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Preface

Sir William Odler, probably one of the most notable physicians in the history of the Johns Hopkins Hospital, once described our intellectual maturation
thus; we are, he said, *‘ sane morally at 30, rich mentally at 40, and wise spiritually at 50--or never.”” The Harriet Lane Handbook, in its sixteenth
edition, turns 52 thisyear. It isacredit to all of its past editors that it, too, has passed through such a process of maturation, and we sincerely hope that
you may find within it not only facts or figures, but perhaps the occasional pearl of wisdom.

From the time Dr. Harrison Spencer proposed the idea of a practical bedside manual for pediatric house officers to be written not by their professors,
but by the residents themselves, the Harriet Lane Handbook has grown and flourished. The credit for nursing the handbook from a collection of loose
pages in a pocket binder in 1950 to the globally available pediatric reference manual it istoday must go to all of its former editors since the time of Dr.
Spencer: Drs. Henry Seidel, Herbert Swick, William Friedman, Robert Haslam, Jerry Winkelstein, Dennis Headings, Kenneth Schuberth, Basil Zittelli,
Jeffrey Biller, Andrew Y eager, Cynthia Cole, Mary Greene, Peter Rowe, Kevin Johnson, Michael Barone, George Siberry, and Rob lannone. We feel
especially indebted to Drs. Siberry and lannone, who were there to guide us through the preparation of the sixteenth edition from its inception.

Asin editions past, the senior residents on the Harriet Lane Service have worked long hours above and beyond the already rigorous schedule of a
resident to revise and update the various chapters of this handbook, with expert guidance from their faculty advisors. They are truly aremarkable group
of individuals and we have felt honored to know and work with them over the past few years. To each of them, and to their faculty advisors, we extend
our heartfelt gratitude:

Resident Chapter Title Faculty Advisor
Monique Soileau-Burke, MD Emergency Management Allen R. Walker, MD
JulieYeh, MD Poisonings EricaLiebelt, MD
CeciliaDavoli, MD
Matthew Grady, MD Procedures Allen R. Walker, MD
Karyn Kassis, MD, MPH Trauma and Burns Allen R. Waker, MD
Matthew Grady, MD
Dominique Foulkes, MD Adolescent Medicine Alan Joffe, MD, MPH
Karyn Kassis, MD, MPH




Brett H. Siegfried, MD Cardiology Reid Thompson, MD
Tara O. Henderson, MD Jean Kan, MD
Moniqgue Soileau-Burke, MD Dermatology Bernard Cohen, MD

Lori Chaffin Jordan, MD
Renu Peterson, MD

Development and Behavior

Mary Leppert, MD

Irene Moff, MD

Endocrinology

David Cooke, MD

Dominique Foulkes, MD

Fluids and Electrolytes

Michael Barone, MD

SaminaH. Taha, MD Gastroenterology Jose Saavedra, MD
Vivian V. Pearson, MD Genetics AdaHamosh, MD
Michelle Hudspeth, MD Hematol ogy James F. Casella, MD
Heather Symons, MD

Michelle Hudspeth, MD lmmunology Jerry Winkelstein, MD

Heather Symons, MD

Irene Moff, MD

I mmunoprophylaxis

Neal A. Halsey, MD

Laurel Bell, MD Shilpa Hattangadi, MD

Microbiology and Infectious Disease

George Siberry, MD James Dick, MD

LisaA. Irvineg, MD, PhD Neonatology Sue Aucott, MD

MelissaM. Sparrow, MD Nephrology AliciaNeu, MD

H. Scott Cameron, MD Neurology Thomas Crawford, MD
Tyler Reimschisel, MD

Jeanne Cox, MS, RD Nutrition and Growth

Lori Chaffin Jordan, MD

Michelle Hudspeth, MD Oncology Ken Cohen, MD

Heather Symons, MD

MelissaM. Greenfield, MD Pulmonol ogy Gerald Loughlin, MD

Chicky Dadlani, MD Radiology Jane Benson, MD

Shalloo Sachdev, MD

Christian Nechyba, MD

Blood Chemistries and Body Fluids




VeronicaL. Gunn, MD, MPH Biostatistics and Evidence-Based Medicine Harold Lehmann, MD, MPH
Christian Nechyba, MD Drug Doses Carlton Lee, PharmD, MPH
VeronicaL. Gunn, MD, MPH

Javier Tejedor-Sojo, MD Analgesia and Sedation Myron Y aster, MD

Shalloo Sachdev, MD Formulary Adjunct Carlton Lee, PharmD, MPH
Christian Nechyba, MD Drugsin Rena Failure Carlton Lee, PharmD, MPH
Veronical. Gunn, MD, MPH

The reader will note several important changes in the contents of this edition. A chapter on dermatology has been added and includes color plates of
representative skin findings, as well as algorithms describing diagnostic approaches to various types of rashes. In an erain which physicians are
increasingly encouraged to base their clinical practice on established medical literature, we have included a new chapter on evidence-based medicine.
An attempt has also been made to include internet-based resources at the beginning of chapters whenever applicable to facilitate the
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reader’ s search for updated and in-depth clinical information. Several previous chapters have been consolidated into areference chapter, including
common unit conversions, laboratory reference ranges, and body fluid chemistries. The section on growth charts has been consolidated with the
nutrition chapter, and microbiology and infectious diseases have been combined into a single chapter. Finally, it isinevitable that the size of this
handbook has a tendency to increase as we broaden our knowledge of new diagnoses and therapeutic approaches with each edition. Therefore we have
cut two chapters from the fifteenth edition (Surgery and Psychiatry) from this edition in an attempt to maintain the handbook’s ‘‘ pocketable’’ qualities.
Although we recognize the vital importance of these subspecialties to pediatrics, and are thankful to their many dedicated practicioners, we believe that
we cannot adequately summarize these topics and meet our goal of maintaining a succinct and portable reference handbook.

Aswith past editions, the creation of this handbook is a quintessential team effort, and we owe a debt of gratitude to more individuals than we can

name here. Credit for the formulary, consistently the most utilized section of this book, goesin large part to Carlton Lee, PharmD, MPH. We also thank
all those who have volunteered their time and talents to make this edition possible: Jeanne Cox, MS, RD for her ongoing work on the nutrition chapter;
Dr. William Zinkham for providing the hematology color plates; Josie Pirro, RN, for providing illustrations for common procedures; the medical staff

of the Johns Hopkins laboratories for their assistance in preparing the Reference section; and Wayne Reisig for his countless internet searches and trips
to the Welch medical library on our behalf. The artwork at the section headings is the work of the late Aaron Sopher, whose timeless illustrations of the
Harriet Lane Home were created over three decades ago. We aso thank the staff of the Department of Pediatrics at Johns Hopkins, including Kenneth
Judd, Kathy Miller, Francine Cheese, and Leslie Burke. Their support has been unwavering, and they have truly made it ajoy to come to work each day.

Our role model, and the role model for al of our residents, has been Dr. JuliaMcMillan. She has been atireless advocate for our house staff, and she



reminds us daily, in her actions and in her words, to be advocates for the children and familiesin our care. A special thanks goesto Dr. George Dover,
Chairman of the Department of Pediatrics at Johns Hopkins, a visionary who settles for nothing short of excellence from each of us. He has been a
constant support to us as chief residents and continues to work tirelessly to maintain excellent patient care, teaching, and research throughout the Johns
Hopkins Children’s Center.

Finally, our thanks and greatest appreciation to all of the Harriet Lane residents. It has been an honor to teach and be taught by you. Each of you has
even greater contributions yet to make, and we are certain that you will make them.
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www.aaem.org (American Academy of Emergency Medicine)
www.ems-c.org (Emergency Medical Services for Children)

Chapter 1 - EMERGENCY MANAGEMENT



II. AIRWAY®

A. ASSESSMENT
1. Open airway: Establish an open airway with the head-tilt/chin-lift maneuver. If neck injury is suspected, jaw thrust with cervical-spine (C-
spine) immobilization should be used.

2. Obstruction: Rule out foreign body, anatomic, or other obstruction.
B. MANAGEMENT

1. Equipment
a. Oral airway
1. Poorly tolerated in conscious patient.
2. Size: With flange at teeth, tip reaches angle of jaw.
3. Length rangesfrom 4 to 10 cm.
b. Nasopharyngeal airway
1. Relatively well tolerated in conscious patient. Rarely provokes vomiting or laryngospasm.
2. Size: Length equalstip of nose to angle of jaw.
3. Diameter: 12 to 36 French (F).
c. Laryngeal mask airway is an option for a secure airway that does not require laryngoscopy or tracheal intubation. It allows
spontaneous or assisted respiration, but does not prevent aspiration.
2. Intubation: Sedation and paralysis are recommended for intubation unless the patient is unconscious or is a newborn.

a. Indications: Obstruction (functional or anatomic), prolonged ventilatory assistance or control, respiratory insufficiency, loss of
protective airway reflexes, or route for approved medications.
b. Equipment (see table on inside front cover).

1. Endotracheal tube (ETT): The following equation should be used to determine the size of the ETT to be used:

(Age + 16)/4 = Internal diameter of ETT tube.

Anuncuffed ETT should be used in patients <8 years old. The depth of insertion (in cm; at the teeth or lips) is approximately
threetimesthe ETT size.

2. Laryngoscope blade: Generally, a straight blade can be used in all patients. A curved blade may be easier to use in patients >2
years old.

Bag and mask should be attached to 100% oxygen.

ETT stylets should not extend beyond the distal end of the ETT.

W
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5. Suction: Use alarge-bore (Y ankauer) suction catheter or 14 to 18F suction catheter.



6.
7.

Nasogastric (or orogastric) tube: Size from nose to angle of jaw to xyphoid process.
Monitoring equipment: Electrocardiography (ECG), pulse oximetry, blood pressure (BP) monitoring, capnometry (end-tidal
CO, monitoring).

c. Procedure

1.
2. Administer intubation medications ( Table 1-1 and Fig. 1-1).

3.

4. With patient lying supine on afirm surface, head midline and slightly extended, open mouth with right thumb and index finger.

o u

~

9.

Preoxygenate with 100% O, via bag and mask.

Apply cricoid pressure to prevent aspiration (Sellick maneuver).
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Hold laryngoscope blade in left hand. Insert blade into right side of mouth, sweeping tongue to the left out of line of vision.
Advance blade to epiglottis. With straight blade, lift laryngoscope straight up, directly lifting the epiglottis until vocal cords
are visible. With curved blade, the tip of blade restsin the vallecula (between the base of the tongue and epiglottis). Lift
straight up to elevate the epiglottis and visualize the vocal cords.

While maintaining direct visualization, passthe ETT from the right corner of the mouth through the cords.

Verify ETT placement by end-tidal CO, detection (there will be afalse negative if there is no effective pulmonary circulation),

auscultation in both axillae and epigastrium, chest rise, and chest radiograph.
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Securely tape ETT in place, noting depth of insertion (cm) at teeth or lips.

C. RAPID SEQUENCE INTUBATION MEDICATIONS
Note: Titrate drug dosesto achieve desired effect (see Fig. 1-1 and Table 1-1).

TABLE 1-1-- RAPID SEQUENCE INTUBATION MEDICATIONS

Drug

Dose (1V) (mg/ko) Comments

ADJUNCTS (FIRST)



Atropine (vagolytic) 0.01-0.02 Vagolytic, prevents bradycardia and reduces oral
Min. 0.1 mg secretions, may increase HR
Max. 1 mg

Lidocaine (optional anesthetic) 1-2 Blunts ICP spike, cough reflex, and CV effects
of intubation; controls ventricular dysrhythmias

SEDATIVE/HYPNOTIC (SECOND)

Thiopental 1-7 May cause hypotension; myocardial depression
(barbiturate); decreases | CP and cerebral blood
flow; use low dose in hypovolemia (1-2 mg/kg);
may increase oral secretions, cause
bronchospasm and laryngospasm;
contraindicated in status asthmaticus

Or

Ketamine 1-4 May increase ICP, BP, HR, and oral secretions;
(general anesthetic); causes bronchodilation,
emergence delirium; give with atropine;
contraindicated in eyeinjuries

Or

Midazolam (benzodiazepine) 0.05-0.1 May cause decreased BP and HR and respiratory
depression; amnestic properties;
benzodiazepines reversible with flumazenil
(seizure warning applies)

Or

Fentany! (opiate) 2-5 mcg/kg Fewest hemodynamic effects of all opiates;

chest-wall rigidity with high dose or rapid
administration; opiates reversible with naloxone
(seizure warning applies); don’'t use with MAO
inhibitors

PARALYTICS(THIRD)"



Rocuronium 0.6-1.2 Onset 30-60 sec, duration 30-60 min;
coadministration with sedative; may reversein
30 min with atropine and neostigmine; minimal
effect on HR or BP; precipitates when in contact
with other drugs, so flush line before and after
use

Or

Pancuronium 0.1-0.2 Onset 70-120 sec, duration 45-90 min;
contraindicated in renal failure, tricyclic
antidepressant use; may reverse in 45 min with
atropine and neostigmine

Or

Vecuronium 0.1-0.2 Onset 70-120 sec, duration 30-90 min; minimal
effect on BP or HR; may reversein 30-45 min
with atropine and edrophonium

Or

Succinylcholine 1-2 Onset 30-60 sec, duration 3-10 min; increases

ICP, irreversible; contraindicated in burns,
massive trauma, neuromuscular disease, eye
injuries, malignant hyperthermia, and
pseudocholinesterase deficiency. Risk: Lethal
hyperkalemiain undiagnosed muscul ar
dystrophy

BP, Blood pressure; CV, cardiovascular; HR, heart rate; ICP, intracranial pressure; MAO, monoamine oxidase.
*Nondepolarizing neuromuscular blockers, except succinylcholine, which is depolarizing.

Figure 1-1 A, Treatment algorithm for intubation. B, Sedation options. (Modified from Nichols DG et al, editors. Golden hour: the handbook of
advanced pediatric life support. S Louis: Mosby; 1996.)



Preparation J

¥
Preaxygenation with 100% Q.

¥ =
Atroping 0.01mgkg (minimum dose: 0. 1mg, adult dose: 0.5mgh

T

Cricoid pressure

'

Sedativer(see Bl

!
A Paralytic

Mormotensive Thiopental 4-7mg/kg

Thiopental 1mg/kg or
Mild T Ketamine 1rmg'kg or

Midazolam Q. 1mgkg

Shack

Mane or

——E—r Lidocaine Lmg'kg and/or

Fentanyl 2mogkg

_ Thiopental 4-7mg/kg
Normotensive _+ Lidocaine 1-2mg/kg

Lidocaine 1mg/kg
— Hypotensive Fentanyl 2-bmcg/ke
Thicpental 1-2me/kg

Head injury

asthmaticus Ketaming 2-4mg/kg

Status + Lidocaine 1-2mg'kg

Once the airway is established, evaluate air exchange. Examine for evidence of abnormal chest-wall dynamics, such as tension pneumothorax, or
central problems such as apnea



. MANAGEMENT
Positive pressure ventilation (application of 100% oxygen is never contraindicated in resuscitation situations).

1. Mouth-to-mouth or nose-to-mouth breathing isused in situations in which no supplies are available. Provide two slow breaths (1 to 1.5 sec/
breath) initially, then 20 breaths/min (30 breaths/min in infants). Provide one breath every fifth chest compression in cardiopulmonary
resuscitation (CPR).

2. Bag-mask ventilation is used at arate of 20 breaths/min (30 breaths/min in infants). Assess chest expansion and breath sounds. Decompress
stomach with orogastric (OG) or nasogastric (NG) tube with prolonged bag mask ventilation (BMV).

3. Endotracheal intubation: See pp. 3-7.

V. CIRCULATION®

A. ASSESSMENT
1. Rate: Assessfor bradycardia, tachycardia, or absent heart rate. Generally, bradycardiais <100 beats/min in a newborn and <60 beats/min
in an infant or child; tachycardia of >240 beats/min suggests primary cardiac disease.
2. Assess pulse (central and peripheral) and capillary refill (assuming extremity iswarm): <2 secisnormal, 2 to 5 sec is delayed, and
>5 sec is markedly delayed, suggesting shock. Decreased or altered mental status may be a sign of inadequate perfusion.
3. Blood pressure (BP): Measuring blood pressure is one of the least sensitive measures of adequate circulation in children.

Hypotension = Systolic BP < [70 + (2 x Age in years]]

B. MANAGEMENT (Table1-2)
1. Chest compressions
2. Fluid resuscitation
a. If peripheral intravenous (1V) accessis not obtained in 90 sec or three attempts, and the patient is <8 years old, then place an
intraosseous (10) needle (see pp. 57-59). If still unsuccessful, consider central venous access.
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b. Initial fluid should be lactated Ringer’s (LR) or normal saline (NS). Administer a bolus with 20 mL/kg over 5 to 15 minutes.
Reassess. If there is no improvement, consider arepeat bolus with 20 mL/kg of the same fluid. Reassess. If replacement requires
more than 40 mL/kg, or if there is acute blood loss, consider 5% albumin, plasma, or packed red blood cells (RBCs) at 10 mL/kg.

c. If cardiogenic etiology is suspected, fluid resuscitation may worsen clinical status.

3. Pharmacotherapy: Seeinside front and back coversfor guidelines for drugs to be considered in cardiac arrest.



Note: Consider early administration of antibioticsor corticosteroidsif clinically indicated.

TABLE 1-2-- MANAGEMENT OF CIRCULATION

L ocation” Rate (per min) Compressions: Ventilation

Infants 1 finger-breadth below >100 5:1
intermammary line

Children (<8 yr) 2 finger-breadths below 100 5:1
intermammary line

Older children (>8 yr Lower half of sternum 100 15:2

*Depth of compressions should be one third to one half anteroposterior (AP) diameter of the chest and should produce pal pable pul ses.

V. ALLERGIC EMERGENCIES (ANAPHYLAXIS)

A. DEFINITION
Anaphylaxisisthe clinical syndrome of immediate hypersensitivity. It is characterized by cardiovascular collapse, respiratory compromise, and
cutaneous and gastrointestinal (Gl) symptoms (e.g., urticaria, emesis).
B. INITIAL MANAGEMENT
1. ABCs: Establish airway (A) if necessary. Supply with 100% oxygen with respiratory support (B) as needed. Assess circulation (C) and
establish IV access. Place patient on cardiac monitor.
2. Epinephrine: Give epinephrine 0.01 mL/kg (1:1000) subcutaneously (SC) (maximum dose 0.5 mL). Repeat every 15 min as needed.
3. Albuterol: Give nebulized albuterol 0.05 to 0.15 mg/kg in 3 mL NS (quick estimate: 2.5 mg for <30 kg, 5 mg for >30 kg) every 15 min as
needed.
4. Administer an H; -receptor antihistamine, such as diphenhydramine 1 to 2 mg/kg viaintramuscular (IM), IV, or ora (PO) routes

(maximum dose 50 mg). Also, consider an H, -receptor antagonist.

5. Corticosteroids help prevent the late phase of the alergic response. Administer methylprednisolone in a2-mg/kg IV bolus, then 2 mg/kg
per day IV or IM divided every 6 hr, or prednisone 2 mg/kg PO in a bolus once daily. Observe for 6 to 24 hours for |ate-phase symptoms.
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6. Patient should be discharged with an Epi-Pen (>30 kg), Epi-Pen Junior (<30 kg), or comparable injectable epinephrine product with



specific instructions on appropriate usage.
C. HYPOTENSION
1. Trendelenburg position: Put patient’s head at 30-degree angle below feet.
2. Normal saline: Administer 20 mL/kg IV NS rapidly. Repeat bolus as necessary.
3. Epinephrine: Epinephrine 0.1 mL/kg (1:10,000) may be given IV over 2 to 5 minutes while an epinephrine or dopamine infusion is being
prepared. (See infusion table inside front cover for details of preparation and dosages.)

VI. RESPIRATORY EMERGENCIES

The hallmark of upper-airway obstruction isinspiratory stridor, whereas |lower-airway obstruction is characterized by cough, wheeze, and a prolonged
expiratory phase.

A. ASTHMA
1. Assessment: Assess heart rate (HR), respiratory rate (RR), O, saturation, peak expiratory flow rate, use of accessory muscles, pulsus

paradoxus (>20 mmHg difference in systolic BP for inspiratory versus expiratory phase), dyspnea, alertness, color.
2. Initial management

a. Oxygen to keep saturation >95%.

b. Inhaled B-agonists: Nebulized albuterol 0.05 to 0.15 mg/kg/dose every 20 minutes to effect.

c. Additional nebulized bronchodilators include ipratropium bromide 0.25 to 0.5 mg nebulized with albuterol (as above). Benefit has
only been demonstrated for moderate to severe exacerbations.

d. If thereisvery poor air movement, or the patient is unable to cooperate with a nebulizer, give epinephrine 0.01 mL/kg SC (1:1000;
maximum dose 0.3 mL) every 15 min up to three doses, or terbutaline 0.01 mg/kg SC (maximum dose 0.4 mg) every 15 minutes up
to three doses.

e. Start corticosteroidsif there is no response after one nebulized treatment or if patient is steroid dependent. Prednisone or
prednisolone 2 mg/kg PO every 24 hr; or (if severe) methylprednisolone 2 mg/kg 1V/IM then 2 mg/kg/day divided every 6 hr.
Parenteral steroids have not been proven to routinely provide more rapid onset of action or greater clinical effect than oral steroidsin
children with mild to moderate asthma.

3. Further management if incomplete or poor response

a. Continue nebulization therapy every 20 to 30 minutes and space interval as tolerated.

b. Administer magnesium 25 to 75 mg/kg/dose IV/IM (2 g max.) infused over 20 minutes every 4 to 6 hr up to three to four doses.
Many clinicians suggest the higher end of this dosing range (75 mg/kg/dose), although further dosing studies are needed.
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c. Administer terbutaline 2 to 10 meg/kg IV load followed by continuous infusion at 0.1 to 0.4 mcg/kg/min titrated to effect (seeinside



front cover).

d. A helium (>70%)-oxygen mixture may be of some benefit in the critically ill patient, but is more useful in upper-airway edema.
Avoid use in the severely hypoxic patient.

e. Although aminophylline may be considered, it is no longer considered a preferred mode of therapy for status asthmaticus (see
Formulary for dosage information).

4. Intubation: Intubation of those with acute asthmais dangerous and should be reserved for impending respiratory arrest. Premedicate with
lidocaine and ketamine (see Fig. 1-1 and Table 1-1).

