia, syncope, sudden death, or deafness (which may be associated
with the LQTS).

On physical examination check for orthostatic vital sign changes, odors on the breath
(ethanol, ketones), and murmurs. Most cardiac etiologies can be ruled out by auscultation
and a 12-lead ECG with a long rhythm strip. Causative arrhythmias such as supraventri-
cular tachycardia, ventricular tachycardia, sick sinus syndrome, or heart block are usually
not present on admission, but underlying predisposing conditions such as WPW and
prolonged LQTS may be identified. If these are not found, 24-hour ambulatory monitoring
is indicated when the history does not suggest another etiology for the syncope.

ED management

Unless it is clear that the patient suffered a vasovagal episode, obtain an ECG with rhythm strip
and blood for hematocrit, Dextrostix, and serum glucose. The diagnosis and management
of hypoglycemia (pp. 182-186) and anemia (pp. 332-336) are discussed elsewhere.
Instruct patients with orthostatic syncope to get up slowly after lying or sitting and
discontinue any implicated medications. Suggest increased fluid intake, and if the blood
pressure is normal, recommend additional salt intake. The autonomic dysfunction can be
documented by tilt table testing. Reassurance and primary care follow-up are all that are
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usually needed for hyperventilation or breath-holding. Consult with a pediatric cardiologist
for LQTS, WPW, or other causes of cardiac syncope.

Follow-up

e Vasovagal, hyperventilation, or breathholding episode: primary care follow-up in
one week

Indications for admission

e Recurrent syncope

e Cardiac syncope likely

e Significant injury caused by the syncopal episode

ihli Friedman M]J, Mull CC, Sharieff GQ, Tsarouhas
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Children frequently present to the emergency department (ED) complaining of oral problems,
primarily due to oral trauma or related to dental caries. Many of these problems can be
diagnosed and treated by the ED physician, with subsequent referral to a dentist for
consultation and/or definitive treatment.

Dental anatomy

A basic knowledge of dental anatomy is necessary for evaluating and treating dental emergen-
cies. The tooth itself is composed of four primary layers. The dental enamel, a mineralized,
crystalline material, covers the coronal portion of the tooth. It is the hardest material found
in the human body. A somewhat softer material, cementum, forms the outer surface of the
root. Underneath the enamel and/or cementum is a less mineralized layer called dentin.
The innermost portion of the tooth is the pulp chamber, which contains nerve tissue, as well
as the vascular supply for nourishing the tooth structure. Periodontal ligament fibers attach the
roots of the tooth to the surrounding alveolar bone. These structures are shown in Figure 4-1.

Dental eruption
Eruption pattern of primary and permanent dentition

Awareness of normal eruption patterns for primary and permanent teeth will assist the
physician in making appropriate diagnostic and treatment decisions (Table 4-1). Although
the sequence of tooth eruption is fairly constant from child to child, the exact age at which
a tooth erupts can vary considerably. Reassure parents that variations of up to 6 months
from the average eruption date are within the normal range.

Complaints associated with dental eruption
Teething

Teething can be associated with irritable behavior (due to minor discomfort) and increased
drooling. Teething infants often present to the ED with fever and diarrhea, although there is
no conclusive evidence that tooth eruption is truly the cause. Therefore, evaluate the patient
appropriately, and consider teething a diagnosis of exclusion.

Treat teething pain with a frozen teething toy, but advise the parents to avoid using toys
with multiple parts. For more significant pain, recommend acetaminophen (15 mg/kg q 4 h),
ibuprofen (10 mg/kg q 6 h), and over-the-counter teething gels containing 10-20% benzocaine.

Eruption cyst or hematoma

An eruption cyst is a fluctuant, fluid-filled sac overlying an erupting primary or permanent
tooth. An eruption hematoma will have a reddish appearance due to blood filling the sac.
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Table 4-1. Chronology of dental eruption

Primary teeth (months) Permanent teeth (years)
Tooth Maxillary Mandibular Maxillary Mandibular
Central incisor 7% 6 7-8 6-7
Lateral incisor 9 7 8-9 7-8
Cuspid 18 16 11-12 9-10
First bicuspid - - 10-11 10-12
Second bicuspid - - 10-12 11-12
First molar 14 12 6-7 6-7
Second molar 24 20 12-13 11-13
Third molar = = 17-20 17-21

Figure 4-1. Tooth anatomy.

Eruption cysts and hematomas are benign findings and will resolve spontaneously, either
through biting pressure or upon eruption of the tooth.

Eruption gingivitis
Localized inflammation of gingival tissue can sometimes be associated with tooth eruption.
It is usually self-limited and can be treated with over-the-counter teething gels. However,
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in adolescents with erupting or impacted wisdom teeth, entrapped debris and micro-
organisms may lead to infection (pericoronitis). This can cause localized tenderness
and swelling or, in severe cases, fever, facial swelling, trismus, and dysphagia. See Dental
abscess (p. 76) for treatment.

Natal and neonatal teeth

Natal teeth are primary teeth that are present at birth. Neonatal teeth refer to teeth that erupt
in the first 30 days of life. Both usually erupt in the mandibular incisor area and, in most
cases, are part of the normal primary dentition and not supernumerary. Natal and
neonatal teeth pose a theoretical aspiration risk, as they often have only rudimentary roots
and can be quite mobile. However, no cases of aspiration have been reported in the literature.

Traumatic injury to the infant’s tongue may be caused by the sharp incisal edges of these
teeth, while trauma to a nursing mother’s breast may interfere with feeding. Both of these
conditions are indications for extraction and require referral to a dentist.

ihli McDonald RE, Avery DR, Dean JA: Dentistry for
Blbllography o the Child and Adolescent, 8th ed. St. Louis:
Cunha RF, Boer FA, Torriani DD, et al: Natal Mosby, 2004, pp. 176-9, 182.
and neonatal teeth: review of the literature. )
Ped Dent 2001:23:158-62. Wake M, Hesketh K, Lucas J: Teething and tooth

eruption in infants: a cohort study. Pediatrics
2000;106:1374-9.

Dental caries and odontogenic infections

Dental caries (cavities) are the most common chronic childhood disease in the USA and are
frequently the cause of dental pain and oral infection. The carious process is initiated by the
interaction of the bacteria Streptococcus mutans with fermentable carbohydrates, primarily
sucrose. The acid that is produced as a byproduct of the bacteria’s digestion of carbohy-
drates can dissolve the highly mineralized enamel that covers the tooth surface. Once the
enamel is destroyed, further destruction of tooth structure can proceed fairly quickly until
bacteria infect the innermost layer of pulp tissue. Lactobacilli may play a role in the
progression of the lesions. Once organisms have reached the pulp, the infection can spread
through the root into the adjacent periapical tissue, resulting in a dentoalveolar infection.

Most odontogenic infections are polymicrobial, with anaerobes predominating over
aerobes. Under healthy conditions, most of these organisms do not produce pathology.
However, local (caries, trauma, foreign body, vascular insufficiency) and/or systemic factors
(immune deficiencies) can facilitate the development of dental abscesses.

Clinical presentation
Cavities

Dental caries commonly occur in the pits and fissures of the occlusal (chewing) surfaces of
posterior teeth, interproximal surfaces of molars, and smooth tooth surfaces close to the
gingiva. They initially appear as dull, opaque, white discolorations which then cavitate and
appear as brown holes. Although these lesions may be visible upon oral examination, they
often remain asymptomatic until the infection spreads into the pulp tissue, and then present
as pain upon eating sweet or cold foods. As the infection spreads, patients frequently report
spontaneous pain, often interfering with sleep and eating.
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Early childhood caries (ECC)

Previously termed nursing bottle caries, this is a form of rampant caries found in some
young children. Recent evidence suggests that ECC is not explained totally by diet or
feeding patterns. Typically, the labial and palatal surfaces of the primary maxillary incisors
are the first teeth affected. If not treated, the caries can spread to the primary molars. The
mandibular incisors are typically spared, except in the most severe cases. Children will often
present with gross destruction of the maxillary incisors.

Dental abscess

This is a localized, purulent infection caused by dental pulp necrosis, secondary to either
dental caries or trauma to a noncarious tooth. Abscesses can be chronic or acute. Chronic
abscess are often asymptomatic, but can become acute, symptomatic lesions. Some painful
acute abscesses are not clinically evident and require a radiograph for diagnosis. Others may
present with gingival erythema, tooth mobility, tenderness to tooth percussion, soft tissue
swelling, and lymphadenopathy. Sometimes, a fistulous tract develops and opens onto the
gingival mucosa, forming a parulis (gum boil). This is more common in younger children,
whose alveolar bone is relatively less dense.

Pericoronitis

Pericoronitis refers to inflammation or infection of the soft tissues adjacent to a partially
erupted tooth. The teeth most commonly associated are the mandibular third molars
(wisdom teeth). The condition is caused by food and bacteria becoming trapped under
gingival tissue that partially covers the tooth. Symptoms can include localized swelling,
pain, and a bad taste in the mouth due to suppuration. Frequently, there is localized
lymphadenopathy and cellulitis and trismus can also develop.

Cellulitis

Localized infection from a decayed or traumatized tooth can spread through soft tissues
causing cellulitis. This may be accompanied by fever, pain, trismus, and regional lymph-
adenopathy. Include a thorough oral examination for any patient presenting with a head or
neck cellulitis, as the infection may be of odontogenic origin.

Deep fascial space infections

Oral infections can also spread to the deep fascial spaces of the head and neck. Depending on
the tooth and drainage area involved, varying degrees of pain, swelling, and trismus occur. In
severe cases, involvement of the sublingual, pharyngeal, retropharyngeal, or pretracheal areas
can occur, leading to respiratory compromise and/or dysphagia. Ludwig’s angina is a condi-
tion in which a mandibular dental abscess expands rapidly, crosses the midline, and causes
airway compromise. This is usually associated with the permanent molars and is therefore
uncommon in young children who have only primary teeth.

Diagnosis

A thorough intraoral evaluation is necessary for any patient with oral pain or head and neck
swelling. In the absence of obvious dental caries, inquire about a history of dental trauma
or past dental treatment. Inspect the oral cavity for obvious caries, gingival swelling and
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erythema (possible infected tooth), or a gum boil. Palpate the gums and molar occlusal
surfaces for swelling and tenderness, tap each tooth with a tongue blade to identify
percussion sensitivity, and check for tooth mobility. Radiographs are indicated if there is
no obvious etiology for a swelling, or when numerous carious teeth are present.

ED management
Caries

Refer asymptomatic children with dental caries and no evidence of acute infection to a
dentist for comprehensive care. If the patient has dental-related pain, but no soft tissue
inflammation or swelling, give analgesics and refer to a dentist as soon as possible
(preferably the next day). Do not prescribe antibiotics for such patients.

Localized dental abscess

Consult with a dentist to provide incision and drainage of any fluctuant area. Prescribe pain
medication (ibuprofen 10 mg/kg q 6 h), or if severe, acetaminophen with codeine (0.5 mg/kg
of codeine q 6 h) and oral antibiotics (penicillin (50 mg/kg per day div qid or clindamycin
20 mg/kg per day div qid), and referral to a dentist as soon as possible (either the same or
next day). Pain relief is often achieved by the drainage. Treat localized pericoronitis in the
same way as other localized dental abscesses. Additionally, irrigation with saline under the
gingival flap that covers the affected tooth may help to alleviate discomfort.

Facial cellulitis or deep fascial space infections

Admit the patient, consult an oral surgeon, and start IV antibiotics. Use either penicillin
(100,000 units/kg per day div q 6 h) or clindamycin (40 mg/kg per day div q 6 h). Carefully
assess the airway; any suggestion of compromise is an indication for intubation. After
initiation of antibiotic therapy, if there is a concern about the extent of a deep fascial space
infection, obtain either a CT scan or an MRI.

Indications for admission

e TFacial cellulitis involving periorbital region

e Evidence of deep space infection, with potential for airway compromise (sublingual,
submandibular, parapharyngeal spaces)

e Systemic involvement, including fever and/or dehydration due to inability or
unwillingness to eat and drink

e DPatients with immune compromise (HIV, diabetes, steroid therapy, cancer
chemotherapy)

e Concern about outpatient adherence to the medical and/or follow-up

recommendations
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Oral trauma

Oral trauma is quite common in childhood; up to one-third of 5-year-olds have sustained
injury to primary teeth, and one-quarter of 12-year-olds have experienced traumatic injury
to permanent teeth. Causes include falls, seizures, sports injuries, motor vehicle accidents,
and fights and inflicted injury. Lacerations, contusions, and abrasion of facial soft tissues,
gingiva, and intra-oral mucosa are often associated with dental injuries. Fractures to facial
bones and the bones that support the dentition can also occur. While dental injuries may be
overlooked secondary to distracting injuries in a multiple-trauma victim, injured teeth can
suffer permanent damage if not treated expeditiously.

Dental fractures

Treatment of dental fractures in the emergency department is rarely definitive, and any
patient presenting with acute dental trauma requires referral to a dentist or oral surgeon
within 24 hours. However, appropriate intervention provided in a timely manner in the
ED is vital to prevent subsequent tooth loss and infection. See Table 4-2 for the Ellis
classification of dental fractures, along with appropriate management. Recommendations
for treatment of fractured primary teeth do not differ markedly from those for permanent
teeth. However, depending on the age of the child at the time of trauma, and the expected
longevity of the primary tooth, many dental practitioners will choose to be less aggressive in
attempts to maintain a primary tooth.

Tooth displacement injuries

Oral trauma frequently results in displacement of a tooth from its normal location, rather than
fracture. As with fractures, the nature of the displacement and age of the patient will influence
treatment decisions. Table 4-3 lists various displacement injuries and appropriate ED treatment.

Oral soft tissue injuries
Lacerations

Lacerations of the lips, tongue, and oral mucosa are common in children of all ages. Lip
lacerations which cross the vermilion border may present a cosmetic problem, since precise
opposition of the wound margins is necessary for proper repair. Often, a child will present
with lacerations of both the inner and outer surface of the lip. It is essential to identify
whether these are two separate lesions or are, in fact, a communicating through-and-
through laceration. Tongue lacerations occur frequently when children fall and accidentally
bite a protruding tongue.

Punctures

Falling while running with an object in the mouth can cause soft tissue punctures.
A puncture wound to the palate may represent a significant injury, especially if the soft
palate is involved. Of particular concern are deep or dirty wounds, foreign-body contamin-
ation, and ongoing bleeding.

Bony fractures
Alveolar bone fractures

The alveoli are the bony processes (in both the maxilla and mandible) into which the teeth
are embedded. The most common site for alveolar fractures is in the area of the maxillary
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Table 4-2. Etllis classification of dental fractures

Fracture class and type

l: Enamel, only

II: Enamel and dentin

[ll: Enamel, dentin, and pulp

Presentation

Piece of tooth
edge missing

Dentin appears yellow

Pulp appears pink or red

IV: Complete crown
(enamel dentin, and pulp)

V: Involves the

root

Table 4-3. Dental displacement injuries

Injury

Concussion

Subluxation

Intrusion

Extrusion/
lateral
luxation

Avulsion

Presentation

Tooth is tender to percussion
Not displaced or mobile
Tooth is tender to percussion

Not displaced, but is mobile

Tooth is pushed into alveolar bone; T
risk of pulp necrosis and root resorption

Tooth is displaced, but not completely
avulsed; 1 risk of pulp necrosis

Tooth is displaced completely from
dental arch and/or mouth; 1 risk of pulp
necrosis and root resorption

ED management

No acute treatment
Elective dental referral

Immediate dental consult
Immediate dental consult

Immediate dental consult

Immediate dental consult if coronal
portion of tooth is loose or displaced

ED management

Soft diet for several days

Dental follow-up within a few days
Soft diet for several days

If tooth is very mobile, consult a dentist
for possible splinting in ED

Dental follow-up within a few days

Do not reposition in ED

Refer to dentist within 24 hours

Minor displacement not interfering with
bite: refer to dentist within 24 hours

Severe displacement and/or mobility:
Primary tooth: extract
Permanent tooth: reposition and splint

Primary tooth: do not reimplant
Permanent tooth:

Prognosis depends on time tooth is out
of the mouth

Place tooth in Hanks Balanced Salt
Solution (HBSS) while awaiting
immediate dental consultation
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incisors. Clinical findings may include displacement and/or mobility of multiple teeth,
along with mobility of the adjacent bone. Gingival bleeding is also commonly seen.

Mandibular fractures

The mandible is a strong cortical bone with several weak areas that are susceptible to
fracture. The necks of the condyles (below the temperomandibular joints) and the body
of the mandible where the mental foramen are located are common sites for fracture.
Frequently, the mandible will sustain multiple fractures resulting from one traumatic event.
Clinical findings in mandibular fractures include painful jaw movement, malocclusion
of the teeth, inability to close the mouth, and deviation of the mandible to one side
during opening. Gingival bleeding, ecchymoses, intraoral edema, and paresthesias may also
be present.

Diagnosis

Evaluation of airway, vital signs, mental status, and cranial nerves is essential as part of the
initial assessment. Obtain the history of the traumatic event, as well as the past medical
history, including tetanus status and allergies. Treatment of life-threatening injuries obvi-
ously takes precedence. Once the patient is stabilized, a systematic approach to physical
evaluation of the face is necessary so that subtle injuries are not missed.

Extraoral examination

e Inspect the face for asymmetry.

e Evaluate any abrasions, swelling, ecchymoses, and lacerations and check for the presence
of foreign bodies.
Palpate the facial bones for tenderness or discontinuities that may represent a fracture.

e Assess the integrity of the facial skeleton: place one hand on the anterior maxillary teeth
and the other on the nasal bridge. Movement of the maxillary incisors and hard palate
alone indicate a LeFort I fracture. Movement of the nasal bridge indicates a LeFort II
fracture. Movement of the entire face indicates a LeFort III fracture.

e Aska cooperative patient to bite down hard on a tongue blade. Inability to do so or pain
when doing so may indicate a mandibular fracture.

¢ Note any deviations in mandibular opening and closing, and ask the patient if their bite
feels normal.

Intraoral examination

e Evaluate soft tissues for bleeding, swelling, lacerations, and abrasions.

e Thoroughly examine wounds for foreign bodies (including tooth fragments).

e Assess each tooth for mobility and fracture. Suspect an alveolar fracture if several
adjacent teeth move as one unit.

Radiologic studies
Depending on the location and severity of the injuries, obtain the following radiologic studies:

e Upper face: axial and coronal CT scan. A skull series and Waters view radiographs are
an alternative.

e Middle face: axial and coronal CT scan. As an alternative, obtain a Waters view,
posteroanterior, submental vertex, and occlusal radiographs.
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e Lower face: panoramic radiograph. Posteroanterior, submental vertex, and occlusal are
an alternative.

e If a condylar fracture is suspected, but radiographic findings are negative, obtain a CT
scan of the condyle.

ED management

Tables 4-2 and 4-3 outline treatment recommendations for dental fractures and displace-
ment injuries.

If a dentist is not immediately available and a primary tooth is so loose as to be an aspiration
hazard, extract it. Grab the tooth firmly with gauze and twist it out. Immediately consult with
an oral surgeon if there is a suspicion of alveolar, mandibular, or facial bone fracture.

Suturing of lacerations is not always indicated. Small intraoral wounds that do not pose an
aesthetic problem heal quickly on their own, while tongue and lip lacerations that are small
and have well-approximated margins also do not require suturing. Suture lacerations that
are deep or continue to bleed, lip lacerations that cross the vermilion border, and through-
and-through lip and tongue lacerations. Prior to suturing, irrigate the wound thoroughly and
inspect it carefully to rule out the presence of foreign bodies, including fragments of any
teeth that may have fractured during trauma. Do not inject local anesthetic directly into
the wound area, as this could cause tissue swelling and hinder appropriate closure of the
wound. Refer lacerations that require cosmetic repair to a plastic or oral surgeon.

Puncture wounds to the palate may be complicated by vascular injury or foreign bodies.
Carefully evaluate penetrating injuries for possible involvement of the carotid, palatine, and
jugular blood vessels and perform a complete neurologic examination. A CT scan is
indicated only if neurovascular involvement is suspected. However, consult either an oral
surgeon or otolaryngologist to determine the proper management for all puncture wounds
to the palate. Sedation may be necessary when a wound requires extensive debridement
and/or exploration to facilitate removal of foreign bodies.

Indications for admission

e Mandibular or facial bone fractures
e Soft tissue swelling that may compromise the airway

ihli maxillofacial injuries in the emergency
Blbllography department. Part 5: Dentoalveolar injuries.
Andreasen J, Andreasen F, Bakland L, Flores Emerg Med ] 2007;24:429-30.
MT: Traumatic Dental Injuries: A Manual, . ] .
2nd ed. Munksgard: Blackwell, 2003. McTigue DJ: Diagnosis and management of
] ) dental injuries in children. Pediatr Clin North
Ceallalgh PO, Ekanaykaee K, Beirne C], Patton Am 2000,471067—84

DW: Diagnosis and management of common

Tooth discoloration

Tooth discoloration can be broadly classified as either extrinsic or intrinsic (see Table 4-4).
Extrinsic discoloration refers to staining that is caused by pigmented substances that have
adhered to the outer surfaces of the teeth. Children with poor oral hygiene, xerostomia,
or enamel defects are at higher risk for developing significant extrinsic discoloration. Com-
monly, the stain is seen in the gingival third of the tooth, adjacent to the gingiva. Extrinsic
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Table 4-4. Differential diagnosis of tooth discoloration

Color Etiologies

Extrinsic

Brown/black Dental plague, iron supplementation, beverages (coffee, tea, colas), iodine,
smoking, chromogenic bacteria

Green Iron supplementation, tea, chromogenic bacteria

Orange Chromogenic bacteria

Intrinsic: localized to one or two teeth
White (opaque) Trauma during enamel formation, incipient dental caries
Yellow Trauma during enamel formation, stained resin restoration, active dental caries

Brown Trauma during enamel formation, pulpal trauma with hemorrhage, active
dental caries

Intrinsic: generalized
White (opaque)  Mild fluorosis, amelogenesis imperfecta

Yellow Moderate fluorosis, diseases causing hyperbilirubinemia, epidermolysis bullosa,
nutritional deficiency during enamel formation

Brown Severe fluorosis, porphyria, tetracycline
Blue/gray/black  Tetracycline, minocycline

Green Diseases causing hyperbilirubinemia

stain may be tenacious, but can be removed by a professional dental cleaning. Intrinsic
discoloration is usually caused by substances that become incorporated into the structure
of the tooth during its development. This type of discoloration is present at the time of tooth
eruption. Additionally, intrinsic stain can develop in a previously erupted tooth that has
suffered trauma. This type of stain is secondary to hematologic products leaking from the
injured pulp into the surrounding dentin and enamel. Early carious lesions may also present as
an area of intrinsic stain. Intrinsic discoloration cannot be removed through tooth cleaning.

Clinical presentation and diagnosis
See Table 4-4.

ED management

Tooth discoloration is not an urgent problem and no acute management is indicated.
A careful history can often suggest the diagnosis. Referral to a pediatric dentist for definitive
treatment is recommended.