B. UPPER AIRWAY OBSTRUCTION
Upper airway obstruction is most commonly caused by foreign-body aspiration or infection.

1. Epiglottitisisatrue emergency. Any manipulation, including aggressive physical examination, attempt to visualize the epiglottis,
venipuncture, or IV placement, may precipitate complete obstruction. If epiglottitisis suspected, definitive airway placement should
precede all diagnostic procedures. A prototypic “epiglottitis protocol” may include the following:

a. Unobtrusively give O, (blow-by). Place patient on NPO status.

b. Have parent accompany child to allay anxiety.
c. Have physician accompany patient at al times.
d. Summon “epiglottitis team” (most senior pediatrician, anesthesiologist, and otolaryngologist in hospital).
e. Management options
1. If patient is unstable (unresponsive, cyanotic, bradycardic), emergently intubate.
2. If patient is stable with high suspicion, escort patient with team to operating room for endoscopy and intubation under general
anesthesia.
3. If patient is stable with moderate or low suspicion, obtain lateral neck radiographic examination to confirm. An epiglottitis
team must accompany the patient at all times.
f. After airway is secured, obtain cultures of blood and epiglottic surface. Begin antibiotics to cover Haemophilus influenzae type B,
Streptococcus pneumoniae, and group A streptococci.
2. Croup
a. Mild (no stridor at rest): Treat with cool mist therapy, minimal disturbance, hydration, and antipyretics. Consider steroids (see
below).
b. Moderate to severe
1. Mist or humidified oxygen mask near child’s face may be used, although the efficacy of mist therapy is not established. A mist
tent may increase a child’ s anxiety and decrease the physician’ s ability to observe the patient.
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2. Administer racemic epinephrine (2.25%) 0.05 mL/kg/dose (maximum doseis 0.5 mL) in 3 mL NS, no more than every 1to 2
hr, or nebulized epinephrine 0.5 mL/kg of 1:1000 (1 mg/mL) in 3 mL NS (maximum dose is 2.5 mL for <4 yearsold, 5 mL for



> 4 years old). Hospitalize if more than one nebulization is required. Observe for aminimum of 2 to 4 hoursif dischargeis
planned after administering nebulized epinephrine.

3. Administer dexamethasone 0.6 mg/kg IM or PO once. Prednisolone or prednisone may be adequate but should be
administered for several days because of the shorter half-life of these steroid preparations.

4. Nebulized budesonide (2 mg) has been shown to be effective in mild to moderate croup.

5. A helium-oxygen mixture may decrease the work of breathing by decreasing resistance to turbulent gas flow through a
narrowed airway. Inspired helium concentration must be >70% to be effective.

c. If achild failsto respond as expected to therapy, consider airway radiography, computed tomography (CT), or evaluation by
otolaryngology or anesthesiology. Consider retropharyngeal abscess, bacterial tracheitis, subglottic stenosis, epiglottitis, or foreign
body.

3. Foreign body aspiration occurs most often in children <5 years old. It frequently involves hot dogs, candy, peanuts, grapes, balloons, and
other small objects.

a. If the patient is stable (i.e., forcefully coughing, well-oxygenated), removal of the foreign body by bronchoscopy or laryngoscopy
should be attempted in a controlled environment.

b. If the patient is unable to speak, moves air poorly, or is cyanotic, intervene immediately.

1. Infant: Place infant over arm or rest on lap. Give five back blows between the scapulae. If unsuccessful, turn infant over and
give five chest thrusts (in the same location as external chest compressions). Use tongue-jaw lift to open mouth. Remove
object only if visualized. Attempt to ventilate if unconscious. Repeat sequence as often as necessary.

2. Child: Perform five abdominal thrusts (Heimlich maneuver) from behind a sitting or standing child or straddled over a child
lying supine. Direct thrusts upward in the midline and not to either side of the abdomen.

3. After back, chest, and/or abdominal thrusts, open mouth and remove foreign body if visualized. Blind finger sweeps are not
recommended. Magill forceps may allow removal of foreign bodies in the posterior pharynx.

4. If the patient is unconscious, remove the foreign body using Magill forceps if needed after direct visualization or
laryngoscopy. If there is complete airway obstruction, consider percutaneous (needle)
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cricothyrotomy ( Fig. 1-2)@if attempts to ventilate via bag-valve mask or ETT are unsuccessful.

Figure 1-2 Percutaneous (needle) cricothyrotomy. Extend neck, attach a 3-mL syringe to a 14-to 18-gauge |V catheter and introduce catheter through
the cricothyroid membrane (inferior to the thyroid cartilage, superior to the cricoid cartilage). Aspirate air to confirm position. Remove the syringe and
needle, attach the catheter to an adaptor from a 3.0-mm ETT, which can then be used for positive-pressure oxygenation. (Modified from Dieckmann RA,
Fiser DH, Selbst SM. Illustrated textbook of pediatric emergency & critical care procedures. S Louis: Mosby; 1997.)
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TABLE 1-3-- MEDICATIONSFOR HYPERTENSIVE EMERGENCY *

Interval to Repeat or

Drug Onset (Route) Duration Increase Dose Comments
Diazoxide (arteriole 1-5min (1V) Variable (2-12 hr) 15-30 min May cause edema,
vasodilator) hyperglycemia
INFUSIONS
Nitroprusside (arterioleand |<30 sec (1V) Very short 30-60 min Requires ICU setting;
venous vasodilator) follow thiocyanate level
Labetalol (a-, B-blocker) 1-5min (1V) Variable, about 6 hr 10 min May require ICU setting
Nicardipine (calcium 1 min (V) 3hr 15min May cause edema,
channel blocker) headache, nausea/vomiting

ICU, Intensive care unit.



*See Formulary for dosing.

TABLE 1-4 -- MEDICATIONS FOR HYPERTENSIVE URGENCY*

Drug Onset (Route) Duration Interval to Repeat Comments

Enalaprilat 15min (1V) 12-24 hr 8-24 hr May cause hyperkalemia,
hypoglycemia

Minoxidil 30 min (PO) 2-5 days 4-8 hr Contraindicated in
pheochromocytoma

PO, Per os.

*See Formulary for dosing.

VIIl. NEUROLOGIC EMERGENCIES

A. INCREASED INTRACRANIAL PRESSURE® 4
See Chapter 19 for evaluation and management of hydrocephalus.
1. Assessment
a. History: Obtain history regarding trauma, vomiting, fever, headache, neck pain, unsteadiness, seizure or other neurologic conditions,

visual change, gaze preference, and change in mental status. In infants, look for irritability, poor feeding, lethargy, and bulging
fontanel.

b. Examination: Assess for Cushing’ s response (hypertension, bradycardia, abnormal respiratory pattern), neck stiffness, photophobia,
pupillary response, cranial nerve dysfunction (especially paralysis of upward gaze
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or of abduction), papilledema, absence of venous pulsations on eye grounds, neurologic deficit, abnormal posturing, and abnormal
mental status examination.
2. Management: Do not lower BP if elevated | CP is suspected. C-spine immobilization is necessary if traumais suspected.
a. Stable child (not comatose, stable vital signs, no focal findings): Apply cardiac monitor. Elevate head of the bed 30 degrees. Obtain
complete blood count (CBC), electrolyte and glucose levels, and blood culture as indicated. Request an urgent head CT scan and



B. COMA B

1. Assessment

emergent neurosurgical consultation/management. Give antibiotics early if meningitisis suspected.
b. Unstable child: Request emergent neurosurgical consultation and management.

1.
2.
3.

4.

6.
7.

Elevate head of the bed 30 degrees.

Avoid hypoosmolar IV solutions.

Mannitol 0.25 to 1 g/kg IV and/or furosemide 1 mg/kg IV for temporary reduction of ICP. A lower dose of mannitol is
generaly recommended because high-dose mannitol can produce significant hypotension.

Reserve hyperventilation for acute management; keep Pco, at 30 to 35 mmHg. Provide controlled intubation as outlined in Fig.

1-1 and Table 1-1 (consider lidocaine, atropine, thiopental, pancuronium; avoid ketamine). Continue paralysis and sedation.
Request emergent head CT scan and a shunt series of radiographs if patient has a ventriculoperitonea (VP) shunt (see Chapter
19). Lumbar puncture (LP) is contraindicated because of herniation risk. Do not delay antibiotics if meningitisis suspected.

Consider dexamethasone to reduce cerebral edema in consultation with neurosurgeon.
Treat hyperthermia
Avoid hypotension or hypovolemia.

a. History: Obtain history of trauma, ingestion, infection, fasting, drug use, diabetes, seizure, or other neurologic disorder.
b. Examination: Assess HR, BP, respiratory pattern, temperature, pupillary response, funduscopy, rash, abnormal posturing, and focal
neurologic signs.
2. Management: “ABC DON'T”
a. Airway (with C-spine immobilization), Breathing, Circulation, Dextrostick, Oxygen, Naloxone, Thiamine.

BN OIS g

1.
2.

Naloxone 0.1 mg/kg IV/IM/SC/ETT (maximum dose 2 mg). Repeat as necessary.
Thiamine 50 mg IV (before starting glucose). Consider in adolescents for deficiencies secondary to alcoholism or eating
disorders.
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3. D,s W 2to4 mL/kg IV bolusif hypoglycemiais present.
Laboratory tests: Consider CBC, electrolytes, liver function tests (LFTs), NH; , lactate, toxicology screen (serum and urine), blood

gas, and blood and urine culture. If patient is an infant or toddler, consider assessment of plasma amino acids, urine organic acids,
and other appropriate metabolic workup.

If meningitis or encephalitisis suspected, consider LP and start antibiotics. Consider acyclovir.

Request emergent head CT scan; consider neurosurgical consultation and el ectroencephalogram (EEG) if indicated.

If ingestion is suspected, airway must be protected before gastrointestinal (Gl) decontamination (see Chapter 3).

Monitor Glasgow Coma Scale ( Table 1-5).



C. STATUSEPILEPTICUS®
See Chapter 19 for nonacute evaluation and management of seizures.

1. Assessment: Common causes of childhood seizuresinclude fever, subtherapeutic anticonvulsant levels, CNS infections, trauma, toxic

Ingestion, and metabolic abnormalities. Less common causes include vascular, neoplastic, and endocrine diseases.
2. Acute management of seizures( Table 1-6)
3. Diagnostic workup: When stable, workup may include CT or magnetic resonance imaging (MRI), EEG, and LP.

TABLE 1-5-- COMA SCALES

Glasgow Coma Scale Modified Coma Scalefor Infants
Activity Best Response Activity Best Response
EYE OPENING
Spontaneous 4 Spontaneous 4
To speech 3 To speech 3
Topain 2 Topain 2
None 1 None 1
VERBAL
Oriented 5 Coos, babbles 5
Confused 4 Irritable 4
Inappropriate words 3 Criesto pain 3
Nonspecific sounds 2 Moans to pain 2
None 1 None 1
MOTOR
Follows commands 6 Normal spontaneous movements 6
Localizes pain 5 Withdraws to touch 5
Withdrawsto pain 4 Withdrawsto pain 4
Abnormal flexion 3 Abnormal flexion 3
Abnormal extension 2 Abnormal extension 2



None

1

None 1

From Jennet B, Teasdale G. Lancet 1977; 1:878 and James HE. Pediatr Ann 1986; 15:16.
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TABLE 1-6 -- ACUTE MANAGEMENT OF SEIZURES

Time (min) I ntervention
0-5 Stabilize the patient
*Assess airway, breathing, circulation, and vital signs
eAdminister oxygen
*Obtain intravenous access or intransseous access
*Correct hypoglycemiaif present
*Obtain laboratory studies: Consider glucose, electrolytes, calcium,
magnesium, BUN, creatinine, and LFTs, CBC, toxicology screen,
anticonvulsant levels, blood culture (if infection is suspected)
eInitial screening history and physical examination
5-15 Begin pharmacotherapy
oL orazepam (Ativan), 0.05-0.1 mg/kg IV, up to 4-6 mg
Or
*Diazepam (Valium), 0.2-0.5 mg/kg 1V (0.5 mg/kg rectally) up to 6-10
mg
*May repeat lorazepam or diazepam 5-10 min after initial dose
15-35 If seizure persists, load with:

*Phenytoin® 15-20 mg/kg IV at rate not to exceed 1 mg/kg/min

Or



*Fosphenytoin®15-20 mg PE/kg IV/IM at 3 mg PE/kg/min (maximum
150 mg PE/min). If given IM, may require multiple dosing sites

Or

*Phenobarbital 15-20 mg/kg IV at rate not to exceed 1 mg/kg/min

45

If seizure persists:

L oad with phenobarbital if phenytoin was previously used

*Additional phenytoin or fosphenytoin 5 mg/kg over 12 hr for goal serum
level of 20 mg/L

*Additional phenobarbital 5 mg/kg/dose Q15-30 min (maximum total
dose of 30 mg/kg; be prepared to support respirations)

*Consider IV valproate, especialy for partial status epilepticus

60

If seizure persists, *consider pentobarbital, midazolam, or general
anesthesiain intensive care unit

Modified from Fischer P. Child Adol Psychiatr Clin North Am 1995; 4:461.

BUN, Blood urea nitrogen; CBC, complete blood count; CT, computed tomography; EEG, electroencephal ogram.

* Phenytoin may be contraindicated for seizures secondary to acohol withdrawal or most ingestions (see Chapter 2).

‘tFosphenytoin dosed as phenytoin equivalent (PE).
FPyridoxine 100 mg IV in infant with persistent initial seizure.
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Chapter 2 - POISONINGS

JulieYeh MD

The importance of local poison control centers must be emphasized. Early consultation with these centers allows physicians access to resources not
normally found in emergency departments, as well as guidance from expert personnel trained in the management of toxic exposure.

l. HISTORY®

1. Corraoboration: Obtain histories from different family members to help confirm the type and dose of exposure.

2. High suspicion for toxic exposure: (1) Abrupt onset of symptoms, (2) inconsistent history, (3) previous history of ingestion.

3. ldentification of toxin: (1) Obtain the bottle or container of the ingestant; request the assistance of the police if necessary. (2) Obtain al
medicines from the household if there is any doubt as to which agents have been ingested. (3) Ask specifically about herbal or folk remedies,
medications that the patient is taking, any medication that is present in the home, including over-the-counter (OTC) medications.

4. Thefollowing details should be obtained: (1) Exact name of the drug or chemical exposure, (2) preparation and concentration of the drug or
chemical exposure, (3) probable dose (by history) of drug ingested in milligrams per kilogram, as well as the maximum possible dose, (4) time
since ingestion/exposure.

II. SIGNS AND SYMPTOMS OF POISONING®

A. VITAL SIGNS
1. Pulse
a. Bradycardia: -blockers, calcium channel blockers (diltiazem, verapamil), carbamates, clonidine, digoxin, opiates,
organophosphates, plants (lily of the valley, foxglove, oleander).
b. Tachycardia: Sympathomimetics (amphetamine, cocaine, OTC cough and cold medications), phencyclidine, Synthroid, theophylline,
tricyclic antidepressants, anticholinergics, antihistamines, ethanol withdrawal.



2. Respiration
a. Bradypnea: Alcohols and ethanol, barbiturates (late), clonidine, opiates, sedative/hypnotics.
b. Tachypnea: Amphetamines, barbiturates (early), caffeine, cocaine, ethylene glycol, methanol, salicylates.
3. Blood pressure
a. Hypotension: Antihypertensives, barbiturates, (3-blockers and calcium channel blockers, clonidine, cyanide, methemoglobinemia
(nitrates, nitrites), opiates, phenothiazines, tricyclic antidepressants (late).
b. Hypertension: Amphetamines/sympathomimetics (especially pseudoephedrinein OTC cold remedies, diet pills), antihistamines,
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anticholinergics, clonidine (short-term effect at high doses), ethanol withdrawal, marijuana, phencyclidine.
4. Temperature
a. Hypothermia: Barbiturates, clonidine, ethanol, hypoglycemic agents, opiates, phenothiazines, sedative/hypnotics.
b. Hyperthermia: Amphetamines, anticholinergic agents, antipsychotic agents, cocaine, monoamine oxidase inhibitors, phenothiazines,
salicylates, theophylline.
B. NEUROMUSCULAR

1. Ataxia: Alcohol, barbiturates, phenytoin, sedatives/hypnotics (including benzodiazepines), carbon monoxide, heavy metals, organic
solvents.

2. Delirtum/psychosis: Antihistamines, drugs of abuse (phencyclidine, lysergic acid diethylamide [LSD], peyote, mescaline, marijuana,
cocaine), ethanol, heavy metals (Iead), phenothiazines, steroids, sympathomimetics and anticholinergics (including prescription and OTC
cold remedies), theophylline.

3. Convulsions. Amphetamines, antihistamines, caffeine, camphor, carbamazepine, cocaine, ethanol withdrawal, isoniazid, lead, lidocaine,
lindane, nicotine, organophosphates, phenothiazines, phencyclidine, plants (water hemlock), salicylates, strychnine, theophylline, tricyclic
antidepressants.

Paralysis: Botulinum toxin, heavy metals, organophosphates, plants (poison hemlock).
Coma: Alcohoals, anticholinergics, anticonvulsants, antihistamines, barbiturates, carbon monoxide, clonidine, opiates, organophosphate
insecticides, OTC sleep preparations, phencyclidine hydrochloride (PCP), phenothiazines, salicylates, sedatives/hypnotics, sulfonylureas,
tricyclic antidepressants, gamma hydroxybutyrate (GHB).
C. OPHTHALMOLOGIC
1. Pupils
a. Miosis (constricted pupils): barbiturates, clonidine, ethanol, mushrooms of the muscarinic type, nicotine, opiates, organophosphates,
phencyclidine, phenothiazines.
b. Mydriasis (dilated pupils): Amphetamines, anticholinergics, carbamazepine, cocaine, diphenhydramine, L SD, marijuana,
sympathomimetics.
2. Nystagmus: Barbiturates, carbamazepine, phencyclidine (both vertical and horizontal), phenytoin, sedatives/hypnotics.
D. SKIN

oA



1. Jaundice: Acetaminophen, carbon tetrachloride, cyclopeptide mushrooms, fava beans, heavy metals (phosphorus, arsenic), naphthalene.
2. Cyanosis (unresponsive to oxygen as aresult of methemoglobinemia): Aniline dyes, benzocaine, dapsone, nitrates, nitrites, nitrobenzene,
phenacetin, phenazopyridine, Pyridium.
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3. Dry: Anticholinergics, antihistamines.
4. Needletracks: Substance abuse.
E. ODORS
Acetone: Acetone, isopropyl alcohol, salicylates.
Alcohol: Ethanol, isopropyl alcohoal.
Bitter almond: Cyanide.
Garlic: Heavy metals (arsenic, phosphorus, and thallium), organophosphates.
Oil of wintergreen: Methyl salicylates.
Pears: Chlora hydrate.
Carrots. Water hemlock.

NoasrwbdE

[l. MANAGEMENT OF ACUTE POISONING

Initial support of acute poisoning must alwaysincludethe ABCs. ensuring adequate airway, ventilation, circulation, and assessing need for
intravenous (V) access.

A. GASTROINTESTINAL DECONTAMINATION®?
Nore: Airway protection isthe major concern with gastrointestinal (Gl) decontamination procedur es because aspiration of charcoal may
cause a sever e and potentially fatal pneumonitis. Insertion of an endotracheal tube (ETT) isimportant in patients who have a depr essed
gag reflex or altered mental status, especially in those undergoing gastric lavage.

1. Activated charcoal: Activated charcoal isthe treatment of choice for GI decontamination in the emergency department for substances that
can adsorb onto charcoal. Numerous studies fail to show a clear benefit of treatment with ipecac or lavage plus activated charcoal over
treatment with charcoal administered alone.

a. Mechanism of action: Effectively adsorbs toxins and prevents their systemic absorption.
b. Initial dose (if patient vomits dose within 1 hour, it should be repeated): Premixed charcoal with sorbitol may be used for initial dose.
1. Children: 1 g/kg body weight activated charcoal by mouth (PO) or nasogastric (NG) tube, or more ideally 10 g charcoal/g
ingested drug.
2. Adults: 50 to 60 g PO or NG.
c. Contraindications
1. Increased risk of aspiration: Ileus, intestinal obstruction, hydrocarbons, absent gag reflex.



2. Ingestion of acohols, iron, boric acid, caustics, lithium, electrolyte solutions.
d. Multiple-dose activated charcoal
1. Consider amultiple-dose charcoal regimen (cathartic only in first dose) for severe intoxication with salicylates, theophylline,
phenobarbital, carbamazepine, or sustained-release preparations.
2. Give half of theinitial dose every 2 to 4 hours. End point is nontoxic blood levels or lack of signs or symptoms of clinical
toxicity
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after 12 to 24 hours. Check for bowel sounds and abdominal distention.
3. Tolerance can be improved using metoclopramide or ondansetron.
2. Cathartics: No longer recommended as a method of gut decontamination.
3. Gastric lavage
a. Indications: Orogastric lavage with a large-bore tube may still be useful in patients who arrive soon (within 1 hour) after alife-
threatening ingestion and/or those who are obtunded. The decision to lavage should be made in consultation with atoxicologist or
poison control center.
b. Contraindications: Caustic or hydrocarbon ingestions, co-ingestion of sharp objects.
c. Airway protection: In the patient with altered mental status or a depressed gag reflex, insertion of an ETT before gastric lavage may
protect against aspiration of gastric contents.
d. Method
1. Position patient on left side, with the head slightly lower than the body. Insert a large-bore orogastric tube (18 to 20 French [F]
for children, 36 to 40F for adults).
2. Lavage with normal saline (NS), 15 mL/kg per cycle, to maximum of 200 mL/cycle in adults, until gastric contents are clear.
This may require several liters. Save initia return for toxicologic examination.
4. Ipecac
a. Indications: |pecac remains the drug of choice for home Gl decontamination of selected ingestions within 30 minutes of onset (under
the guidance of a health care provider or poison control center). It israrely indicated for emergency department use.
b. Dosage (give with clear fluid):
*Ages 6 to 12 months; 10 mL
*1to 12 years. 15 mL
*Over 12 years: 30 mL
Nore: | pecac can cause drowsiness. Children who have taken ipecac should belaid proneor on their sside when falling asleep
to prevent aspiration after emesis.
c. Contraindications: Ingestions with a potential for seizure and decreased or fluctuating level of consciousness (e.g., tricyclic
antidepressant ingestions), caustic ingestions, hematemesis, prior vomiting, history of seizure, and age 6 months or less.
d. Relative contraindications: Severe cardiorespiratory disease, |late-stage pregnancy, uncontrolled hypertension, and bleeding diathesis.



5. Whole-bowel irrigation
a. Indications: Administering polyethylene glycol solution via continuous NG infusion has been shown to be useful in certain
ingestions when charcoal is not effective. Examples include ingestion of toxic iron or lithium, vials or whole packets of illicit
substances (cocaine and heroin), or lead chips. Polyethylene glycol may also be useful in delayed therapy
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of enteric-coated or sustained-release preparations such as salicylates, calcium channel blockers, and 3-blockers.

b. Contraindications: GI hemorrhage or obstruction, ileus, obtunded or comatose patient who is not intubated.

c. Method
1. Children: Use polyethylene glycol electrolyte lavage solution (GOLYTELY/, Colyte) at arate of 25 to 40 mL/kg/hr NG for 4

to 6 hours or until rectal effluent is clear.
2. Adults: Use the same solution asfor children at arate of 1to 2 L/hr NG for 4 to 6 hours or until rectal effluent isclear.
B. ENHANCED ELIMINATION® 4
1. pH Alteration: Urinary alkalinization.
a. Indications: Elimination of weak acids such as salicylates, barbiturates, and methotrexate.
b. Method: Intravenous bolus of NaHCO; 1 to 2 mEg/kg is recommended, followed by continuous infusion of Ds; W with NaHCO, 132

mEg/L (3 ampules of NaHCO; added to D; W to make 1 liter, with each ampule containing 44 mEq NaHCO; ) at 1.5to 2 times

maintenance. Goal is urinary pH of 7 to 8. Caurtion: Monitor for electrolyte disturbances, such as acute hypocalcemia.
2. Hemodialysis: Useful for low-molecular-weight substances that have alow volume of distribution and low binding to plasma proteins,
such as aspirin, theophylline, lithium, phenobarbital, and alcohols.

IV. TABLE OF SPECIFIC POISONINGS

Table 2-1 lists signs, symptoms, management, and treatment options for specific types of poisonings. Table 2-2 lists antidotes for specific poisonings.
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TABLE 2-1 -- SPECIFIC POISONINGS

Poisoning Signsand Symptoms Management and Treatment



Acetaminophen® @ (1 8 9

Initial 24 hours after ingestion: Nausea,
vomiting, malaise.

24-36 hours after ingestion:Improving
symptoms, clinical evidence of hepatic
dysfunction. Aspartate transaminase (AST) and
international normalized ratio (INR) are the
earliest and most sensitive lab tests of
hepatotoxicity. Death can occur from fulminant
hepatic failure.

1. A single dose of >150 mg/kg in an otherwise
healthy child requires evaluation.

2. Draw plasmalevel at least 4hr after ingestion
and plot on nomogram ( Fig. 2-1). For extended-
rel ease acetaminophen, obtain a second level 4hr
after theinitial level. Initiate NAC (see below) if
either level is above the lower line on the
nomogram.

3. N-Acetylcysteine (NAC): Thisis most
effective if administered within the first 8hr of
ingestion, but should be administered within
24hr. If time of ingestion is greater than 24hr,
NAC isindicated if hepatotoxicity is present.
Dosing should be as follows:

*a. Oral NAC regimen PO or NG (may be given
asadsow bolus or continuous infusion): Give
20% NAC diluted 1:4 in a carbonated beverage
as aloading dose of 140 mg/kg, then 70 mg/kg
Qdhr for 17 doses.

*b.Metoclopramide, droperidol, or ondansetron
can be used as an antiemetic.4.

4. Although charcoal adsorbs oral NAC, NAC
and charcoal can be given together (when dosed
at least 1 hr apart from each other) without any
measurable difference in NAC’ s efficacy.

5. In selected patients, a shortened course of
NAC may be appropriate if:a.

*a. Acetaminophen level is undetectable at 36hr
eces AND

*b. Liver transaminases and INR are normal.

If both criteriaare fulfilled, NAC therapy may be
discontinued.6.

6. Intravenous NAC regimen isindicated for the
following: oral NAC not tolerated despite
adequate antiemetic therapy, Gl bleeding or
obstruction, neonatal acetaminophen toxicity



from maternal overdose.
sa. Dosage: Dilute 20% NAC solution to 3%
solution with Dg W. Administer 140 mg/kg

loading dose over 1hr using an in-line 0.2
micromillipore filter. Then administer
maintenance dose of 70 mg/kg per dose over l1hr
Q4hr for 12 doses.®

*b. Check plasma acetaminophen level at 24hr.
Small risk of anaphylaxiswith IV NAC.

Nore: Oral preparation of NAC isnot pyrogen
free and should beused only asan 1V
preparation under the guidance of the hospital
phar macy.

Alcoholsz

Ethanol (often >50% in mouthwashes,
colognes, and aftershave), isopropanol,
methanol (windshield wiper fluid), ethylene
glycol (antifreeze)

Blindness (methanol), inebriation, central
nervous system (CNS) depression, seizures,
coma, hypoglycemia, metabolic acidosis, renal
failure (ethylene glycol)

Norte: Toxic effectsare primarily theresult of
the metabolites of methanol and ethylene
glycol.

Norte: Blood volatile toxicology testing and
specific levels are useful in confirming the
diagnosis of alcohol poisoning.

1. Measure anion gap (increaseis dueto
metabolites, lactate, and ketones).

eseeANION gD = NA — (CL + HCO;)

2. Measure osmolar gap (increased, though may
be normal late in course of toxicity).

*sSerum osmolarity = 2 [Na] + [Glucose (mg/
dL)/18] + [BUN (mg/dL)/2.8]

Nore: The osmolar gap isthe difference
between the calculated and measur ed
osmolality. A gap >10 is suggestive of
significant alcohol ingestion.

3. Charcoal is generaly not useful because it
adsorbs alcohols poorly, and most alcohols are
rapidly absorbed through the Gl tract.

4. Ethanol: Support blood glucose as necessary
with IV dextrose. Thereisarisk of hypoglycemia
in significant ingestions.

5. Methanal, ethylene glycol:

*a. Fomepizole is an antidote for methanol and
ethylene glycol poisoning.(1)

*¢(1) Indications for use are for levels =20 mg/dL
or high anion gap metabolic acidosis.

*¢(2) Loading dose of 15 mg/kg followed by



doses of 10 mg/kg Q12hr for 4 doses, then 15 mg/
kg Q12hr until levels are below 20 mg/dL. A
separate dosing schedule is recommended for
patients requiring hemodialysis.

*b. Ethanol may be used when fomepizole is not
available.

6. Consider hemodialysisin severe cases (i.e.,
level >50 mg/dL, renal failure, blindness, and
severe metabolic acidosis refractory to
bicarbonate therapy).

Anticholinergics®

Antihistamines, antiparkinsonian agents,
scopolamine, belladonna alkaloids, plants
(jimsonweed, deadly nightshade, selected
mushrooms), ophthalmic mydriatics,
diphenoxylate/atropine (e.g., Lomoatil),
phenothiazines, glycopyrrolate, antispasmodics,
muscle relaxants, tricyclic antidepressants, and
carbamazepine

Dry mucous membranes, swallowing
difficulties, decreased Gl motility, thirst,

blurred vision, photophobia, mydriasis, skin
flushing, tachycardia, fever, urinary retention,
delirium, hallucinations, cardiovascular collapse.
“Mad as a hatter, red as a beet, blind as a bat,
hot as a hare, dry as a bone.”

1. Supportive care may be all that is necessary in
mild cases.

2. Give activated charcoal.

3. Benzodiazepines should be used to control
agitation. Avoid phenytoin for seizures.

4. Physostigmine:

*a. May reverse symptomsin life-threatening
emergencies secondary to pure anticholinergic
poisoning unresponsive to standard therapy
(dysrhythmias, hypertension, seizures, severe
hallucinations).

*b.Dosage: Physostigmine 0.02 mg/kg per dose
(up to 0.5 mg) 1V every 5 min until atherapeutic
effect is seen (maximum total dose 2 mg). Nore:
Each dose should be given over 5 min.

«C. Atropine should be available to reverse excess
cholinergic side effects. Give 0.5 mg for every
milligram of physostigmine given.

Barbituates®
Pentobarbital, phenobarbital, secobarbital,
amobarbital

Ataxia, lethargy, headache, vertigo, coma,
hypothermia, pulmonary edema, respiratory
depression, hypotension, skin bullae.

1. Give activated charcoal.

2. Urinary alkalinization can increase
phenobarbital excretion.

3.Consider hemodialysis or hemoperfusionin
severe phenobarbital toxicity (levels >100 mg/L).
4. Electroencephalogram (EEG) may correlate
with progression of coma.



Benzodiazepines®

Alprazolam, chlorazepate, chlordiazepoxide,
clonazepam, diazepam, flurazepam, lorazepam,
midazolam, oxazepam, temazepam, trizolam

Dizziness, ataxia, slurred speech, respiratory
depression, hypotension, and coma.

1. If airway and breathing are secure, thereis
rarely need for other intervention.

2. Give activated charcoal.

3. Flumazenil (should not be used routinely in
setting of overdose).

*a. May be used as a diagnostic tool in pure
benzodiazepine toxicity. Usein 0.1-0.2 mg
increments up to 1 mg. Re-sedation occurs within
20-120 min.

*b. Contraindicated in patients with seizure
disorders, chronic use of benzodiazepines, co-
ingestion of substances that can cause seizures
(includes tricyclic antidepressants [TCASY],
theophylline, chloral hydrate, isoniazid, and
carbamazepine).

C. May precipitate seizures that are difficult to
control.4.

4. May be present in urine for 3 days after single
dose, up to 4-6 weeks for habitual users.

3-Blockers i
Atenolol, esmoloal, labetalol, metoprolal,
nadolol, propranolol, timolol

Bronchospasm (in those with preexisting

bronchospastic disease), respiratory depression,

bradydysrhythmias (such as atrioventricular
[AV] block), hypotension, hypoglycemia,
altered mental status, hallucinations, seizures,
and coma.

1. Give activated charcoal; consider whole-bowel
irrigation for sustained-rel ease preparations.
Consider lavage in very serious intoxication.

2. Give glucagon

Pediatric dosage: 0.05-0.1 mg/kg per bolus,
followed by 0.1 mg/kg/hr infusion.

Adult dosage: 3-5 mg bolus, followed by 1-5 mg/
hr infusion. Useful in reversing bradycardia and
hypotension in 3-blocker overdoses.3.

3. Atropine, isoproterenol, and amrinone can be
used if bradycardia or hypotension persists after
glucagon administration.

4. Consider pacing for severe bradycardia

5.For cardiac arrest: Massive doses of
epinephrine (10 to 20 times standard dose) may
be required.



Calcium channel blockers®

Amlodipine, bepridil, diltiazem, felodipine,
isradipine, nicardipine, nifedipine, nimodipine,
verapamil

Hypotension, bradycardia, altered mental status,
seizures, hyperglycemia, atrioventricular
conduction abnormalities (such as
atrioventricular [AV] block, sinoatrial node
abnormalities, idioventricular rhythms, or

asystole).

1. Give activated charcoal. Consider whole-bowel
irrigation for sustained-rel ease preparations.

2. Use calcium chloride (20 mg/kg of 10% CaCl)
or calcium gluconate (100 mg/kg of 10% calcium
gluconate) for hypotension and
bradydysrhythmias.

3. Give glucagon (see above), amrinone,
isoproterenol, atropine, and dopamine for
hypotension unresponsive to fluids and calcium.
4. Consider pacing for dysrhythmias.

Carbamazepine® % 4

Ataxia, mydriasis, nystagmus, tachycardia,
altered mental status, coma, seizures, nausesa,
vomiting, respiratory depression, hypotension
or hypertension, dystonic posturing, and
abnormal DTRs. Electrocardiogram (ECG) may
show prolonged PR, QRS, or QT intervals, but
malignant dysrhythmias are rare. Chronic
toxicity may lead to AV block and syndrome of
inappropriate antidiuretic hormone (SIADH).

1. Multiple doses of activated charcoa may be
used for serious acute intoxications.

2. Seizures should be treated with
benzodiazepines.

Note: Serum levels correlate poorly with
toxicity.

Carbon monoxide® 4 i3

Fire, automobile exhaust, gasoline or propane
engines operating in enclosed spaces, faulty
furnaces or gas stoves, charcoal burners, paint
remover with methylene chloride

Mild-to-moderate exposures can cause
headache, dizziness, nausea, confusion, chest
pain, dyspnea, gastroenteritis, and weakness.
Severe exposures can cause Syncope, seizures,
coma, myocardial ischemia, dysrhythmias,
pulmonary edema, skin bullae, and
myoglobinuria.

Nore: Pulse oximetry may be misleadingly
normal.

1. Administer 100% oxygen.

2. Ensure adequate airway, prevent hypercapnia.
3. Obtain COHgb level; however, toxicity does
not necessarily correlate with levels. Symptoms
are usually seen with levels >20%.

4. In fires, consider the possibility of concomitant
cyanide poisoning.

5. Chest radiograph should be obtained to rule
out pneumonitis, atelectasis, and pulmonary
edema.

6. Electrocardiogram (ECG) should be obtained
to rule out cardiac dysrhythmias and myocardial
ischemia.

7.Consider hyperbaric O, therapy if:

*a. Thereis evidence of myocardial ischemiaor
dysrhythmias.



*b. Patient has any serious neurologic or
neuropsychiatric impairment.

*Cc.COHgb level is >40%.

«d. Patient is pregnant with a COHgb level >15%
or shows evidence of fetal distress.

ee. Patient has persistent symptoms after 4hr of
100% O, .

If hyperbaric O, is unavailable, administer 100%
O, until COHgb level decreases to <10%.

Caustic ingestions® 3 4 %9

Strong acids and akalis: hair relaxers, drain and
oven cleaners, dishwater detergent crystals, rust
removers, toilet bowl cleaners

Stridor, hoarseness, dyspnea, aphonia, chest
pain, abdominal pain, vomiting (often with
blood or tissue), drooling, persistent salivation.
Potential existsfor airway swelling or
esophageal perforation, even if there are no
symptomsinitially or no oropharyngeal burns.

1. Stabilize airway. Flexible fiberoptic intubation
over an endoscope is preferable to a standard
orotracheal intubation. Intubation may further
traumatize damaged areas or perforate the
pharynx; therefore blind nasotracheal intubation
is contraindicated. Emergent cricothyrotomy may
be necessary.

2. Chest radiographic examination may
demonstrate esophageal perforation or free
intraperitoneal air.

3. Maintain NPO status. Attempts to neutralize
the caustic substance are ineffective and obscure
and delay endoscopy. | pecac or lavageis
contraindicated.

4.0Obtain surgical consultation; proceed to
endoscopy. Do not pass a nasogastric tube.
Discontinue endoscopy immediately if
esophageal burn isidentified.

5. Useof IV steroid therapy is controversial. For
cases of airway compromise or stridor, it is
probably indicated.

Dosage: Methylprednisolone at 2 mg/kg/24hr
divided Q6-8hr.

6. Button or disk batteries:

ea. Ingestion can lead to esophageal and gastric
burns.



*b. If initial radiographic examination shows
battery lodged in esophagus, immediate
endoscopic retrieval isindicated.

«C. If the battery is beyond the esophagus, the
patient may be discharged, with follow-up
radiographic studies required if battery has not
passed in 4-7 days.

«d. For batteries >23 mm in diameter, a 48-hr
radiographic study should be done to exclude
retained foreign body, thus requiring endoscopic
retrieval.

Digoxine
Quinidine, amiodarone, and poor renal function
can increase levels

Any new cardiac rhythm on ECG, especially
induction of ectopic pacemakers and impaired
conduction, atrial tachycardias with 2:1 block,
premature ventricular contractions (PVCs), and
junctional tachycardia. Anorexia, nausea and
vomiting, headache, disorientation, somnolence,
seizures, fatigue, weakness, blurry vision, and
aberrations of color vision such as yellow halos
around light.

1.Determine serum digoxin level. Therapeutic
level is between 0.5 and 2 ng/mL. Toxic
symptoms predict a serum level >2 ng/mL, but
toxicity can develop in initially asymptomatic
patients and can occur at therapeutic levels,
especialy in chronic users.

2.Determine electrolytes. Low potassium (K+),
magnesium (Mgz+ ), or thyroxine (T4) will
increase digoxin toxicity at agiven level, aswill
high calcium (Caz+). Initial hyperkalemiaresults
from release of intracellular K+ and indicates
serious acute toxicity.

3. Provide continuous ECG monitoring.

4. Give activated charcoal (even severa hours
after ingestion).

5. Correct electrolyte abnormalities:

*a. Hypokalemia: If any dysrhythmias are
present, give potassium |V at 0.5-1 mEg/kg/dose
asinfusion of 0.5 mEg/kg/hr over 1-2 hr (max
rate 1 mEg/kg/hr).

*b. Hyperkalemia: If [K+] >5 mEg/L, then give
insulin and dextrose, sodium bicarbonate, and
Kayexaate. Do not give calcium chloride or
calcium gluconate because these can potentiate
ventricular dysrhythmias.



C. Hypomagnesemia: May result in refractory
hypokalemiaif not treated. Give M g2+ cautiously
because high levels can cause AV block.6.

6. Digoxin-specific Fab:

ea. Indicated for ventricular dysrhythmias,
supraventricular bradydysrhythmias unresponsive
to atropine, hyperkalemia (K+ >5 mEg/L),
hypotension, second-and third-degree heart

block, and ingestion of =10 mg of digoxin by
adults or >4 mg of digoxin by children.

* b. Dosage (based on total body load of digoxin):
Digoxin-immune Fab (Digibind) is available in
40-mg vial. Each vial will bind approximately 0.6
mg digoxin. Estimate total body load in
milligrams using either of the following methods:
*¢(1) Use the known acutely given dose in
milligrams for IV doses, aswell asliquid-filled
capsules. For PO tablets or €ixir, multiply dose
by 0.8 to correct for incomplete absorption.

*¢(2) Calculate total body load. Total body load
(TBL) = serum digoxin concentration (ng/mL) x
volume of distribution x weight of patient in kg +
1000 (volume of distribution in this case is 5.6).
Then, number of vialsto be given equals the total
body load (mg)/0.5 mg of digoxin neutralized per
via. Administer 1V over 30 minutes. If cardiac
arrest isimminent, give as bolus injection.

Nore: If ingested dose isunknown, level isnot
available, and patient is symptomatic, then
give 10 vials of Fab (i.e., 400 mg).

7. Cardiac rhythm disturbances:

a. Bradydysrhythmias. Atropine alone 0.01-0.02
mg/kg IV may reverse sinus bradycardia or AV
block and may be used before digoxin Fab.
Phenytoin improves AV conduction. If atropine,
digoxin Fab, and phenytoin fail, may use external



pacing first, followed by transvenous ventricular
pacing if external pacing fails. Avoid
propranolol, quinidine, procainamide,
isoproterenol, or disopyramideif AV block is
present.

* b. Tachydysrhythmias. Phenytoin and lidocaine
are effective for ventricular dysrhythmias;
propranolol is useful for both ventricular and
supraventricular tachydysrhythmias.
Cardioversion isindicated when
pharmacotherapy failsin the hemodynamically
unstable patient.

Hydrocar bons® *1

Aliphatic: Gasoline, kerosene, mineral seal ail,
lighter fluid, tar mineral oil, lubricating oils
Aromatic: Benzene, toluene, camphor,
turpentine

Halogenated: Carbon tetrachloride, methylene
chloride, trichloroethane, perchloroethylene

Tachypnea, dyspnea, tachycardia, cyanosis,
grunting, cough, lethargy, seizures, coma, acute
liver failure, dysrhythmias.

Nore: Aliphatic hydrocarbons have the
greatest risk for aspiration and pulmonary
toxicity. Aromatic hydrocarbons have
systemic toxicity.

1. Decontamination

«a. Avoid emesis or lavage because of the risk of
aspiration.

*b. Consider intubation with cuffed ETT followed
by lavage if the hydrocarbon contains a
potentially toxic substance (e.g., insecticide,
heavy metal, camphor) and a toxic amount has
been ingested.

«C. Avoid activated charcoal unlessthereis co-
ingestion. It does not bind aliphatics and will
increase the risk of aspiration.

2. Obtain chest radiograph and arterial blood
gases (ABGs) on patients with pulmonary
symptoms.

3. Observe patient for 6hr.

a. If child is asymptomatic for 6hr and chest
radiograph is normal, discharge home.

*b. If child is asymptomatic but chest radiograph
is abnormal, consider admission for further
observation. Discharge only if close follow-up
can be ensured.

oC. If child becomes symptomatic in 6-hr period,
admit.

4. Treat pneumonitis with oxygen and positive



end-expiratory pressure (PEEP).
5. Routine administration of antibiotics and
steroids is not warranted.

I ront8 (19 (29 (43

First stage: Gl toxicity (30 minto 6 hr after
ingestion). Nausea, vomiting, diarrhea,
abdominal pain, hematemesis, and melena.
Rarely, this phase may progress to shock,
Seizures, and coma.

Second stage: Latent period (6-24 hr after
ingestion). Improvement and sometimes
resolution of clinical symptoms.

Third stage: Systemic toxicity (6-48 hr after
ingestion). Hepatic injury or failure,
hypoglycemia, metabolic acidosis, bleeding,
shock, coma, convulsions, and desath.
Fourth stage: Late complications (4-8 wks after
ingestion). Pyloric or antral stenosis.

1. Determine serum iron concentration 2-6 hr
after ingestion (time of peak concentration varies
with iron product ingested). A level >350 mcg/dL
is frequently associated with systemic toxicity.
Norte: Iron israpidly cleared from plasma and
distributed; thus serum levels obtained after
peak do not accurately reflect degree of
intoxication.

2. Obtain abdominal radiograph because most
iron tablets are radiopaque (except chewable
vitamins and children’s liquid). If present,
consider lavage.

3. If ingestion of elemental iron <20 mg/kg, no
treatment is needed.

4. Consider gastric emptying with ipecac for all
ingestions of unknown amount or those 20-60 mg/
kg. If the patient does not develop symptomsin
thefirst 6 hr, no further treatment is needed.