B|b||ography Warren JJ, Levy SM, Kanellls M]. Prevalence
- . of dental fluorosis in the primary
Billings RJ, Berkowitz R], Watson G: Teeth. dentition. J Public Health Dent 2001;
Pediatrics 2004;113(4 Suppl):1120-7. 61:87-91.

McDonald RE, Avery DR, Dean JA: Dentistry for
the Child and Adolescent, 8th ed. St. Louis:
Mosby, 2004, pp. 447-8.
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Oral soft tissue lesions

Oral soft tissue lesions can result from a wide range of etiologies, including infection,
inflammation, trauma, and developmental anomalies. Rarely are these of an emergency
nature.

Clinical presentation and diagnosis

Infections

Herpes simplex

Primary herpetic gingivostomatitis (HSV I) is a common cause of gingivostomatitis in
1-3-year-olds. After a 1-2 day prodrome of fever, malaise, and vomiting, small vesicles
appear anywhere on the oral mucosa, lips, tongue, perioral skin, or cheeks. These rapidly
rupture, forming 2-10-mm lesions covered by a yellowish membrane. The membrane then
sloughs, leaving a shallow ulcer on an erythematous base. Fever up to 40.5°C (105°F),
excessive salivation, diminished oral intake leading to dehydration, and marked local
lymphadenopathy can also occur. Healing begins within 4-5 days and is usually completed
within 1-2 weeks.

Recurrent herpes

Recurrent herpes (“cold sores,” herpes labialis) is thought to be secondary to stress (fever,
menses, sunlight exposure). It presents with small vesicles, usually limited to the outer
aspects of the lips and adjacent skin, although the hard palate and gingiva can also be
involved. These rupture, coalesce, and become crusted. Healing takes 1-2 weeks.

Herpangina

Herpangina is a summertime infection caused by a number of enetroviruses, particularly
type A Coxsackie viruses. The lesions are found only in the posterior oral cavity, which
distinguishes them from herpes or aphthous ulcers. The soft palate, uvula, tonsils, and
anterior tonsillar pillars are the sites of multiple, superficial, painful ulcers. Infants may be
markedly irritable with fever and drooling, and severe dysphagia can lead to dehydration.
The lesions heal spontaneously over 1-2 weeks.

Hand-foot-mouth disease

Hand-foot-mouth disease is caused primarily by type A16 Coxsackie viruses. Vesicles and
ulcers occurring anywhere in the oral cavity are accompanied by fever, malaise, and
abdominal pain. About 75% of patients also have a characteristic exanthem consisting of
vesicles on an erythematous base located in one or more of the following sites: the palms
and soles, dorsum of the hands and feet, dorsal aspects of the fingers and toes, buttocks, and
genitalia. The lesions usually resolve within 2 weeks.

Acute necrotizing ulcerative gingivostomatitis

Acute necrotizing ulcerative gingivostomatitis (ANUG, Vincent’s stomatitis, trench mouth)
is an uncommon infectious disease of adolescents and young adults, probably caused by
Fusobacterium and spirochetes. It is associated with stress and smoking, although in rare
cases there is underlying malnutrition or immune deficiency. Characteristic findings are
painful gingiva that bleed easily, ulcerated interdental papillae covered by a grayish mem-
brane, and foul-smelling breath, in addition to lymphadenopathy, malaise, and fever.
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ANUG is differentiated from acute primary herpes by the punched-out appearance of the
interdental papillae, the lack of vesicles, and the older age of patients with ANUG.

(Candidal thrush

Thrush is most common in the first year of life. The complaint is diminished oral intake or
white spots in the oral cavity. On inspection, the oral mucosa is beefy red with a curdlike
white exudate on the tongue, gingiva, hard palate, or buccal mucosa. This can resemble
milk, but it is not easily removed by scraping with a tongue depressor. On occasion,
cracking or fissuring at the angle of the mouth, or cheilitis, is seen. Many infants simultan-
eously have a typical Candida diaper rash.

Thrush beyond the first year of life occurs in patients who have received broad-
spectrum antibiotics, and those with autoimmune diseases and nutritional deficiencies.
Persistent or recurrent thrush suggests possible HIV infection.

Papilloma

Papilloma (verruca vulgaris, condyloma acuminatum) can occur at any age. They present as
single or multiple pedunculated or sessile nodules at any oral site. There may also be similar
lesions on the skin.

Noninfectious ulcers
Aphthous ulcers

Aphthous ulcers, or canker sores, are solitary or multiple (five or fewer) very painful lesions
on the non-keratinized mucosa (buccal, inner labial, ventral surface of tongue). They begin
as erythematous papules that become well-circumscribed ulcers with a gray fibrinous
exudate on an erythematous base. The etiology is unknown, although they are more
common in families with allergies and their appearance is thought to be related to stress
(infections, drugs, trauma, emotional upset). Fever is less common than with herpes.
The ulcers usually last 7-14 days and recurrent episodes are the rule.

Traumatic ulcer

Usually these are single ulcers, although the size, shape, and location all vary. Inquire as to
recent ingestion of hot foods (pizza often causes burns to the anterior palate), dental treatment
(children often bite the lip or tongue while it is numb, or the dental drill may have scratched the
tongue or cheek), and oral habits (fingernail scratches of the gingival, chewing on inside of
cheek). In the absence of repeated trauma, the lesion usually heals uneventfully within 2 weeks.

Mucocele

A mucocele is a fluid-filled nodule with a translucent red or blue surface which may fluctuate
in size. It occurs most commonly on the inner lower lip, secondary to the traumatic laceration
of a minor salivary gland duct that permits accumulation and blockage of mucous.

Ranula

A ranula is a mucous retention cyst of a minor salivary gland. It presents as a large, soft
swelling on the floor of the mouth. It may fluctuate in size and elevate the tongue.

Angular cheilitis

Angular cheilitis presents with fissures at the corners of the mouth. These may bleed,
ulcerate, and develop a crusted surface. Drooling, licking of the lips, and contact allergies
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may play a role and some patients may have frequent recurrences. The lesions can become
infected with Candida and/or staphylococci.

Irritation fibroma

An irritation fibroma is a reactive hyperplastic lesion, usually secondary to chronic trauma.
It can be located anywhere in the oral cavity, but the most common site is on the marginal
gingiva. It appears as a painless, pedunculated or sessile nodule with a smooth pink surface.

Pyogenic granuloma
A pyogenic granuloma is a reactive (irritation, trauma, poor oral hygiene) hyperplastic
lesion that presents as a pedunculated or sessile nodule with a red surface. They frequently
become ulcerated and bleed easily. They are more common in females and can be associated
with pregnancy.

Fordyce granules

Fordyce granules are oral sebaceous glands which often become evident at puberty. They
appear as yellowish, multiple small papules, commonly on the vermilion border of the lip.
These are asymptomatic and benign, but sometimes can be confused with candidiasis.

Gingival and lingual lesions
Geographic tongue
Geographic tongue, or benign migratory glossitis, is a self-limited condition of unknown

etiology. It presents as oval or irregular red patches in areas of desquamated papillae.
While it is usually asymptomatic, some patients may complain of a burning sensation.

Coated tongue

Coated tongue, or hairy tongue, represents elongation of the filiform papillae secondary to
poor oral hygiene, dehydration, and medications (antibiotics, chlorhexidine). The presen-
tation can range from whitish coating to brown/black “hairy” appearance.

Drug-induced gingival overgrowth

Phenytoin, cyclosporin A, and calcium channel blockers can induce gingival hyperplasia. It
presents with fibrous enlargement, primarily involving the interdental papillae in the anterior
section of the mouth. In extreme cases, it may cover the crowns of teeth and interfere with eruption
of teeth. Pain and difficulty with mastication can occur if the gingiva overgrow the occlusal
surfaces of the teeth. In contrast, gingivitis presents with edematous and hemorrhagic gums.

Aggressive periodontitis

Aggressive periodontitis presents with gingival inflammation and bleeding. In severe cases,
teeth may become mobile. The etiology is unknown, although it is associated with diabetes,
neutropenia, and hypophosphatasia.

ED management
Ulcerative lesions

For all oral ulcers, the major therapeutic goals are pain relief and maintenance of oral
hygiene, so that adequate oral intake can continue. In patients who are not immunocom-
promised, these conditions are self-limiting, and palliative treatment is all that is needed.
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A number of options exist for pain management, but none is universally successful.
Viscous lidocaine (2%) swabbed onto the lesions offers temporary relief, but caution the
parents to not allow the child to rinse and spit the lidocaine (absorption of excessive
amount). In addition, it is contraindicated for pharyngeal lesions (depression of the gag
reflex). An alternative is a 1:1 solution of Maalox/diphenhydramine or Kaopectate/diphen-
hydramine swabbed onto the lesions, but avoid using large quantities. Over-the-counter
analgesic sprays offer only short-term relief, but they are safe and well-tolerated. Systemic
analgesics such as acetaminophen (15 mg/kg per 4 h) and ibuprofen (10 mg/kg per 6 h) can
be helpful in the management of both pain and fever.

Emphasize the importance of encouraging oral intake. Ice cream, gelatin, milk shakes,
and pudding are often tolerated by children experiencing oral pain.

Acute necrotizing ulcerative gingivitis

Although ANUG is an ulcerative disorder, its bacterial etiology requires specific treatment
in addition to the palliative measures discussed previously. Give a 7-day course of penicillin
VK (50 mg/kg per day div qid), metronidazole (15 mg/kg per day div tid), or clindamycin
(20 mg/kg per day div qid). In addition, refer the patient to a dentist for treatment within
24-48 hours for debridement of necrotic gingival tissue.

(Candidiasis

Treat with nystatin oral suspension (100,000 units/ml). Advise older patients to rinse with
4 mL for 2 minutes qid. If the patient is not old enough to rinse and spit, instruct the parent
to place 1-2 mL along both sides of the buccal mucosa qid. In addition, keep the patient
NPO for at least 30 minutes following administration of the nystatin. For patients who are
immunocompromised, consult with the child’s primary care physician or an infectious
disease specialist, as more aggressive treatment may be needed.

Papillomas

Refer the patient to an oral surgeon for elective excisional biopsy and possible laser ablation
of the lesions.

Mucocoele, ranula
Refer the patient to an oral surgeon for excisional biopsy and removal.

Angular cheilitis

Although the etiology of angular cheilitis is multifactorial, the lesions can often become
infected with Candida albicans and/or staphylococci. Treat with topical miconazole oint-
ment, which has both antifungal and antibacterial properties, applied to the corners of the
mouth qid. Refer the patient to a primary care provider to address any underlying condi-
tions, such as drooling, frequent lip licking, and lip incompetence.

Irritation fibroma, pyogenic granuloma
Refer the patient to an oral surgeon for excisional biopsy.

Fordyce granules

These papules require no treatment other than reassuring the family that the finding is
benign.
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Geographic tongue

No treatment is indicated if the condition is asymptomatic. If the patient complains of
burning sensation, treat with a 1:1 mixture of diphenhydramine and Maalox, either used as
a rinse or swabbed directly onto the painful area. Also advise the patient to avoid hot, spicy
foods.

Coated tongue, hairy tongue

No emergency treatment required, but treat any underlying systemic illnesses that can cause
fever and dehydration. Encourage adequate hydration and recommend brushing of the tongue.

Gingival hyperplasia (drug induced)

Refer the patient to a dentist for evaluation of hygiene and possible need for surgical
resection of the tissue.

Periodontal disease, gingival bleeding

Take a careful medical history, noting the duration and severity of the current complaint.
Since local factors are the most common causes for gingival bleeding, look for poor oral
hygiene, tooth eruption, foreign-body entrapment, and self-injurious behaviors. If no local
etiology can be identified, consider hormonal changes (puberty), thrombocytopenia, leuke-
mia, clotting defects, and diabetes.

Follow-up

e Ulcerative lesions due to viral infection: immediately for severely diminished oral intake,
otherwise 2-3 days

e ANUG: dentist in 24-48 hours

e Candidiasis: 1-2 weeks
Papillomas, mucocoeles, ranulas, fibromas, pyogenic granulomas: oral surgeon within
several days

e Gingival hyperplasia: dentist within several days
Periodontitis, gingival bleeding with known local etiology: dentist within several days

Indication for admission

¢ Dehydration or inability to tolerate oral intake secondary to pain

Blb|logl’aphy herpes simplex infections. Gen Dent
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Dermatologic emergencies

Alexandra D. McCollum and Sheila F. Friedlander

Dermatology is a visual specialty, and an accurate description of a “rash” makes it
more likely that the practitioner will be able to classify a particular eruption and rapidly
arrive at the right diagnosis. This chapter begins with definitions of dermatologic terms,
which when used in conjunction with Table 5-1 can serve as a guide to the most common
diagnoses.

Definition of terms

Primary lesions
Macule

A flat, non-palpable, superficial skin color change that is <1 cm in diameter. A macule can
be red, brown, yellow, or white.

Patch

A macule that is >1 cm in diameter.

Papule

A firm, palpable, elevated lesion that is <1 cm in diameter. A papule may be flat-topped,
dome-shaped, or pointed.

Plaque

A papule that is >1 cm in lateral diameter. It is a broad, elevated, flat-topped solid lesion
often formed by a confluence of several papules. In contrast to a nodule, it does not possess
increased depth, and is a “plateau,” rather than a “glacier.”

Nodule

A papule that is enlarged in all three dimensions: length, width, and depth. It may be dome-
shaped or slope-shouldered, but the discriminating characteristic is increased depth com-
pared to a papule or plaque.

Tumor
A large nodule.

Wheal

An evanescent, edematous, smooth, raised, pink to red lesion. The classic description is
<« . . »
hive-like.
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Table 5-1. Dermatological diagnosis by type of eruption

Erythematous papules, nodules, and plaques

Papules

Insect bite (papular urticaria)
Drug reaction

Viral exanthema

Scarlet fever

Papular acrodermatitis (Gianotti-Crosti)
Nodules

Erythema nodosum
Pyogenic granuloma
Plagues

Cellulitis

Tinea corporis

Psoriasis

Pityriasis rosea

Fixed drug eruption
Eczematous lesions
Atopic dermatitis
Scabies

Seborrheic dermatitis
Contact dermatitis
Papulosquamous diseases
Psoriasis

Pityriasis rosea

Id reaction

Scabies

Pustular eruptions

Acne

Candidiasis

Folliculitis

Bacteremia
Gonococcemia
Skin-colored papules and nodules

Granuloma annulare?

Erythema toxicum neonatorum
Miliaria rubra
Candidiasis

Kawasaki disease

Furuncle/carbuncle

Granuloma annulare?

Granuloma annulare

Contact dermatitis®

Lupus erythematosus
Erythema chronicum migrans

Erythema marginatum

Langerhans cell histiocytosis
Diaper dermatitis

Acrodermatitis enteropathica

Secondary syphilis
Tinea
Lichen planus

Lupus erythematosus

Miliaria pustulosa

Infantile acropustulosis

Transient neonatal pustular melanosis
Erythema toxicum neonatorum

Impetigo

Verruca



Chapter 5: Dermatologic emergencies 89

Table 5-1. (cont)

Molluscum contagiosum®
Keloid

Reddish brown papules and nodules
Dermatofibroma

Neurofibroma

Vascular lesions

Nevus simplex

Cutis marmorata

Hemangioma of infancy
Reactive erythematous eruptions
Drug eruptions

Erythema marginatum
Erythema migrans
Photodermatitis

Palpable purpura

Idiopathic thrombocytopenic purpura
Rocky Mountain spotted fever
Henoch-Schonlein purpura
Meningococcemia
Vesicobullous

Vesicular

Dyshydrotic eczema

Scabies

Herpes simplex

Eczema herpeticum

Bullous

Bullous impetigo

Erythema multiforme major
Epidermolysis bullosa

Contact dermatitis — poison ivy
White lesions

Patches and plaques

Pityriasis alba

Post-inflammatory

Dermoid cyst

Pilomatricoma

Mastocytoma

Port wine stain

Pyogenic granuloma

Erythema multiforme
Urticaria
Viral exanthema

Contact dermatitis

Coagulopathy
Sepsis/DIC
Subacute bacterial endocarditis

TORCH infections

Miliaria crystallina
Hand-foot-mouth disease

Varicella zoster

Staphylococcal scalded skin syndrome
Toxic epidermal necrolysis
Pemphigus

Photodermatitis

Tinea versicolor

Verrucae
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Table 5-1. (cont)

Ash leaf macules Vitiligo

Papules

Keratosis pilaris Molluscum contagiosum®
Milia

Notes: “Granuloma annulare can be either erythematous or skin-colored and presents as a papule which later develops
into a nodule or plaque.

“Contact dermatitis can present as erythematous papules, vesicles, plaques or mixed morphology in a well
demarcated distribution.

“Molluscum contagiosum can be skin-colored or have a white opalescent center often with umbilication.

Vesicle

A sharply circumscribed, elevated, clear fluid-filled lesion that is <1 c¢m in diameter.
A vesicle is often thin-walled and fragile, so it ruptures easily. Therefore, patients may
present instead with small erosions (de-roofed vesicles).

Bulla

A vesicle that is >1 cm in diameter. A bulla may arise as a single large blister or through the
coalescence of several vesicles.

Pustule

An elevated lesion containing purulent exudate that is white, yellow, or green, rather than
clear. This lesion is usually filled with polymorphonuclear leukocytes.

Secondary lesions

These changes in the skin usually occur over time as the primary lesions evolve, sometimes
as a result of manipulation of the skin through scratching or rubbing.

Scale

An accumulation of excessive layers of stratum corneum, resulting from abnormal differ-
entiation and shedding of cornified keratinocytes. A scale may be greasy and yellowish,
silvery and mica-like, fine and barely visible, or large, adherent, and lamellar.

Crust

A crust (scab) results from dried serum (yellow), blood or bloody exudate (dark red or
brown), or purulent exudate (green or yellowish green) overlying areas of lost or damaged
epidermis. A crust can be thick, tough, and black secondary to hemorrhage and necrosis.

Erosion

A moist, slightly depressed lesion in which part or all of the epidermis has been visibly lost
or denuded. Erosions do not extend into the underlying dermis or subcutaneous tissue, so
they heal without scarring.

Ulcer

An ulcer results from loss of both the epidermis and dermis, resulting in a punched out
lesion which may be filled with crust or necrotic skin. Alternatively, the base may be visible
as a moist red surface. Ulcers heal with a scar.
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Excoriation

A linear traumatic abrasion caused by scratching, rubbing, or scrubbing. Excoriations occur
in pruritic disorders.

Lichenification

Thickening of the skin with an accentuation of the normal skin markings, often accompan-
ied by scale, resulting in skin that feels tough and leather-like. It is a result of habitual
scratching and rubbing and is a classic feature of atopic dermatitis.

Atrophy

A change demonstrated by thinning of the epidermis and the loss of skin markings. The
skin wrinkles when subjected to pressure. When the dermis is involved the area may be
slightly depressed.

Scar

A permanent fibrotic skin change following damage to the dermis. Initially a scar is pink or
violaceous, becoming white, sclerotic, and shiny over time.

Acne

Acne vulgaris is a disorder of the pilosebaceous follicles. It is the most common skin disease
of the second and third decades, with onset at puberty and an incidence approaching
100% between the ages of 14 and 17 in females and 16 and 19 in males. Acne can be caused
or exacerbated by medications, including phenytoin, isoniazid, iodides and bromides,
and lithium. It can be associated with polycystic ovarian syndrome secondary to increased
levels of circulating androgens. In the neonatal period acne is secondary to maternal
hormonal stimulation of sebaceous glands which have not yet involuted to a prepubertal
immature state. Infantile acne, presenting in the post-neonatal period, may sometimes
require therapy and rarely leads to scarring. Steroid acne is a folliculitis most commonly
caused by the prolonged use of topical or systemic corticosteroids or adrenocorticotropic
hormones.

Clinical presentation

Acne vulgaris primarily involves sites where pilosebaceous glands are most numerous (face,
chest, upper back). The initial lesions are the pathognomonic open (blackheads) and closed
(whiteheads) comedones. As the disease progresses, inflammatory lesions are seen, includ-
ing papules, pustules, nodules, and cysts. The resolution phase is characterized by post-
inflammatory hyperpigmentation and scarring. Neonatal acne presents with erythematous
papules and pustules, rather than comedones, on the nose and cheeks. The typical lesions of
steroid acne are small erythematous papules and pustules, without comedones, primarily
located on the back and chest.

Diagnosis
The diagnosis of acne vulgaris is usually straightforward, although a number of conditions
may have a similar appearance. Adenoma sebaceum appears as pink papules on the face of
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prepubertal patients with tuberous sclerosis. Other cutaneous manifestations (ash-leaf
spots, Shagreen patch, periungual fibromas) are generally present. Verruca (warts) and
molluscum contagiosum cause flesh-colored papules without comedones or an inflamma-
tory response. In an infant, seborrhea is often misdiagnosed as neonatal acne. Associated
cradle cap and retroauricular scaling distinguish seborrhea.

Although comedones can be found in children as young as 6-7 years of age, consider
androgen excess (gonadal or adrenal tumors; congenital adrenal hyperplasia) if there is
inflammatory acne in a prepubertal child.

ED management

Acne vulgaris is a chronic disease. To help prevent permanent scarring, initiate treatment in
the ED, but refer the patient to a primary care setting for ongoing care. The therapeutic
measures appropriate for ED use are summarized below.

Topical treatment
Benzoyl peroxide (BPO; 2.5-10%)
Benzoyl peroxide (BPO) is an effective keratolytic and antibacterial agent that is useful for

comedones and mild inflammatory lesions. Common side effects are redness, drying, and
scaling of the skin.

Retinoic acid (tretinoin)

Retinoic acid is derived from vitamin A and is extremely useful for treating comedonal
acne. Severe skin irritation, peeling, and photosensitization can result. Therefore, start
treatment on an every-other-day basis and instruct the patient to apply only at night. To
minimize these side effects, instruct the patient to limit face washing and to be sure the face
is dry prior to applying retinoic acid. Do not use in females who may be pregnant. Similar
products include topical adapalene and tazarotene.

Topical antibiotics

Topical antibiotics are a useful adjunct in mild to moderate inflammatory acne. Clinda-
mycin (1%) and erythromycin (2%) are effective without the same risk of side effects seen
with oral administration.

There are many combination products on the market (BPO with an antibiotic or
retinoic acid with an antibiotic) which may be easier for the patient but may be more costly.

Systemic treatment
Oral antibiotics

Reserve these for unresponsive acne or patients who have sensitivity to topical products.
A minimum 4-week course is usually required before any improvement occurs. Use
tetracycline, minocycline, or doxycycline for patients older than 8 years of age and not
pregnant. Side effects include gastrointestinal upset, photosensitization, candida vaginitis,
vertigo, and rarely, pseudotumor cerebri. Use erythromycin for younger patients (<9 years)
or when sun exposure is a concern. The high degree of resistance to this drug makes it a
poor choice for the older population.
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Other systemic treatments

Defer the initiation of medications such as isotretinoin and oral contraceptives to the
primary care provider.