5. Consider gastric lavage if dose ingested =60
mg/kg and/or presence of large amount of pillson
radiograph. If iron tablets are present in the
stomach despite lavage, begin whole-bowel
irrigation, especially if abdominal radiograph
revealsiron tablets distal to the pylorus.

6. Give deferoxamine IV at 15 mg/kg/hr via
continuous infusion in all cases of serious
poisoning (e.g., presence of significant clinical
symptoms, positive abdominal radiograph with
significant number of pills, or serum iron level
>500 mcg/dL). Give continuous infusion until all
symptoms and signs of toxicity have resolved and
24 hr after vinrose urine color disappears.

7. Supportive care is the most important therapy.



Large IV fluid volumes may be needed in the first
24 hr to avoid hypovolemic shock and acidemia.
Urine output should be maintained at >2 mL/kg/
hr.

8. Correct metabolic acidosis with sodium
bicarbonate.

L eadi®y 22 (23 24 129

Environmental exposures:

1. Residence (primary, secondary, daycare, €etc.)
built before 1960, with lead-based paint.

2. Recent or ongoing renovation.

3. Nearby industry, such as battery plants,
smelters.

4. Old furniture, vinyl mini-blinds, ceramics,
leaded crystal, imported food cans, |eaded toys,
art supplies, cosmetics.

5. Presence of lead in water pipes, lead solder in
connecting pipes, and brass or bronze plumbing
fittings.

6. Use of lead-based insecticides and folk
remedies such as azarcon, greta, surma.

7. Other sources include maternal transmission
such as breastfeeding and prenatal exposure via
placenta.

Screening: All children below the age of 6 yr
should be screened at least once. Start screening
at age 9-12 mo. However, children with high-
risk factors, such as the above environmental
exposures, should be screened at age 6 mo.
Subsequent screens are determined by the blood
lead level.

Gastrointestinal: Anorexia, constipation,
abdominal pain, colic, vomiting, failureto
thrive, and diarrhea. Abdominal radiograph may
show opacitiesin the Gl tract.

Neurologic: Irritability, overactivity, lethargy,
decreased play, increased sleep, ataxia,
incoordination, headache, decreased nerve
conduction velocity, encephal opathy, cranial
nerve paralysis, papilledema, seizures, coma,
death.

Hematologic: Microcytic anemia, basophilic
stippling, increased free erythrocyte
protoporphyrin (FEP).

Keletal: Lead lines may be seenin the
metaphyseal regions of long bones of leg and
arm.

Note: Most children with lead poisoning are
asymptomatic. A blood test isthe only way to
determinethelead level.

Blood lead level <9 meg/dL (Class1): Rescreen
annually, unless high risk.

Blood lead level 10-14 mcg/dL (Class11A): Re-
screen every 3-4 months, until two consecutive
measurements are 10 or below then retest in 1
year. If there are alarge number of childrenin the
community in this range, community-wide
prevention should be started.

Blood lead level 15-19 meg/dL (Class 11B):

«a. Obtain comprehensive environmental history.
*b. Education on environment, cleaning, and
nutrition should be started.

+Cc. Remove child from the lead source.

«d. Alert local health department.

ee. Test for iron deficiency; if iron deficient, may
begin iron (unless British Anti-Lewisite [BAL] is
to be used).

«f. Rescreen every 3-4 mo until two consecutive
levels are <10 mecg/dL.

+g. Consider abatement (see prevention below).
Blood lead level 20-44 meg/dL (Class111):

*a. Asabove.

*b. These children require close follow-up,
chelation may be considered in selected children.
«C. Refer to lead poisoning specialist.

Blood lead level 45-69 mcg/dL (Class 1V):

*a. Begin both medical and environmental
intervention.

*b. Chelation treatment (either oral or 1V/IM)
should begin within 48 hrs with close follow-up



(see below).

Blood lead level 270 meg/dL (ClassV): Thisisa
MEDICAL EMERGENCY requiring immediate
intervention and hospitalization for chelation (see
below).

CHELATION

1. Chelation isaprocess to bind lead chemically
inaform that is easily excreted.

Most agents bind lead so it is soluble in water and
excreted through the kidneys. Examples of
agents. BAL, CaNa, EDTA, succimer (DMSA).

a. Before starting chelation administer two
pediatric Fleet enemasto clear the Gl tract of lead
particles.

*b. Obtain baseline laboratory results: Venous
lead level, complete blood count (CBC) with
differential, chemistry panel (including
electrolytes, blood urea nitrogen [BUN] and
creatinine, hepatic function tests), reticulocyte
count, urinalysis).

2.0ral chelation: Thisisused for children with
blood lead levels between 45 and 69 mcg/dL.
Chelation must occur in an environment free of
lead, which may be the hospital.

Succimer (dimercaptosuccinic acid [DM3A])

sa. First 5 days. 1050 mg/mz /day or 30 mg/kg/
day divided every 8 hr.

*b.Next 14 days: 700 mg/mz /day or 20 mg/kg/
day divided every 12 hr.

C. Mix capsule contents in warm ginger ale and
administer within 5 min. Give on empty stomach
to improve Gl absorption.

«d. Obtain weekly laboratory studies, including
CBC with differential, chemistry panel, and lead
level, to ensure response to treatment and monitor
for possible drug side effects (decreased absolute



neutrophil count and elevated liver function tests).
3. Parenteral chelation (blood lead level >45 mcg/
dL).

*a.CaNa, EDTA:

*¢(1) First begin multivitamin to replenish copper
and zinc.

*¢(2) Start 1000 mg/me /day IM Q12hr for 5 days.
*¢(3) 12 hr after the tenth injection, obtain CBC
with differential, chemistry panel, venous lead
level; if thislead level is still 245 meg/dL, start
the second 5-day therapy with CaNa, EDTA after

a 3-day break from chelation therapy.

*¢(4) For pain control use EMLA (eutectic
mixture of local anesthetics) cream and mix
CaNa, EDTA with 0.5% procaine.

Nore: It isimportant to use CaNa, EDTA, not
Na, EDTA becausethelatter may cause tetany

and life-threatening hypocal cemia.

*b. BAL: (recommended only for levels >70 mcg/
dL). Nore: Toxic if given with iron.

o¢(1) Initial dose of 75 mg/mzisgiven as deep IM
injection.

*¢(2) Establish adequate urine output.

*¢(3) 4 hr later start CaNa, EDTA 1500 mg/mz2 /

day viacontinuous IV infusion for 48 hr. If there
isrisk of cerebral edema, dose may be given IM
Q4 hr to decrease |V fluids.

*¢(4) BAL isthen continued simultaneously at 75
mg/m?2 /dose IM Q4hr for 48 hr.

*¢(5) Use of EMLA cream and 0.5% procaineis
recommended for IM doses.

*¢(6) After 48 hr obtain serum lead level to
determine whether to continue chelation.

Nore: Side effects of BAL include fever,
tachycardia, hypertension, salivation, tingling



around the mouth, anaphylaxis (BAL is
suspended in peanut oil, which may cause
severe allergic reaction), and hemolysis (in
patients with G6PD deficiency).

4.Follow-up:

*a. Repeat venous lead level and CBC 2 weeks
after completion of chelation therapy. Venous
lead level may rebound to 50%-75% of
pretreatment value.

*sb. Repeat chelation with DM SA for levels 245
mcg/dL may be indicated.

esC. Neuropsychologic evaluation, speech
evaluation, and monitoring of school progress.

5. Prevention:

«sa. Nutrition: Balanced diet, more frequent
meals high in iron, vitamin C, and calcium and
low in added fat.

*sp. Hygiene: Wash hands regularly, avoid hand-
to-mouth behavior.

*sC.House cleaning: Damp-cleaning methods; use
high-phosphate detergent such as powdered
dishwasher detergent; can use special vacuum
cleaner (HEPA-VAC) for picking up microscopic
lead particles.

+«d.Abatement: Must be performed by trained
workers.

M ethemoglobinemia®

Exposures to sulfonamides, quinines,
phenacetin, benzocaine, nitrates, nitrites, aniline
dyes, naphthalene (mothballs)

Nore: Also consider other etiologies (i.e.,
G6PD deficiency, acidosis from
gastroenteritis)

Symptoms associated with % total hemoglobin:
<10%: No symptoms

10%-20%: Cyanosis

20%-30%: Anxiety, lightheadedness, headache,
tachycardia

30%-50%: Dyspnea, increased tachycardia,
dizziness, fatigue, confusion

50%-70%: Severe |lethargy, stupor, coma,
seizures, arrhythmias, acidosis

>70%: Death

1. Rapid screening test: Place drop of blood on
filter paper; it should remain reddish-brown when
waved in the air for 30-60 sec.

2. Measure level of methemoglobin.

3. Low arteria blood O, saturation by blood

oximetry. Normal Po, . Can have normal pulse

oXimetry.
4. Treatment:
*a.<30%: No treatment.



*b. 30%-70%: Methylene blue, 1-2 mg/kg of a
1% solution IV over 5 min. May repeat dose (1
mg/kg with max total dosage 7 mg/kg) if
symptoms still present 1 hr later.

oC. If severely ill and no response to methylene
blue, consider hyperbaric O, or exchange

transfusion.

Note: Caution when using methylene bluein
patientswith G6PD deficiency; may induce
paradoxical response (i.e., causing
methemoglobinemia).

Organophosphates* Agitation, drowsiness, seizures, respiratory 1. Decontamination: Remove affected clothing.

Pesticides depression, DUMBELS (Diarrhea, Urination, 2. Measure plasma or red blood cell (RBC)
Miosis, Bronchospasm, Emesis, Lacrimation, pseudocholinesterase activity level (low in
Salivation) organophosphate poisoning).

3. Administer atropine

Pediatric dosage: 0.05-0.1 mg/kg/dose 1V.
Adult dosage: 2-5 mg/dose 1V.

May repeat Q10-30 min to titrate to effect
(reduces bronchorrhea and oral secretions).

4. Antidote: Pralidoxime; shortens duration.
Pediatric dosage: 20-50 mg/kg/dose IM, 1V, SQ.
Adult dosage: 1-2 g/dose.

May repeat in 1-2 hr if muscle weakness not
relieved, then space doses to Q6-8 hr for 24-48
hr.




Opiates® 21 %8

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

Depressed mental status, pinpoint pupils,
respiratory depression, and hypotension

1. Administer naloxone 0.1 mg/kg/dose 1V (max
dose 2 mg) if thereisrespiratory or CNS
depression. Repeat every 2 min as needed to
improve respiratory and mental status. Higher
doses may be required for ingestions of synthetic
opioids (i.e., fentanyl).

2. Careful inpatient monitoring is required
because of the short half-life of naloxone
compared with most opiates. Indications for
continuous naloxone infusion include the
following:

ea. Repetitive bolus doses.

*b. Ingestion of large amount of opiate or long-
acting opiate (e.g., methadone, or poorly
antagonized opiates such as proproxyphene.

Suggested regimen is as follows:

*a. Repeat the previously successful bolusasa
loading dose.

*b. Administer two thirds of loading dose as an
hourly infusion dose.

c. Wean naloxone drip in 50% decrements as
tolerated over 6-12 hr depending on the half-life
of the opiate ingested. For methadone, may
require infusion for up to 48 hours.

Norte: Naloxone can potentiate acute
withdrawal (nausea, vomiting, hyperactive
bowel sounds, yawning, piloerection, and
pupillary dilatation) in patientswith opiate
addiction.

3. Opiates may be present in urine for up to 2
days, for methadone up to 3 days.



Phenothiazine and butyrophenone
Chlorpromazine, fluphenazine, haloperidol,
perphenazine, prochlorperazine, promethazine,
thioridazine, trifluoperazine

Symptoms (may be delayed 6-24 hr after
ingestion): Depressed neurologic status,
lethargy, coma, miosis, hypotension,
dysrhythmias (including prolonged QTC
intervals and occasionally QRS interval),
extrapyramidal signs (oculogyric crisis,
dysphagia, tremor, rigidity, torticollis,
opisthotonus, trismus), neurol eptic malignant
syndrome (fever, diaphoresis, rigidity,
tachycardia, altered mental status),
anticholinergic symptoms.

1. Administer activated charcoal.

2. Obtain ECG.

3. Extrapyramidal symptoms:

a. Diphenhydramine:

Dosing for children: 1 mg/kg/dose (maximum 50
mg) slowly over 2-5 min.

Dosing for adults: 25-50 mg; give Q6hr for 48 hr.
May begiven 1V, IM, or PO.

*b. Intravenous benztropine:

*Dosing for children:

>3 years: 0.02-0.05 mg/kg/dose (1-2 doses per
day).

*Children <3 years. Use only in severe life-
threatening situations.

Adults: 1-2mg IM or IV.

4. Neuroleptic malignant syndrome:

*a. Reduce hyperthermia with cooling blankets,
external sponging, fanning, and gastric/colonic
lavage. Antipyretics are not helpful.

*b. Support respiratory and cardiovascular status,
monitor neurologic and fluid status.

c. Neuromuscular paralysis with or without
benzodiazepines for severe hyperthermia and
muscle rigidity.

«d. Dantrolene and bromocriptine may be used in
selected cases of severe toxicity.

Phenytoini®

Ataxia, dysarthria, drowsiness, tremor,
nystagmus, seizures, and hyperglycemic
nonketotic coma. Intravenous preparations may
cause bradycardia, dysrhythmia, and
hypotension. (Above symptoms seen with
serum levels >20 mg/L.)

1.Supportive care:

*a. Benzodiazepines or phenobarbital may be
used for seizures.

*b. Insulin may be required for hyperglycemic
nonketotic coma. Give fluid and monitor glucose.
2.Activated charcoal: Consider multiple-dose
activated charcoal for selected cases to enhance
elimination.



Salicylates

Many preparations, (children’s: 81-mg tablets;
adult: 325-mg tablets), methyl salicylate (i.e.,
oil of wintergreen 5 mL = 22 %> tablets of adult
aspirin), Pepto Bismol (236 mg nonaspirin
salicylate/15 mL)

Acute: Vomiting, hyperpnea, tinnitus, lethargy,
hyperthermia, seizures, coma.

Chronic: Confusion, dehydration, metabolic
acidosis, cerebral edema, pulmonary edema.

1. Establish severity of ingestion. Acute toxicity
can occur at doses of 150 mg/kg, whereas chronic
overdose can produce toxicity at much lower
doses.

2. Serum salicylate level

a. Toxicity of salicylates correlates poorly with
serum levels, and levels are less useful in chronic
toxicity.

*b. Serial salicylate levels (Q2-4hr) are
mandatory after ingestion to monitor for peak
levels. In serioudly ill patients, frequent
determination of salicylate concentration is
necessary to monitor efficacy of treatment and
possible need for hemodialysis.

«C. Signs and symptoms of acute toxicity can
occur at levels >30 mg/dL.

«d. 6-hr serum salicylate level of 2100 mg/dL is
considered potentially lethal and is an indication
for hemodialysis. Be cautious of different
laboratories reporting different units (10 mg/L =
1.0 mg/dL).

3. Consider multiple doses of activated charcoal
if serum salicylate levels continue to increase
after 6 hours. Consider whole-bowel irrigation in
ingestions of enteric-coated preparations.

4. Monitor serum electrolytes, calcium, arterial
blood gases, glucose, urine pH and specific
gravity, and coagulation studies as needed.

5. Treat fluid and solute deficits; alkalinization is
important in increasing the excretion of salicylate
and decreasing the entry of salicylate into the
CNS.

*a. Begin akalinization by initial bolus of
NaHCO; (1-2 mEg/kg). Then begin infusing Dy

W with 132 mEg NaHCO;, /L (three ampules of



44 mEq NaHCO; each) and 20-40 mEq K+ /L at

rates of 2-3L/m2 /24hr (i.e., 1.5t0 2 times
maintenance fluids).

*b. Aim for aurine output of 2 mL/kg/hr.

«C. Adjust concentrations of electrolytes as
needed to correct serum electrolyte abnormalities
(especialy hypokalemia, which inhibits salicylate
excretion), and maintain aurinary pH >7.5.

6. Hemodialysis may be required in the presence
of metabolic acidosis or electrolyte abnormality
unresponsive to appropriate therapy, rena or
hepatic failure, persistent CNS impairment,
pulmonary edema, progressive clinical
deterioration despite adequate therapy, or
salicylate level >100 mg/dL at 6 hr after
ingestion.

Serotonin syndrome®

SRIs: sertraline, fluoxetine, paroxetine,
fluvoxamine, clomipramine, venlafaxine,
nefazodone

Note: Most common precipitating eventsis
combination of MAO inhibitor and SSRI

Classic triad of atered mental status, autonomic
dysfunction, and neuromuscular abnormalities.
Agitation, delirium, coma, mydriasis,
diaphoresis, hyperthermia, tachycardia,
fluctuating blood pressure, mutism, tremor,
rigidity, myoclonus, seizures.

1. Discontinue drug, provide supportive care.

2. Usually resolves completely within 24-72 hr.
3. External cooling measures, sedatives,
paralysis, mechanical ventilation for severe
hyperthermia.

4. Consider cyproheptadine, methysergide,
benzodiazepines (though none have been shown
to be truly effective).

Theophylling®

Vomiting, hematemesis, abdominal pain,
bloody diarrhea, tachycardia, dysrhythmias,
hypotension, cardiac arrest, seizures, agitation,
coma, hallucinations, metabolic acidosis,
hypokalemia, hyperglycemia, leukocytosis.

1. Obtain atheophylline level immediately and in
1-4 hr to determine the pattern of absorption.
Peak absorption can be delayed aslong as 13-17
hr after ingestion. Serial theophylline levels
should be obtained to assess for rising levels,
monitor efficacy of treatment, and determine
need for hemodialysis.

sa. Levels >20 mcg/mL are associated with
clinical symptoms of toxicity.

*b. Levels >40 mcg/mL or patients with
neurotoxicity require admission and careful



monitoring.

2. Obtain serum electrolyte, glucose, and blood
gaslevels.

3. Giveinitial dose of charcoal followed by a
cathartic, regardless of the length of time after
ingestion. For severe intoxication consider
multiple-dose charcoal. If thereis persistent
vomiting, give metoclopramide or ondansetron,
and administer charcoal by NG tube.

4. Continue use of cardiac monitor until level <20
mcg/mL. Treat dysrhythmias.

5. Monitor serum K+, Mg2+ , PO, 3-, Ca+, acid-

base balance in moderate to severe intoxication.
6. Treat seizures aggressively with
benzodiazepines and phenobarbital .

7. Hemodialysis is as effective as charcoal
hemoperfusion, more readily available, and lower
risk. Indications are as follows:

*a. Theophylline level 290 mg/mL at any time.
b. Theophylline level =70 mcg/mL 4 hr after
ingestion of sustained-release preparation.

«c. Theophylline level 240 mcg/mL and seizures,
dysrhythmias, and protracted vomiting
unresponsive to antiemetics.

8. Exchange transfusion may be indicated in
neonate with severe toxicity.



Tricyclic antidepressants 4 #2 3% 14
Amitriptyline, desipramine, doxepin,
imipramine, nortriptyline

Agitation, delirium, psychosis, seizures,
lethargy, coma, conduction abnormalities,
dysrhythmias, hypotension, anticholinergic
symptoms.

1. Signs of toxicity usually appear within 4 hr of
ingestion. Any ingestion should be observed for
at least 6 hr.

2. ECG (acute overdose): QRS duration >0.10
sec and Rwavein lead aVR =3 mm are
associated with increased risk of seizures and
ventricular dysrhythmias. ECG must be
monitored for at least 12-24 hr if these
conduction abnormalities are present in the first 6
hr.

3. Serum drug levels do not necessarily predict
outcome and are not helpful in acute management.
4. Start continuous ECG monitoring, even in the
patient who is asymptomatic at presentation. If
the patient remains asymptomatic, has normal
bowel sounds, and has no ECG abnormalitiesin
the 6-hr period after ingestion, then no further
medical intervention is necessary.

5. Treat seizures with benzodiazepines, then
phenobarbital if seizures persist. Phenytoinis
contraindicated because it may precipitate
ventricular dysrhythmias.

6. For cardiac conduction abnormalities,
dysrhythmias, and hypotension:

*a. Administer NaHCO; (1-2 mEg/kg) bolus until

reversal of cardiovascular abnormalities or pH
between 7.45-7.5 (multiple boluses may be
required).

*b. Start continuous infusion of D; W with 132
mEg/L of NaHCO; at 1.5-2 times maintenance.

c. Manage hypotension initially with fluid
boluses.

«d. High-dose dopamine and norepinephrine may
be used for hypotension unresponsive to fluids.
7. Physostigmine, flumazenil, and Type laand Ic



antidysrhythmics are contraindicated in patients
with TCA ingestions.

8. Admit patient if he or she exhibits any signs of
major toxicity, such as change in mental status,
conduction delays on ECG, dysrhythmias,
seizures, or hypotension; place patient on cardiac
monitor until symptom-free for 24 hr.

DRUGS OF ABUSE

Amphetamines® #)

M ethamphetamine (Crank, speed; smoked
form: ice); dextroamphetamine;

methylenedi oxymethamphetamine (MDMA or
Ecstasy); ephedrine (Ma Huang, Herbal
Ecstasy)

Nore: I nsufflation of Ritalin is becoming
popular

Pupils dilated and reactive, increased blood
pressure (BP), tachycardia, hyperthermia,
cardiac dysrhythmias, dry mouth, diaphoresis,
tremors, confused or hyperacute sensorium,
paranoid ideation, impulsivity, hyperactivity,
stereotypy, convulsions, exhaustion.

Supportive care (elimination half-life about 3 hr):
1. Administer activated charcoal if co-ingestionis
suspected.

2.For agitation/seizures. Administer
benzodiazepines.

3.For hyperthermia: Use external cooling
measures, sedation, hydration.

4.For severe hypertension unresponsive to
benzodiazepines: Consider phentolamine or 1V
sodium nitroprusside.

5. Monitor creatine phosphokinase (CPK) for
rhabdomyolysis. Treatment for rhabdomyolysis
includes 1V hydration, urinary akalinization.

6. Hyponatremia has been seen with use of
Ecstasy and is thought to be dueto SIADH or
excessive free water intake.

7. May be present in urine for up to 48 hr.

Cocaing®

Excitement, restlessness, euphoria,
garrulousness, increased motor activity,
decreased sense of fatigue, increased tremors,
convulsive movements, tachypnea, tachycardia,
hypertension, fever, chills. Angina, myocardial
infarction (M) in acute cocaine exposure.
Tachyarrhythmias, hyperexia, rhabdomyolysis
with acute renal failure.

See above for management and treatment.

1. Obtain serial ECGs and cardiac isoenzymes/
troponin levels to evaluate for signs of ischemia.
2. Cocaine metabolites can be detected in urine
for up to 3 days after exposure, up to 2 weeksin a
habitual user.



GHB/GBL ™ #7

Gamma hydroxybutryate (GHB) and gamma
butyrolactone (GBL); GBL is precursor to GHB
(euphoriants and aphrodisiacs, aso known as
“date-rape” agent, Liquid Ecstasy)

Rapid onset of deep sleep. Can lead to coma
and respiratory depression. Seizure activity,
hypothermia, bradycardia. Comalasts 1-2 hr.

1. Provide supportive measures.

2. Give atropine for severe bradycardia.

3. Blood pressure support is rarely necessary.
4. Not detected on routine urine toxicology
screens.

Hallucinogens®
PCP (phencyclidine)

Staggering gait, slurred speech, nystagmus,
diaphoresis, catatonic muscular rigidity with
blank stare, hypertension, tachycardia, seizures,
coma.

Note: Typical high 4-6 hr, followed by
extended “ coming down.”

1. Diagnosis with urine: Half lifeis 18 hr. May be
detected up to 1 week in acute user and 3 weeks
in habitual user.

2. Provide GI decontamination with activated
charcoal if ingested.

3. Treat seizures. For agitation consider
benzodiazepines or hal operidol.

4. Watch for rhabdomyolysis. Avoid physical
restraints if possible.

5. Never acidify urine to enhance excretion; may
promote deposition of myoglobin in renal tubules
and worsen metabolic acidosis.

LSD, psilocybin, mescaline

Sympathomimetic: Papillary dilation,
hypertension, tachycardia, hyperreflexia,
hyperpyrexia. Euphoria, alteration of time
(passes slowly), mood lability, hallucination,
psychosis, visual perceptive distortions.

1. Action lasts on average 6-12 hr.

2. Rarely associated with life-threatening events.
3. Gl decontamination is unnecessary.

4. Place in quiet room, try to talk down.

5. Benzodiazepines or haloperidol for agitation or
anxiety.

I nhalants® 4

Hydrocarbons (benzene, glues), nitrous oxide
(food product propellants [whipped cream)),
nitrites, aliphatics (butane, propane), halides
(paint additives, strippers, spot remover), ethers/
ketones (solvents)

Euphoria; light-headedness; hyperactivity;
ataxia; hallucinations; mental status changes,
including coma with respiratory depression or
aspiration. Can cause methemoglobinemia.

Hal ogenated hydrocarbons: Cardiotoxicity and
dysrhythmias, including ventricular fibrillation.
Sudden sniffing death: Syndrome of simple
asphyxiation from act of bagging.

1. Treat dysrhythmias; use of epinephrine
relatively contraindicated because of worsening
rhythm disturbances.

2. Obtain complete metabolic panel, including
calcium, phosphate, magnesium, and amylase
levels, liver function tests, CPK, and urinalysis.
3. Treat methemoglobinemia with methylene blue.
4. For respiratory symptoms, use caution with (3-
agonists.

5. With low-dose exposures, rapid recovery in 30
minto 2 hrsistypical.



Marijuana® Euphoria, relaxation, impaired short-term 1. Symptoms last 4-6 hr.

Tetrahydrocannabinol (THC) memory, increased appetite, dry mouth, altered | 2. Drug screen may be positive for up to 2 weeks
time perception, hallucinations, delusions, after single use.
paranoia, tachycardia, hypertension, 3. May treat psychosis or delirium with
conjunctival injection. benzodiazepines.

The author would like to thank Maryland Poison Control Center for providing information critical to the development of this chapter.
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Figure 2-1 Semilogarithmic plot of plasma acetaminophen levels versus time.(From Jones AL. J Toxicol Clin Toxicol 1998; 36:277-285.)
Nore: Thisnomogram isvalid for use after acute single ingestions of acetaminophen. The need for treatment cannot be extrapolated based on a

level before 4 hours. In chronic overdose, toxicity can be seen with much lower plasma levels.
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Nore: Thisnomogram isvalid for use after acute single ingestions of acetaminophen. The need for treatment cannot be extrapolated based on a
level before 4 hours. In chronic over dose, toxicity can be seen with much lower plasma levels.
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TABLE 2-2-- CHILDHOOD ANTIDOTES

Drug Antidote
Acetaminophen N-Acetylcysteine
Anticholinergics Physostigmine
Benzodiazepine Flumazenil
B-blockers Glucagon

Calcium channel blockers

Calcium chloride, calcium gluconate, glucagon

Carbon monoxide

Oxygen, hyperbaric oxygen

Coumadin Vitamin K

Cyanide Sodium nitrite/thiosulfate
Digitalis Specific FAB antibody fragments
Ethylene glycol/Mehanol Ethanol

[ron Deferoxamine

Isoniazid Pyridoxine

Lead CaNa, EDTA, penicillamine, BAL
M ethemoglobinemia Methylene blue

Opiates Naloxone

Organophosphates Atropine/pralidoxime

Phenothiazines

Diphenhydramine

Rattlesnake bite

Crotalid antivenom

Sulfonylureas

Octreotide

Modified from Weaver DR, Camfield P, Fraser A. Neurology 1988; 38:755 and Liebelt EL, Francis PD, Woolf AD. Ann Emerg Med 1995; 26:195-

201.
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Chapter 3 - PROCEDURES
“See one, do one, teach one”

Matthew Grady MD

|. GENERAL GUIDELINES

Before performing any procedure, it is crucial to obtain informed consent by explaining the procedure, the indications, any risks involved, and any
aternatives. Note: All invasive proceduresinvolve pain and therisk of infection and bleeding. Specific complications are listed by procedure.
Sedation and analgesia should be planned in advance. In general, 1% lidocaine buffered with sodium bicarbonate (see Formulary) is adequate for local

analgesia.
[I. BLOOD SAMPLING AND VASCULAR ACCESS

A. HEELSTICK/FINGERSTICK
1. Indications: Blood sampling in infants for laboratory studies unaffected by hemolysis.
2. Complications: Infection, bleeding, osteomyelitis.
3. Procedure



a. Warm hedl or finger.
b. Clean with acohoal.
1. Puncture heel using alancet on the lateral part of the heel, avoiding the posterior area.
2. Puncture finger using a lancet on the palmar lateral surface of the finger near the tip.
c. Wipe away thefirst drop of blood, then collect the sample using a capillary tube or container.
d. Alternate between squeezing blood from the leg toward the heel (or from the hand toward the finger) and then releasing the pressure
for several seconds.
B. INTRAVENOUSPLACEMENT AND ACCESSSITES
1. Indications: To obtain access to peripheral venous circulation to deliver fluid, medications, or blood products.
2. Complications
a. Thrombosis.
b. Infection.
3. Procedure
a. Choose IV placement site and prepare with alcohol ( Fig. 3-1).
b. Apply tourniquet and then insert IV catheter, bevel up, at angle amost parallel to the skin, advancing until “flash” of blood is seenin
the catheter hub. Advance the plastic catheter only, remove the needle, and secure the catheter.
c. Attach T connector filled with saline to the catheter, flush with several mL of normal saline (NS) to ensure patency of the IV line.
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C. EXTERNAL JUGULAR PUNCTURE®
1. Indications: Blood sampling in patients with inadequate peripheral vascular access or during resuscitation.
2. Complications: Infection, bleeding, pneumothorax.
3. Procedure ( Fig. 3-2)

a. Restrain infant securely. Place infant with head turned away from side of blood sampling. Position with towel roll under shoulders or
with head over side of bed to extend neck and accentuate the posterior margin of the sternocleidomastoid muscle on the side of the
venipuncture.

b. Prepare areawith povidone-iodine and alcohol in a sterile fashion.

c. Theexternal jugular vein will distend if its most proximal segment is occluded or if the child cries. The vein runs from the angle of
the mandible to the posterior border of the lower third of the sternocleildomastoid muscle.
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d. With continuous negative suction on the syringe, insert the needle at about a 30-degree angle to the skin. Continue as with any
peripheral venipuncture.



e. Apply asterile dressing and pressure on the puncture site for 5 minutes.
D. FEMORAL ARTERY AND FEMORAL VEIN PUNCTURE® 2

1. Indications: Venous or arterial blood sampling in patients with inadequate vascular access or during resuscitation.

2. Contraindications: Femoral punctureis particularly hazardous in neonates and is not recommended in this age group. It isaso
discouraged in children because of the risk of traumato the femoral head and joint capsule. Avoid femora puncturesin children who have
thrombocytopenia or coagulation disorders, or those who are scheduled for cardiac catheterization.

Complications: Infection, bleeding, hematoma of femoral triangle, thrombosis of vessel, osteomyelitis, and septic arthritis of hip.
Procedure ( Fig. 3-3)
a. Hold child securely in frog-leg position with the hips flexed and abducted.
b. Prepare areain sterile fashion.
c. Locate femoral pulsejust distal to the inguinal crease (note that vein is medial to pulse). Insert needle 2 cm distal to the inguinal
ligament and 0.5 to 0.75 cm into the groin. Aspirate while maneuvering the needle until blood is obtained.
d. Apply direct pressure for minimum of 5 minutes.

> w
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E. RADIAL ARTERY PUNCTURE AND CATHETERIZATION® 2
1. Indications: Arterial blood sampling or for frequent blood gases and blood pressure monitoring in an intensive care setting.
2. Complications: Infection, bleeding, occlusion of artery by hematoma or thrombosis, ischemiaif ulnar circulation is inadequate.
3. Procedure
a. Before procedure, test adequacy of ulnar blood flow with the Allen test. Clench the hand while simultaneously compressing ulnar
and radial arteries. The hand will blanch. Release pressure from the ulnar artery and observe the flushing response. Procedure is safe
to perform if entire hand flushes.
b. Locatetheradial pulse. It is optional to infiltrate the area over the point of maximal impulse with lidocaine. Avoid infusion into the
vessel by aspirating before infusing. Prepare the site in sterile fashion.
1. Puncture:lnsert butterfly needle attached to a syringe at a 30-to 60-degree angle over the point of maximal impulse; blood
should flow freely into the syringe in a pulsatile fashion; suction may be required for plastic tubes. Once the sampleis
obtained, apply firm, constant pressure for 5 minutes and then place a pressure dressing on the puncture site.
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2. Catheter placement: Secure the patient’ s hand to an arm board. L eave the fingers exposed to observe any color changes.
Prepare the wrist with sterile technique and infiltrate over the point of maximal impulse with 1% lidocaine. Make a small skin
puncture over the point of maximal impulse with a needle, then discard the needle. Insert an intravenous (1V) catheter with its
needle through the puncture site at a 30-degree angle to the horizontal; pass the needle and catheter through the artery to



transfix it, then withdraw the needle. Very slowly withdraw the catheter until free flow of blood is noted. Then advance the
catheter and secure in place via sutures or tape. Apply an antibiotic ointment dressing. Infuse heparinized isotonic fluid (1 unit
heparin/mL) at 1 mL/hr. A pressure transducer may be attached to monitor blood pressure.

Note: Do not infuse any medications, blood products, or hypotonic or hypertonic solutionsthrough an arterial line.

F. POSTERIOR TIBIAL AND DORSALISPEDISARTERY PUNCTURE®?
1. Indications: Arteria blood sampling when radial artery puncture is unsuccessful or inaccessible.
2. Complications: Infection, bleeding, ischemiaif inadequate circulation.
3. Procedure (see Radial Artery Puncture, p. 54, for technique)

a
b.

Posterior tibial artery: Puncture the artery posterior to the medial malleolus while holding the foot in dorsiflexion.
Dorsalis pedis artery: Puncture the artery at the dorsal midfoot between the first and second toe while holding the foot in plantar
flexion.

G. CENTRAL VENOUSCATHETER PLACEMENT® i3
1. Indications: To obtain emergency access to central venous circulation, to monitor central venous pressure, to deliver high-concentration

parenteral nutrition or prolonged IV therapy, or to infuse blood products or large volumes of fluid.

Complications: Infection, bleeding, arterial or venous laceration, pneumothorax, hemothorax, thrombosis, catheter fragment in circulation,
air embolism, and atrioventricular fistula

Access sites

2.

3.

a

b.
C.
d.

External jugular vein.

Subclavian vein.

Internal jugular vein.

Femoral vein.

Note: Femoral vein catheterization is contraindicated in severe abdominal trauma, and internal jugular catheterization is
contraindicated in patientswith elevated intracranial pressure (ICP).

Procedure: The Seldinger technique ( Fig. 3-4)

a
b.
C.

d.

Secure patient, prepare site, and drape in sterile fashion.

Insert needle, applying negative pressure to locate vessel.

When thereis blood return, insert a guidewire through the needle into the vein to about one fourth to one third of the length of the
wire.

Remove the needle, holding the guidewire firmly.
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Slip acatheter that has been preflushed with sterile saline over the wire into the vein in atwisting motion. The entry site may be
enlarged with asmall skin incision or dilator. Pass the entire catheter over the wire until the hub is at the skin surface. Slowly
remove the wire, secure the catheter by suture, and attach 1V infusion.

Apply asterile dressing over the site.



g. For neck vessels, obtain a chest radiograph to rule out pneumothorax.
5. Approach

a. External jugular (see Fig. 3-2): Place patient in 15-to 20-degree angle Trendelenburg position. Turn the head 45 degrees to the
contralateral side. Enter the vein at the point where it crosses the sternocleidomastoid muscle.

b. Internal jugular (see Fig. 3-2): Place patient in 15-to 20-degree angle Trendelenburg position. Hyperextend the neck to tense the
sternocleidomastoid muscle, and turn head away from the site of line placement. Palpate the sternal and clavicular heads of the
muscle and enter at the apex of the triangle formed. Insert the needle at a 30-degree angle to the skin and aim toward the ipsilateral
nipple. When blood flow is obtained, continue with Seldinger technique.
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c. Subclavian vein ( Fig. 3-5): Position the child in the Trendelenburg position with atowel roll under the thoracic spine to
hyperextend the back. Aim the needle under the distal third of the clavicle toward the sternal notch. When blood flow is obtained,
continue with Seldinger technique.

Note: Thisistheleast common sitefor central lines because of theincreased risk of complications.

d. Femoral vein (see Fig. 3-3): Hold the child securely with the hip flexed and abducted. L ocate the femoral pulse just distal to the
inguinal crease. Place the thumb of the nondominant hand on the femoral artery. Insert the needle media to the thumb. The needle
should enter the skin 2 to 3 cm distal to the inguinal ligament at a 30-degree angle to avoid entering the abdomen. When blood flow
IS obtained, continue with Seldinger technique.

H. INTRAOSSEOUS (I10) INFUSION 3
1. Indications: Obtain emergency access in children <8 years old. Thisis very useful during circulatory collapse and/or cardiac arrest. The
needle should be removed once adequate vascular access has been established.
2. Complications: Infection, bleeding, osteomyelitis, compartment syndrome, fat embolism, fracture, epiphyseal injury.
3. Sitesof entry (in order of preference)

a. Anteromedial surface of the proximal tibia, 2 cm below and 1 to 2 cm medial to the tibial tuberosity on the flat part of the bone ( Fig.
3-6).

b. Distal femur 3 cm above the lateral condyle in the midline.

c. Media surface of the distal tibia 1 to 2 cm above the medial malleolus (may be a more effective site in older children).

4. Procedure
a. Prepare the patient for a sterile procedure.
b. If the child is conscious, anesthetize the puncture site down to the periosteum with 1% lidocaine (optional in emergency situations).
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c. Insert a 15-gauge 10 needle perpendicular to the skin and advance to the periosteum. With a boring rotary motion, penetrate through



the cortex until there is a decrease in resistance, indicating that you have reached the marrow. The needle should stand firmly
without support. Secure the needle carefully.

d. Remove the stylet and attempt to aspirate marrow. (Note that it is not necessary to aspirate marrow.) Flush with 10 to 20 mL normal
saline (NS). Observe for fluid extravasation. Marrow can be sent for determination of glucose levels, chemistries, blood type and
crossmatch, but not for a complete blood count (CBC).

e. Attach standard IV tubing. Any crystalloid, blood product, or drug that may be infused into a peripheral vein may also be infused
into the 10
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space, but an increased pressure (via pressure bag or push) is needed for infusion. There isahigh risk of obstruction if continuous
high-pressure fluids are not flushed through the 10 needle.

|. UMBILICAL ARTERY (UA) AND VEIN (UV) CATHETERIZATION®

1.
2.

3.

4.

Indications: Vascular access (viaUV), blood pressure (via UA), and blood gas (via UA) monitoring in critically ill neonates.
Complications: Infection; bleeding; hemorrhage; perforation of vessel; thrombosis with distal embolization; ischemia/infarction of lower
extremities, bowel, or kidney; arrhythmiaif the catheter isin the heart; air embolus.
Caution: UA catheterization should never be performed if omphalitisis present; it is contraindicated in the presence of possible
necrotizing enterocolitis or intestinal hypoperfusion.
Line placement
a. Arterial line: Low line versus high line.
1. Low line: Thetip of the catheter should lie just above the aortic bifurcation between L3 and L5. This avoids renal and
mesenteric arteries near L1, perhaps decreasing the incidence of thrombosis or ischemia.
2. Highline: Thetip of the catheter should be above the diaphragm between T6 and T9. A high line may be recommended in
infants weighing less than 750 g, in which alow line could easily dlip out.
b. UV catheters should be placed in the inferior vena cava above the level of the ductus venosus and the hepatic veins and below the
level of the right atrium.
c. Catheter length: Determine the length of catheter required using either a standardized graph or the regression formula. Add length
for the height of the umbilical stump.
1. Standardized graph: Determine the shoulder-umbilical length by measuring the perpendicular line dropped from the tip of the
shoulder to the level of the umbilicus. Use the graph in Fig. 3-7 to determine the arterial catheter length, and the onein Fig. 3-
8 to determine venous catheter length.
2. Birth weight (BW) regression formula:
Low line: UA catheter length (cm) = BW (kg) + 7.
High line: UA catheter length (cm) = [3 x BW (kg)] + 9.
UV catheter length (cm) =[0.5 x high line UA (cm)] + 1.
Note: Formula may not be appropriate for small-for-gestational-age (SGA) or large-for-gestational-age (L GA) infants.



5. Procedurefor UA line( Fig. 3-9)
a. Determine the length of the catheter to be inserted for either high (T6 to T9) or low (L3 to L5) position.

b.

Restrain the infant. Prepare and drape the umbilical cord and adjacent skin using sterile technique. Maintaining the infant’s
temperatureiscritical.
Flush the catheter with a sterile saline solution before insertion.
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Place sterile umbilical tape around the base of the cord. Cut through the cord horizontally about 1.5 to 2.0 cm from the skin; tighten
the umbilical tape to prevent bleeding.

Identify the one large, thin-walled umbilical vein and two smaller, thick-walled arteries. Use one tip of open, curved forceps to probe
and dilate one artery gently; use both points of closed forceps and dilate artery by allowing forceps to open gently.

Grasp the catheter 1 cm from its tip with toothless forceps and insert the catheter into the lumen of the artery. Aim the tip toward the
feet, and gently advance the catheter to the desired distance. Do not force. If resistance is encountered, try loosening umbilical tape;
applying steady, gentle pressure; or manipulating the angle of the umbilical cord to skin.
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Often the catheter cannot be advanced because of creation of a*“false luminal tract.”

Confirm the position of the catheter tip radiologically. Secure the catheter with a suture through the cord, a marker tape, and atape
bridge. The catheter may be pulled back but not advanced once the sterile field is broken.

Observe for complications: Blanching or cyanosis of lower extremities, perforation, thrombosis, embolism, or infection. If any
complications occur, the catheter should be removed.

Note: There are no definitive guidelines on feeding with a UA catheter in place. Thereisconcern (up to 24 hours after
removal) that the UA catheter or thrombus may interferewith intestinal perfusion. A risk/benefit assessment should be
individualized. Use isotonic fluids, which contain 0.5 unit/mL of heparin. Never use hypoosmolar fluidsin the UA.

6. Procedurefor UV line (seeFig. 3-9)
a. Follow steps A-D for UA catheter placement. However, determine catheter length using Fig. 3-8 .

b.

Isolate the thin-walled umbilical vein, clear thrombi with forceps, and insert catheter, aiming the tip toward the right shoulder.
Gently advance the catheter to the desired distance. Do not force. If resistance is encountered, try loosening the umbilical tape;
applying steady, gentle pressure; or manipulating the angle of the umbilical cord to skin.
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c. Confirm position of the catheter tip radiologically. Secure catheter as described in step G for UA placement.

Figure 3-1 Venous access sites. (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)
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Figure 3-2 Approach for external and internal jugular puncture. (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)
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Figure 3-3 Femoral puncture technique. (Modified from Nichols DG et al. Golden hour: the handbook of advanced pediatric life support. . Louis:
Mosby; 1996.)



FiG. 3-3

Figure 3-4 The Seldinger technique for central venous catheter placement. (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)



FIG. 3-4

Figure 3-5 Approach for catheterization of subclavian vein. (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)
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Figure 3-6 Intraosseous insertion (anterior tibia). (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)



Figure 3-7 Umbilical artery catheter length.
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Figure 3-8 Umbilical vein catheter length.
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Figure 3-9 A four-step technique for placing and securing umbilical catheters. (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)
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Note: In young infants and those with infiltrated leukemia, marrow aspiration may beimpossible; bone marrow biopsy thus may be necessary.

. CHEST TUBE PLACEMENT AND THORACENTESIS4 i3

1. Indications: Evacuation of a pneumothorax, hemothorax, chylothorax, large pleura effusion, or empyemafor diagnostic or therapeutic purposes.
2. Complications: Infection; bleeding; pneumothorax; hemothorax; pulmonary contusion or laceration; puncture of diaphragm, spleen or liver; or
bronchopleural fistula.

3. Procedure: Needle decompression.
Note: For tension pneumothoracesit isimperative to attempt decompression quickly by sterilely inserting a large-bor e needle (16 to 22

gauge, based on size) in the anterior second intercostal spacein the midclavicular line.



a. Attach to athree-way stopcock and syringe, and aspirate air.

b.