Treat mild comedonal acne with a BPO cleanser (2.5-10%) daily or bid, depending on
the degree of dryness. Add retinoic acid 0.025% cream every other night, and gradually
increase to every night use. This combination is particularly effective, as the tretinoin
facilitates absorption of the BPO, but irritation may preclude use of both products.
Alternatively, use topical antibiotics (1% clindamycin gel or solution; 2% erythromycin
gel or solution) as the second drug, every morning. Do not use topical antibiotics as
monotherapy, since resistance is more likely to occur.

Treat steroid acne with topical BPO, a topical antibiotic (as described above), and discon-
tinuation of the steroids, if possible. The management of an adolescent with acne associated
with polycystic ovaries includes either a combination oral contraceptive or progestin with
topical therapies (described above). Multi-disciplinary follow-up is recommended. No therapy,
other than reassurance, is required for neonatal acne.

Follow-up
® Primary care follow-up in 2-6 weeks
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Practical considerations in acne treatment

Alopecia

Alopecia is relatively common and, usually, a benign disorder in children. It is categorized
as either localized or diffuse, and then further subcategorized as either scarring or non-
scarring. The most common causes of localized alopecia include tinea capitis (pp. 129-132)
and alopecia areata (presumed autoimmune disorder). Other causes of localized alopecias
result from trauma or traction secondary to hair care techniques (braiding, straightening,
blow drying) or trichotillomania, the purposeful removal of hair by the patient. These
disorders are usually non-scarring and transient, but severe inflammatory forms of tinea
capitis (kerion) can lead to permanent scarring. Classically scarring forms of alopecia
include discoid lupus and lichen planopilaris.

The most common cause of diffuse alopecia in children is telogen effluvium. In most
instances, the patient has recently suffered a significant stress (high fever, crash diet,
parturition, convulsion, psychosocial event). Other etiologies include: chemotherapeutic
agents (cyclophosphamide, vincristine), drugs (propranolol, warfarin), radiation, toxins
(lead, boric acid), endocrinopathies (hyper- and hypothyroidism, hypoparathyroidism),
nutritional deficiencies (zinc, vitamin A), secondary syphilis, and systemic lupus
erythematous.
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Clinical presentation
Localized alopecia
Alopecia areata

Alopecia areata is characterized by the sudden (possibly overnight) appearance of sharply
demarcated round or oval patches of hair loss without associated scalp inflammation
or scarring. Regrowth may occur in some areas while the disease progresses elsewhere.
In 5-10% of cases, the lesions may expand to involve the entire scalp (alopecia totalis) or all
the body hair (alopecia universalis). At the margin of active lesions, there are loose, easily
plucked, “exclamation point” hairs with shortened bulbs and small stumps. The course is
variable, but up to 95% of children have complete regrowth within 1 year.

Tinea capitis

Tinea capitis causes patchy alopecia with scaling and erythema similar to seborrheic
dermatitis. Within the patch, “black dots” (infected hairs which are broken off at the scalp
level) may be seen. A minority of cases fluoresce under Wood’s lamp exposure. An allergic
vesicular and pustular reaction (kerion) can develop acutely. The kerion appears as a sharply
demarcated, indurated, boggy lesion that can be associated with fever, leukocytosis, and
lymphadenopathy.

Traumatic and traction alopecia

Traumatic and traction alopecia occur where the hair is being pulled, as from braiding, or
on the occiput of a young infant who remains supine all day. Characteristically, hair loss is
incomplete; short (1-2 cm) hairs are found at the margins or within the affected area. These
hairs are firmly rooted in normal-appearing scalp.

Trichotillomania

Trichotillomania primarily occurs in school-age girls. The patches of alopecia are not well
demarcated, and there are well-rooted residual hairs of varying length. In some cases the
eyebrows and eyelashes are also affected.

Male-pattern baldness

Male-pattern baldness is a genetically determined bilateral frontoparietal recession with
thinning over the vertex. It can also occur in females taking oral contraceptives.

Diffuse alopecia

With diffuse disorders of any etiology the scalp generally has a normal appearance, and
hairs are easily plucked from the periphery of areas of alopecia.

Diagnosis

For localized conditions, a careful examination of the scalp facilitates making the correct
diagnosis. A careful history may suggest the stressful incident which caused a diffuse
alopecia. If a previously undiagnosed systemic disorder such as syphilis, thyroid disease,
lupus, or hypoparathyroidism is suspected, obtain the appropriate blood tests (VDRL,
thyroid function tests, FANA, or calcium). See Table 5-2 for the differential diagnosis of
alopecia.
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Table 5-2. Differential diagnosis of alopecia
Diagnosis Differentiating features
Alopecia areata Sudden onset; no scalp inflammation
Sharply demarcated patches with total hair loss
Exclamation point hairs at margins
Tinea capitis Patchy/poorly demarcated with scalp inflammation and scaling
Black dots within the patch
KOH-positive: chains of spores
Traction/trauma Poorly demarcated areas of incomplete hair loss
Occurs in scalp areas subjected to friction or pulling
No scalp inflammation
Trichotillomania Poorly demarcated, irregular-shaped areas of incomplete hair loss
Eyelashes and eyebrows may also be involved
History suggests psychopathology
Androgenetic Bilateral frontoparietal recession and thinning over the vertex
Begins in teenaged years
No scalp inflammation
Telogen effluvium History of emotional or physical stressors
Diffuse thinning without scalp inflammation

Positive hair pull test: >2-3 hairs removed at a time

ED management

Refer the patient to a dermatologist when the diagnosis is in doubt or when there is
presence of a kerion, a history of treatment failure, or a chronic or scarring alopecia.

Localized alopecia

Most cases of alopecia areata require no treatment other than reassurance. If the lesions
persist or become particularly widespread, refer the patient to a dermatologist. A change
of hair care techniques or reassuring an infant’s parents is usually all that is necessary for
traction or traumatic alopecia. Refer the patient with trichotillomania to a primary care
setting for further psychosocial evaluation. See pp. 129-131 for the treatment of tinea
capitis.

Diffuse alopecia

The management of most cases primarily involves avoiding the offending agent, drug,
or toxin (if possible), or treating the primary condition (lupus, thyroid disease, etc.).
Stress-related hair loss is usually self-limited, with complete regrowth without any specific
treatment. Refer the patient to a primary care provider.
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Atopic dermatitis

Atopic dermatitis is a disease that predisposes the skin to excessive dryness and pruritus.
The majority of patients have a family history of allergy, asthma, hay fever, or eczema, and
about half of affected children will develop one of these other diseases. It is now generally
believed that childhood eczema is a disorder involving both skin barrier defects and
immunologic dysregulation.

Clinical presentation

Atopic dermatitis can be categorized into three different age-dependent phases that may or
may not follow one another. Pruritus and dry skin are the hallmarks at all ages. The
infantile stage occurs between birth and three years and is characterized by erythema,
papules, and vesicles on the face, neck, chest, and extensor surfaces of the extremities. In
older children subacute and chronic papular and scaly lichenified lesions occur on the flexor
aspects of the neck, arms, and legs. The antecubital and popliteal fossae are particularly
involved. The adolescent and adult forms blend into the childhood phase with marked
lichenification and flexural, hand, and foot involvement.

Other manifestations in children and adolescents may include nummular eczema (well-
demarcated papular coin lesions) and pityriasis alba (discrete hypopigmented macules).

At any age the severe pruritus causes scratching which can lead to secondary bacterial
infection. The superimposed pyoderma can confuse the clinical picture. Secondary herpes-
virus infection (eczema herpeticum, pp. 116-118) can also occur and become generalized in
atopic patients.

Atopic individuals can have a number of associated findings, including accentuated
palmar creases, white dermatographism (blanching of the skin when stroked), and Dennie-
Morgan folds or pleats (an extra groove of the lower eyelid). Keratosis pilaris (follicular
hyperkeratosis) presents with scaly perifollicular papules with central hairs resulting in a
“chicken skin” or “goose bump” appearance.

Diagnosis

The diagnosis of atopic dermatitis is suggested by a family history of atopy, a personal
history of allergies or asthma, dry and pruritic skin, and the typical location of the lesions
that blend into the surrounding normal skin. In infants, seborrheic dermatitis causes a
salmon-colored, greasy eruption of the face, scalp and intertriginous area that is not
pruritic. The eruption of a contact dermatitis (pp. 102-103) has a sharp border with the
uninvolved skin and the history may suggest the offending agent. The lesions of tinea
corporis (pp. 129-131) usually have central clearing and a raised scaly border. Bacterial
infections (pp. 98-99) are not preceded by pruritus and are generally more localized than
atopic rashes. Psoriatic lesions are usually well demarcated with a silvery scale. The lesions
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of scabies (pp. 122-123) do not follow the usual sites of predilection that eczema does, and
the family or personal history of atopy may be negative. However, a secondary autoecze-
matization process may occur with scabies that makes differentiation between eczema and
scabies difficult.

ED management

Atopic dermatitis is a chronic condition that is best managed in the primary care setting,
but therapy can be initiated in the ED. The goals of therapy are to hydrate the skin, prevent
itching, and treat the inflammation. Instruct the patient to use oatmeal baths, oils and soap
substitutes (Cetaphil, Aveeno), avoid excessive bathing, and use emollients on slightly damp
skin after bathing (Vaseline, Eucerin, Aquaphor, Lubriderm). Hydroxyzine (2 mg/kg per
day div qid) is an effective anti-pruritic agent.

Prescribe a moderate-potency topical corticosteroid ointment (0.1% triamcinolone, 0.05%
fluticasone, 0.1% mometasone) for the body and extremities. However, use only a low-potency
ointment (1% hydrocortisone, 0.05% aclomethasone, desonide 0.05%) on the face, and limit it
to a 2-week course. Do not use oral steroids without consulting a dermatologist. Tacrolimus
0.03% and pimecrolimus are nonsteroidal immunomodulators that can be used on both the
face and body, but inform the patient and family of the Black Box warning now present on these
products, as well as the need for photoprotection while using them.

More extensive and recalcitrant disease may benefit from wet-wrap dressings or oatmeal
baths. As an alternative, instruct the family to apply a mild- to moderate-potency topical
steroid, cover with wet kerlex or wet pajamas, and then place dry dressings or clothing over
the treated sites.

Treat acute, oozing lesions with Burrow’s solution or tap water on open dressings for 20
minutes qid. If there is a secondary bacterial infection, use topical mupirocin tid on
localized areas of involvement, but treat more extensive infections with 40 mg/kg per day
of cefadroxil or cephalexin (both div bid). If MRSA is a concern, either use clindamycin (20
mg/kg per day div q 6 h) or add trimethoprim-sulfamethoxazole (8 mg/kg per day of TMP
div bid) to the cephalosporin. Because of the recent increase in methicillin-resistant
staphylococcal infections, obtain cultures before treatment and arrange careful follow-up
to document adequate response to treatment.

Follow-up

e Primary care follow-up in 1-2 weeks

Indications for admission

e Severe involvement in a patient who cannot be treated adequately at home or shows
signs of secondary infection that would be best treated with intravenous antibiotics
e Evidence of eczema herpeticum
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Bacterial skin infections

Bacterial skin infections, or pyodermas, are most commonly caused by group A Streptococ-
cus and Staphylococcus aureus. Impetigo, folliculitis, furunculosis, and cellulitis are the
usual forms of infection.

Staphylococcal scalded skin syndrome (SSSS) is not a true cutaneous infection, but
may be a manifestation of one. It is an acute exfoliative dermatosis caused by an
epidermolytic toxin produced by phage group II strains of staphylococci, types 3A, 3B,
3C, 55, and 71. SSSS must be distinguished from toxic epidermal necrolysis of TEN
(pp. 107-108).

Clinical presentation and diagnosis
Impetigo
The most common type of bacterial skin infection is impetigo contagiosum caused by
group A Streptococcus or Staphylococcus aureus. The eruption usually appears on the face
and extremities. Small erythematous macules develop into vesicles that rupture, leaving a
typical honey-colored crust that is easily removed, but recurs. Fever and regional lymph-
adenopathy may also occur. Some cases of impetigo are caused by nephritogenic strains of
Streptococcus and subsequent acute glomerulonephritis occasionally occurs. Impetigo is
extremely contagious, spreading by autoinoculation (satellite lesions), close contact, and
fomites (towels). It is more common in the warm, humid summer months.

Bullous impetigo is usually caused by phage group II staphylococci. Yellowish vesicles
on the face, extremities, and trunk rupture, leaving well-demarcated, erythematous, circular
macules with a “collarette of scale.” Fever and lymphadenopathy may occur.

Folliculitis

Folliculitis is a pyoderma involving the hair follicles, particularly in areas subjected to
sweating, friction, scratching, and shaving. Coagulase-positive Staphylococcus is the most
frequent etiologic agent. Folliculitis presents as pruritic, round-topped pustules most
commonly seen on the scalp, face, thighs, and buttocks. If the diagnosis is uncertain,
examine the pustule under magnification (otoscope). The hallmark of a folliculitis is the
presence of a hair shaft in most lesions.

Furunculosis

Furunculosis is a deep follicular infection, usually arising from a preceding folliculitis.
Furuncles (boils) are tender, erythematous 1-5 cm nodules that become fluctuant,
then suppurate. They are seen in hair-bearing areas that are subject to perspiration and
friction, including the face, thighs, buttocks, and scalp. In contrast, an abscess is usually a
solitary lesion that is not associated with hair follicles. Risk factors for recurrent furun-
culosis include chronic nasal colonization with staphylococcus, diabetes mellitus, obesity,
corticosteroid treatment, immunoglobulin deficiency, neutropenia of any etiology, and
defective neutrophils (chronic granulomatous disease, Chediak-Higashi syndrome).
Other family members may be the source of the recurrent infections. Also, recurrent
folliculitis is a risk factor for infection with community-acquired methicillin-resistant
S. aureus.
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Cellulitis

Cellulitis, an infection involving the subcutaneous tissues, causes poorly demarcated,
tender, erythematous swelling. It is often associated with fever, local lymphadenopathy,
and proximal lymphangitic streaking. Sites of infection are often areas subjected to superfi-
cial trauma, such as the face and extremities. Common pathogens include coagulase-
positive Staphylococcus and group A Streptococcus; infections with S. pneumoniae are rare.

Erysipelas

Erysipelas is an uncommon superficial cellulitis caused by group A Streptococcus, It begins
as a small area of redness that progresses to a tense, erythematous, tender, well-demarcated
plaque.

Staphylococcal scalded skin syndrome (SSSS)

SSSS usually occurs in children <6 years of age. It begins abruptly, with a generalized
macular erythema after a period of fever and irritability. There may be a pharyngitis,
conjunctivitis, rhinorrhea, or discrete staphylococcal infection. The eruption becomes
scarlatiniform (sandpaperlike) and tender, with wrinkling, bullae, sheetlike exfoliation,
and a positive Nikolsky’s sign (a peeling of normal-appearing skin with light pressure).
Crusting around the mouth and sometimes nose and eyes is typical, but mucous membrane
involvement is rare. Despite the marked skin tenderness and irritability, these patients do
not appear toxic. If hydration is maintained, recovery occurs in 1-2 weeks.

Early in the course, SSSS may resemble scarlet fever (pp. 391-392; nontender skin,
pharyngitis, and strawberry tongue, negative Nikolsky), Kawasaki disease (pp. 395-396;
erythema of the conjunctiva, lips, and oral mucosa, strawberry tongue, negative Nikolsky),
and Stevens-Johnson syndrome or TEN (target lesions, mucous membrane involvement,
positive Nikolsky). The diagnosis of SSSS is confirmed by isolation of staphylococci from an
orifice or rarely the blood; it cannot be recovered from bullae or areas of exfoliation.

ED management

Consider the local prevalence of methicillin-resistant S. aureus when deciding which oral
antibiotic to prescribe. If there is a significant concern, use clindamycin or trimethoprim-
sulfamethoxazole.

Impetigo

Treat with mupirocin ointment (2%) tid and good local hygiene. For more extensive
disease, or if mupirocin is unavailable or ineffective, treat for 7-10 days with cefadroxil
(40 mg/kg per day div bid), cephalexin (40 mg/kg per day div bid), or amoxicillin-
clavulanate (875/125 formulation, 45 mg/kg per day of amoxicillin div bid). If MRSA is a
concern, either use clindamycin (20 mg/kg per day div q 6 h) or add trimethoprim-
sulfamethoxazole (8 mg/kg per day of TMP div bid) to the above regimen. Treat weeping
lesions with tap water or 5% Burrow’s solution on open dressings for 10 minutes tid.

Folliculitis

Folliculitis occasionally responds to 7-14 days of treatment with a topical antibiotic
(mupirocin 2%, clindamycin 1%). If the response is inadequate, treat with the same oral
antibiotics as for impetigo, for 7-10 days.
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Furunculosis and cellulitis

Treat with the same oral antibiotics as for impetigo. Warm soaks q 2 h are a helpful adjunct to
antibiotic therapy. Delineate the margins of the infection with a pen so that the response to
therapy can be objectively assessed. Incision and drainage are indicated if the area is fluctuant;
obtain a culture of the pus. However, if there is fever, proximal lymphadenopathy, and/or
lymphangitic streaking, admit the patient and treat with IV nafcillin (100 mg/kg per day
div q 6 h), cefazolin (50 mg/kg per day div q 8 h), or clindamycin (40 mg/kg per day div q 6 h).
Treat a patient with an immune deficiency with IV nafcillin (150 mg/kg per day div q 6 h).

Erysipelas
Treat with penicillin (250 mg qid) for 10 days. Admit for IV antibiotics (as for furunculosis
and cellulitis) if there is an inadequate response.

Staphylococcal scalded skin syndrome

If SSSS is suspected, obtain a CBC, electrolytes, blood culture, and polymerase chain
reaction (PCR) for the toxin (if available). Obtain cultures and Gram’s stains from the
nose, throat, conjunctiva, and other potential foci of infection (the exfoliation is toxin-
mediated so exfoliated sites will be sterile). Consult a dermatologist, who may perform a
skin biopsy to confirm the diagnosis. Admit the patient and treat with IV antistaphylococcal
antibiotics, either nafcillin 150 mg/kg per day div q 6 h, or vancomycin 40 mg/kg per day
div q 6 h if MRSA is a possibility.

Follow-up

e Impetigo: 2-3 days, if no improvement

e Folliculitis: primary care follow-up in 1-2 weeks
e Furunculosis, cellulitis, and erysipelas: 2-3 days

Indications for admission

e Furunculosis or cellulitis in a patient with an immune deficiency

e Fever, proximal lymphadenopathy, and lymphangitic streaking in association with
cellulitis or other deep skin infection

e Inadequate response to outpatient management
Suspected staphylococcal scalded skin syndrome
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methicillin-resistant Staphylococcus aureus

Candida

Candidiasis is caused by the fungus Candida albicans, which inhabits the gastrointestinal tract
of young infants and the vaginal vault of mature females. Factors that predispose to candidiasis
include local heat or moisture, systemic antibiotics, diabetes mellitus, and corticosteroids.
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Clinical presentation
Cutaneous candidiasis

Cutaneous candidiasis is most frequently found in the intertriginous and diaper areas. It is
characterized by moist, beefy red, well-demarcated macules with raised, scaly edges. Satellite
vesicles and pustules may be seen near the borders. Primary infection in the diaper region
causes a perianal rash, and secondary infection of a diaper rash of any other etiology is very
common.

Oral candidiasis

Oral candidiasis (thrush) presents in the first weeks of life with loosely adherent, cheesy
white plaques on the tongue, soft and hard palates, and buccal mucosa. The mucosal
surfaces are beefy red, and the lesions bleed when scraped lightly with a tongue blade.
These lesions are often painful, and a marked decrease in oral intake can occur in young
infants. Thrush in older patients is usually associated with some underlying condition
(immunosuppression, broad-spectrum antibiotics), but it can occur in otherwise healthy
infants. Recurrent thrush can be seen in HIV-infected children; esophageal candidiasis
occurs in up to 20% of these patients.

Perléche

Perleche (angular cheilitis) presents as erythema and fissuring at the corners of the mouth.
It may be associated with overbite, braces, poor mouth closure, or lip smacking.

Diagnosis
The typical intense erythema, scaly border, and satellite lesions suggest the diagnosis of
cutaneous candidiasis. Contact diaper rashes usually do not involve the intertriginous areas,
while seborrheic diaper eruptions are often associated with cradle cap and postauricular
scaling. When the diagnosis is in doubt, scrape the border of the eruption and examine the
scale under a microscope after mixing with 10-20% KOH. Budding yeasts and pseudohy-
phae are seen with Candida.

Thrush is often confused with milk, but the latter can easily be scraped from the oral
mucosa without causing any bleeding.

Angular cheilitis can resemble impetigo, but the characteristic honey-colored crust is
not present. The perioral eruption of herpes simplex presents with grouped vesicles, which
are not usually located at the corners of the mouth.

ED management

Many topical agents are available, including nystatin, miconazole, clotrimazole, and econ-
azole. Apply one of these creams tid or qid to cutaneous eruptions and perléche.
The “-azoles” are preferred in the inguinal region or when it is difficult to distinguish tinea
from monilia. Avoid combination products containing neomycin, which can be sensitizing. Do
not prescribe steroid-containing combination preparations, as over-use in very young children
can lead to striae and thinning of the skin, particularly in the diaper area. If the eruption is
markedly inflamed, use a low-potency topical corticosteroid such as hydrocortisone 1-2.5% bid
for 48-72 hours in addition to a topical antifungal. Instruct parents to change the child’s diapers
frequently and to avoid irritating, possibly sensitizing, cleansing agents. The additional use of
a barrier product containing zinc oxide is often helpful.
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For thrush, instill 1 mL of a nystatin oral suspension in each side of the mouth qid, after
feedings, until 5 days after the lesions have resolved. Advise the parent to rub persistent
lesions with a gauze pad soaked with nystatin suspension and to discard any old pacifiers.
Suspect an underlying immunodeficiency in children with persistent or recurrent thrush in
the absence of antibiotic use. For these patients, use clotrimazole troches or ketoconazole
(see HIV-related emergencies, pp. 374-384). Systemic fluconazole therapy may be necessary
in severe, persistent, or unresponsive cases.

Follow-up
® Primary care follow-up in 1-2 weeks
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Contact dermatitis

Irritant contact dermatitis is the most common form of contact dermatitis and is a
nonallergic, as well as nonspecific, reaction of the skin to an irritant. The most common
irritants are water (prolonged or repeated exposure), soaps, detergents, acids, alkalis, saliva,
urine, and feces.

Allergic contact dermatitis is less common and affects up to 20% of the pediatric popula-
tion. It is secondary to a delayed type IV hypersensitivity response that depends on a genetic
predisposition, site, and duration of the contact, as well as previous exposure and sensitization.
Common causes include Rhus genus plants (poison ivy, oak, and sumac), nickel, latex, rubber,
shoes, cosmetics, adhesives, neomycin, bacitracin, and thimerosol.

Phytophotodermatitis is a non-immunologic, acute phototoxic reaction, which can
occur after contact with plants containing psoralens and subsequent exposure to UV light.
Plants commonly associated with this response include lemon, lime, bergamot, celery,
carrot, parsley, parsnip, fennel, dill, fig, mustard, and buttercup.

Clinical presentation

Irritant contact dermatitis presents within minutes to hours of the contact as an acute
eczematous reaction, with erythema, scaling, swelling, vesicles, and erosions of varying
severity at the site of the contact (perioral, dorsum of hands). Lesions may be linear and
have a sharp demarcation between the involved and uninvolved skin.

Allergic contact dermatitis presents within hours or days with erythema, edema, and
vesicles, most commonly on the hands and face, but also seen on the feet, eyelids, ears, neck,
axillae, and periumbilical area. Once again, the lesions may be linear and have a sharp
demarcation between the involved and uninvolved skin.

Phytophotodermatitis reactions may be eczematous and erythematous, with prominent
vesicles and bullae, located in areas of psoralen contact. The cutaneous reaction may assume
bizarre digitate, linear, or drip patterns. The rash often resolves with subsequent
hyperpigmentation.
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Diagnosis

Inquire about exposure to possible offending agents (new soap, detergent, shoes, or
foods, or playing in the woods) and whether there have been previous similar episodes or
known sensitivity to a substance. On examination, the presence of an eczematoid
eruption either in nontypical locations or in a linear pattern is highly suggestive of contact
dermatitis, as are the sharp borders of the rash (atopic eczema blends into neighboring
normal skin). Phototoxic reactions can easily be confused with child abuse, burns, or herpes
simplex.

ED management

Meticulous allergen avoidance is the key to management and, in minor cases, is sufficient
treatment. Otherwise, treat an acute dermatitis with open wet dressings (tap water, normal
saline, 5% Burrow’s solution) PRN, soothing baths (Aveeno, oatmeal) qd, and
antihistamines (hydroxyzine 2 mg/kg per day div tid or diphenhydramine 5 mg/kg per
day div qid). For intense inflammation or pruritus, prescribe a low- to medium-potency
topical corticosteroid (see Table 5-3) bid for 2 weeks.

Use a systemic corticosteroid for a dermatitis that is widespread or involves the
mucous membranes or eyelids. Start with 0.5-1.5 mg/kg per day (40 mg/day maximum)
of prednisone or prednisolone, then taper over 10-14 days to prevent a rebound in the
eruption.

For a chronic dermatitis the above modalities may be effective, but refer the patient to
dermatology for definitive diagnosis and treatment.

Follow-up

e As needed based on severity; if on systemic steroids follow up in 2 weeks

Indication for admission

e Severe disease with extensive involvement involving mucous membranes or threatening
the eyes or upper respiratory tract

Blb|lography Militello G, Jacob SE, Crawford GH: Allergic
contact dermatitis in children. Curr Opin
Carlsen K, Weismann K: Phytophotodermatitis Pediatr 2006;18:385-90. 4

in 19 children admitted to hospital

and their differential diagnoses: child
abuse and herpes simplex virus infection.
J Am Acad Derm 2007;57(5 Suppl): 2008;49:1-9.
588-91.

Slodownik D, Lee A, Nixon R: Irritant contact
dermatitis: a review. Australas ] Dermatol

Diaper dermatitis

Diaper rashes can begin as early as the first month of life and may persist or wax and
wane over the next 2 or 3 years. Diaper rash can be caused by irritant contact dermatitis,
infection (bacterial, fungal), nutritional deficiencies (zinc, biotin, fatty acid, protein),
dermatologic disorders (seborrhea, psoriasis, Langerhans cell histiocytosis), metabolic



104 Chapter 5: Dermatologic emergencies

Table 5-3. Potency of topical corticosteroids

Class: potency Generic name Brand name  Strength/form

VII: lowest Hydrocortisone Cortifoam 0.1% lotion/ointment/foam
acetate
Hydrocortisone Hytone, 0.25-2.5% lotion/ointment/

Cortaid solution

VI: low Desonide Desowen 0.05% cream
Flucinolone Synalar 0.01% cream/solution
acetonide
Aclometasone Aclovate 0.05% cream/ointment

V: low/medium Hydrocortisone Locomid 0.1% ointment/solution
butyrate
Prednicarbate Dermatop 0.1% cream

IV to Ill: medium/high Mometasone Elocon 0.1% cream

medium
Fluticasone Cutivate 0.05% cream; 0.005%
proprionate ointment
Betamethasone Luxig 0.1% cream/ointment/lotion/
valerate foam
Clocortolone Cloderm 0.1% cream
pivalate

Il to I: high Flucinonide Lidex 0.05% cream/ointment/gel/

foam

Note: The duration of topical corticosteroid use varies by disease severity and location. Most patients will respond to
1-2 weeks of application g day or bid. Longer courses require close follow-up. Do not use high-potency topical
corticosteroids in the facial and intertriginous areas because it can lead to atrophy, striae, and telangiectasias.
Extensive use of any potency topical steroids over large body surface areas for prolonged periods may lead to
adrenal axis suppression, particularly in infants.

disorders (cystic fibrosis, maple syrup urine disease, methylmalonic acidemia, organic
aciduria), or abuse/neglect. Candida superinfection commonly occurs with a diaper rash
of any other etiology.

Clinical presentation
Irritant and allergic contact dermatitis

Irritant and allergic contact dermatitis are usually located on the convex surfaces of the
buttocks, genitalia, and lower abdomen, sparing the intertriginous folds. The eruption is
shiny, erythematous, and scaly. Secondary candidal infection is common.

Candida

Candida infections may be primary, with perianal erythema, or secondary. Beefy red
erythema with well-demarcated, raised scaly borders and satellite papules, pustules, and
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vesicles are seen. Involvement of the intertriginous creases and associated oral thrush are
common, and the eruption can spread up the abdomen and down the thighs. The scrotum
is often involved in males. Consider secondary candidiasis if a diaper rash does not respond
to the usual therapeutic measures. Persistent or frequently recurring diaper candidiasis can
occur in HIV-infected children.

Seborrheic dermatitis

Seborrheic dermatitis presents as nonpruritic, salmon-colored, greasy scales on a well-
demarcated erythematous base. Characteristically, a similar eruption is simultaneously seen
on the face, along with scaling of the scalp and retroauricular areas. Involvement of the
intertriginous creases is common, and secondary candidiasis can occur.

Atopic dermatitis

Atopic dermatitis causes a moist, erythematous diaper rash in association with a similar
eruption on the face, trunk, and extensor surfaces of the extremities. These infants are
extremely unhappy because of the intense pruritus. The onset is between 2 and 6 months of
age, and usually the family history is positive for allergies, eczema, hay fever, or asthma.

Congenital syphilis

Congenital syphilis usually presents between 2 and 6 months of age with erythematous
papulosquamous plaques, and hemorrhagic bullae of the anogenital region, back, buttocks,
thighs, and palms and soles.

Langerhans cell histiocytosis (histiocytosis X)

Histiocytosis may cause a diaper eruption that resembles seborrhea, but is more discretely
papular. These papules may feel firm or slightly infiltrated or indurated and can appear
hemorrhagic or purpuric. Furthermore, ulceration may occur, which is rare in seborrhea or
psoriasis.

Acrodermatitis enteropathica

Acrodermatitis enteropathica in the diaper area can resemble candidiasis or psoriasis.
However, there may be a vesiculobullous eruption of the face, hands, and feet, as well as
paronychial changes. The patient may also have diarrhea, cachexia, and alopecia.

Psoriasis

Psoriasis can occasionally occur in the first few years of life. It is characterized by the
presence of well-demarcated red plaques which are often covered with copious amounts of
white or silver (micaceous) scales. New lesions are often small, 1-3 mm papules which
subsequently enlarge and coalesce with adjacent lesions to form large plaques. Common
sites for psoriatic lesions are the elbows, scalp, knees, and lumbosacral region.

Perianal streptococcal disease

Perianal group A streptococcal infection is characterized by a persistent, bright red, usually
tender eruption which is sharply demarcated from the adjacent normal skin. There can be
perianal tenderness and itching, and occasionally rectal pain, painful defecation, anal
fissures, and secondary stool withholding.
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Diagnosis

In general, the clinical presentations are sufficiently different, making the diagnosis appar-
ent. When the picture is not typical, a secondary Candida infection of an irritant, contact, or
seborrheic dermatitis has most likely occurred. This can be confirmed, if necessary, by
microscopic examination of some scales which have been mixed with 10-20% KOH and
heated gently. Budding yeasts and pseudohyphae are seen in Candida infections.
A dermatophyte infection can also be confirmed (branching hyphae and spores).

Pruritus is the key to diagnosing atopic dermatitis. Consider congenital syphilis if there
are lesions on the palms and soles or histiocytosis X if the eruption is papular. If the infant
appears malnourished, with chronic diarrhea and alopecia, consider acrodermatitis. Psor-
iasis is suggested by the typical distribution and morphology of the lesions. Perianal
streptococcal infection can be confirmed by obtaining a bacterial culture.

ED management

In general, meticulous diaper care is the cornerstone of management for all types of diaper
rashes. Recommend frequent diaper changes, gentle cleansing (Cetaphil and Aveeno), and
liberal use of barrier products (zinc oxide, petrolatum, A&D ointment) with every diaper
change. Air drying and loose-fitting diapers are also key steps in treating and preventing a
diaper rash. If the rash is inflammatory, discontinue all harsh soaps, powders, and per-
fumed products (including baby wipes). Also, since Candida super-infection is common
with diaper rash of other etiologies, add antifungal therapy (see below) in refractory cases.

Treat inflammation secondary to irritants, contact dermatitis, seborrhea, or atopic
dermatitis with a mild topical steroid (see Table 5-3) after diaper changing.

Many topical agents are available for the treatment of Candida, including nystatin,
miconazole, and clotrimazole. Apply one of these creams tid or qid with a diaper change.
The “-azoles” are preferred in the diaper region or when it is difficult to distinguish
tinea from monilia. Nystatin (mycostatin) is only effective against Candida and other yeast
fungi; it is not effective against dermatophyte infections. Add oral Nystatin (1 mL each
side of the mouth tid after feeding) if there is oral thrush or a recurrent candidal diaper rash.

Treat perianal streptococcal infection with penicillin VK (50 mg/kg per day div qid) or
40 mg/kg per day div qid of either cephalexin or erythromycin.

A persistent diaper eruption may be the presenting sign of an underlying systemic
disorder (immunodeficiency, histiocytosis X, acrodermatitis enteropathica, psoriasis). Refer
the patient to a dermatologist if the rash does not respond to these routine measures or the
infant is not thriving or has recurrent infections.

Follow-up

e DPerianal streptococcal infection: 2-3 days
e Other diaper rashes: primary care follow-up

Blbllography Schelnfelq N: Diaper dermaFltls: a review
and brief survey of eruptions of the diaper
Gupta AK, Skinner AR: Management of diaper area. Am J Clin Dermatol 2005;
dermatitis. Int | Dermatol 2004;43:830-4. 6:273-81.

Humphrey S, Bergman JN, Au S: Practical
management strategies for diaper dermatitis.
Skin Therapy Lett 2006;11:1-6.
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Drug eruptions and severe drug reactions

Any drug can cause adverse reactions and these frequently involve the skin. The most
common offending agents are the penicillins, sulfonamides, and anticonvulsants. In
general, suspect the reaction is drug-related when a drug has just been prescribed within
the past 6 weeks or has been used inconsistently in the recent past. Unfortunately there
are no tests that can confirm that an eruption is due to a particular agent. The priority
in the ED is expeditious diagnosis and treatment of serious drug reactions and
anaphylaxis.

There are four common drug-related cutaneous eruption patterns: exanthematous,
urticarial, fixed drug eruption, and phototoxic/allergic drug eruptions. Of particular
concern are the more serious drug reactions with cutaneous manifestations. These
include serum sickness-like reactions (SSLR), drug reaction with eosinophilia and sys-
temic symptoms (DRESS), Stevens-Johnson syndrome (SJS) and toxic epidermal necro-
lysis (TEN).

Clinical presentation and diagnosis
Exanthematous cutaneous eruption

This is the most common drug eruption. It is most frequently caused by amoxicillin and
ampicillin (“amoxicillin rash”), developing in about 5-10% of patients taking either medi-
cation. The rash is an erythematous, nonpruritic, macular eruption primarily on the trunk,
face, and extremities. The typical onset is between days 4 and 8, although the rash can occur
after the first or last dose. This is not a true allergy and does not necessitate discontinuing
the drug or avoiding penicillins in the future.

Erythema multiforme

Erythema multiforme (EM) is most often a postinfectious rather than drug-related disorder
(see pp. 111-112). EM manifests over a period of 12-24 hours, preceded by a mild and
short-lived prodromal phase consisting of URI symptoms. The typical target-shaped fixed
lesions, with or without blisters, occur in a symmetric, primarily acral distribution, with or
without oral mucosal involvement.

Stevens—Johnson syndrome and toxic epidermal necrolysis

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are severe condi-
tions involving blistering of two or more mucosal surfaces, widespread lesions, and
systemic involvement with fever and generalized malaise. One-third of children with SJS
will have episcleritis and purulent conjunctivitis. The associated fever and pharyngitis is
frequently misdiagnosed as an infection.

Serum sickness

Serum sickness typically follows the administration of a drug, and is characterized by fever,
lymphadenopathy, rash, arthritis, and/or arthralgias. Antigen-antibody complexes are
deposited throughout the vascular system and lead to an intense inflammatory response
and the associated symptomatology.

See Table 5-4 for the diagnosis and management of the common types of drug
eruptions. See Table 5-5 for the diagnosis of other types of drug eruptions. See Table 5-6
for the diagnosis and management of severe drug eruptions.
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Table 5-4. Drug eruptions

Eruption type

Exanthematous Amoxicillin, ampicillin

Urticarial

Fixed drug

Photosensitivity

Phototoxic

Photoallergic

Associated drugs

Antiepileptics
NSAIDs
Anti-Tb drugs

Penicillins,
cephalosporins

Sulfonamides

NSAIDs, opiates
Anti-Tb drugs

Sulfonamides,
tetracyclines

Acetaminophen,
NSAIDs

Ciprofloxacin,
metronidazole

Penicillins, anti-Tb
drugs

Tetracyclines,
griseofulvin

Fluorogquinalones
NSAIDs, diuretics
Antipsychotics

Sunscreen, fragrance,
latex

NSAIDs, thiazides

Sulfonamides

Presentation
Morbilliform or scarlatiniform
Generalized, symmetric

Centripetally progressive

Evanescent, pruritic
Edematous wheals, papules,
plaques

Angioedema may develop

Dermatographism may be
present

Solitary or multiple
Erythematous or violaceous

Distinct patches or plaques

Face, trunk, genitalia

Sunburn

May be edematous

Dose-dependent

Eczematous and pruritic

Management
Continue medication
Antihistamines

Avoid sunlight

Discontinue medication

Antihistamines

Cool emollients

Discontinue medication

Discontinue medication

Avoid sunlight
Antihistamines

Systemic steroids
(if severe)

Same as for phototoxic

ED management

Patients with DRESS, SJS, and TEN can deteriorate quickly from dehydration and internal
organ involvement. Therefore, prompt recognition and intervention may be life-saving as
these processes all carry significant mortality.

For most other drug eruptions the only treatment required is discontinuing the offending
agent. However, there is a wide spectrum of severity and treatment will vary accordingly.
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Table 5-5. Other types of drug eruptions

Type of eruption

Acneiform

Erythema multiforme

Erythema nodosum
Lupus-like

Purpura

Most common causes

Corticosteroids, diphenylhydantoin, isoniazid, lithium,

oral contraceptives

Sulfonamides, penicillins, barbiturates, phenytoin,
carbamazepine

Sulfonamides, phenytoin, oral contraceptives
Procainamide, hydralazine

Penicillins, sulfonamides, oral contraceptives

Table 5-6. Serious drug reactions

Diagnosis Drugs

SSLR Cefaclor

Beta-lactams

Sulfonamides

Macrolides

DRESS Antiepileptics 1-6 wks  Fever

Sulfonamides

SJS Antiepileptics 1-8 wks

Sulfonamides

Beta-lactams
Barbiturates

Macrolides

Onset Symptoms

1-3 wks  Fever

Cutaneous
findings

Erythema and

urticaria
Arthralgia Pruritus

Lymphadenopathy

Initially macular
and erythematous

Lymphadenopathy ~ Becomes
papulovesicular,
then exfoliative
Facial edema
Mucous
membrane
involvement

1-14 day Abrupt eruption

prodrome: of target lesions

Fever, 1-3 days after

conjunctivitis, mucous

pharyngitis, membrane
rhinitis, involvement

Arthralgia, myalgia,

vomiting, diarrhea

Treatment

Discontinue
medication

Antihistamines

Topical
steroids

Systemic
steroids
(severe)

Discontinue
medication

Systemic
steroids
(severe)

Supportive
care

Meticulous
wound care

Severe cases:
burns unit
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Table 5-6. (cont)

Diagnosis Drugs Onset
NSAIDs
TEN Antiepileptics 1-8 wks

Sulfonamides

Beta-lactams

Barbiturates

Macrolides

NSAIDs

Cutaneous
Symptoms findings Treatment
— 17 mucous
membrane erosion
Same as for SJS, Abrupt onset PICU or burn
but | mucous with caudal unit
membrane spread
involvement
Painful Meticulous
erythroderma wound/eye
care
Targetoid Maintain
violaceous airway,
lesions — hydration
T systemic flaccid blisters 30% mortality
symptoms (face, trunk) —

1 skin involvement  few hours:
widespread sheet-
like epidermal loss

+ Nikolsky’s sign

In general, treat pruritus with hydroxyzine (2 mg/kg per day div tid) or diphenhydramine
(5 mg/kg per day div qid) and a low-potency topical corticosteroid (see Table 5-6).

The treatment of anaphylaxis (pp. 30-34), acne (pp. 91-93), erythema multiforme
(pp. 111-112), erythema nodosum (pp. 112-113), and urticaria (pp. 36-38) is discussed

elsewhere.

Indications for admission

e DRESS
e TEN

e §JS

[ ]

Anaphylactic reaction
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Erythema annulare

Erythema annulare manifests as an erythematous annular lesion with a raised, non-
indurated border and a clear center. The lesion enlarges centrifugally and there may be a
fine collarette of scale left behind as the lesions progress. There can be single or multiple
lesions on the trunk, buttocks, and thighs, but the hands and feet are usually spared. The
etiology is unknown, but is thought to be a hypersensitivity reaction to an underlying
condition such as dermatophyte, bacterial or viral infection, malignancy, or immunologic
disorder. The lesions may be slightly pruritic but are often asymptomatic. The process is
self-limiting but can last weeks to months with successive crops of lesions developing.
Symptomatic treatment with antihistamines and a low-potency corticosteroid is variably
effective.

Erythema marginatum

Erythema marginatum presents with distinctive, annular, expanding, polycyclic macules
limited to the trunk and proximal extremities. These evanescent, pink lesions develop
clear centers and serpiginous borders. The rash occurs in up to 10% of patients with active
rheumatic fever and follows the onset of migratory arthritis by a few days (pp. 668-671).

Erythema multiforme

Erythema multiforme (EM) (see also p. 107) is a hypersensitivity reaction, most often to an
infectious agent. In children, 50% of cases are associated with HSV Type 1, but other viral
infections (EBV, hepatitis, adenovirus), bacterial infections (tuberculosis, Staphylococcus,
group A Streptococcus, Gonococcus, Mycoplasma), and fungi (coccidiomycosis, histoplas-
mosis) are also implicated. EM is rarely associated with medications (penicillins, sulfona-
mides, tetracycline, phenytoin), collagen vascular diseases (lupus, rheumatoid arthritis),
pregnancy, poison ivy, and neoplasms (leukemia, lymphoma).

Clinical presentation

EM occurs in all age groups, although it is uncommon in children <3 years of age. A short
prodromal phase, with symptoms of cough, coryza, sore throat, and myalgias, can precede
the eruption by 1-10 days. The classic lesions are dusky red, flat, round macules and target-
shaped wheals, with a vesicle or bullae in the center, and occasionally with petechiae within
the margins. The eruption can occur anywhere but typically involves the palms and soles,
dorsal surfaces of the hands and feet, and extensor surfaces of the arms and legs. The
eruption involves the oral mucous membranes in 25-50% of children. The eruption is fixed
for 1 week, then resolves over 2-3 weeks, but recurrences may occur. In contrast to
urticaria, the rash is symmetric and fixed. Superficial ulceration and hemorrhagic crusting
of the mucous membranes also occur. There may be severe eye involvement, with conjunc-
tivitis and keratitis. Lesions appear in successive crops over 10-15 days, after which slow
resolution occurs.

Diagnosis

When the characteristic target lesions are present, there is little difficulty in making
the diagnosis. However, erythema multiforme is most often confused with urticaria
(pp. 36-38), in which the plaques are pruritic and individual lesions last less than 24 hours.
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Lupus erythematosus can present with red to purple, annular, polycyclic, urticarial
plaques. As with EM, the eruption is on the extensor surfaces of the arms and legs and
dorsal aspects of the hands and feet, as well as the mucous membranes and palms and
soles. In neonatal lupus erythematous, papules and persistent annular plaques are most
concentrated on sun-exposed areas

ED management

If an etiology is not apparent (drug history, herpes, hepatitis, pharyngitis, pregnancy, poison
ivy eruption), but the patient appears well, a viral infection is the probable cause and work-up
can be deferred. If the patient appears ill, obtain a heterophile antibody, cold agglutinins, and
hepatitis surface antigen (HBsAg), and place a PPD. Also obtain a throat culture if there is a
pharyngitis, and a chest X-ray if there are lower respiratory tract symptoms.

Appropriately treat any underlying illness (erythromycin for mycoplasma, etc.). In mild
cases, all that is needed is acetaminophen (15 mg/kg q 4 h) and wet compresses (normal saline
or 5% Burrow’s solution) tid for localized bullae. Diphenhydramine/Maalox/viscous lidocaine
(1:1:1) rinses may ease the debilitating oral pain of the mucous membrane involvement.
Consult an ophthalmologist for any ocular involvement. In rapidly progressing and severe
cases admit the patient and consult a dermatologist.

Follow-up
e Jll-appearing patient with erythema multiforme: 2-3 days to check PPD and laboratory
results

Indications for admission

e Inability to take liquids adequately
e Suspected Stevens-Johnson syndrome

ihli erythema multiforme and Stevens-Johnson
Blbllography syndrome. Arch Dis Child 2000;83:
Khalili B, Bahna SL: Pathogenesis and recent 347-50.

therapeutic trends in Stevens-Johnson

syndrome and toxic epidermal necrolysis. Letko E, Papaliodis DN, Papaliodis GN, et al:

Ann Allergy Asthma Immunol 2006; Stevens-Johnson syndrome and toxic
97-272-80. epidermal necrolysis: a review of the
) ) literature. Ann Allergy Asthma Immunol
Leaute-Labreze C, Lamireau T, Chawki D, et al: 2005;94:419-36.