Use of achest tubeis still necessary.

4. Procedure: Chest tubeinsertion (seeinside front cover for chest tube sizes; Fig. 3-11)

a

b
C.
d

h.
.
j.
K.

Position child supine or with affected side up.

. Point of entry isthe third to fifth intercostal space in the mid to anterior axillary line, usually at the level of the nipple (avoid breast tissue).

Prepare and drape in sterile fashion.

. Patient may require sedation (see Formulary). Locally anesthetize skin, subcutaneous tissue, periosteum of rib, chest-wall muscles, and

pleurawith 1% lidocaine.

Make sterile incision one intercostal space below desired insertion point, and bluntly dissect with a hemostat through tissue layers until the
superior portion of the rib is reached, avoiding the neurovascular bundle on the inferior portion of therib.

Push the hemostat over the top of therib, through the pleura, and into the pleural space. Enter the pleural space cautiously, and not deeper
than 1 cm. Spread hemostat to open, place chest tube in clamp, and guide through entry site to desired distance.

For a pneumothorax, insert the tube anteriorly toward the apex. For a pleural effusion, direct the tube inferiorly and posteriorly.
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Secure the tube with purse-string sutures in which the suture isfirst tied at the skin, then wrapped around the tube once and tied at the tube.
Attach to a drainage system with —20 to —30 cm H, O pressure.

Apply asterile occlusive dressing.
Confirm position and function with chest radiograph.

5. Procedure: Thoracentesis ( Fig. 3-12).

CEES e

Confirm fluid in pleural space viaclinical examination and radiographs or sonography.

If possible, place child in sitting position leaning over table; otherwise place supine.

Point of entry is usually in the seventh intercostal space and posterior axillary line.

Sterilely prepare and drape area.

Anesthetize skin, subcutaneous tissue, rib periosteum, chest wall, and pleurawith 1% lidocaine.

Advance an 18-to 22-gauge |V catheter or large-bore needle attached to a syringe onto the rib and then “walk” over the superior aspect into
the pleural space while providing steady negative pressure; often a
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“popping” sensation is generated. Be careful not to advance too far into the pleural cavity. If an IV catheter is used, the soft catheter may be

advanced into the pleural space aiming downward.
Attach syringe and stopcock device to remove fluid for diagnostic studies and symptomatic relief (see Chapter 24 , p. 557 for evaluation of

pleural fluid.)



h. After removing needle or catheter, place an occlusive dressing over the site and obtain a chest radiograph to rule out pneumothorax.

. PERICARDIOCENTESIS® i3

1. Indications: To obtain pericardial fluid emergently for diagnostic or therapeutic purposes.
Complications: Bleeding, infection, puncture of cardiac chamber, cardiac dysrhythmia, hemopericardium/pneumopericardium, pneumothorax,

or hemothorax.

2.
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Procedure ( Fig. 3-13)

Q@ 0 L200TQO

Unless contraindicated, provide sedation and/or analgesia for the patient. Monitor electrocardiogram (ECG).
Place patient at a 30-degree angle (reverse Trendelenburg). Have patient secured.
Sterilely prepare and drape puncture site. A drape across the upper chest is unnecessary and may obscure important landmarks.

Anesthetize the puncture site with 1% lidocaine.
Insert an 18-or 20-gauge needle just to the left of the xiphoid process, 1 cm inferior to the bottom rib at about a 45-degree angle to the skin.

While gently aspirating, advance needle toward the patient’ s left shoulder until pericardial fluid is obtained.
Upon entering the pericardial space, clamp the needle at the skin
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edge to prevent further penetration. Attach a 30-mL syringe with a stopcock.
Gently and slowly remove the fluid. Rapid withdrawal of the pericardial fluid can result in shock or myocardial insufficiency.

. Send fluid for appropriate laboratory studies (see Chapter 24 ).

. PARACENTESIS®

1. Indications: Removal of intraperitoneal fluid for diagnostic or therapeutic purposes.
2. Complications: Bleeding, infection, puncture of viscera.

3. Cautions
a. Do not remove alarge amount of fluid too rapidly because hypovolemia and hypotension may result from rapid fluid shifts.

b.
C.
d.

Avoid scars from previous surgery; localized bowel adhesions increase the chances of entering aviscus in these areas.
The bladder should be empty to avoid perforation.
Never perform paracentesis through an area of cellulitis.

4. Procedure



a. Prepare and drape the abdomen as for a surgical procedure. Anesthetize the puncture site.

b. With the patient in semisupine, sitting, or lateral decubitus position, insert a 16-to 22-gauge |V catheter attached to a syringe in midline 2
cm below the umbilicus; in neonates, insert just lateral to the rectus muscle in the right or left lower quadrants, afew centimeters above the
inguinal ligament.

c. Aiming cephalad, insert the needle at a 45-degree angle while one hand pulls the skin caudally until entering the peritoneal cavity. This
createsa“Z” tract when the skin is released and the needle removed. Apply continuous negative pressure.

d. Once fluid appears in the syringe, remove introducer needle and leave catheter in place. Attach a stopcock and aspirate slowly until an
adequate amount of fluid has been obtained for studies or symptomatic relief.

e. If, on entering the peritoneal cavity, air is aspirated, withdraw the needle immediately. Aspirated air indicates entrance into a hollow
viscus. (In general, penetration of a hollow viscus during paracentesis does not lead to complications.) Repeat paracentesis with sterile
equipment.

f. Send fluid for appropriate laboratory studies (see Chapter 24 ).

. URINARY BLADDER CATHETERIZATION®

1. Indications: To obtain urine for urinalysis and culture sterilely and to monitor hydration status.
2. Complications: Hematuria, infection, traumato urethra or bladder, intravesical knot of catheter (rarely occurs).
3. Procedure
a. Infant/child should not have voided within 1 hour of procedure.
Note: Catheterization is contraindicated in pelvic fractures, known traumato the urethra, or blood at the meatus.
b. Prepare the urethral opening using sterile technique.
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c. Inboys, apply gentle traction to the penis to straighten the urethra.

d. Gently insert alubricated catheter into the urethra. Slowly advance the catheter until resistance is met at the external sphincter. Continued
pressure will overcome this resistance, and the catheter will enter the bladder. In girls, the urethral orifice may be difficult to visualize, but
itisusually immediately anterior to the vaginal orifice ( Fig. 3-14 ). Only afew centimeters of advancement is required to reach the
bladder in girls. In boys, insert afew centimeters longer than the shaft of the penis.

e. Carefully remove the catheter once the specimen is obtained, and cleanse skin of iodine.

. SUPRAPUBIC BLADDER ASPIRATIONM®

1. Indications: To obtain urine for urinalysis and culture sterilely in children less than 2 years of age (avoid in children with genitourinary tract
anomalies).
2. Complications: Infection, hematuria (usually microscopic), intestina perforation.



3. Procedure

a

b.
C.

e.

Anterior rectal pressurein girls or gentle penile pressure in boys may be used to prevent urination during the procedure. Child should not
have voided within 1 hour of procedure.

Restrain the infant in the supine, frog-leg position. Prepare suprapubic areain sterile fashion.

The site for punctureis 1 to 2 cm above the symphysis pubisin the midline. Use a syringe with a 22-gauge, 1-inch needle, and puncture
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at a 10-to 20-degree angle to the perpendicular, aiming slightly caudad.

Exert suction gently as the needle is advanced until urine enters syringe. The needle should not be advanced more than 1 inch. Aspirate the
urine with gentle suction.

Cleanse skin of iodine.

. KNEE JOINT ASPIRATIONM

1. Indications: Removal of joint effusion causing severe pain or limitation of function and to obtain fluid for diagnosis of systemic illness (collagen
vascular disease) or septic arthritis.

2. Complications: Bleeding, infection, damage to articular cartilage.

3. Relative contraindications. Bleeding diathesis, fracture (increased risk of infection).

4. Procedure ( Fig. 3-15)

a

b.
C.
d.

—

Secure the child with knee actively extended.

Prepare in sterile fashion.

Anesthetize the aspiration site with 1% lidocaine. Anesthetize the subcutaneous tissue down to the joint capsule.

Lateral approach: Site of entry isthe lateral undersurface of the midpatella. Extend the knee as much as possible. Localize the undersurface
of the patella. Insert an 18-gauge or larger-bore needle with a syringe. With continuous suction, advance needle at a 10-to 20-degree angle
until fluid is obtained.
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Aspiration of joint contents confirms an intraarticular placement.
Collect fluid for appropriate studies (see Chapter 24 ).
Place adry, sterile dressing over aspiration site when finished.

. TYMPANOCENTESIS®



1. Indications: Removal of middle ear fluid for diagnostic or therapeutic purposes.

2. Complications: Persistent perforation, tympanic membrane scar. Very rare: incostapedial joint dislocation, facial nerve injury, puncture of
exposed jugular bulb.

3. Procedure

a

b.

Prepare patient for the procedure. Consider use of an anxiolytic, such as midazolam (see Formulary). Restrain patient securely; a papoose
board is recommended.

Remove all cerumen from canal (e.g., with No. 0 Buck cure). Gently swab ear canal with an alcohol-soaked applicator as a“wet mop” (e.
g., 5>-mm Farrell applicator tip wrapped with al cohol-soaked cotton).

Attach an 18- to 22-gauge, 22 to 3-inch spinal needle, bevel upward, to the Luer-Lok adaptor of a disposable tympanocentesis aspirator.
Alternatively, attach the needle to a 1-mL tuberculin syringe and bend needle 30 to 45 degrees (to allow for visualization during puncture).
Visualize the point of maximal bulge in the inferior portion (posteriorly or anteriorly) of the tympanic membrane through an otoscope
fitted with an operating head ( Fig. 3-16).
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Perforate the tympanic membrane and apply negative pressure to remove fluid in 1 to 2 seconds. Remove needle, avoiding contamination
in the canal.

. Send fluid for appropriate cultures and Gram’ s stain.

Place a small cotton pledget in the outer portion of the external auditory canal to absorb extra blood and discharge. Perforation usually
healsin 3to 5 days.

Figure 3-10 Lumbar puncture. (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)
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Figure 3-11 Technique for insertion of chest tube. ICS, intercostal space; NV, neurovascular; R-VI, sixth rib. (Modified from Fleisher G, Ludwig S.
Pediatric emergency medicine, 3rd ed. Baltimore: Williams & Wilkins; 2000.)
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Figure 3-12 Thoracentesis. ICS, Intercostal space. (Modified from Fleisher G, Ludwig S. Pediatric emergency medicine, 3rd ed. Baltimore: Williams &
Wilkins; 2000.)
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Figure 3-13 Pericardiocentesis. (Modified from Nichols DG et al. Golden hour: the handbook of advanced pediatric life support. &. Louis: Mosby;
1996.)



FIG.'3-13

Figure 3-14 Female urethra. (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)
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Figure 3-15 Knee joint aspiration. (Modified from Fleisher G, Ludwig S. Pediatric emergency medicine, 3rd ed. Baltimore: Williams & Wilkins; 2000.)
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Figure 3-16 Tympanocentesis in the left ear. (Modified from Dieckmann R, Fiser D, Selbst S. [1lustrated textbook of pediatric emergency and critical
care procedures. &. Louis: Mosby; 1997.)



FIG. :
Norte: Lacerations of the face, lips, hands, genitalia, mouth, or periorbital area may require consultation with a specialist. | deally, lacer ations at
increased risk of infection (areaswith poor blood supply, contaminated/crush injury) should be sutured within 6 hoursof injury. Clean
woundsin cosmetically important areas may be closed up to 24 hours after injury in the absence of significant contamination or devitalization.
In general, bite wounds should not be sutured except in areas of high cosmetic importance (face). Thelonger suturesareleft in place, the
greater the scarring and potential for infection. Suturesin cosmetically sensitive areas should be removed as soon as possible. Suturesin high-
tension areas, such as extensor surfaces, should stay in longer ( Table3-1).

a. Prepare child for procedure with appropriate sedation, analgesia, and restraint.
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b. Anesthetize the wound with topical anesthetic or with lidocaine/bicarbonate by injecting the anesthetic into the subcutaneous tissues (see
Formulary).

c. Forcefully irrigate the wound with copious amounts of sterile NS. Use at least 250 mL for smaller, superficial wounds and more for larger
wounds. Thisisthe most important step in preventing infection. Avoid high-pressure irrigation of deep puncture wounds.

d. Prepare and drape the patient for a sterile procedure.

e. Debride the wound when indicated. Probe for foreign bodies as indicated. Consider obtaining a radiograph if aradiopaque foreign body was
involved in the injury.

f. Select suture type for percutaneous closure (see Table 3-1).



g. When suturing is complete, apply topical antibiotic and sterile dressing. If laceration isin proximity of ajoint, splinting of the affected area to
[imit mobility often speeds healing and prevents wound separation.

h. Check wounds at 48 to 72 hours in cases in which wounds are of questionable viability, if wound was packed, or for patients prescribed
prophylactic antibiotics. Change dressing at check.

i. For hand lacerations, close skin only; do not use subcutaneous stitches. Elevate and immobilize the hand.

J. Consider the child’s need for tetanus prophylaxis (see Table 16-6 ).

Figure 3-17 Basic skin-closure techniques. (Courtesy Josie Pirro, RN, Johns Hopkins Children’s Center.)

FIG. 3-17

TABLE 3-1-- GUIDELINESFOR SUTURE MATERIAL, SIZE, AND REMOVAL



Monofilament * Absorbable’
Body Region (for Superficial Lacerations) (for Deep L acerations) Duration (Days)
Scalp 5-0or 4-0 4-0 5-7
Face 6-0 5-0 3-5
Eyelid 7-0or 6-0 — 3-5
Eyebrow 6-0or 5-0 5-0 3-5
Trunk 5-0or 4-0 3-0 5-7
Extremities 5-0or 4-0 4-0 7
Joint surface 4-0 — 10-14
Hand 5-0 5-0 7
Foot sole 4-0or 3-0 4-0 7-10

* Examples of monofilament nonabsorbable sutures: nylon, polypropylene.
T Examples of absorbable sutures: polyglycolic acid and polyglactin 910 (Vicryl).

VI. MUSCULOSKELETAL

A. BASIC SPLINTINGH
1. Indications: To provide short-term stabilization of limb injuries.
2. Complications. Pressure sores, dermatitis, neurovascular impairment.
3. Procedure
a. Determine style of splint needed.
b. Measure and cut fiberglass or plaster to appropriate length. If using
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plaster, upper-extremity splints require 8 to 10 layers, and lower-extremity splints require 12 to 14 layers.

c. Pad extremity with cotton Webiril, taking care to overlap each turn by 50%. In prepackaged fiberglass splints, additional padding is
not generally required. Bony prominences may require additional padding. Place cotton between digitsif they arein asplint.

d. Immerse plaster dabs into room-temperature water until bubbling stops. Smooth out wet plaster slab, avoiding any wrinkles.
WarninG: Plaster becomes hot after drying.



e. Position splint over extremity and wrap externally with gauze. When dry, an elastic wrap can be added.
Alternatively, wet one side of fiberglass until saturated. Roll or fold to remove excess water. Mold splint as indicated. Note: Using
warm water will decrease drying time. Thismay result in inadequate time to mold splint. Turn edge of the splint back on itself
to produce a smooth surface. Take care to cover the sharp edges of fiberglass. When dry, wrap with elastic bandage.

g. Use crutches or dlings as indicated.

h. The need for orthopedic referral should be individually assessed.
B. LONG ARM POSTERIOR SPLINT ( Fig. 3-18)

Indications: Immobilization of elbow and forearm injuries.
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C. SUGAR TONG FOREARM SPLINT (Fig. 3-19)
Indications: For distal radius and wrist fractures, to immobilize the elbow and minimize pronation and supination.

D. ULNAR GUTTER SPLINT
1. Indications: Nonrotated fourth or fifth (boxer) metacarpal metaphyseal fracture with less than 20 degrees of angulation, uncomplicated
fourth and fifth phalangeal fracture.
2. Assess for malrotation, displacement (especially Salter | type fracture), angulation, and joint stability before splinting.
3. Procedure: Elbow in neutral position, wrist in neutral position, metacarpophalangeal (MP) joint at 70 degrees, interphalangeal (1P) joint at
20 degrees. Apply splint in U shape from the tip of the fifth digit to 3 cm distal to the volar crease of the elbow. The splint should be wide
enough to enclose the fourth and fifth digits.
E. THUMB SPICA SPLINT
1. Indications: Nonrotated, nonangulated, nonarticular fractures of the thumb metacarpal or phalanx, ulnar collateral ligament injury
(gamekeeper/skier’ s thumb), scaphoid fracture or suspected scaphoid fracture (pain in anatomic snuff box).
2. Procedure: Wrist in dlight dorsiflexion, thumb in some flexion and abduction, IP joint in slight flexion. Apply splint in U shape from tip
of thumb to mid-forearm. Mold the splint along the long axis of the thumb so that thumb position is maintained. Thiswill result in a spiral
configuration along the forearm.
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F. VOLAR SPLINT
1. Indications: Wrist immobilization.
2. Procedure: Wrist in dlight dorsiflexion. Apply splint on palmar surface from the MP joint to 2 to 3 cm distal to the volar crease of the

elbow. It isuseful to curve the splint to allow the MP joint to rest at an 80- to 90-degree angle.



G. POSTERIOR ANKLE SPLINT
1. Indications: Immobilization of ankle sprains and fractures of the foot, ankle, and distal fibula.

2. Procedure: Measure leg for appropriate length of plaster. The splint should extend to base of toes and the upper portion of the calf. A
sugar tong (stirrup) splint can be added to increase stability for ankle fractures.
H. RADIAL HEAD SUBLUXATION REDUCTION (NURSEMAID’SELBOW)

1. Presentation: Commonly occursin children ages 1 to 4 years with a history of inability to use an arm after it was pulled. The child
presents with the affected arm held at the side in pronation, with elbow dlightly flexed.

2. Caution: Rule out afracture clinically before doing procedure. Consider radiograph if mechanism of injury or history is atypical.
3. Procedure

a. Support the elbow with one hand and place your thumb laterally over the radial head at the elbow. With your other hand, grasp the
child’s hand in a handshake position.

b. Quickly and deliberately supinate the forearm and flex the elbow. Alternatively, hyperpronation alone may be used. Y ou may feel a
click as reduction occurs.

c. Most children will begin to use the arm within 15 minutes, some immediately after reduction. If reduction occurs after a prolonged

period of subluxation, it may take the child longer to recover use of the arm. In this case, the arm should be immobilized with a
posterior splint.

d. If procedure is unsuccessful, consider obtaining a radiograph. Maneuver may be repeated if needed.

Figure 3-18 Long arm posterior splint.
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Figure 3-19 Sugar tong forearm splint.
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Chapter 4 - TRAUMA AND BURNS
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Karyn KasssMD, MPH
Matthew Grady MD

. Trauma; Overviewwd

A. PRIMARY SURVEY

The primary survey includes assessment of the ABCs: airway, breathing, and circulation. See Chapter 1 for a complete algorithm.
B. SECONDARY SURVEY

Proceduresincluded in a secondary survey arelisted in Table 4-1 .
C. “AMPLE” HISTORY

Obtain an AMPLE history: allergies, medications, past illnesses, last meal, events preceding injury.

Il. Specific Traumatic Injuries

A. CLOSED HEAD TRAUMA®
1. Introduction:(See Chapter 1 for treatment of severe closed head trauma[CHT]). Head injury can be caused by penetrating trauma, blunt

force, rotational acceleration, or acceleration-deceleration injury. CHT may result in depressed or nondepressed skull fracture, epidural
hematoma, subdural hematoma, cerebral contusion, brain edema, increased intracranial pressure (ICP), brain herniation, concussion (mild
to moderated diffuse brain injury), and/or coma (diffuse axonal injury [DAI]). CHT not warranting intensive care or surgical management
can be termed minor CHT and should be managed according to the following principles.
2. Evaluation
a. Initial assessment: Follow basic trauma principles, including assessment of ABCs and cervical spineimmobilization.
b. Physical examination
1. Evaluate patient using Glasgow Coma Scale (GCS).
2. Obtain vital signs (look for Cushing’ s triad with hypertension, bradycardia, and abnormal respirations).



3. Perform secondary survey with careful neurologic evaluation (see Table 4-1).
4. If severe symptoms are present, or if CHT is not minor, follow procedures for emergency management of increased |CP and
coma (see pp. 14-16).

c. Associated symptoms: Loss of consciousness (LOC), amnesia (before, during, or after the event), mental status change, behavior
change, seizure activity, vomiting, headache, gait disturbance, visual change, altered level of consciousness, and altered level of
activity since time of event.

d. Mechanism of injury

1. Linear forces are less likely to cause LOC; they more commonly lead to skull fractures, intracranial hematoma, or cerebral
contusion.
2. Rotational forces commonly cause LOC and are occasionally associated with DAI.
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3. If mechanism of injury is not consistent with sustained injuries, suspect abuse.

e. Medications and illicit drug use: Determining if a patient takes any medications or usesillicit drugsis helpful in determining the

complete etiology of mental status changes.
3. Management

a. Initial management of minor CHT: Conduct according to basic trauma principles, with attention to ABCs, secondary survey, cervical
spine immobilization, and basic radiologic evaluation of cervical spine. Apply basic wound management to any lacerations sustained
to the scalp or face. (See also Chapter 3.)

b. Computed tomography (CT) scan of the head: A CT scan is warranted in the child with documented LOC. In the child with an
unwitnessed event, unknown LOC, or no documented L OC, the decision to obtain a head
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CT scan must be based on the mechanism of injury, severity of known injuries, and persistence of complaints or deficits. Confusion
and amnesia can occur without LOC and may not always warrant head CT when present without other concerns or complaints.
Noncontrast CT isthe preferred study in the emergency setting.

c. Observation: All children with significant CHT should be monitored for at least 4 to 6 hours to detect delayed signs or symptoms of
intracrania injury. This commonly occurs with epidural bleeds, in which a symptom-free lucid period can precede variable degrees
of acute-onset mental status change. The patient should also be observed for at least 48 hours after CHT. The decision of where
(home versus hospital) to continue this observation period can be based on the degree of identified head injury or associated injuries,
follow-up and reliability of the caretaker, and persistence of symptoms.
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d. Indications for hospitalization
Depressed or declining level of consciousness or prolonged unconsciousness.
Neurologic deficit.
Increasing headache or persistent vomiting.
Seizures.
Cerebrospinal fluid (CSF) otorrhea or rhinorrhea, hemotympanum, Battle s sign, or raccoon eyes.
Linear skull fracture crossing the groove of the middle meningeal artery, a venous sinus of the dura, or the foramen magnum.
Compound skull fracture or fracture into the frontal sinus.
Depressed skull fracture.
Bleeding disorder or patient receiving anticoagul ation therapy.
10. Intoxication or illness obscuring neurologic state.
11. Suspected child abuse.

e. If achildisstable for discharge, counsel parents on indications for reevaluation, including excessive sleepiness, more than two or
three episodes of emesis, gait disturbance, severe headache not relieved with standard doses of acetaminophen or ibuprofen, drainage
of blood or liquid from nose or ears, visual change, unequal pupil size, and/or seizure activity.