Diagnosis, classification, and management of

Erythema nodosum

Erythema nodosum (EN) is a hypersensitivity reaction that occurs most commonly in patients
with respiratory infections, particularly group A streptococcal pharyngitis and primary tuber-
culosis. Other associations include fungal infections (coccidioidomycosis, histoplasmosis,
dermatophytosis), Lyme disease, infectious mononucleosis, cat scratch disease, Mycoplasma
pneumoniae, pregnancy, inflammatory bowel disease, sarcoidosis, lymphoma, leukemia, and
drug reactions (bromides, sulfonamides, oral contraceptives). Erythema nodosum is more
common in females, patients >10 years of age, and in the spring and fall.
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Clinical presentation

Erythema nodosum presents with multiple, 1-5 cm, oval, red, progressing to purple-
colored, slightly elevated nodules symmetrically distributed over the pretibial area. Less
commonly, lesions occur on the extensor surfaces of the arms, thighs, face, and neck.
Nodules can be warm and extremely tender and frequently are accompanied by arthralgias.
Strep-induced erythema nodosum typically appears within 3 weeks of the infection.
The eruption then usually disappears without scarring within 6 weeks. There may be
recurrences over a period of weeks to months, but rarely thereafter.

Diagnosis
Usually the nodules are so characteristic that there is little difficulty in making the diagno-
sis. Insect bites are pruritic and not symmetrically distributed; bruises are usually not
elevated and resolve over several days; and a cellulitis is hot, usually unilateral, not well
demarcated, and often associated with lymphangitic streaking or local lymphadenopathy.
Inquire about a history of upper respiratory infection, tick bites, trauma, recent travel,
possible tuberculosis exposure, and medication use. Obtain a rapid strep test or a throat
culture and place a 5TU PPD. If tuberculosis, sarcoid, or a systemic fungal infection is
suspected, also obtain a chest X-ray.

ED management

The priority is treatment of the underlying disease or eliminating the offending drug. Bed
rest, leg elevation, and ibuprofen (10 mg/kg q 6 h) are helpful. Refer atypical, persistent, or
recurrent cases to a dermatologist.

Follow-up
e As per the underlying illness
Blbllography Requena L, Sdnchez Yus E: Erythema
nodosum. Semin Cutan Med Sur;
Mert A, Ozaras R, Tabak F, et al: Erythema 2007:26:114-25. 4
nodosum: an experience of 10 years. .
Scand J Infect Dis 2004;36:424-7. Schwartz RA, Nervi SJ: Erythema nodosum: a

sign of systemic disease. Am Fam Physician
2007;75:695-700.

Granuloma annulare

Granuloma annulare (GA) is a relatively common cutaneous disorder of unknown
etiology. Although GA may occur at any age, 40% of the cases appear in children
<15 years of age.

Clinical presentation

The classic lesion of GA is a nonscaling erythematous to flesh-colored annular plaque.
Dome-shaped or slightly flattened papules, 3-6 mm in diameter, may also be seen. These
papules may be skin-colored, pink, or violaceous and are typically arranged in the form of a
ring. Ring size may vary from 1 to 10 cm in diameter and multiple rings are present in
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Table 5-7. Differential diagnosis of annular lesions

Associated
Diagnosis Morphology Size Location Duration findings
Erythema Rapidly enlarging >5cm  Trunk 4-8 weeks  Fever, malaise,
migrans headache
Round or oval plaques Peripheral Arthralgia
Annular or targetoid extremities History of tick
bite
Erythema Erythematous to 1-5cm  Symmetrical  >7 days Nonspecific
multiforme  violaceous viral URI
Targetoid plaques Acral Streptococcal
pharyngitis
Palms and Herpes
soles infection
Infectious

mononucleosis

Granuloma  Pink to violaceous 1-5cm  Distal Months— Asymptomatic
annulare extremities years

Smooth papules and

plaques
Nummular Scaly plaques 1-5cm  Extremities Weeks to Pruritus
eczema months
Excoriations Follicular
prominence
Tinea Scaly plaques Varies Anywhere Weeks to Cat or dog
corporis months exposure
Central clearing
Urticaria Erythematous and Varies Generalized  Usually Pruritus
edematous papules <24 hours  Angioneurotic
and plaques edema

Source: Adapted with permission from Nopper A, Markus R, Esterly N: When its' not ringworm: annular lesions of
childhood. Pediatr Ann 1998;27:136-48.

about 50% of patients. GA may occur on any part of the body, but it usually begins on the
lateral or dorsal surfaces of the feet, hands, and fingers.

Diagnosis
Granuloma annulare must be distinguished from other annular eruptions, particularly tinea
corporis, which is a scaling disease (GA has no scale). Erythema migrans (Lyme disease) can
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present as a single annular plaque with central clearing. To differentiate these, use low-
power magnification (otoscope) to inspect the lesion. With GA there classically are individ-
ual papules that form the ring. In addition, on palpation the individual papules of GA can
be appreciated, as opposed to the continuous ring of erythema migrans. See Table 5-7 for
the differential diagnosis of annular lesions.

ED management

The lesions of GA usually disappear spontaneously, often within several months to several
years, with no residual scarring. If GA is severe or generalized, consult a dermatologist, who
may obtain a biopsy and/or treat with topical or intralesional corticosteroids.

Follow-up
e 1-2 weeks
ihli Goldsmith LA, Katz SI (eds), Dermatology
Blbllography in General Medicine, 6th ed. New York:
Cyr PR: Diagnosis and management of ‘ McGraw Hill, 2003, pp. 980-985.
granuloma annulare. Am Fam Physician ) ) )
2006;74:1729-34. Hsu S, Le EH, Khoshevis MR: Differential
diagnosis of annular lesions. Am Fam
Dahl MV. Granuloma annulare. In Freedberg Physician 2001;64:289-96.

IW, Eisen AZ, Wolff K, Austen KF,

Herpes simplex

Herpes simplex infections are caused by two major antigenic types, although the clinical
diseases are indistinguishable. Herpes simplex 1 was traditionally responsible for nongenital
infections, while type 2 was the agent in sexually transmitted disease. However, this
distinction is no longer valid.

After primary spread by person-to-person contact, the virus remains latent in sensory
ganglia, with reactivation at a later time. Reactivating stimuli include fever, local trauma,
stress, menstruation, and ultraviolet light.

Clinical presentation

The hallmark of herpes infection is a cluster of vesicles on an erythematous base. In general,
recurrent disease is associated with fewer constitutional symptoms, smaller vesicles, closer
grouping of lesions, and a shorter clinical course than the primary infection.

Gingivostomatitis and labialis

Gingivostomatitis and labialis are common in infants and young children. With primary
infection, fever, malaise, sore throat, salivation, and cervical adenopathy occur in associ-
ation with vesicles in the oral cavity. These vesicles then ulcerate, while the gingiva are
erythematous, swollen, and tend to bleed easily. Decreased oral intake may lead to dehydra-
tion in infants. Resolution takes 10-14 days.

Recurrent infection is often preceded by burning or tingling in the affected areas for
hours to several days. The lesions occur on the cheeks, chin, and vermilion borders of the
lips, but generally not in the mouth. The grouped vesicles dry quickly and form a crust.
Healing occurs in 5-14 days, but secondary impetiginization can occur.
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Genitalis

In females, primary vulvovaginitis is characterized by malaise, fever, vaginal burning, and
severe dysuria. The vesicles and erosions may be superficial or deep, involve the vagina,
labia, and perineum, and coalesce into large ulcers. In males, the disease affects the penile
shaft, glans, urethra, and scrotum. The lesions are painful single or multiple vesicles that
rapidly erode and form a crust. Bilateral tender adenopathy is usually present in both
genders. Recurrent disease occurs with a prodrome of pain or tingling, followed by the
clustered vesicles, which rupture and form ulcers. The course is 10-14 days, with pain,
dysuria, and lymphadenopathy.

Neonatal herpes

Neonatal disease occurs either as an ascending infection after premature rupture of the
membranes or by direct spread to the neonate during passage through an infected birth
canal. Neonatal infection can be asymptomatic or present as a local infection or dissemin-
ated life-threatening disease. Generally, the infant becomes ill during the first 1-2 weeks of
life when oral or cutaneous vesicles are noted, most commonly on the face or scalp. Fever,
lethargy, and hepatosplenomegaly can occur, and with dissemination there may be ocular
(keratoconjunctivitis), CNS (encephalitis), and pulmonary (pneumonia) involvement. Dis-
semination can also occur in the absence of cutaneous lesions. A similar spectrum of disease
can occur in immunocompromised patients of any age.

Keratoconjunctivitis

Primary ocular disease presents as a purulent conjunctivitis with edema, vesicles, and
corneal ulcers. In contrast to other etiologies of conjunctivitis, pain and photophobia are
common because the cornea is involved. With recurrent disease, keratitis or corneal ulcers
occur in association with a vesicular eruption of the conjunctiva, eyelids, periorbital skin,
and tip of the nose.

Whitlow

Herpetic whitlow results from inoculation of the virus into the fingers, causing a painful,
localized vesiculobullous eruption with swelling and erythema. It is usually found distally
on the finger that the child habitually sucks. The course is 10-21 days.

Eczema herpeticum (Kaposi’s varicelliform eruption)

This occurs in a patient with underlying atopic dermatitis. There are monomorphous
(identical) ovoid, eroded, or vesicular lesions that may be associated with fever and toxicity.
The lesions may be confused with a secondary bacterial infection.

Diagnosis

Always suspect herpes when there are grouped vesicles on an erythematous base. The
presumptive diagnosis of a herpetic infection can be confirmed by performing a Tzanck
smear: open the vesicle, blot up the fluid, scrape the bottom and roof of the lesion onto a
glass slide, and stain with Wright’s or Giemsa stain. Multinucleated giant cells are seen in
herpes. If available, direct fluorescent antibody evaluation of a smear is often more practical
in the acute care setting. The diagnosis can be confirmed by culturing the virus from vesicle
fluid; this requires at least 24-48 hours.
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Gingivostomatitis and labialis

The differential diagnosis of mouth sores is discussed on pp. 75-76. Vincent’s angina is an
acute gingivitis, occurring in adolescents and young adults, that resembles herpes without
buccal involvement. Stevens-Johnson syndrome may be associated with cutaneous lesions,
and hand-foot-mouth disease is often associated with vesicular lesions on the hands and
feet. Recurrent herpes labialis is most often confused with impetigo, although the crust in
impetigo has a typical honey color.

Genitalis

Herpes is the major cause of vesicles and ulcers of the genitalia, but confusion with syphilis is
common. The diagnosis of sexually transmitted diseases is summarized on pp. 314-325.

Neonatal herpes

Neonatal herpes can resemble any of the transplacental TORCH infections or bacterial
sepsis, especially when there are no cutaneous lesions. A complete sepsis work-up (includ-
ing lumbar puncture) and TORCH titers are indicated for infants presenting in this
manner. Do not dismiss the possibility of neonatal herpes even if the mother reports no
active lesions at the time of the delivery or there is no known history of the disease.

Keratoconjunctivitis

See pp. 151-153 for other etiologies for a “red eye.” The symptoms of ocular pain and
photophobia along with the intense conjunctival involvement do not occur with a routine
viral or bacterial conjunctivitis. In recurrent infection, be suspicious of ocular involvement
if a vesicular eruption is noted on the tip of the nose, since the innervation is the same.

Whitlow

A whitlow can resemble a paronychia (swelling along the lateral side of the nail) or bullous
impetigo (flaccid bulla with yellowish pus inside). The diagnosis is made clinically, but if it
is uncertain, obtain a Tzanck prep and Gram’s stain of the fluid, DFA (if available), and
bacterial and viral cultures.

ED management

The mainstays of therapy for children with herpetic gingivostomatitis, labialis, and whitlow
are analgesia (acetaminophen, ibuprofen), soaks (sitz baths, 5% Burrow’s solution),
and patience. Prescribe oral acyclovir (80 mg/kg per day div q 8 h to a maximum of
1200 mg/24 hours) only when symptoms are severe; IV acyclovir (15 mg/kg per day div
q 8 h) may be necessary in children who cannot take PO. On occasion, an infant with severe
oral disease can become dehydrated and require intravenous fluids. For patients with
significant gingivostomatitis that interferes with adequate intake, swab the lesions with
viscous lidocaine (2%). However, use it judiciously, as viscous lidocaine can cause seizures
and has known cardiotoxic effects if large quantities are absorbed (when used as a rinse or
for lesions in the posterior pharynx).

Genitalis

The management is summarized on pp. xx-yy. In general, treating primary or recurrent
disease results in faster resolution of the pain and pruritus as well as decreased new lesion
formation. Also, suppressive therapy can reduce the frequency of recurrences.
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Eczema herpeticum (Kaposi’s varicelliform eruption)

Treat with PO or IV acyclovir, depending on the severity of the eruption and toxicity of the
patient.

Keratoconjunctivitis
Refer any patient with suspected herpetic keratoconjunctivitis to an ophthalmologist for

further evaluation and treatment (acyclovir ophthalmic ointment). Never prescribe ocular
corticosteroids, which may facilitate spread of the infection.

Neonates and immunocompromised patients

Admit the patient and treat with IV acyclovir (60 mg/kg per day div q 8 h) for 21 days.
Attempt to culture the virus from mucocutaneous lesions, urine, saliva, and cerebrospinal
fluid.

Whitlow

Confirm the diagnosis with a Tzanck smear DFA, or culture, if necessary. Treat symptom-
atically but consider acyclovir and avoid surgical incision.

Follow-up

¢ Gingivostomatitis and labialis: 1-2 days if no improvement
e Keratoconjunctivitis: as per the ophthalmologist
e Whitlow: primary care follow-up in 1-2 weeks

Indications for admission

e Herpetic infection in a neonate or immunocompromised patient
¢ DPoor oral intake and dehydration in an infant with gingivostomatitis
e Eczema herpeticum (Kaposi’s varicelliform eruption)

B|b| |Og raphy Kol.okotr.oms A, Doum.as S: Herpes simplex virus
) - ) o ) infection, with particular reference to the
Kimberlin DW: Herpes simplex virus infections progression and complications of primary

in neonates and early childhood. Semin herpetic gingivostomatitis. Clin Microbiol
Pediatr Infect Dis 2005;16:271-81. Infect 2006:12:202—11.

Hypopigmented lesions

White or light patches of skin (depigmented or hypopigmented) are caused by either a
decrease in number of melanocytes or a decrease in the amount of melanin within
the keratocytes. Table 5-8 describes the various presentations of disorders of
hypopigmentation.

ED management

Pityriasis alba

There is no effective treatment, although most children outgrow the disease by early to mid-
adolescence. Occasionally, therapy with a very mild topical steroid (1% hydrocortisone
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Table 5-8. Differential diagnosis of hypopigmented lesions

Diagnosis

Pityriasis alba

Tinea versicolor
(pityriasis versicolor)

Postinflammatory
hypopigmentation

Tuberous Sclerosis

Vitiligo

Morphology

Small, sharply
demarcated

Minimal scale

Accentuated in
dark skin

Well-demarcated

Oval macules and
patches

Powdery scale

Irregularly shaped
patches

“Ash leaf” spots

Well-demarcated
patches

Oval or irregular
Macules or patches

Coalesce —larger
patches

Distribution

Cheeks

Upper trunk

Upper extremities

Upper trunk

Back, neck

Upper arms

Sites of previous
inflammation (i.e.
eczema, psoriasis)

Trunk

Anywhere
Axillae

Genitalia

Periorbital

Acral

Differentiating features

Preadolescents

Worse in summer

History of atopy

Wood's lamp and KOH (-)

Worse in summer

Wood's lamp (+): yellow-green

KOH (+): “spaghetti and
meatballs”

History of previous
inflammatory disorder

Wood's lamp and KOH (-)
Other stigmata:

Adenoma sebaceum
Shagreen patches
Periungual fibromas

Wood's lamp and KOH (=)
Positive family history
Other autoimmune disorders

Wood's lamp and KOH (-)

Ivory white, hyperpigmented
border

Can be segmental

cream, bid) and moisturizers may diminish the demarcation between normal and whiter
skin. Stress to the family that sun protection is imperative because the affected areas cannot
tan normally and may be more susceptible to burning, while tanning of the surrounding
skin accentuates the difference between the normal and hypopigmented skin.

Tinea versicolor
The treatment is discussed on pp. 130-131.
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Postinflammatory hypopigmentation

Since the defect is primarily epidermal, postinflammatory hypopigmentation generally
improves over time without any therapy.

Tuberous sclerosis

There is no treatment. Rather, refer the patient to a primary care provider to investigate for
other stigmata of the disease.

Vitiligo

The single most important piece of advice is for the patient to use appropriate sun
protection, as areas of vitiligo are unable to tan normally and therefore are not protected
from the sun.

Follow-up

e Primary care follow-up in 2-4 weeks

Blbl!ography . Mollet I, Ongenae K, Naeyaert JM: Origin,
Huggl?“ RH, Sc'h'V\'rartz RA_’ Janniger CK: clinical presentation, and diagnosis of

Childhood vitiligo. Cutis 2007:79:277-80. hypomelanotic skin disorders. Dermatol Clin
Lio PA: Little white spots: an approach to 2007;25:363-71.

hypopigmented macules. Arch Dis Child Educ

Pract Ed 2008;93:98-102.

Infestations: lice

Three varieties of lice, the head louse, the body louse, and the pubic louse, parasitize
humans. The head louse is transmitted by direct personal contact, by contact with infected
upholstery, and by sharing hats, combs, brushes, and towels. Body and pubic lice are
acquired via bedding, clothing, and person-to-person (sexual) contact. The body louse
can carry rickettsial disease (typhus and trench fever) and spirochetal disease (relapsing
fever).

Clinical presentation
Pediculosis capitis (head lice)

The patient usually presents with pruritus of the scalp, ears, and back of the neck at the
hairline. They may also exhibit an eczematous eruption on the scalp and neck. Nits (eggs)
are oval and yellow-white, measuring 0.3-0.8 mm in size. They are found close to the scalp,
firmly cemented to the hair around the ears and the occiput. They project from the side of
the hair shaft and do not surround it. Nits more than 1.25 cm (0.5 in) from the scalp are
probably no longer viable. Adult lice are usually not seen. Secondary impetigo, folliculitis,
or furunculosis is common and may mask the primary disease.

Pediculosis corporis (body lice)

These lice live in the lining and seams of clothing and occasionally emerge to bite the host.
Erythematous macules become intensely pruritic papules and urticarial wheals, with sec-
ondary eczematization and impetiginization.



Chapter 5: Dermatologic emergencies 121

Pediculosis pubis (pubic lice; “crabs”)

Itching is frequently the initial symptom, but secondary infection is common. Pubic and
axillary hair and the eyelashes can be affected. The organisms can be identified as brownish
crawling “flecks” and nits may be seen attached to the hair shafts. Lice bites can cause
nonblanching gray-blue macules (maculae cerulae) on the lower abdomen and thighs.

Diagnosis

The diagnosis of lice infestation is based on the history of possible contact, itching, and
visualization of the lice or nits. Nits fluoresce under Wood’s lamp examination, and
microscopic identification of a nit confirms the diagnosis. Body and pubic lice infestation
may resemble eczema or folliculitis. Body lice can also simulate scabies.

ED management

Treat pruritus associated with any infestation with hydroxyzine (2 mg/kg per day div qid)
or diphenhydramine (5 mg/kg per day div qid).

Pediculosis capitis

Treat with either a permethrin or pyrethrin-based shampoo. Instruct the parents to
apply a single 10-minute application of a permethrin (Nix), after first shampooing and
towel-drying the scalp. An equally effective alternative is two 10-minute applications of a
pyrethrin-based product (A200, Rid), 1 week apart. Treat all contacts at the same time.
Recommend that the parents use a fine-toothed comb to remove nits. Instruct the family to
wash the clothing and bedding in very hot water (>52°C, 125°F) for 10 minutes followed by
high-heat drying, and to place all hats, combs, and headgear in a plastic bag until after the
second shampoo.

As a result of increasing resistance in many urban areas, a variety of other topical
agents are now being used. Malathion is the most effective of these, but it is flammable
and malodorous. Other options include the use of Cetaphil cleanser applied to the
entire scalp with subsequent blow-drying of the hair. High-heat blow-drying of the
scalp has also been found effective. Elimite (5% permethrin) applied overnight is also
effective.

Pubic lice

Apply a pyrethrin-based product for 10 minutes, then repeat in 1 week. Advise the patient
to have all sexual contacts treated.

Body lice

Frequent bathing and laundering (>52°C [125°F] for at least 10 minutes) of clothing and
bedding followed by high-heat drying are all that is usually necessary. If lice are noted, treat
with a pyrethrin: apply to the entire body from the jawline down, leave on overnight, then
wash off in the morning.

Eyelash lice
Treat with petrolatum, applied bid for 8 days. Mechanically remove any nits.
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Follow-up

e DPrimary care follow-up in 1-2 weeks

Infestations: scabies

Scabies is caused by S. scabiei and is a common infestation, with the highest prevalence in
children <2 years old. It is acquired by close personal contact, although spread via fomites
(clothing, linen, and towels) is possible, as the mite can survive for 2-5 days away from
humans. The average person is infested with only about 10-15 organisms, so pruritus is
presumed to be secondary to an acquired sensitivity to the mite and its feces and eggs.
Pruritus begins about 3 weeks after the primary infestation, or sooner if the individual has
been previously sensitized.

Clinical presentation

The usual complaint is generalized pruritus, especially interfering with sleep at night. The
most common sites of involvement are the interdigital webs, flexor aspects of the wrists,
extensor surfaces of the elbows, and nipples, axillae, perineum, and abdomen. The head,
neck, palms, and soles can be infected in infants and young children. The eruption varies,
based on the duration of infection and degree of sensitization of the patient. Papules,
pustules, vesicles, and burrows (elevated, white serpiginous tracts), excoriations, and ecze-
matization may be seen. Other family members may complain of itching and there may be a
history of contact with an infected person.

Diagnosis

Scabies is a “great imitator” of other pruritic eruptions. The diagnosis is suggested by a
history of contact with an infected person, the intense pruritus, and the variable nature of
the lesions. Atopic dermatitis most commonly occurs on the flexor surfaces; involvement of
the interdigital webs is uncommon. The lesions of pityriasis rosea are well circumscribed
and not on the distal extremities. With folliculitis, a hair shaft can be seen in each papule.
Since the lesions of scabies can become impetiginized, differentiation can be very difficult,
although pruritus is not as intense in impetigo.

To confirm the diagnosis, place a drop of mineral oil on a burrow, then gently scrape the
top off with a no. 15 scalpel blade. Place the scrapings on a microscope slide, cover with a
coverslip, and examine at 10x magnification. The diagnosis is confirmed by finding eggs,
mites, or oval brown feces.

ED management

Start treatment if the diagnosis of scabies is confirmed or the clinical suspicion is high.
Permethrin 5% (Elimite cream) is still the drug of choice for scabies in patients >2 months
of age. Massage the cream into the skin from head to toe, and leave it on for 8-14 hours
(preferably at night before bed). Treat the scalp of infants. Treat all close contacts, including
babysitters, simultaneously. Launder bedclothes and linens (hot-water wash and high-heat
dry), or store them away for at least 1 week. Repeat the treatment 7-10 days later. Treat the
pruritus with hydroxyzine (2 mg/kg per day div tid) or diphenhydramine (5 mg/kg per day
div qid).
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Neonatal rashes

Compared to a child or adult, the skin of a newborn is thinner, sweats less, and has less hair
and fewer melanocytes. As a result, newborn skin appears dry and scaly, and is more likely
to develop blisters or erosions in response to minor traumas. In addition, infants have an
increased body surface area, which places them at increased risk for the absorption of, and
potential toxicities from, any topically applied agent. Fortunately, most neonatal eruptions
are transient and harmless.