4. Sportsrelated closed head trauma®

a. CHT occurring during sporting events frequently results in concussion, defined as alteration in cerebral function caused by trauma.
See Box 4-1 for signs and symptoms of concussion.

b. Guidelinesfor return to play: Patient needs to be symptom free both at rest and with exertion for at least 1 week to prevent second
impact syndrome (fatality rate of 50%). Refer patient for sports medicine/neurology consultation for more than one concussion,
amnesia for more than 24 hours, or prolonged loss of consciousness.

B. NECK INJURIES?
1. Introduction

a. Infants and toddlers: At risk for subluxation of atlantooccipital joint (skull base-C1) or atlantoaxial joint (C1-C2).

b. School-age children: Lower cervical spine involvement (C5-C6).

c. Cervical spineinjury ismore likely to occur in children with an accel eration-decel eration injury such as a motor vehicle crash or fall.
Assume cervical spineinjury in the child with multiple injuries of any cause. Neurologic recovery after acute spinal cord injury is
improved with prompt administration of methylprednisolone.

2. Evaluation

a. Immobilize cervical spine, then perform careful history and physical examination.

b. Radiographic studies. Obtain posteroanterior (PA) view, lateral view to include seventh cervical vertebra, and odontoid view.
Additional flexion and extension views of the cervical spine should be obtained if there is point tenderness, symptoms on palpation,
or any suspicion of abnormality on PA or lateral views. Flexion and extension views may be contraindicated
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if an unstable cervical spineinjury issuspected. To read cervical spine films, the following ABCDs mnemonic is useful:
1. Alignment: The anterior vertebral body line, posterior vertebral body line, facet line, and spinous process line should each

form a straight line, with smooth contour and no step-offs.

Bones: Assess each bone, looking for chips or fractures.

Count: You must see the C7 body in its entirety.

Dens: Examine for chips or fractures.

Disc spaces. Should see consistent distance between each vertebral body.

. Soft tissue: Assess for swelling, especialy in the prevertebral area.

C. SCIWORA Spinal Cord I njury With Out Radiographic Abnormality; afunctional cervical spineinjury that cannot be excluded by
abnormality

DU AWN
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on aradiograph; thought to be attributable to the increased mobility of achild’s spine. Suspect in the setting of normal cervical spine
images, when clinical signs or symptoms (e.g., point tenderness or focal neurologic symptoms) suggest cervical spineinjury. If
neurologic symptoms persist despite normal cervical spine and flexion/extension views, magnetic resonance imaging (MRI) is
indicated to rule out swelling or intramedullary hemorrhage of the spina cord.

d. Clinically clear the cervical spine: Patient must be awake; examiner must pal pate posterior neck for localized tenderness. If thereis
no pain, assess active and passive range of motion. If thereis any direct pain over bone, a cervical-spine collar should be maintained
until further evaluation can definitively rule out injury.

C. BLUNT THORACIC TRAUMA®“
1. Internal injuries: Often internal injuries present without external signs of trauma secondary to pliable rib cage and mediastinal mobility.
2. Injury type (and frequency): Pulmonary contusion/laceration (53%), pneumothorax/hemothorax (38%), rib/sternal fractures (36%),
cardiac (5%), diaphragm (2%), major blood vessal (1%).
3. Evaluation

a. Careful history and physical examination.

b. Laboratory studies: Pulse oximetry, complete blood count (CBC); consider assessment of arterial blood gases (ABG) if patient isin
severe distress, and type and crossmatch if patient is unstable.

c. Obtain achest radiograph and chest CT with intravenous (IV) contrast if patient is stable.

4. Treatment

a. Tension pneumothorax: Presents as severe respiratory distress, distended neck veins, contralateral tracheal deviation, diminished
breath sounds, and compromised systemic perfusion by obstruction of venous return. Perform needle decompression followed by
chest tube placement directed to the lung apex (see pp. 65-67).

b. Open pneumothorax: An open pneumothorax, also known as a sucking chest wound, is rare but allows free flow of air between



atmosphere and hemithorax. Cover defect with an occlusive dressing (i.e., petroleum jelly gauze), give positive pressure ventilation,
and insert chest tube (see pp. 65-67).
c. Hemothorax: Provide fluid resuscitation followed by placement of a chest tube directed posteriorly and inferiorly.
D. BLUNT ABDOMINAL TRAUMA®
1. Anatomic risk factorsin children include small, pliable rib cages; solid organs proportionally larger than those of adults, and
underdevel oped abdominal muscles.
2. Seriousinjuriesin children from blunt abdominal trauma (with frequency of injury) include splenic contusion/laceration (30%), liver
contusion/laceration (28%), renal injury (28%), gastrointestinal (Gl) tract/duodenal hematoma (14%), genitourinary (GU) tract injury
(4%), pancreatic injury (3%), and disruption of major blood vessels (3%).
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3. Evaluation

a. Careful history and physical examination.

b. Laboratory studies: Consider CBC, electrolytes, liver function tests (LFTs), amylase, lipase, urinalysis and microscopy; type and
crossmatch if patient is unstable.

c. Consider abdominal CT scan with IV contrast (routine oral contrast is not indicated secondary to high false-negative rate for hollow
viscus injury).

d. Consider focused abdominal ultrasound or diagnostic peritoneal lavage (DPL) when other co-existing injuries (i.e., neurologic or
significant orthopedic) prevent CT scan. If DPL is used, the open method is preferred in small children, with warmed isotonic saline
lavage (10 to 15 mL/kg).

4. If significant abdominal trauma is suspected or diagnosed, a pediatric surgeon should be consulted.
E. ORTHOPEDIC/LONG BONE TRAUMA®
1. Fractures. Some fracture patterns are unique to children ( Fig. 4-1); growth-plate injuries are classified by the Salter-Harris classification
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( Table 4-2). Ligaments are stronger than bones or growth platesin children; thus dislocations and sprains are relatively uncommon,
whereas growth-plate disruption and bone avulsion are more common. For basic splinting techniques, see pp. 75-78.
2. Compartment syndrome: 19 Elevated muscle compartment venous pressure (enclosed by surrounding fascia) impairs blood flow and
oxygenation, resulting in nerve and muscle damage.
a. Can be seenin open or closed fractures, crush injuries, burns, and necrotizing fasciitis; most common with tibial fractures but also
occurs with displaced forearm and supracondylar humerus fractures. Chronic compartment syndrome is occasionally seen in athletes.
b. Severe, unremitting pain exacerbated by passive motion of the fingers or toes; swollen extremity that is tense to pal pation.
C. 6 Ps: Pain (earliest symptom), Pallor, Paresthesias, Paralysis, Poikilothermia, Pulselessness (late finding).



d. Studies: Reading of intracompartmental pressure (normal = 10 mm Hg; 20 to 30 mm Hg usually produces clinical symptoms).
e. Management: Emergent (within 6 hours of symptom onset) surgical fasciotomy (absolutely indicated if pressure =30 mm Hg).

TABLE 4-1-- SECONDARY SURVEY

Remove all of patient’s clothing, and perform a thorough head-to-toe examination, with special emphasis on the following. Remember to keep
the child warm throughout the examination.

Organ System Secondary Survey

Head Scalp/skull injury.

Raccoon eyes. Periorbital ecchymoses, which suggests orbital roof fracture.

Battle's sign: Ecchymoses behind pinna, which suggests mastoid fracture.

CSF leak from ears/nose, or hemotympanum suggests basilar skull fracture.

Pupil size, symmetry, and reactivity: Unilateral dilation of one pupil suggests compression of cranial nerve lll
(CNIII) and possibly impending herniation; bilateral dilation of pupilsis ominous and suggests bilateral CNI 1|
compression or severe anoxia and ischemia.

Corneal reflex.

Funduscopic examination for papilledema as evidence of increased | CP.

Hyphema.

Neck Cervical spine tenderness, deformity, injury.
Tracheamidline.
Subcutaneous emphysema.

Chest Clavicle deformity, tenderness.

Breath sounds, heart sounds.

Chest wall symmetry, paradoxical movement, rib deformity/fracture.
Petechiae over chest/head suggest traumatic asphyxia.

Abdomen Serial examinations to evaluate tenderness, distention, ecchymosis.

Shoulder pain suggests referred subdiaphragmatic process.

Orogastric aspirates with blood or bile suggest intraabdominal injury.

Splenic laceration suggested by left upper quadrant rib tenderness, flank pain, and/or flank ecchymoses.

Pelvis Tenderness, symmetry, deformity, stability.

Genitourinary L aceration, ecchymoses, hematoma, bleeding.
Rectal tone, blood, displaced prostate.
Blood at urinary meatus suggests urethral injury; do not catheterize.




Back Log roll patient to evaluate spine for step-off along spinal column.
Tenderness.
Open or penetrating wound.

Extremities Neurovascular status: Pulse, perfusion, pallor, paresthesias, paralysis, pain.

Deformity, crepitus, pain.

M otor/sensory examination.

Compartment syndrome: Pain out of proportion to expected; distal pallor/pul sel essness.

Neurologic Quick screen: AVPU (Alert, Voca stimulation response, Painful stimulation response, Unresponsive).
Glasgow Coma Scale (see Chapter 1)

Skin Capillary refill, perfusion.
L acerations, abrasions.
Contusion:

Blue-purple: 0-5 days old.
Green: 5-7 days old.
Yellow: 7-10 days old.
Brown: 10-14 days old.
Resolution: 2-4 weeks old.

Box 4-1. Concussion

Early Symptoms

Amnesia

Headache

Nausea/emesis

Difficulty concentrating

Cognitive and/or memory dysfunction

Lightheadedness, dizziness, balance disturbance or vertigo




Blurred vision or photophobia

Tinnitus

Late Symptoms
Sleep irregularities
Fatigue
Depression
Lethargy
Personality or behavioral changes

Mental status changes

Physical Examination
Detailed neurologic examination
Funduscopy
Spinal tenderness

Facial or skull trauma

Neuropsychological Testing

Orientation
Memory/concentration

Mini-mental status




Indications for I maging

Seizure
Focal neurologic deficit
LOC greater than 5 min

LOC with severe headache

Figure 4-1 Fracture patterns unigue to children. (Modified from Ogden JA. Skeletal injury in the child, 2nd ed. Philadelphia: WB Saunders; 1990.)
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l1l. Animal Bites®

A. WOUND CONSIDERATIONS
1. Wound location suggests potential damage or infection of underlying structures, including tendon sheaths, bones, vessels, and nerves.
Radiographs should be considered for deep bite wounds in which there is the possibility of foreign body, bone disruption, or fracture,
especially when involving the scalp or hand. For bites in the periorbital area, ophthalmologic evaluation is suggested to rule out corneal
abrasion,
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lacrimal duct involvement, or other ocular damage. Bites of the hand are prone to infection because of the small, compact anatomy
involved. Osteomyelitisis most common after hand bites. Bites to the nose must be evaluated for cartilage injury.
2. Animal species

a. Dog bites usually cause a crush injury, resulting in infection-prone devitalized tissue. Common organisms include Staphyl ococcus
aureus and Pasteurella multocida.

b. Cat bite: Catstypically leave a degp puncture wound. Wound hygiene is difficult and there isincreased risk of infection. P.
multocida is the most common organism inocul ated; infection may present in a fulminant manner, with rapid development of
erythema, swelling, and pain in 12 to 24 hours. These infections respond slowly to drainage and appropriate antibiotics.

c. Human bite: In teens, a human bite commonly involves injury to the hand after fist-to-mouth contact. In younger children, abite to
the face or trunk is more common. Consider child abuse when human bites are involved. Consider risk of spread of systemic
infection, such as human immunodeficiency virus (HIV), hepatitis B, and herpes simplex virus. Organisms most commonly isolated
are Sreptococcus viridans and S, aureus, and Bacter oides and Peptostreptococcus spp. More serious morbidity of human bites
correlates with S, aureus and Eikenella corrodens infection.

d. Rodent bite: A rodent bite carries alow incidence of secondary infection; rat bite fever israre but can present with fever, chills,
headache, malaise, and rash 1 to 3 weeks after the bite. Causative agents, Streptobacillus moniliformis and Spirillum minus, are
sensitiveto 1V penicillin.

e. Rabbit bites: Francisella tularensis, which causes tularemia (most frequently of the ulceroglandular type), is spread to humans via
rabbit bites, contact with infected animals, or ingestion of infected animals.

B. MANAGEMENT

1. Wound hygiene: Copiousirrigation of the wound is most important (a 19-gauge catheter and 35-mL syringe provide 8 Ib/inz water
pressure, using a minimum of 200 mL normal saline [NS]), in addition to debridement of all devitalized tissue, foreign bodies, and
contaminants in the wound. Only 1% povidone-iodine should be used for cleansing because stronger antiseptics may damage the wound
surface and delay healing. Peroxide should not be used because it prevents migration of white blood cells into the wound. Cultures of
wounds are indicated if evidence of infection is present.

2. Closure: Wounds at high risk of infection include puncture wounds, minor hand or foot wounds, wounds with care delayed beyond 12
hours, cat or human bite wounds, and wounds in asplenic or immunosuppressed patients. In general, these wounds should not be sutured.



Wounds that involve tendons, joints, deep fascial layers, or
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major vasculature should be evaluated by a plastic or hand surgeon and, if indicated, closed in the operating room.

a. Suturing: When indicated, closure should be done with a minimal number of simple, interrupted, nylon sutures and loose
approximation of wound edges. Deep sutures should be avoided.

b. Head and neck: The head and neck can usually be safely sutured (with the exceptions noted above) after copious irrigation and
wound debridement if within 6 to 8 hours of injury and with no signs of infection. Facial wounds often require primary closure for
cosmetic reasons; infection risk is lower given the good vascular supply.

c. Extremities: In large hand wounds, the subcutaneous dead space should be closed with minimal absorbable sutures, with delayed
cutaneous closure in 3to 5 days if there is no evidence of infection.

3. Antibiotics: Prophylactic antibiotics are only indicated for wounds at risk for infection, as listed above. Antibiotics of choice include
amoxicillin/clavulanic acid, or trimethoprim-sulfamethoxazole in combination with clindamycin for the penicillin-allergic patient. Initial
doses should be given in the emergency department and continued for 3 to 5 days.

4. Rabiesand tetanus prophylaxis. See Chapter 15 .

5. Disposition

a. Outpatient care: Careful follow-up of al bite wounds, especially those requiring surgical closure, should be obtained within 24 to 48
hours. Extremity wounds, especially the hands, should be immobilized in position of function and kept elevated. Local careis of
paramount importance; the wound should be kept clean and dry. Signs and symptoms of infection should be discussed.

b. Inpatient care: Consider hospitalization for observation and parenteral antibiotics for significant human bites, immunocompromised
or asplenic hosts, established deep or severe infections, bites associated with systemic complaints, bites with significant functional or
cosmetic morbidity, and/or unreliable follow-up or care by the parent/guardian. Hospitalization and 1V antibiotics should be
considered if a subsequent infection devel ops.

6. Theinfected wound: Drainage and debridement are required for wounds that subsequently become infected. Gram stain and aerobic/
anaerobic cultures should be performed before start or change of antibiotics; in the case of cellulitis, aspirated cultures of leading edges
may be useful. If deep tissue layers or structures are involved, exploration and debridement under general anesthesia may be indicated.

V. Burnsa m

A. EVALUATION OF PEDIATRIC BURNS ( Tables4-3 and 4-4)

Note: The extent and severity of burn injury may change over thefirst few days after injury; therefore, be cautiousin discussing
prognosis with the victim or victim’s family.
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B. BURN MAPPING
1. Burn assessment chart: Use chart ( Fig. 4-2 ) to map areas of second-and third-degree burns.

2. Calculatetotal body surface area (BSA) burned, based only on percent of second- and third-degree burns.
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C. EMERGENT MANAGEMENT OF PEDIATRIC BURNS
1. Acute stabilization: Special considerations of basic trauma principles.
a. Airway
1. Intubation: For pulmonary toilet or if there is evidence of inhalation. Neuromuscular blockade with succinylcholine for
intubation is
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appropriate for patients less than 48 hours postburn, but it is contraindicated after this time frame because of the risk of
worsening hyperkalemia. (See also Chapter 1.)

2. Inhalation injury: All patients with large burns and/or closed space burns should be assumed to have carbon monoxide (CO)
poisoning until examination and evaluation of blood carboxyhemoglobin is undertaken (see Chapter 2 ). Humidified 100% O,

should be administered during initial assessment. Delivery of 100% O, counteracts the effects of CO and speedsits clearance.

Carboxyhemoglobin absorbs light at the same wavel ength as oxyhemoglobin, so oxygen saturation, as determined by pulse
oximetry, is not altered; a Pao, level must be obtained.

3. Cyanide poisoning, viainhalation of combustible materials, can produce almond-scented breath and may cause profound
positive anion gap metabolic acidosis (see Chapter 2).
b. Breathing
1. Monitor pulmonary status with serial ABGs and chest radiographs as indicated.
2. Increasing tachypnea may be seen in patients with pulmonary insufficiency caused by acute asphyxia and CO toxicity, upper
airway obstruction secondary to edema, or overwhelming parenchymal damage.

c. Circulation/initial fluid resuscitation: Start 1V fluid resuscitation of infants with burns greater than 10% of BSA, children with burns
greater than 15% BSA, or children with evidence of smoke inhalation. Consider a bolus of 20 mL/kg lactated Ringer's (LR) or NS
solutions. Further fluid resuscitation should maintain a urine output of 0.5 to 2 mL/kg/hr.

d. Secondary survey: Consider associated traumatic injuries. Electrical injury can produce deep tissue damage, intravascular
thrombosis, cardiac and respiratory arrest, fractures secondary to muscle contraction, and cardiac arrhythmias. Look for exit site for
electrical injury.



e. Laboratory evaluation: Consider CBC, type and crossmatch, carboxyhemoglobin, coagulation studies, chemistry panel, ABGs, and
chest radiograph (may not show changes for 24 to 72 hours).

f. Gl: Place nasogastric tube for decompression; patient should receive nothing by mouth (NPO); begin stress ulcer prophylaxis with
H, -receptor blockers and/or antacids.

g. Obtain bladder decompression and monitor urine output with Foley catheter.
h. Cardiac: Consider electrocardiogram (ECG).
I. Eye: Carefully examine patient for burns or abrasionsto eyes, with referral to ophthalmology if suspected. Use topical ophthalmic
antibioticsif abrasions are present.
J. Special considerations
1. Tetanus immunoprophylaxis (see Chapter 15).
2. Temperature management: Cooling decreases the severity of the
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burn if administered within 30 minutes of injury; it al'so helpsto relieve pain. If burnislessthan 10% of BSA, apply clean
towels soaked in cold water to help prevent burn progression. If burns are more than 10% of BSA, apply clean, dry towelsto
burn to avoid hypothermia.
3. Chemical burns: It isimportant to wash away or neutralize the chemical. Except in rare circumstances, the most efficacious
first-aid treatment for chemical burnsis lavaging with copious volumes of water for about 20 minutes.
4. Anagesia IV analgesiais often necessary to treat pain. Do not attribute combativeness or anxiety to pain until adequate
perfusion, oxygenation, and ventilation are established. Consider narcotic therapy for pain management (see Formulary).
D. TRIAGE AND FURTHER MANAGEMENT OF PEDIATRIC BURNS
1. Outpatient management
a. Considerations: If burn islessthan 10% of an infant’sBSA, or less than 15% of a child’s BSA and involves no full-thickness areas,
patient may be treated as an outpatient.
b. Management
1. Cleanse with warm saline or mild soap and water. Consider debridement with forceps or sterile gauze to pick up the edges and
peel tissue off the base of the burn. Leave blisters intact.
2. Apply topical antibacterial agent ( Table 4-5).
3. Daily follow-up is recommended.
4. Have patient cleanse burn at home twice daily with mild soap followed by application of an antibacterial agent and sterile
dressing, as above. Once epithelialization has begun, dressing may be changed once daily.
5. Pain management: Oral narcotic or nonsteroidal antiinflammatory drugs (NSAIDs) may be taken (see Formulary).

2. Inpatient management
a. Considerations: Inpatient management should be considered for more extensive burns; electrical or chemical burns; burns of critical



areas such as face, hands, feet, perineum, or joints; burns suspicious of abuse or unsafe home environment; and burnsin a child with
underlying chronic illness, evidence of smoke inhalation, cyanide poisoning, or CO poisoning. Consider transfer to a burn center if
any of the following conditions occur: burns of at least 20% to 30% BSA; major burnsto the hand, face, joints, or perineum;
electrical burns; or burns associated with potentially life-threatening injuries.

. Fluid therapy: Provide sufficient fluid to prevent shock and renal failure from excessive fluid losses and third spacing. Assess

adequacy of perfusion using urine output, blood pressure, heart rate, peripheral circulation, and sensorium. Monitor electrolytes and
blood gases for acidosis. Consider central venous access for burns greater than 25% BSA. Use the Parkland formula (below) asa
guideline to estimate fluid
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need (note that this formula provides for replacement and losses, not maintenance fluids, so one must add maintenance fluid
requirements).
1. First 24 hours: Give 4 mL/kg of crystalloid per % BSA burned over the first 24 hours; give half of total dose over thefirst 8
hours calculated from the time of injury. Give the remaining half over the next 16 hours.
2. Second 24 hours: Fluid requirements average 50% to 75% of the first day’ s requirements. Determine concentrations and rates
by monitoring weight, serum electrolytes, urine output, nasogastric |osses, etc.
3. Consider adding colloid after 18 to 24 hours (albumin 1g/kg/day) to maintain serum albumin >2 g/dL.
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4. Withhold potassium generally for the first 48 hours because of alarge release of potassium from damaged tissues. To manage
electrolytes most effectively, monitor urine electrolytes twice weekly and replace urine losses accordingly. Urine output
should be maintained at >0.5 mL/kg/hour.