Clinical presentation and diagnosis
Cutis marmorata

Cutis marmorata is a reticulated, bluish-red mottling or vascular network that is seen when
the infant is exposed to cold or in distress, and improves when warm. No treatment is
indicated and this benign, physiologic condition resolves by early childhood. Extreme,
persistent forms may be associated with Down syndrome, Cornelia de Lange syndrome
and Trisomy 18. In the uncommon condition cutis marmorata telangectatica congenita the
changes are persistent, with a deeply violaceous color and atrophy.

Erythema toxicum neonatorum

Erythema toxicum is a self-limited papulovesicular eruption that is very common in full-
term newborns in the first week of life. It appears in the first 24 hours of life and lasts as late
as 2 weeks of age. It is characterized by a combination of small (<3 mm) papules
surrounded by an erythematous rim and yellowish pustules on an erythematous macular
base. The lesions can be anywhere on the body, although the palms and soles are usually
spared. Despite the appearance, the infant is well, with no other signs of illness. If
confirmation is necessary, unroof a pustule and obtain a Gram’s or Wright stain of the
contents. Eosinophils are characteristic of erythema toxicum, in contrast to the neutrophils
seen with a bacterial infection. In addition, the contents are sterile.

Milia
Milia are tiny (<2 mm), white cysts that are commonly seen on the cheeks, nose, chin, and

forehead of about 50% of newborns. They typically disappear, without treatment, within the
first few months of life.

Miliaria

Miliaria (heat rash) is a group of disorders caused by keratinous obstruction of the eccrine
sweat ducts. Miliaria can occur in any season, often secondary to overdressing an infant.
There are two main types of heat rash. Miliaria rubra (prickly heat) is the more common
type and occurs on covered skin, especially where there is friction from clothing. It is

characterized by pruritic, erythematous 1-2 mm papules and vesicles that are grouped in
clusters with surrounding erythema. Miliaria crystallina (sudamina) is a more superficial
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form of miliaria and is characterized by 1-2 mm, clear, thin-walled vesicles on otherwise
normal skin. The rash is asymptomatic and occurs primarily in the intertriginous areas.
Sunburn can cause this type of miliaria.

Mongolian spots (dermal melanocytosis of infancy)

Mongolian spots are poorly circumscribed, dark brown to blue/black patches that are
usually found over the lumbosacral area and buttocks. They are very common in newborns,
occurring in more than 90% of African-Americans and native Americans, 80% of Asians,
and 70% of Hispanics. Mongolian spots are present at birth and most fade over the first few
years of life, while others persist into adulthood. They may be single or multiple, and can
vary in size from a few mm to >10 cm in diameter. Although they can be confused with
ecchymoses, Mongolian spots do not undergo the color changes seen with bruising or a
coagulopathy. Extensive, persistent Mongolian spots have been reported in association with
lysosomal storage diseases, such as GM1 gangliosidosis and Hurler syndrome.

Neonatal acne

Neonatal acne is thought to be secondary to maternal and infantile androgens stimulating
sebaceous glands that have not yet involuted to a prepubertal immature state. It presents at
birth or in the first few weeks of life with erythematous papules and pustules and comedones
exclusively on the face. A variant of neonatal acne is thought to be related to the presence of
pityrosporum in the pilosebaceous unit. The course is usually self-limited over the first 3
months of life and washing with mild soap and water is all that is required. In severe cases,
use a mild topical treatment, such as benzoyl peroxide 2.5-5%. A more extensive evaluation
is necessary if there are other signs of hyperandrogenism (pubic or axillary hair).

Neonatal herpes

Herpes occurs by either an ascending infection after premature rupture of the membranes
or direct spread to the neonate during passage through an infected birth canal. Neonatal
infection can be asymptomatic or present as a local infection or disseminated life-
threatening disease. Generally, the infant becomes ill during the first week of life when oral
or cutaneous vesicles are noted, most commonly on the face or scalp. Fever, lethargy, and
hepatosplenomegaly can occur, and with dissemination there may be ocular (keratocon-
junctivitis), CNS (encephalitis), and pulmonary (pneumonia) involvement. Dissemination
can also occur in the absence of cutaneous lesions.

Seborrhea

Seborrheic dermatitis is characterized by erythematous skin and yellowish scaling on the
scalp, face, ears, neck, intertriginous areas, and diaper region. The disease usually presents
between 2 and 8 weeks of age. The eruption may progress to involve the forehead and face,
with the development of characteristic salmon-colored greasy scales on a well-demarcated
erythematous base known as cradle cap. In the diaper area, the eruption has a similar
appearance with involvement of intertriginous areas. Secondary candidal infection can occur.

Transient neonatal pustular melanosis

Transient pustular melanosis is a self-limited neonatal eruption of unknown etiology. In
contrast to erythema toxicum, it is present at birth, occurring in 5% of Black and less than
1% of White newborns. It is characterized by clusters of vesicles and pustules, found



Chapter 5: Dermatologic emergencies 125

primarily on the chin, forehead, nape, trunk, and lower legs. The lesions easily rupture
within 24-48 hours, leaving a collarette of scale with resultant hyperpigmentation which
fades over subsequent months. As with erythema toxicum, the contents are sterile, but
neutrophils are seen on Gram’s or Wright stain.

ED management

Reassurance is all that is needed for erythema toxicum, milia, Mongolian spots, neonatal
acne, and transient neonatal pustular melanosis.

Miliaria

Management consists of cool baths and avoidance of overheating. Parents may overdress an
infant, mistakenly attempting to keep the baby’s hands and feet warm. Advise them that the
proper amount of clothing can be ascertained by feeling the infant’s neck or upper back,
which should be comfortably warm and not hot and sweaty. Cornstarch will keep inter-
triginous areas dry.

Seborrhea

Usually treating the infant’s scalp also clears the remainder of the eruption. Adherent scale can
be removed by gently massaging mineral oil, white petrolatum, or ketoconazole 2% cream into
the scalp and leaving it on for 15 minutes. Afterward, brush the scalp gently or comb with a fine-
toothed comb, then shampoo. For more severe cases, an antiseborrheic shampoo containing
zinc pyrithione or selenium sulfide is effective when used twice weekly. Treat severe facial
eruptions with a short course (3-5 days) of 1% hydrocortisone cream bid. Intertriginous areas
may require a topical antifungal cream as well to prevent secondary yeast infection.

Neonatal herpes

Since neonatal herpes can resemble any of the transplacental TORCH infections or bacterial
sepsis, especially when there are no cutaneous lesions, perform a complete sepsis work-up
(including lumbar puncture) and obtain TORCH titers for infants presenting in this
manner. Do not dismiss the possibility of neonatal herpes if the mother denies ever having
herpes or having active disease at the time of delivery. The treatment of neonatal herpes is
detailed on pp. 116-125.

Follow-up

e DPrimary care follow-up in 1-2 weeks

Indication for admission

e Neonatal herpes
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Palpable purpura

Vascular reactions are categorized as blanching (nonpurpuric) and nonblanching (pur-
puric). Most vascular reactions involve only dilatation of the blood vessels, with no
extravasation of blood, so that the eruption blanches and fades completely when direct
pressure is applied. In a purpuric eruption, there is extravasation of blood and the lesions
do not blanch completely. Palpable purpura are nonblanching, slightly elevated lesions.

The distinction between palpable and nonpalpable purpura is of critical importance, as
nonpalpable purpura often represent bruises or ecchymoses, caused by trauma or a clotting
abnormality. However, severe fulminant infectious disorders, such as meningococcemia,
can present with purpuric lesions that may not be palpable. In contrast, palpable purpura
almost always signifies some type of vasculitis, secondary to a serious disease. Possible
etiologies include meningococcemia with coagulopathy, SBE, SLE, Rocky Mountain spotted
fever, HSP, and drug reactions.

Clinical presentation

Palpable purpura presents as elevated, nonblanching, erythematous to violaceous plaques
and nodules. Dependent areas, such as the legs and feet, are the most common sites.

Henoch-Schénlein purpura (HSP) is the most common vasculitis of childhood and
classically presents with nonthrombocytopenic purpura, along with some combination of
abdominal pain, arthritis, and glomerulonephritis. Purpuric lesions are most concentrated
on the buttocks and extensor surfaces of the lower extremities. The majority of cases of HSP
are preceded by a URI and there are reports of familial HSP.

Diagnosis

Rapidly obtain a complete history, including medication use, previous illnesses, travel, tick
bite, and whether there has been fever, other rashes, headache, or arthralgias. Maintain a
high suspicion for sepsis (high fever, lethargy, or toxicity in association with petechiae and
palpable purpura), especially meningococcemia.

In general, the purpura is not palpable in cases of physical abuse. Also, the history,
distribution of the lesions (face, back, arms), and different types of injuries (burns, linear
marks, fractures) suggest the diagnosis.

See the appropriate sections for the evaluation of patients with possible SLE (pp. 679-
681), SBE (pp. 64-65), and Rocky Mountain spotted fever (pp. 418-420).

ED management

The priority in evaluating a nonblanching vascular process is to expeditiously rule out or
treat sepsis or other serious vasculitic disorders. Any patient who exhibits purpuric lesions
in an extensive distribution or of a long-standing nature merits evaluation for possible
underlying infectious, autoimmune or hematologic disorders, or child abuse.

If the patient is febrile or appears toxic, treat palpable purpura as bacterial sepsis until
proven otherwise. Immediately obtain a CBC, blood and urine cultures, and begin treat-
ment with broad-spectrum antibiotics. If meningitis cannot be ruled out clinically, perform
a lumbar puncture.

If HSP is suspected, assess renal function by measuring the blood pressure and
obtaining a basic serum chemistry and urinalysis. Treat a drug eruption (pp. 107-110) by
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discontinuing the offending agent. If there is any suspicion for child abuse, contact the child
protection team and social services and document diligently.

Indications for admission

e DPossible sepsis
e Acute abdomen or renal compromise
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Pityriasis rosea

Pityriasis rosea is a benign self-limited eruption of unknown etiology, but presumed to be
viral in origin because of the frequent prodromal symptoms, seasonal clustering, and
lifelong immunity that develops in 98% of patients. However, person-to-person transmis-
sion has not been confirmed.

Clinical presentation

Pityriasis rosea occurs predominantly in adolescents and young adults, and less commonly
in children <5 years of age. After a variable prodrome of malaise, about 75% of cases
present with an initial lesion called a herald patch. This is a 2-5 cm scaling erythematous
plaque with a “collarette of scale” (the scaling forms a circle within the borders of the
plaque), seen anywhere on the body. The generalized eruption that follows 2-21 days later
characteristically consists of small, ovoid papules also with a collarette of scale. The long
axes of these lesions follow the cleavage lines on the back and trunk in a so-called
Christmas tree pattern. This can be more easily appreciated by having the patient twist
his or her spine at the waist and by examining the axillae. In older patients the rash spares
the distal extremities, face, and scalp. In younger children, the head and neck may be
affected and papules, vesicles, or pustules may be seen. Lesions continue to occur for upto
2 weeks, with clearing in 6-10 weeks. Postinflammatory hypo- or hyperpigmentation can
result.

Diagnosis
The history of the herald patch and the characteristic nature of the lesions of the generalized
eruption usually suffice to confirm the diagnosis of pityriasis rosea. However, the herald
patch may resemble a tinea corporis infection, although these grow slowly and are not
followed by a generalized eruption. The lesions of erythema migrans are not scaly, expand
more rapidly, and grow to larger dimensions than a herald patch. See Table 5-7 for the
differential diagnosis of annular lesions.

Several other diseases are characterized by diffuse erythema and scaling, including
guttate psoriasis, nummular eczema, drug reactions, and seborrheic dermatitis, but the face
and distal extremities are often involved and there is no Christmas tree pattern. The
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eruption of secondary syphilis can look very similar, but may involve the palms and soles.
Obtain a VDRL if the patient is sexually active.

ED management

For most patients no treatment is necessary. Topical antipruritics or oral antihistamines
(hydroxyzine 2 mg/kg per day div tid; diphenhydramine 5 mg/kg per day div qid) alleviate
the pruritus. Topical corticosteroids may be useful in very inflammatory cases, but do not
shorten the course of the disease. Ultraviolet light or sunlight exposure may hasten the
resolution of the rash. Refer patients with lesions persisting for more than 12 weeks to a
dermatologist.

Follow-up

e Primary care follow-up in 2-4 weeks
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Psoriasis

Psoriasis is an inherited disorder of unknown etiology that was previously thought to be
uncommon in childhood. However, 27% of patients develop the disease before age 15, 10%
before age 10, and 6.5% before age 5. Patients with active lesions present at birth (congenital
psoriasis) have also been reported.

Clinical presentation

Psoriasis is characterized by well-demarcated red plaques which are often covered
with copious amounts of white or silver (micaceous) scales. New lesions present as small,
1-3 mm papules that subsequently enlarge and coalesce with adjacent lesions to form large
plaques. Partial coalescence can result in gyrate or serpiginous plaques. Linear psoriatic
plaques induced by local cutaneous trauma may also occur, reflecting the Koebner phe-
nomenon. The most common sites for psoriasis are the elbows, scalp, knees, genitalia,
lumbosacral region, and extensor surfaces of the arms and legs. In infants, psoriasis may
also present in the diaper area. Nail changes are also often present, including nail plate
pitting, onycholysis, and yellowish discoloration of the nail plate (“oil drop”).

Guttate psoriasis presents with a sudden outbreak of hundreds of small, red, drop-like
(guttate), nonconfluent papules. The lesions are generally symmetrical and are distributed
on the trunk and proximal aspects of the extremities. Guttate psoriasis is often triggered by
group A streptococcal infection.

Diagnosis

Classic lesions of psoriasis are not difficult to diagnose, especially when there is a positive
family history. The only other similar common disease that exhibits the Koebner phenom-
enon is lichen planus, in which the papules are usually pruritic and limited to a few areas of
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the body, including the flexor surfaces and oral mucosa. Pityriasis rosea can be differenti-
ated on the basis of the herald patch and the “Christmas tree” distribution on the torso.
A positive KOH preparation confirms the diagnosis of tinea corporis. If the diagnosis
remains in doubt, consult a dermatologist who can perform a skin biopsy.

ED management

If the psoriasis is mild and limited to only a few sites, therapy may be initiated in the ED.
Recommend mild soaps or cleansers (Dove or Cetaphil), moisturizers, and mild- to
moderate-potency topical steroids. Treat scalp psoriasis with thick adherent plaques with
P&S liquid or Derma-Smoothe oil, applied overnight, followed 6-8 hours later by an
antiseborrheic tar or steroid shampoo. It is important to explain to patients that psoriasis
is a chronic condition that is treated but not cured and that there are often alternating
periods of exacerbation and remission. Refer patients with psoriasis to a dermatologist.

Follow-up

¢ Dermatology follow-up in 2-4 weeks
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Tinea

Superficial dermatophytoses are called tinea. The name of any particular tinea infection is
based on the clinical location and the species of infecting organism (e.g. Trichophyton
tonsurans tinea capitis).

Clinical presentation

Tinea capitis

Tinea capitis is caused by infection of the hair shaft. Patchy alopecia with scaling, erythema,
and infected hairs that are broken off at scalp level (black dots) are seen. Lymphadenopathy
of the cervical and suboccipital regions is often present. Patients may also present with a
nonspecific, “seborrheic dermatitis-like” picture, with minimal diffuse hair loss and scale.
An acute hypersensitivity reaction with a boggy, inflammatory mass (kerion) can develop.

Tinea corporis

Tinea corporis, or ringworm, is an infection of the glabrous (nonhairy) skin. Infection
occurs via contact with an infected individual, infected animal (kitten or puppy), and
fomites. The lesions are well-circumscribed annular patches or plaques, with central
clearing, and a raised, scaly, papular, or vesicular border.

Tinea cruris

Tinea cruris, or “jock itch,” is an infection of the groin and upper thighs that is rare before
puberty. More frequent in hot, humid environments and in obese or very athletic individ-
uals, tinea cruris is exacerbated by tight-fitting and chafing clothing. Sharply demarcated,
bilaterally symmetric, scaly, erythematous plaques that spare the scrotum and labia are
typical. Secondary candidal infection can occur, but is rare.
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Tinea pedis

Tinea pedis, or “athlete’s foot,” is a pruritic eruption that is less common in prepubertal
children. Findings range from mild scaling to marked erythema, maceration, fissuring, and
vesiculation involving the toes and interdigital webs. The infection may spread to the soles
and sides of the feet, but the dorsal aspects of the toes are usually spared. An allergic
response to the fungus (id reaction) occasionally causes an erythematous vesicular eruption
on the trunk, upper extremities, and palms.

Tinea unguium

Tinea unguium (onychomycosis) is a fungal infection of the nail plate that can be a primary
infection or occur in association with dermatophytosis elsewhere (hands, feet). The infection
usually begins at the distal/lateral edges of the nail, which become discolored, lusterless, and friable
with subungal hyperkeratosis and separation of the distal nail from the nail bed (onycholysis).

Tinea versicolor

Tinea versicolor (pityriasis versicolor) is an infection of the upper trunk and back, proximal
arms, and neck that is particularly common in warm climates. The causative organism is
Pityrosporum orbiculare (previously called Malassezia furfur), a dimorphous yeast form that
is not a dermatophyte. Hypo- or hyperpigmented, well-demarcated, scaling, oval macules
with little or no erythema or pruritus are seen. It is diagnosed more commonly in the
summertime, as the involved areas will not tan while the surrounding uninfected skin does.

Diagnosis

To differentiate fungal infections from other conditions, scrape the lesions and mix the
scale with a 10-20% potassium hydroxide solution, heat gently and examine microscopic-
ally. Birefringent septate hyphae are seen in dermatophyte skin infections, and multiple
spores surrounding a hair shaft are seen in tinea capitis. Tinea versicolor has a characteristic
“spaghetti and meatballs” appearance on examination, which represents short hyphae and
spores. If the diagnosis is in doubt, culture the fungus on Sabouraud’s agar or dermatophyte
test medium (DTM). Tinea versicolor requires oil supplementation to grow, and the lab
must be notified, although this is usually a diagnostic concern only in immunocomprom-
ised patients. Finally, a minority of tinea capitis and all tinea versicolor infections will
fluoresce under Wood’s lamp examination.

Tinea capitis is the only common etiology of childhood alopecia that causes scalp
inflammation. The eruption may fluoresce under a Wood’s lamp and black dots may be
seen. The scalp is normal in alopecia areata and trichotillomania, while seborrheic derma-
titis causes scaling without hair loss. Bacterial infections of the scalp are uncommon; usually
there is no hair loss as with a kerion. Bacterial folliculitis of the scalp will show discrete
perifollicular erythema and purulence.

Tinea corporis can resemble contact dermatitis, the herald patch of pityriasis rosea,
erythema migrans, and nummular eczema. The characteristic central clearing and raised,
well-demarcated scaly border usually suggest the diagnosis.

Tinea cruris can be confused with contact dermatitis, intertrigo, and erythrasma, a
Corynebacterium infection that fluoresces coral-red under Wood’s lamp examination. In
addition, secondary candidal infection can occur and confuse the picture, but a broad-
spectrum topical antifungal such as miconazole will treat both dermatophytes and Candida.
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Before the diagnosis of tinea pedis is made in a prepubertal patient, consider dyshy-
drotic eczema, atopic dermatitis, and contact dermatitis, which can involve the dorsum of
the foot. The id reaction is characterized by the absence of fungus in the area of the reaction,
an identifiable focus of fungal infection (usually on the feet), and spontaneous clearing
when the primary fungal infection is eradicated.

Tinea unguium must be confirmed with a positive culture, as psoriasis, eczema, trauma,
and congenital ectodermal syndromes all have a similar appearance.

Tinea versicolor resembles pityriasis alba, postinflammatory hypopigmentation, vitiligo,
seborrheic dermatitis, and secondary syphilis. However, none of these conditions fluoresces
under Wood’s lamp examination, and all are KOH-negative.

ED management

Tinea capitis

Tinea capitis cannot be treated topically. Obtain a culture prior to treating the patient
with oral griseofulvin (20-25 mg/kg per day microsize; 10-15 mg/kg per day ultramicro-
size) for 6-8 weeks. Leukopenia, neutropenia, and hepatotoxicity are uncommon side
effects. If therapy extends longer than 8 weeks, obtain a CBC and LFTs. Oral terbinafine
is a treatment option. Use selenium (Selsun) or ketoconazole shampoo twice a week to
decrease the period of infectivity. Counsel families that regrowth of hair may take months.
Inquire about other symptomatic contacts and suggest evaluation for those individuals,
as they may serve as an infectious focus in the house.

Tinea corporis, tinea cruris, tinea pedis

Treat with clotrimazole, miconazole, or terbinafine, bid or tid, for 4 weeks. In addition, soak
inflammatory lesions with normal saline or 5% Burrow’s solution compresses. Keep
affected areas dry; this is particularly important for tinea pedis and tinea cruris, where
antifungal powders are helpful. Instruct the patient to wear cotton (instead of synthetic)
underwear and socks to help dissipate moisture.

Tinea unguium
The treatment is oral griseofulvin. However, in view of the long course (6-18 months) of

therapy and high recurrence rate, refer the patient to a dermatologist rather than initiating
treatment in the ED.

Tinea versicolor

Treat for 2 weeks with either 2.5% selenium sulfide shampoo or ketoconazole shampoo 3
days in a row, then monthly. Advise the patient to apply the shampoo to the affected skin
daily, for 5 minutes, prior to rinsing. Topical antifungals are also effective but more
expensive. Some patients will require monthly prophylaxis consisting of one treatment.
Inform the patient that the normal skin pigment will not return until after the treated
lesions are exposed to ultraviolet light.

Follow-up

e Primary care follow-up in 2 weeks
¢ Tinea unguium: dermatologist within 2 weeks
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Verrucae and molluscum

Verrucae, or warts, occur in 5-10% of children between the ages of 10 and 16 years. They
are benign tumors of the epidermis caused by a DNA (papilloma) virus that spreads via
autoinoculation and person-to-person contact. Local trauma seems to promote infection
with the virus, so that lesions are most common on the fingers, hands, elbows, and plantar
surfaces. The incubation period is 1-6 months and, while the course is extremely variable,
two-thirds of all lesions spontaneously resolve within 2 years. A patient can have from one
to several hundred warts.

Molluscum contagiosum is an eruption caused by a virus of the pox group, spread by
direct person-to-person contact and autoinoculation. The disease occurs at any age, but is
most common between 3 and 15 years.

Clinical presentation
Common warts

Common warts (verruca vulgaris) occur predominantly on the dorsal surfaces of the hands
and the periungual regions. They usually begin as pinpoint, flesh-colored papules that grow
larger (1-10 mm), with roughened surfaces, grayish color, and sharply demarcated borders.
Often these lesions are studded with black dots (thrombosed capillaries).

Flat warts

Flat warts (verruca plana) are tan to flesh-colored, soft, flat, small (2-6 mm) papules that
occur primarily on the face, neck, arms, and hands. These are particularly common in
shaved areas. Contiguous lesions can become confluent and plaquelike.

Plantar warts

Plantar warts (verruca plantaris) usually occur in weightbearing areas of the sole of the foot.
They are flat, with sharp margins, and black dots are seen within the lesions. Pressure forces
them into the tissues of the foot and this leads to marked tenderness when walking. They
often coalesce into a single large plaque called a mosaic wart.

Venereal warts

Venereal warts (condylomata acuminata) are soft, reddish pink, filiform lesions that may
coalesce into larger, cauliflower-like clusters. They are located primarily on the genitalia and
around the anus. Proctoscopic examination may reveal involvement of the rectal mucosa as
well. Condylomata acuminata are usually sexually transmitted, although they can spread
from a caretaker diapering or by autoinoculation from warts elsewhere on the body.
Nonetheless, sexual abuse is a concern when venereal warts are found on a young child.
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While the vast majority of anogenital warts found in children <2 years of age are the result
of maternal perinatal transmission, the initial onset of lesions in older patients is of more
concern for sexual abuse. In general, the older the prepubertal child is at first presentation
of genital warts, the greater is the likelihood of sexual transmission.

Molluscum

The lesions start as small papules that typically grow to 3-6 mm in diameter, but they can
be as large as 2-3 cm. They usually are flesh-colored or opalescent and dome-shaped, with a
central umbilication. Papules are found on the face, trunk, extremities, and pubic region,
either alone or in clusters, and number from one to several hundred. The duration of
individual lesions is variable; although most resolve within 9-12 months, some may persist
for 2-3 years. Chronic conjunctivitis or keratitis may occur with eyelid lesions. Particularly
severe eruptions with thousands of lesions can occur in patients with atopic dermatitis or
depressed cellular immunity.

Diagnosis

The diagnosis of common or flat warts can be confirmed by the absence of skin markings
over the lesions and the presence of black dots (thrombosed dermal capillaries) beneath the
surface. Gentle paring with a scalpel causes small bleeding points which represent intact
capillaries.

Periungual warts can be confused with the periungual fibromas of tuberous sclerosis.
However, other cutaneous manifestations of tuberous sclerosis usually are present (aden-
oma sebaceum, ash-leaf spots, Shagreen patches).

Plantar warts may resemble calluses, corns, and black heel (talon noir). Calluses do not
have sharp, well-demarcated margins and no black dots are seen. Corns typically occur at
the metatarsalphalangeal joints. There are no black dots, but they have sharp margins and a
characteristic translucent particle at the core. Skin markings over the lesion remain intact.
Black heel occurs in athletes who make frequent sudden stops, causing blackish pinpoint
hemorrhages. The margin is not well demarcated, and paring does not reveal bleeding
points.

Condylomata acuminata must be differentiated from the condylomata lata of secondary
syphilis. The latter are 1-3 cm grayish pink nodules occurring in the same regions. Dark-
field microscopy or serology (VDRL and FTA) is necessary to confirm the diagnosis.

The diagnosis of molluscum is usually easily established by the distinctive appearance of
the flesh-colored papules with central umbilication. To verify the diagnosis, opening a
papule will reveal a small central core, which resembles a cluster of grapes when visualized
under magnification.

ED management

Since untreated lesions often spontaneously resolve within several months to years, watch-
ful waiting is often the best approach. If there are cosmetic concerns, or if the lesions
continue to spread, refer the patient to a primary care setting. However, keratolytic therapy
may be instituted in the ED for a patient with a few lesions. Give salicylic acid (10-16%)
with lactic acid (10-16%) in flexible collodion and instruct the patient to apply daily after
bathing, then cover the wart for 24 hours with a waterproof adhesive bandage. Repeat the
procedure after paring the wart with the side of a scalpel or rubbing with a washcloth,
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emery board, or pumice stone. Commercially available salicylic acid plaster is useful for
plantar warts. Cut it to fit the lesion, tape it in place for 4-5 days, then pare the necrotic
tissue and reapply the plaster, if necessary. Inform the family that multiple reapplications
will probably be necessary.

Refer patients with lesions on the face, multiple hand warts, periungual and subungual
warts, large plantar warts, or venereal warts to a dermatologist for other available therapies,
which include liquid nitrogen, cantharidin, electrodessication and curettage, and podophyl-
lin. See pp. 583-586 for the evaluation and management of possible sexual abuse.

Reassure patients with molluscum that the disorder is benign, and refer them to a
dermatologist for treatment if desired. Cantharidin or curettage is usually effective, but
defer this to the primary care setting

Follow-up

e DPrimary care or dermatology follow-up in 1-2 weeks
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Acute otitis media

Acute otitis media (AOM) is a suppurative infection of the middle ear caused by bacteria
and viruses. It accounts for up to one-third of pediatric acute healthcare visits. The
incidence is highest during the winter months, secondary to the greater frequency of viral
upper respiratory infections (URIs). Children with normal immunity may have multiple
episodes in a year. Risk factors for AOM include daycare attendance, second-hand smoke
exposure, use of a pacifier, bottle feeding, and a family history of ear infections. Children
with Down’s syndrome or craniofacial abnormalities are at an increased risk of otitis media.

The most common bacterial etiology identified is Streptococcus pneumoniae (30-40%),
which is now decreasing in frequency secondary to vaccination, followed by nontypable
Haemophilus influenzae (20-30%), Moraxella catarrhalis (10-20%), and Streptococcus
pyogenes. The Gram-negative enteric organisms (Escherichia coli, Klebsiella, Proteus,
Pseudomonas) and Staphylococcus aureus are responsible for about 15% of cases in the first
few months of life, but are exceedingly rare afterward. Viruses, including parainfluenza,
respiratory syncitial virus, influenza, adenovirus, and enterovirus are common pathogens
(up to 50% of cases). Anaerobes, Mycoplasma pneumoniae, and Chlamydia trachomatis are
not significant pathogens.

Clinical presentation

Acute otitis media is usually preceded by a URI with cough and rhinorrhea. Ear symptoms
begin 2-3 days later and may include fever, pain, dizziness, buzzing in the ear, or decreased
hearing. In infants, there are nonspecific symptoms, such as irritability, increased crying,
decreased feeding, sleep disturbance, vomiting, or diarrhea. In many cases, the patient has
only fever, a persistent URI, or behavioral changes (cranky, not feeding or sleeping well).
Ear tugging is an unreliable sign of AOM. Occasionally, there is a history of severe ear pain
that improved abruptly when a bloody or yellowish discharge began to drain from the
external canal (tympanic membrane perforation). In summary, clinical history alone is an
inaccurate predictor of AOM; therefore, examine the ears of a patient with any of the
symptoms mentioned above, even if otoscopy in the previous 24-36 hours did not reveal an
otitis media.

Diagnosis

The American Academy of Pediatrics and the American Academy of Family Physicians
practice guidelines state that the diagnosis of AOM must meet the following three criteria:
rapid onset, the presence of middle ear effusion (MEE), and signs and symptoms of middle
ear inflammation.



136 Chapter 6: ENT emergencies

Table 6-1. Differential diagnosis of otalgia

Diagnosis Differentiating features
Acute myringitis Inflammation of tympanic membrane
Bullae possible
Dental abscess Edema, erythema or tenderness of gingiva
Otitis externa Pain on traction of pinna
Parotitis Edema over angle of mandible
Pharyngitis Erythema, exudate or herpangina on oropharyngeal examination
Serous otitis media Dark, retracted tympanic membrane

Airfluid level or bubbles behind tympanic membrane
Inflammation of Stensen'’s duct

TMJ disease Pain with palpation of TMJ, especially with mouth opening/closing

Examine the tympanic membrane (TM) for shape (concave, retracted, bulging), color
(pearly gray, injected, erythematous, yellow), the presence of landmarks (light reflex,
malleus), and mobility. Redness alone is not sufficient to make the diagnosis, since crying
can cause erythema of the drum. Perform pneumatic otoscopy, focusing on the light reflex.
Decreased mobility of the tympanic membrane, which can be confirmed by tympanometry
(flat tympanogram), is the most sensitive indicator of a middle ear effusion. A combination
of erythema, bulging with or without a purulent effusion, loss of normal anatomic land-
marks, and decreased mobility are characteristic of an acute otitis media. Tympanic
membrane perforation with recent onset of bloody or purulent ear discharge is also
diagnostic. The history of a recent URI, complaints of ear pain, and constitutional symp-
toms such as listlessness and fever are insufficient to make the diagnosis without the typical
otoscopic findings. See Table 6-1 for the differential diagnosis of otalgia.

The optimal position for examination varies with the age of the patient. Examine infants
and young children supine on the table, restrained by an adult. Place an older child on the
parent’s lap, seated face-to-face with the examiner. One of the parent’s arms can tightly
embrace the child, while the other holds the patient’s head.

In some cases there may be impacted cerumen in the ear canal obstructing the view of
the tympanic membrane. Remove cerumen by curetting or irrigating with warm water 20
minutes after instilling several drops of hydrogen peroxide (if no tympanic membrane
perforation is suspected).

ED management

Despite the presence of an otitis media, perform a thorough physical examination to be
certain that the patient does not have a more serious infection, such as meningitis. If the
patient is toxic-appearing, admit for aggressive inpatient parenteral management.

The American Academy of Pediatrics practice guideline recommends a 48-72 hour
period of observation, without antimicrobial treatment, for selected children >6 months of
age in whom follow-up can be ensured if symptoms worsen (Table 6-2). Treat children
<6 months with antibiotics when the diagnosis of AOM is either certain or probable
(uncertain). See Table 6-3 for antibiotic choices and doses.
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Table 6-2. Treatment guidelines for AOM by age

Age
<6 months

6 months — 2 years

>2 years

Certain diagnosis

Uncertain diagnosis

Antibiotics Antibiotics

Antibiotics Antibiotics?
Observation®

Antibiotics? Observation

Observation®

Notes: “Antibiotics: for temperature >102° F (38.9° C) or severe otalgia not relieved by topical

or oral medication.

bObservation: for temperature <102° F (38.9° C) and mild otalgia or otalgia resolved with

topical or oral medication.

Table 6-3. Antibiotic doses for otitis media and sinusitis

Antibiotic
Amoxicillin

Amoxicillin-
clavulanate ES?

Azithromycin

Cefdinir

Cefpodoxime

Ceftriaxone IM

Cefuroxime
Clarithromycin
Clindamycin
Erythromycin-

sulfisoxazole

Trimethoprim/
sulfamethoxazole

Dose
80-90 mg/kg per day div bid
90 mg/kg of amoxicillin div bid

first day 10 mg/kg g day
days 2-5 5 mg/kg q day

or 30 mg/kg once
or 10 mg/kg per day x 3 days

14 mg/kg per day div g day or bid
10 mg/kg per day div g day or bid
Unable to take PO: 50 mg/kg X 1
Treatment failure: 50 mg/kg

per day x 3

30 mg/kg per day div bid

15 mg/kg per day div bid

20 mg/kg per day div qgid

50 mg/kg per day of erythro div gid

8-10 mg/kg of TMP div bid

Notes
First choice if not penicillin-allergic

Use for treatment failure after
3 days

Use for type 1 penicillin
hypersensitivity®

Use for non-type 1 penicillin
hypersensitivity

Use for non-type 1 penicillin
hypersensitivity

Non-type 1 penicillin
hypersensitivity

Use for type 1 penicillin
hypersensitivity®

Use for type 1 penicillin
hypersensitivityb

Use for type 1 penicillin
hypersensitivityb

Use for type 1 penicillin
hypersensitivity®

Notes: “Consider as first choice for ofitis-conjunctivitis syndrome because of high prevalence of penicillinase
resistance among non-typable H. flu (most common etiologic agent).

®Urticaria or anaphylaxis
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Regardless of the treatment option, pain management is critical. Use topical analgesia
(benzocaine otic drops, 1-2 drops qid) and/or acetaminophen (15 mg/kg q 4 h) or ibuprofen
(10 mg/kg q 6 h). In the ED, instilling a single dose of one to two drops of 2% viscous lidocaine
may ameliorate extreme discomfort. Do not recommend antihistamine-decongestant com-
binations. Instruct the parents to return in 2-3 days if the child remains symptomatic (fever,
ear pain, decreased hearing) or is not improving. If AOM is confirmed on re-examination,
initiate antibiotic treatment. Patients whose symptoms are worsening at any time or who
have continued symptoms at the completion of treatment require re-examination.

Under 2 months of age

Treat an afebrile, well-appearing infant <2 months of age with amoxicillin. However, if
there is fever (>38.1°C; 100.6°F), toxicity, irritability, evidence of a systemic infection, a
complicated neonatal course, or a previous hospitalization with antibiotic treatment, admit
the patient (see Evaluation of the febrile child, pp. 370-373), perform an evaluation for
sepsis, and treat with IV antibiotics.

A sterile effusion occurs in more than 40% of children following an acute otitis media.
This usually resolves without intervention, although a temporary conductive hearing loss
can persist until the effusion resolves.

Tympanocentesis is indicated for systemic toxicity, severe unremitting pain, inadequate
response to conventional therapy, or a suppurative complication (facial nerve paralysis,
mastoiditis, meningitis, brain abscess), and may be necessary in some immunocomprom-
ised patients. Obtain an otolaryngology consult.

Follow-up

e DPatient not treated with antibiotics: 2-3 days
e Datient treated with antibiotics: 2-3 days if still febrile or at the completion of therapy if
still symptomatic

Indications for admission

e Infant <1 month of age with temperature > 38.1°C (100.6°F)

e Toxic appearance

¢ Immunocompromised patient with fever

¢ Suppurative complication (mastoiditis, meningitis, brain abscess) or seventh nerve palsy

Blbllography Colem.ar? C, Moore M: Deconggstants.an.d
antihistamines for acute otitis media in
American Academy of Pediatrics Subcommittee children. Cochrane Database Syst Rev 2008;
on Management of Acute Otitis Media: Jul 16(3):CD001727.

Diagnosis and management of acute

otitis media. Pediatrics 2004;113:145165. Rovers MM, Glasziou P, Appelman CL, et al:

Antibiotics for acute otitis media:

Barenkamp SJ: Implementing guidelines for the a meta-analysis with individual
treatment of acute otitis media. Adv Pediatr patient data. Lancet 2006;368:
2006;53:241-54. 1429-35.

Cervical lymphadenopathy

Palpable cervical lymph nodes >1 cm in diameter are present in approximately 80-90% of
preschool and young, school-age children, especially if they have had a recent upper
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respiratory tract infection. Nonetheless, consider cervical lymphadenopathy in three broad
etiologic categories: reactive, adenitis, or associated with systemic illness.

Clinical presentation
Reactive

Most enlarged cervical lymph nodes are reactive, found in conjunction with a viral or
bacterial infection of the head or neck. These nodes are generally benign and no work-up or
specific treatment is necessary.

Most often the presentation reflects the primary illness (URI, pharyngitis, etc.). Other
complaints include a neck mass, stiff neck (unwillingness to move the neck side to side), or
torticollis. Reactive nodes are usually multiple, discrete, firm, smaller than 1-2 cm in
diameter, nontender, and mobile. The overlying skin is neither erythematous nor adherent.
In general, reactive adenopathy subsides in 2-3 weeks, but it can persist.

Adenitis

An adenitis is an infection of the lymph node itself, most commonly (60-85%) caused by
Staphylococcus aureus or group A Streptococcus, although viral and anaerobic infections
have been implicated. Atypical Mycobacterium and Mycobacterium tuberculosis can result in
a node with all the signs of acute infection. Cat scratch disease (Bartonellosis) may cause
cervical, axillary, or inguinal adenitis.

With an adenitis, the node becomes enlarged, tender, and fluctuant. The overlying skin
is warm, erythematous, and occasionally adherent. The hallmarks of an atypical
mycobacterium infection are the presence of skin erythema overlying a nontender lymph
node in an afebrile, otherwise well-appearing child. The node often suppurates. Cat scratch
disease is characterized by a papule at the site of the scratch, followed in 5-60 days by
regional lymphadenitis. Despite the impressive lymphadenopathy, the patient usually
appears well, although 30% may have fever.

Systemic disease

Systemic diseases, especially infectious mononucleosis and mono-like syndromes (cyto-
megalovirus, toxoplasmosis, leptospirosis, brucellosis, and tularemia), sarcoidosis, Kawa-
saki syndrome, and HIV, can cause cervical as well as generalized lymphadenopathy. Some
medications, such as phenytoin and isoniazid, can cause generalized lymphadenopathy. The
possibility of a malignancy (leukemia, Hodgkin’s disease, non-Hodgkin’s lymphoma, neu-
roblastoma) is always a concern.

Mononucleosis and mono-like illnesses (pp. 386-388) can present with generalized
tender lymphadenopathy, sometimes in association with an exudative pharyngitis, macular
rash, and hepatosplenomegaly. These nodes are firm and mobile. Kawasaki disease
(pp- 395-396) and HIV (pp. 374-380) are discussed elsewhere.

A malignant node is fixed, hard, and matted. It is frequently supraclavicular in location
and may be described as persistent or continuously growing. Weight loss, weakness, pallor,
night sweats, fever, petechiae, and ecchymoses are other possible findings.

Diagnosis
Perform a thorough examination of the head, neck, teeth, and gums to find a source of
infection draining into the affected node(s). Weakness, fever, rash, hepatosplenomegaly,
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Table 6-4. Differential diagnosis of cervical lymphadenopathy

Diagnosis Differentiating features

Branchial cleft cyst Smooth and fluctuant along the lower anterior border of SCM muscle
Cervical ribs Bilateral, hard, immobile masses

Cystic hygroma Soft, compressible

Usually transilluminates
Dermoid cyst Midline mass with calcifications on X-ray
Hemangioma Present at birth

Red or bluish color

Kawasaki Nonpurulent conjunctivitis and mucous membrane changes,
Polymorphic rash

Edema of dorsum of extremities
Malignancy May have: weight loss, pallor, bleeding, fever, hepatosplenomegaly
Node is fixed, hard, matted, and persistent or growing
Meningitis Nuchal rigidity, photophobia, toxicity
Parotitis Swelling obscures the angle of the jaw
Intraoral exam: edema, erythema, or drainage from Stensen'’s duct
Thyroglossal duct cyst Midline mass between thyroid bone and suprasternal notch

Moves up when patient sticks out tongue

and generalized lymphadenopathy are all indicative of a systemic disease. See Table 6-4 for
the differential diagnosis of cervical adenitis.
There are seven features of the affected node(s) to consider.

Single or multiple (unilateral or bilateral)

Enlargement of a single node generally occurs in an adenitis, although tuberculous adenitis
causes bilateral involvement. Reactive adenopathy and systemic diseases most often result
in multiple, bilateral involvement.

Location(s)

The location of a reactive node can suggest the site of the primary infection (preauricular-
conjunctiva or external ear canal; occipital-scalp; submental and submandibular-intraoral).
Supraclavicular adenopathy is suspicious for a malignancy, while occipital adenopathy
suggests a viral illness (particularly roseola and rubella). Generalized lymphadenopathy
most commonly occurs during mononucleosis or a mono-like infection, although leukemia
is a possible etiology.

Size
Reactive nodes are typically small (<2 cm). Massive enlargement can occur with an atypical
Mpycobacterium infection.
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Rate of growth

Nodes that slowly enlarge suggest a malignancy, while rapid enlargement occurs in an
infected or reactive node.

Mobility
In general, a freely movable node is benign. A node that is fixed to adjacent structures or
matted to other nodes suggests a malignancy, mycobacterial infection, or cat scratch
disease.

Consistency

Soft or firm nodes are benign, while fluctuance occurs in adenitis. A rubbery consistency is
noted in sarcoidosis and malignant nodes are usually rock hard.

Overlying skin

Bacterial adenitis causes erythema and warmth of the overlying skin. However, adherence
occurs in cat scratch disease and atypical Mycobacterium infection. A reactive node does not
affect the overlying skin.

ED management
Reactive

“Benign” reactive nodes found in conjunction with a head or neck infection require
treatment of the primary illness, only. If the pharynx is erythematous, obtain a rapid strep
test or a throat culture. Benign nodes can be followed without intervention, although
persistence for more than 4-6 weeks may indicate the need for further testing. Reassure
the family and arrange for primary care follow-up.

Adenitis

When bacterial adenitis is diagnosed, obtain a throat culture or rapid strep test and give an
oral antibiotic with staphylococcal and streptococcal coverage such as cefadroxil (40 mg/kg
per day div bid) or cephalexin (40 mg/kg per day div q 6 hr). Alternatives are cefprozil
(20 mg/kg per day div bid), cefuroxime (30 mg/kg per day div bid), or azithromycin (12 mg/kg
q day). If MRSA is a concern, either use clindamycin (20 mg/kg per day div q 6 hr) or add
trimethoprim-sulfamethoxazole (8 mg/kg per day of TMP div bid) to one of the above
regimens. However, use penicillin VK (<27 kg: 250 mg qid; >27 kg: 500 mg qid) if the
adenitis is secondary to intraoral or dental disease. Warm compresses, applied for 15-30
minutes every 3-4 hours, are also necessary. Have the patient return in 2-3 days. If there is
clinical improvement, or a positive strep test or culture, continue the antibiotics for a total
of 10 days. If the node has not responded to antibiotics and warm compresses, change to
either clindamycin (20 mg/kg per day div qid) or amoxicillin-clavulanate (875/125 formu-
lation; 45 mg/kg per day of amoxicillin div bid) and follow up in two more days. If the node
becomes fluctuant arrange for an incision and drainage.

Admit patients who are toxic or have nodes unresponsive to oral antibiotic therapy for
parenteral treatment: nafcillin 150 mg/kg per day div q 6 h, ceftriaxone 100 mg/kg per day
div q 12 h, or cefazolin 75 mg/kg per day div q 8 hr. Use clindamycin (40 mg/kg per day div
q 6 h) if MRSA is a concern. Obtain a CBC with differential, heterophile antibody, and a
blood culture prior to starting intravenous therapy. Indications for a node biopsy include
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age >10 years, persistent and unexplained weight loss or fever, skin ulceration or fixation to
the node, supraclavicular location, or continuously increasing size.

If atypical mycobacterial infection is suspected, surgical curettage/excision is required as
the infection is frequently resistant to antitubercular medication. Avoid incision and
drainage, which can result in a chronic fistula. If tuberculosis is suspected because of
possible exposure or travel, place a 5 TU PPD. If the PPD is positive, consider Mycobacter-
ium as the cause of the infection. Obtain a chest X-ray and admit the patient for surgical
consultation, collection of culture specimens, and institution of antituberculous therapy
(pp. 423-427).

Systemic disease

When a mononucleosis syndrome is suspected, obtain a heterophile antibody or monospot
test. Treatment is supportive. Note that the heterophile antibody may be negative early in
the disease and in young or immunocompromised patients. If a malignancy is suspected,
the initial evaluation includes a chest X-ray and CBC with differential and reticulocyte
count prior to hematology consultation. See pp. xx-yy for the treatment of parotitis.

Follow-up

e Bacterial adenitis: 2-3 days

Indications for admission

e Cervical adenitis associated with toxicity or inadequate oral intake
e Cervical adenitis unresponsive to outpatient treatment

¢ Evaluation of a suspected malignancy

e Institution of antituberculous therapy

ihli Leung AK, Robson WL: Childhood cervical
Blbllography lymphadenopathy. J Pediatr Health Care
Gosche JR, Vick L: Acute, subacute, and chronic 2004;18:3-7.
cervical lymphadenitis in children. Semin
Pediatr Surg 2006;15:99-106. Tracy TF Jr, Muratore CS: Management of

common head and neck masses. Semin
Pediatr Surg 2007;16:3-13.

Epistaxis

Epistaxis usually originates from the anterior nasal septum (Kiesselbach’s area). Trauma
(nose picking, punch, fall), URIs, excessive use of decongestants or topical nasal steroids, an
overly dry environment, and foreign bodies are predisposing factors. Rarely, structural
abnormalities (hemangioma, telangiectasia, or angiofibroma), a bleeding diathesis (usually
thrombocytopenia), or hypertension is involved. While children are often rushed into the
ED because of “massive” blood loss, clinically significant bleeding is unusual.

Clinical presentation

Usually an anterior septal source is evident. It is rare for the bleeding to be bilateral, but
blood crossing behind the nasal septum can mimic a bilateral bleed. Sometimes, if the site is
posterior or if the child is sleeping, the blood may present as hematemesis.
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Diagnosis

Examine the nasal cavity with the child sitting on the parent’s lap, using a bright light
(otoscope). If a bleeding source is found, the examination may be terminated, as multiple
sites are unusual, except in the case of a fractured nasal septum. If the patient has suffered
nasal trauma, look for a septal hematoma, which appears as a bluish-black mass on the
anterior septum, filling the nasal cavity. Occasionally, a mucosal hemangioma or telangiec-
tasia is seen. If no cause is found, but blood is noted trickling down the throat, assume that
there is a posterior source.

Examine the skin for hemangiomata or telangiectasias, which may also be present in the
nasal cavity. Pallor, tachycardia, gallop rhythm, or orthostatic vital sign changes suggest
significant blood loss. Jaundice, petechiae, purpura, lymphadenopathy, and hepatospleno-
megaly may reflect a bleeding diathesis.

In general, no work-up is required for a nosebleed in an otherwise well child with an
anterior septal source. Obtain a hematocrit if anemia is suspected, but evaluate for a
bleeding diathesis (pp. 337-339) if the patient has any of the physical findings enumerated
above, a long history of recurrent nosebleeds, easy bruising, hemarthrosis, multiple sub-
conjunctival hemorrhages, or a family history of excessive bleeding.

ED management

Most anterior bleeds respond to pressure. Pinch the nares together for a full 5 minutes with
the child sitting upright (to prevent swallowing of blood). If this is unsuccessful, soak a
cotton ball with 1:1000 aqueous epinephrine or 0.05% oxymetazoline solution and place it
in the nasal cavity. Alternatively, pack the nose with petrolatum-impregnated gauze,
merocel nasal packing, or Gelfoam. If the patient has recurrent bleeds, after hemostasis is
obtained, apply topical anesthesia with 4% lidocaine or benzocaine and cauterize the site for
3 seconds with a silver nitrate stick. Treat hemangiomata or telangiectasias in the same way,
but do not use cautery if a bleeding diathesis is suspected (possible tissue slough). Humidi-
fication, saline nose drops during the day, and the application of petrolatum (Vaseline) to
the septum at bedtime help reduce the recurrence of nose bleeds. If a nasal septal hematoma
is suspected, consult an otolaryngologist for immediate drainage, to prevent a septal abscess
and subsequent nasal deformities.

If routine measures are ineffective or the source is posterior, either consult an otolaryn-
gologist or place a posterior pack. Anesthetize the nose with a topical anesthetic (as above),
insert a posterior nasal balloon pack (Epistat or Rhinostat), blow up the posterior balloon,
pull anteriorly until it fits snugly in the nasopharynx, and then inflate the anterior balloon
until the bleeding stops. Fill both balloons with saline solution. If nasal balloon packs are
not available, pass an uninflated Foley catheter through the nose into the pharynx, inflate
the balloon, then pull the catheter back until it fits snugly posteriorly in the nose. Fill
the nose with petrolatum-impregnated gauze up to the balloon and place a clamp across the
catheter where it exits the nose. If an anterior or posterior nasal pack is placed, give the
patient broad-spectrum antibiotics to prevent an acute sinusitis (see Table 6-3). Otolaryn-
gology consultation is indicated.

Follow-up

e Unilateral anterior pack: 48 hours for pack removal
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Indications for admission

e Bilateral anterior pack
e DPosterior pack
e Bleeding diathesis or significant blood loss

Blb|lography McGarry G: Nosebleeds in children. Clin Evid

2006;15:496-9.
Gifford TO, Orlandi RR: Epistaxis. Otolaryngol

Clin North Am 2008;41:525-36.

Foreign bodies

Foreign bodies found in the nose or ear commonly include inanimate objects (toys, earrings,
etc.), vegetable material, and insects. The nose is the most common site of foreign-body
impaction in children <3 years of age, and the ear is the most frequent site in patients between
3 and 8 years of age. However, the signs and symptoms of a foreign body may be subtle, and there
may be no clear history of insertion. Button batteries require immediate removal to prevent
alkaline burns, necrosis, or perforation secondary to chemical leakage or electrical current.

Clinical presentation and diagnosis
Aural

A foreign body in the ear can cause pain, tinnitus, and, in the case of a live insect, extreme
discomfort. Recurrent otitis externa raises the possibility of an aural foreign body. Although
usually a benign condition, inexpert attempts at removal can push the object further into
the canal, perforate the eardrum, and cause bleeding and swelling of the canal.

Nasal

A nasal foreign body presents with a unilateral foul-smelling discharge with unilateral
obstruction. Usually the object can be seen anteriorly in the nose, but swelling of the
mucosa can obscure visualization.

Esophageal

An esophageal foreign body (pp. 144-145) is an unusual but potentially serious problem.
Most objects pass into the stomach. However, possible sites for lodging include the inferior
margin of the cricoid cartilage, the level of the aortic arch, and the area just superior to the
diaphragm. Symptoms may include pain, dysphagia, vomiting, and dyspnea (secondary to
laryngeal compression), although a patient may be asymptomatic. Subsequent edema can
cause esophageal obstruction (dysphagia and drooling), upper airway obstruction, and
possible perforation leading to mediastinitis.

ED management
Aural

Usually, a foreign body in the external auditory canal is easily removed with suction, a wire
loop, curette, or small alligator forceps, while irrigation can be used for nonvegetable
objects. Prior to attempting to remove a live insect, drown it with mineral oil. Do not
instill any solution if a tympanic membrane perforation is suspected (blood in the canal in
association with ear pain). Arrange for otolaryngology consultation if the object cannot
be removed.
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Nasal

Most nasal foreign bodies become impacted between the anterior nasal septum and the
inferior turbinate. Prior to attempting to remove the foreign body, anesthetize the nasal
mucosa with 4% lidocaine spray and suction any nasal discharge with a frazier-tip catheter
to enhance visualization. Use a nasal speculum with either a curette or an alligator forceps
to remove the object. Routine use of topical decongestants is not recommended, as it may
allow the object to migrate further posteriorly and result in aspiration. Antibiotics are not
required after successful removal of the foreign body. As an alternative, large foreign bodies
can be removed by applying positive pressure via a mouth-to-mouth forced breath by the
caregiver while occluding the opposite (unobstructed) nostril. Consult with an otolaryngo-
logist if removal is unsuccessful or if the object is in the posterior nasal cavity.

Esophageal

Most esophageal foreign bodies, whether round, irregular, or sharp, will pass without
difficulty. However, drooling, dysphagia, stridor, or substernal pain or fullness suggests that
the object may be lodged in the esophagus. In such cases obtain antero-posterior and lateral
soft tissue neck X-rays to determine the presence and number of radio-opaque foreign
bodies and whether the object(s) is in the esophagus or trachea. An esophageal foreign body
typically aligns in a coronal orientation while a laryngeal or tracheal foreign body lies in the
sagittal plane. If it is not clear whether the foreign body is radio-opaque, obtain a searching
image X-ray by placing an identical object in a cup of water next to the patient.

A patient with minimal symptoms can be monitored for 12-24 hours to see if the object
passes spontaneously. However, if the patient is symptomatic arrange for removal, under
general anesthesia, through rigid esophagoscopy. If a disk battery (pp. 144-145) or sharp
object is identified in the esophagus, consult an otolaryngologist to arrange expeditious
removal under general anesthesia.

Follow-up

e Sharp foreign body that has passed into the stomach: obtain a follow-up abdominal
X-ray in 1 week

e Blunt foreign body (including button battery) that has passed into the stomach: return
at once if vomiting or abdominal pain occur

Indications for admission

¢ Esophageal foreign body which has been present >12-24 hours
e Symptomatic patient

ihli Kadish H: Ear and nose foreign bodies: “It is all
Blbllography about the tools”. Clin Pediatr (Phila)
Digoy GP: Diagnosis and management of upper 2005;44:665-70.
aerodigestive tract foreign bodies. ) )
Otolaryngol Clin North Am 2008;41; Osman. EZ, Swift A: Management of fgrelg_n
485-96. bodies in the ears and upper aerodigestive

tract. Br ] Hosp Med (Lond) 2007;68:M189-91.
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Mastoiditis

Mastoiditis is a bacterial infection of the mastoid bone and air cells usually caused
by an untreated acute otitis media. Although the incidence of mastoiditis has
decreased significantly with the introduction of antibiotics, it remains the most
common complication of otitis media, with an incidence of about 6 cases/100 000 non-
immunocompromised children <14 years of age. It most often occurs in children
<2 years of age.

Streptococcus pneumoniae remains the most common cause of mastoiditis. However,
universal vaccination is causing a decrease in the number of cases while increasing the cases
secondary to multidrug-resistant S. pneumoniae. Other etiologies are Pseudomonas aerugi-
nosa, S. aureus, S. pyogenes, and nontypable Haemophilus influenzae.

Clinical presentation

Mastoiditis often takes a few weeks to develop and typically follows an untreated or
incompletely treated otitis media. The physical findings include swelling, erythema, and
tenderness over the mastoid process behind the ear. The auricle is typically displaced
antero-inferiorly because of mastoid swelling, and in some cases a fluctuant collection of
purulent material can be palpated on the lateral surface of the mastoid process (e.g.
subperiosteal abscess). The ipsilateral tympanic membrane is frequently, but not always,
erythematous and bulging. Edema and sagging of the posterior external auditory canal wall
may be seen upon careful examination of the external auditory canal. Fever >38.3°C
(101°F) is common.

Since the advent of pneumococcal vaccination, patients are presenting with more
complicated and severe disease, including subperiosteal abscesses. This usually requires
surgical intervention in addition to antibiotics.

Diagnosis and ED management

If mastoiditis is suspected based on clinical findings, obtain an axial/coronal CT scan of the
temporal bones to rule out possible extension of infection beyond the mastoid. Clouding of
the mastoid air cells and loss of the intermastoid cell septa secondary to the osteomyelitic
process are seen in coalescent mastoiditis. The radiographic findings of fluid in the middle
ear and mastoid without the loss of bony septa may be the result of a recent otitis media and
do not necessarily indicate acute mastoiditis, in the absence of the typical clinical findings.
Plain mastoid radiographs are not necessary.

Admit all children with acute mastoiditis, consult an otolaryngologist, and treat
with IV ceftriaxone (100 mg/kg per day div q 12 h) and clindamycin (40 mg/kg per
day div q 6 hr). Tympanocentesis can be helpful in obtaining fluid for Gram’s stain
and culture. Surgical drainage is indicated if a subperiosteal or intracranial abscess is seen
on CT scan or if the patient does not improve clinically with 24-48 hours of intravenous
antibiotics.

Indication for admission
o Mastoiditis
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Neck masses

Although the majority of neck masses in children are benign enlarged lymph nodes, the
possibility of a malignancy is often a concern. In general, neck masses can be considered
in four categories: lymph nodes (pp. 139-140), congenital masses, benign tumors, and
malignancies.

Clinical presentation and diagnosis
Congenital masses
Branchial dleft cyst

A branchial cleft cyst is often not diagnosed until late childhood or early adulthood (average
age 13 years), when it becomes infected. It presents as a discrete, erythematous, tender,
fluctuant mass in the lateral neck, typically anterior to the sternocleidomastoid muscle. On
occasion, there is a fistula anterior to the muscle with an orifice that drains mucus and
retracts with swallowing. If the acute infection is properly treated with antibiotics, the cyst
shrinks, but may reexpand during subsequent upper respiratory infections.

Thyroglossal duct cyst

A thyroglossal duct cyst usually presents as an asymptomatic midline neck mass at or below
the level of the hyoid bone. The sexes are affected equally, and 50% of cases present prior to
age 10 years. These frequently become infected and respond to antibiotics, only to reemerge
during the next URI In between, the mass is cystic or solid, nontender, and mobile. The
pathognomonic feature is elevation of the mass when the tongue is protruded. Occasionally,
it contains ectopic thyroid tissue.

Congenital muscular torticollis

Congenital muscular torticollis, or fibromatosis colli, presents at 1-2 weeks of age as a
hard, nontender mass within the body of the sternocleidomastoid. Characteristically, the
head is tilted to the affected side, the baby faces away from the lesion, and there can be
flattening of the unaffected side of the head. The family may report that the baby looks in
one direction only.

Benign tumors
Cystic hygroma

A cystic hygroma usually presents as an irregular, soft, painless, compressible lateral neck
mass that transilluminates and can increase in size during straining. Fifty percent are
present at birth and 90% are noted during the first 2 years of life. Massive enlargement
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can cause obstruction of the airway or the esophagus. Typical locations are the submental,
preauricular, and submandibular areas.

Hemangioma

Hemangiomas are more frequently present at birth, and all present during the first year of
life. Unlike cystic hygromas, there is a 3:1 female preponderance. Most are of the cavernous
type, often located within the parotid gland in the preauricular area. Infection or hemor-
rhage can cause acute enlargement, and the mass becomes bluish in color when the infant is
crying or straining.

Dermoid cyst

A dermoid cyst typically is an asymptomatic, cystic midline mass located in the submental
region. A teratoma has a similar presentation, but calcifications or teeth are often seen on
X-ray.

Malignant tumors

About one-quarter of all the malignancies of childhood occur in the neck and more than
half of these are either Hodgkin’s disease (p. 148) or lymphosarcoma. Hodgkin’s disease
usually (80%) presents in the upper neck as a painless, hard or firm, fixed, slowly enlarging
unilateral node. Most patients are >5 years old. Forty percent of non-Hodgkin’s lymph-
omas present extranodally in the neck throughout the pediatric age range, and the disease is
often (40%) bilateral. A slowly growing, hard or rubbery, fixed mass is seen. Weight loss
and hepatosplenomegaly are features of both diseases.

A rhabdomyosarcoma can originate in the nasopharynx or ear; symptoms are deter-
mined by the site. A nasopharyngeal mass presents as chronic adenoidal hypertrophy, with
adenoidal facies, snoring, mouth breathing, serous otitis, and a serosanguinous nasal
discharge. There may also be extension to the base of the skull with cranial nerve deficits.
A mass in the ear causes chronic otitis, ear discharge, and mastoiditis. Weight loss can occur
with a mass in either location. Other rare neck malignancies include fibrosarcoma (man-
dible most common site), thyroid cancer (history of neck irradiation), and both primary
(causing Horner’s syndrome) and metastatic (located in orbit or nasopharynx)
neuroblastoma.

ED management
Congenital masses

Treat an infected branchial cleft cyst or thyroglossal duct cyst with cephalexin (40 mg/kg per
day div q12 hr), cefadroxil (40 mg/kg per day div bid), or amoxicillin-clavulanate (90 mg/kg
per day of amoxicillin div bid), and warm soaks every 2 hours. If MRSA is a concern, either
use clindamycin (20 mg/kg per day div q 6 hr) or add trimethoprim-sulfamethoxazole (8 mg/kg
per day of TMP div bid) to one of the above regimens. Since these lesions have a tendency
to become reinfected, refer the patient to an otolaryngologist so that elective excision can
be performed.

A neck ultrasound or thyroid scan is a prerequisite for thyroglossal duct excision, as the
cyst may contain all of the patient’s thyroid tissue. Instruct the parents of a child with a
sternocleidomastoid tumor and torticollis to perform stretching exercises, four times a day:
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straighten the head into a midline position, then rotate the head to the affected side and
hold for 10 seconds.

Benign tumors

If there are no signs or symptoms of airway compromise, referral to an otolaryngologist is
indicated for patients with massive enlargement of a cystic hygroma or hemangioma or
extreme disfigurement. On occasion, a dermatologist or plastic surgeon should see the child
so that cosmetic reconstruction can be planned. Dermoids and teratomas require elective
excision.

Malignant tumors

If a malignancy is suspected (hard, nontender, slowly growing mass; systemic signs and
symptoms; a clinical picture consistent with a mass in the ear or nasopharynx), obtain a
CBG, reticulocyte count, and a chest X-ray to rule out mediastinal or hilar node enlarge-
ment. Admit the patient, and consult an oncologist.

Follow-up
e Infected branchial cleft cyst or thyroglossal duct cyst: 48-72 hours

Indications for admission

e Airway or esophageal obstruction
e Suspected malignancy
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Otitis externa

Acute otitis externa (AOE), also known as swimmer’s ear, is an inflammation of the
external auditory canal. It generally occurs in the summertime, when swimming leads to
the trapping of excess moisture in the external auditory canal. Local trauma, eczema,
foreign bodies, and immunocompromise are additional risk factors. This results in a mixed
infection of fungi (Aspergillus and Candida) and bacteria (Pseudomonas, Klebsiella,
S. aureus, and Enterobacter).

Clinical presentation and diagnosis

Generally there is a history of recent swimming or of manipulation of the external canal
with a pointed object or q-tip. The patient is usually afebrile, but complaining of ear pain
and itching, with a thick white, yellow, or green discharge from the external canal. Extreme
discomfort when pulling the pinna or tragus distinguishes the discharge of otitis externa
from that caused by a perforated tympanic membrane. Otoscopy is significant for an
erythematous external canal, which can be so swollen that it prevents visualization of the
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tympanic membrane. In the absence of a history of swimming or ear canal manipulation,
consider a foreign-body impaction.

ED management

Treat otitis externa with a topical, broad-spectrum antibiotic ear drop. Preparations that
contain hydrocortisone often reduce swelling more effectively. Use acetic acid with or
without hydrocortisone (3-5 drops tid x 7 days), ciprofloxacin-hydrocortisone (3 drops
bid x 7 days), ofloxacin (5 drops bid <12 years, 10 drops bid >12 years, x 10 days), or
polymyxin B-neomycin-hydrocortisone (3-5 drops tid x 7 days). If a perforated tympanic
membrane cannot be ruled out, use a preparation that is less caustic to the middle ear
structures, such as polymyxin B-neomycin-hydrocortisone suspension, rather than the
solution. Instill the drops either directly into the canal or onto a cotton earwick, which
ensures delivery of the drug throughout the external canal. In addition, keep the canal dry;
further swimming is not permitted unless the child wears earplugs. Complete resolution
takes 5-7 days. If the child is prone to recurrences, use two drops of a prophylactic mixture
of half rubbing (isopropyl) alcohol/half water after every swim. If there is no improvement
in 2 days, refer the patient to an otolaryngologist for cleaning of the ear canal and possible
ear wick placement.

Severe otitis externa with associated cellulitis of the pinna requires admission for
systemic antibiotics. Consult an otolaryngologist.

Follow-up

e 48 hours, if the symptoms do not begin to improve.
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Parotitis

Sialoadenitis is an acute inflammatory process of one or more of the salivary glands, with
the most frequently affected being the parotid gland. Parotitis results from salivary stasis,
secondary to viruses (mumps, Coxsackie viruses), bacteria (Staphylococcus aureus, Strepto-
coccus viridans, Streptococcus pneumoniae), salivary duct stone (sialolith), or dehydration in
chronically ill or debilitated patients.

Recurrent parotitis of childhood (RPC) is a separate clinical entity in which periodic
acute episodes of parotid swelling occur in one or both parotid glands. Although the
etiology is unknown, it is thought to be secondary to poor dental hygiene.

Clinical presentation

Acute parotitis presents with swelling and pain overlying the affected parotid gland,
obscuring the angle of the mandible. Infectious parotitis may cause unilateral or bilateral
swelling with severe tenderness. The swelling can develop rapidly and often presents during
or after a meal, when salivary flow is stimulated. Intraoral examination may reveal swelling,
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erythema, or a discharge from the opening of Stensen’s duct, which is on the buccal mucosa
opposite the second upper molar. With a bacterial parotitis, purulent material can be
expressed from Stenson’s duct by gently massaging the affected gland.

Diagnosis
In general, an enlarged parotid is the only mass that obscures the angle of the mandible.
See Table 6-4 for the differential diagnosis of neck masses.

ED management

The treatment of parotitis is aimed at increasing salivary flow in order to flush infected
material from within the salivary duct and gland. Encourage hydration and recommend the
use of sialogogues, such as lemon swabs or sucking candies. In addition, provide analgesia
(acetaminophen 15 mg/kg q 4 hr, ibuprofen 10 mg/kg q 6 hr) and warm compresses.

If there is evidence of duct obstruction, overlying erythema and tenderness, or purulent
drainage from Stenson’s duct, give anti-staphylococcal antibiotics such as cephalexin (40 mg/kg
per day div q 12 hr), cefadroxil (40 mg/kg per day div bid), or amoxicillin-clavulanate (90 mg/kg
per day of amoxicillin div bid). If MRSA is a concern, either use clindamycin (20 mg/kg per day
div q 6 hr) or add trimethoprim-sulfamethoxazole (8 mg/kg per day of TMP div bid) to the
above regimens. Obtain a CT scan of the neck if the patient has persistent or recurrent
parotitis, an abscess, or if an anatomic obstruction (e.g. stone) is suspected.

Recurrent parotitis of childhood responds well to medical treatment and the episodes
often disappear after puberty.

Follow-up
e Parotitis: 48-72 hours

Indications for admission

e DPatient toxic or unable to manage PO hydration
e DParotid abscess
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Periorbital and orbital cellulitis

The orbital septum is a fibrous membrane running from the periosteum of the orbital
bones to the tarsal plates. It separates the skin and subcutaneous tissues from intraorbital
structures. Although the clinical pictures are similar, differentiation of periorbital (presep-
tal) cellulitis from orbital (postseptal) cellulitis is critical.

Clinical presentation

Both periorbital and orbital cellulitis present with warm, tender, erythematous lid swelling,
usually associated with fever and regional adenopathy.



152 Chapter 6: ENT emergencies

Periorbital cellulitis

Periorbital cellulitis can be divided into two types. The infection may be preceded by an
obvious break in the skin (insect bite, laceration, impetigo), with the causative agents being
S. aureus or group A Streptococcus. More commonly, the infection occurs as a result of local
spread from an ethmoid sinusitis with a Moraxella catarrhalis or pneumococcus infection. In
a sinusitis-related case, the patient may have a history