3. Prevention of burns. Measures include child-proofing the home, installing smoke detectors, and turning hot water tap temperature down
t0 49° to 52° C (<120° F). It takes 2 minutes of immersion at 52° C to cause a full-thickness burn, compared with 5 seconds of immersion
at 60° C.

TABLE 4-3-- THERMAL INJURY

Typeof Burn

Description/Comment

Flame

Most common type of burn; when clothing burns, the exposure to heat is prolonged,
and the severity of the burn isworse.




Scald/contact

Mortality is similar to that in flame burns when total BSA involved is equivalent; see
text for description of patterns of scald injury and burns suspicious of intentional injury.

Chemical

Tissue damaged by protein coagulation or liquefaction rather than hyperthermic
activity.

Electrica

Injury is often extensive, involving skeletal muscle, and other tissues in addition to the
skin damage. Extent of damage may not be initially apparent. The tissues that have the
least resistance are the most heat sensitive. Bone has the greatest resistance, nerve

tissue the least. Cardiac arrest may occur from passage of the current through the heart.

Inhalation

Present in 30% of victims of mgjor flame burns and should be considered when thereis
evidence of fire in enclosed space, singed nares, facial burns, charred lips,
carbonaceous secretions, posterior pharynx edema, hoarseness, cough, or wheezing.
Inhalation injury increases mortality.

Cold injury/frosthite

Freezing results in direct tissue injury. Toes, fingers, ears, and nose are commonly
involved. Initial treatment includes rewarming in tepid (105°-110° F) water for 20-40
min. Excision of tissue should not be done until complete demarcation of nonviable
tissue has occurred.

TABLE 4-4 -- BURN DEGREE

Burn Depth/Degree

Description/Comment

First degree Only epidermisinvolved; painful and erythematous.

Second degree Epidermis and dermisinvolved, but dermal appendages spared. Superficial second-
degree burns are blistered and painful. Any blistering qualifies as a second-degree
burn. Deep second-degree burns may be white and painless, require grafting, and
progress to full-thickness burns with wound infection.

Third degree Full-thickness burns involving epidermis and all of the dermis, including dermal

appendages; |eathery and painless; require grafting.

Figure 4-2 Burn assessment chart. All numbers are percentages. (From Barkin RM, Rosen P. Emergency pediatrics. a guide to ambulatory care, 4th

ed. & Louis. Mosby; 1994.)
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TABLE 4-5-- TOPICAL ANTIBACTERIAL AGENTS



Agent

Action

Side Effects

Use

Silver sulfadiazine (Silvadene)

Broad antibacterial, painless, fair
eschar penetration

Sulfonamide sensitivity, occasional
leukopenia, contraindicated in

pregnancy

Q12hr; cover with light dressings;
leave face and chest open

Bacitracin ointment

Limited antibacterial action, poor

eschar penetration, transparent, easy

to apply

Rapid development of resistance;
conjunctivitis develops if ointment
comes into contact with eye

Q12hr, apply to small areas,
acceptable with facial burns

Mafenide (Sulfamylon)

Excellent antibacterial for gram-
positive and gram-negative
bacteria, and Clostridium; rapid
eschar penetration

Painful, sulfonamide sensitivity,
carbonic anhydrase inhibition may
lead to acidosis

Q12hr; cover with light dressings;
leave face, chest, abdomen open

Aqueous silver nitrate solution

Universal antibacterial action, poor
eschar penetration

Strong tissue staining,
hypochloremic alkalosis

Q12hr, light gauze dressing

|odophores (Efodine)

Universal antibacterial action, poor
eschar penetration

Strong tissue staining, iodine
absorption

Q12hr, light gauze dressing

V. Child Abuse

A. INTRODUCTION

Involve the medical professional, social worker, and community agencies such as emergency medical service providers, police, socia services,

and prosecutors.
B. MANAGEMENT®

The medical professional should suspect, diagnose, treat, report, and document all cases of child abuse, neglect, or maltreatment.

1. Suspect: Be suspicious whenever there is inconsistent or inadequate history of injury, inappropriate parental response to the situation,
delay in seeking medical attention, discrepancy between mechanism of injury and physical examination findings, evidence of neglect or
failureto thrive, evidence of disturbed emotions or expressionsin achild, prior history of suspicious events, or parental substance abuse.

2. Diagnose: Characteristic or concerning injuries.

a. Bruises: Shape, color, and dating of bruises are important (see Table 4-1); correlate with history. Be suspicious of bruisesin

protected areas (chest, abdomen, back, buttocks). Looped marks or railroad track marks may indicate injury from cords, belts, and

ropes.

b. Bites: Shape, size, and location are important; correlate with history and dental anatomy of questioned perpetrator. Intercanine
distances of more than 3 cm are suggestive of human bites; they generally crush more than lacerate.

c. Burns: Absence of splash marks and/or clearly demarcated edges are suggestive of nonaccidental injury. Stocking glove patterns,
symmetrically burned buttocks and/or lower legs, spared inguinal creases, and symmetric involvement of palms or soles all suggest



intentional injury.
Hemorrhage: Retinal hemorrhages are suggestive of abuse and always warrant evaluation for head trauma. Duodenal hematoma,
causing eventual upper Gl obstruction secondary to blunt trauma, is suspicious for intentional injury.
Skeletal injury: Correlate mechanism of injury with physical finding; rule out any underlying bony pathology.
1. Long bones: Classic fracture of abuse is the epiphyseal/metaphyseal chip fracture, seen as the “bucket handle” or “corner’”
fracture at the end of long bones, secondary to jerking or shaking of achild’s limb.
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Spiral fractures of the femur and humerus may be suspicious of abuse, especialy if no history of rotational forceis given as
mechanism of injury. However, spiral fractures of thetibiain atoddler (i.e., “toddler’ s fracture”) are commonly caused by
minor accidental trauma.

2. Ribs: Nonaccidental rib fractures are usually nondisplaced and often are posterior, near the attachment to the spine; they may
not be readily visible on acute plain-film radiographs. Pleural thickening, pleural fluid, and contusion may suggest an
undetected rib fracture. Fractures are secondary to direct blows or severe squeezing of the rib cage. Closed-chest compressions
from cardiopulmonary resuscitation do not appear to cause rib fracturesin children.

3. Skull: Fractures suggestive of force greater than that sustained with minor household trauma are suspicious for abuse; these
include fractures more than 3 mm wide, complex fractures, bilateral fractures, and nonparietal fractures.

. Genital injury: Vaginal bleeding in the prepubertal female, or injury to external genitalia, especialy the posterior region, are

suspicious for abuse. The hymen should be examined for irregularity outside the realm of normal variation. Note: A normal
examination does not rule out abuse. The anus should be evaluated for bruising, laceration, hemorrhoids, scars that extend beyond
the anal verge, absence of anal wink, and evidence of infection, such as genital warts. Circumferential hematoma of the anal
sphincter is associated with forced penetration. When recent (within 72 hours) sexual abuse is suspected, defer interview and
detailed GU examination whenever possible until a multidisciplinary forensic team with expertise in the clinical and laboratory
evaluation of sexual abuse can be involved. Avoid collection of laboratory specimens without input from this team. Note also that
only cultures, not polymerase chain reaction (PCR), for gonorrhea and chlamydia are currently acceptable in this setting.

Shaken baby syndrome: Classically presents with retinal hemorrhages, long bone or rib fractures, and central nervous system (CNS)
dysfunction, such as seizure, apnea, or lethargy secondary to intracranial injury. Shaken baby syndromeis usually found in children
less than 6 months of age.

3. Useful studies

a

b.
C.
d.

Skeletal surveys (see Chapter 23 for components) are suggested to evaluate suspicious bony traumain any child; these studies are
mandatory for children less than 2 years of age.

A bone scan may be indicated to identify early or difficult-to-detect fractures.

CT scan of the head is unreliable for detection of skull fractures but useful in detecting intracranial pathology secondary to trauma.
MRI may identify lesions not detected by CT scan; for example, posterior fossainjury and diffuse axonal injury. MRI also provides
more useful information about the dating of injuries identified.
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e. Ophthalmologic evaluation for retinal hemorrhages is useful in suspected shaken baby syndrome.

4. Treat: Refer to basic principles of trauma management. Special attention should be paid to “ stabilizing” the existing and immediate
environment of the child (utilizing available social and protective services) so asto protect the child from incurring further injury during
the work-up.

5. Report: All health care providers are required by law to report suspected maltreatment of a child to the local police and/or welfare agency.
Suspicion, supported by objective evidence, is criterion for reporting and should first be discussed with not only the rest of the involved
medical team but also the family. The professional who makes such reportsisimmune from any civil or criminal liability.

6. Document: Write legibly, carefully documenting the following: reported and suspected history and mechanisms of injury; any history
given by the victim in hisor her own words (use quotation marks); information provided by other providers or services; and physical
examination findings, including drawings of injuries and details of dimensions, color, shape, and texture. Always consider early utilization
of police crime laboratory photography to document injuries.
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Chapter 5 - ADOLESCENT MEDICINE

Dominique FoulkesMD
Karyn KassisMD, MPH

|. ADOLESCENT HEALTH MAINTENANCE® & ( Table 5-1)

A. MEDICAL HISTORY
Medical history includes any information regarding immunizations, chronic illness, chronic medications (including hormonal contraception),
recent dental care, hospitalizations, or surgeries.

B. FAMILY HISTORY
Family history includes any information regarding psychiatric disorders, suicide, alcoholism/substance abuse, or chronic medical conditions.
Assess familial risk factors (e.g., for cholesterol screening).

C. REVIEW OF SYSTEMS

1.

2.

Dietary habits. Typical foods consumed, types and frequency of meals skipped, vomiting, use of laxatives or other weight-loss methods,
dietary sources of calcium.
Recent weight gain or loss, body image.

D. PSYCHOSOCIAL/MEDICOSOCIAL HISTORY (HEADSS)

1.
2.

H(ome): Household composition; family dynamics and relationships with adolescent; living/sleeping arrangements; guns in the home.
E(ducation): School attendance/absences; ever failed a grade(s); grades as compared to previous years, attitude toward school; favorite,
most difficult, best subjects; special educational needs; goals for the future, including vocational/technical school, college, career.

3. A(ctivities): Physical activity, exercise, hobbies, sports participation, job, weapon carrying, and fighting.
4,

D(rugs): Cigarettes/smokel ess tobacco: age at first use, packs per day; alcohol and/or other drugs: use at school or parties, use by friends,
type of substance (i.e., beer, wine coolers), frequency, and quantity used. If yes, administer CAGE questionnaire: Have you ever felt the
need to Cut down; have others Annoyed you by commenting on your use; have you ever felt Guilty about your use; have you ever needed
an Eyeopener (alcohal first thing in morning)? Any affirmative answer on CAGE indicates high risk of alcoholism/dependence and
requires further assessment.

S(exuality): Sexual feelings toward opposite or same sex; sexual intercourse: age at first intercourse, number of lifetime and current
partners, age of partners, recent change in partners; contraception/sexually transmitted disease (STD) prevention; history of STDs, prior



pregnancies, abortions/ever fathered a child; history of nonconsensual intimate physical contact/sex.
6. S(uicide)/depression: Feelings about self, both positive and negative; history of depression or other mental health problems, prior suicidal
thoughts, prior suicide attempts; sleep problems: difficulty getting to sleep, early waking.
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E. PHYSICAL EXAMINATION (MOST PERTINENT ASPECTYS)
1. Skin: Acne (type and distribution of lesions), piercings, tattoos.
2. Thyroid.
3. Spine: Scoliosis (see Section V, p. 109).
4. Breasts: Tanner stage ( Fig. 5-1), masses.
5. External genitalia.
a. Pubic hair distribution: Tanner stage ( Figs. 5-2 and 5-3).
b. Testicular examination: Tanner stage ( Table 5-2 ), masses (hydrocele, varicocele, hernia).
6. Pelvic examination: For any age female who is sexually active and/or has a gynecologic complaint; suggest to al females ages 18 to 21
that a screening Papanicolaou (PAP) smear be obtained.
F. LABORATORY TESTS
1. Purified protein derivative (PPD): If patient is high risk for tuberculosis, see Chapter 16 for screening recommendations.
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2. Hemoglobin/hematocrit: Levels should be obtained once during puberty for males, and at |east once after menarche for females.
3. Sexually active adolescents. Serologic tests for syphilis and human immunodeficiency virus (HIV) should be obtained annually.
a. Maes: First-part voided urinalysis/leukocyte esterase screen with positive results confirmed by detection tests for gonorrhea and
chlamydia (i.e., cultures, ligase/polymerase chain reaction [PCRY]).
b. Females: Detection tests for gonorrhea and chlamydia (i.e., cultures, LCR/PCR), wet preparation, potassium hydroxide (KOH),
cervical Gram'’s stain, PAP smear, mid-vaginal pH.
G. IMMUNIZATIONS



See Chapter 15 for dosing, route, formulation, and schedules.

1. Tetanusand diphtheria (Td): Booster at age 11 to 12 years.
2. Meades. Two doses of live attenuated vaccine are required after the first birthday. Use measles, mumps, rubella (MMR) vaccine if not

previously
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immunized for mumps or rubella. Assess pregnancy status, and do not administer rubella vaccine to any woman anticipating pregnancy

within 90 days.

3. Hepatitis B vaccine (HBV): Recommended for all adolescentsif not previously vaccinated. Recent data indicate that atwo-dose HBV
vaccination regimen (Recombivax NB 10 mcg/1.0 mL given at 0 and 4 to 6 months) may be as effective as the standard three-dose
regimen.c

4. Varicellavaccine: Two doses at least 1 month apart are recommended for adolescents over 13 years of age with no history of disease.

H. ANTICIPATORY GUIDANCE

See Table5-1.
TABLE 5-1 -- ADOLESCENT ANNUAL HEALTH MAINTENANCE VISITS
Age (years) 11 12 13 14 15 16 17 18 19 20 21
HISTORY . . . . . . . . . . .
MEASUREMENTS
Height and . . . . . . . . . . .
weight . . . . . . . . . . .

Blood pressure

SENSORY SCREEN

Vision S
Hearing S

ON®)
wn
wn
ON®©)
wn
wn
ON®)
wn
wn
w

BEHAVIOR ASSESSMENT



HEADSS and
CAGE

PHYSICAL
EXAMINATION

GENERAL PROCEDURES

I mmunization?
Hematocrit or
hemoglobin
Urinalysis

Td

*

#

Td

AT RISK PROCE

DURES

Tuberculin test
(PPD)
Cholesterol
screening

STD screening
(includes HIV
and syphilis)
Pelvic
examination

* & o

* & o o

* & o o

* & & o

* & o o

* & o o

* & & o

* & o o

* & o o

* & o o

* & o o

ANTICIPATORY

GUIDANCE

Injury prevention
Violence
prevention
Nutrition
counseling
Sexuality
(abstinence/
contraception)
Substance abuse

prevention

Modified from AAP Practice Guidelines. Pediatrics 2000; 105(3):645 with additions from Joffe A. Adolescent medicine. In Oski FA et al. Principles
and practice of pediatrics. Philadel phia: JB Lippincott; 1999.



*, To be performed; ¢, to be performed for patients at risk; S, subjective, by history; O, objective, by standard testing; *, al menstruating females
should be screened at |east once, consider annual screen if symptoms or history of anemia; #, all sexually active adolescents should be screened
annually; --, update or complete immunizations.

aTd booster should be given at age 11 or 12.

Figure 5-1 Tanner stages of breast development in females. (Modified from Johnson TR, Moore WM, Jefferies JE. Children are different: development
physiology, 2nd ed. Columbus, Ohio: Ross Laboratories, Division of Abbott Laboratories; 1978. Age range [ one standard deviation around mean|
from Oski FA et al. Principles and practice of pediatrics. Philadelphia: JB Lippincott; 1999 and Marshall WA, Tanner JM. Variations in pattern of
pubertal changesin girls. Arch Dis Child 1969; 44:291.)

Figure 5-2 Tanner stages of pubic hair development in females. (Modified from Neinstein LS. Adolescent health care: a practical guide, 2nd ed.
Baltimore: Urban & Schwarzenberg; 1991, with age range [ one standard deviation around mean] from Oski FA et al. Principles and practice of



pediatrics. Philadelphia: JB Lippincott; 1999 and Marshall WA, Tanner JM. Variations in pattern of pubertal changesin girls. Arch Dis Child 1969;
44:291.)

Figure 5-3 Pubic hair development in males. Tanner stages 1-5 with age range. (Modified from Neinstein LS. Adolescent health care: a practical guide,
2nd ed. Baltimore: Urban & Schwarzenberg; 1991. Age range from Marshall WA, Tanner JM: Arch Dis Child 1970; 45:13.)



FIG. 5-3

TABLE 5-2-- GENITAL DEVELOPMENT (MALE)

Comment (One standard deviation around mean age)

Preadolescent: Testes, scrotum, and penis about same size and proportion
asin early childhood

Enlargement of scrotum and testes; skin of scrotum reddens and changes
in texture; little or no enlargement of penis (10.5-12.5)

Enlargement of penis, first mainly in length; further growth of testes and
scrotum (11.5-14)

Increased size of penis with growth in breadth and development of glans;
further enlargement of testes and scrotum and increased darkening of
scrotal skin (13.5-15)

Genitalia adult in size and shape (14-adult)




From Oski FA et al. Principles and practice of pediatrics. Philadelphia: JB Lippincott; 1999, as modified by Marshall WA, Tanner JM. Arch Dis
Child 1969; 44:291 and Marshall WA, Tanner JM. Arch Dis Child 1970; 45:13.

IIl. PUBERTAL EVENTS AND TANNER STAGE DIAGRAMS

The temporal interrelationship of the biologic and psychosocial events of adolescence areillustrated in Figs. 5-1,5-2,5-3,54 and Table5-2. Age
limits for the events and stages are approximations and may differ from those used by other authors.

[ll. CONTRACEPTIVE INFORMATION

A. METHODS OF CONTRACEPTION ( Table5-3)

B. ORAL CONTRACEPTIVE PILL (OCP) INFORMATION
1. OCP contraindications (for all OCPs containing estrogen).i

a. Refrain from providing (World Health Organization [WHO] category 4): Patients with a history of thrombophlebitis/
thromboembolic disease, stroke, ischemic (coronary) heart disease, complicated structural heart disease, breast cancer, estrogen-
dependent neoplasia, liver disease (including liver cancer, benign hepatic adenoma, active viral hepatitis, severe cirrhosis), diabetes
with complications, headaches with focal neurologic symptoms, major surgery with prolonged immobilization, any surgery on the
legs, hypertension with pressures 160+/100+ mmHg.

b. Exercise caution (WHO category 3): Undiagnosed abnormal vaginal/uterine bleeding, use of drugs that affect liver enzymes,
gallbladder disease.

c. Advantages generally outweigh disadvantages (WHO category 2): Headaches without focal neurologic symptoms, diabetes without
complications, major surgery without prolonged immobilization, sickle cell disease, moderate hypertension (140-159/100-109
mmHg), undiagnosed breast mass, mental retardation, drug or alcohol abuse, severe psychiatric disorders.

2. Instructionsfor use.

a. Sunday start is the most common method.

b. Start with alow-dose estrogen pill (<30 to 35 mcg).

c. 21 days hormone pills, 7 daysinactive pills.

d. Advise patient about need for back-up methods during first month of use and need for STD prevention.
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e. Another method of contraception should be used if more than two consecutive pills are missed in any menstrual cycle.

f. A pelvic examination is recommended at baseline or during first 3 to 6 months of use, then annually.

g. Two to three follow-up visits per year are recommended to monitor patient compliance, blood pressure, and side effects.
3. Complications(ACHEYS).



a. Abdominal pain (pelvic vein/mesenteric vein thrombosis, pancrestitis).
b. Chest pain (pulmonary embolism).

c. Headaches (thrombotic/hemorrhagic stroke, retinal vein thrombosis).

d. Eye symptoms (thrombotic/hemorrhagic stroke, retinal vein thrombosis).
e. Severeleg pain (thrombophlebitis of the lower extremity).
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C. EMERGENCY CONTRACEPTIVE PILL (ECP) (Table5-4)
1. Instructionsfor use.

a. To reduce the chance of nausea, recommend patient take diphenhydramine 1 hour before the first dose of ECPs.

b. A pregnancy test should be administered to check for preexisting pregnancy before the patient takes an ECP.

c. Thefirst ECP dose should be taken as soon as possible, within 72 hours after unprotected sex. Thereis alinear relationship between
efficacy and the time from intercourse to treatment.:®

d. The second ECP dose should be taken 12 hours after the first dose; the patient should not take any extra pills.

e. The patient should use only one type of pill.

f. Recommend the use of condoms, spermicides, or a diaphragm during sex after taking ECPs until the next menstrual period; ensure
proper use of regular birth control for the future.

g. Perform pregnancy test if thereis no menstrual period within 3 weeks of ECP treatment.

Figure 5-4 Pubertal events and Tanner stages. B, Breast (stage); G, genital (stage); PH, pubic hair (stage); PHV, peak height velocity. (Modified from
Joffe A. Adolescent medicine. In Oski FA et al. Principles and practice of pediatrics. Philadelphia: JB Lippincott; 1999.)
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FIG. 5-4

TABLE 5-3-- METHODS OF CONTRACEPTION

Method

Failure Ratein Typical User (%) |Benefits

Risk/Disadvantages

HORMONAL



Combined oral contraceptives

3.0 (may be increased among

Intercourse independent; decreased

Thromboembolic phenomena,

risks, some STD protection

adolescents) risk of dysmenorrhea, benign breast | cerebrovascular accident,
disorders, rheumatoid arthritis, iron | hypertension, worsening of
deficiency anemia, ovarian and migraines, nausea, weight gain,
uterine cancers, ovarian cysts, acne, |breakthrough bleeding, amenorrhea,
ectopic pregnancy depression
I njectable contraceptives (Depo- 0.3 Intercourse independent, long- Injection every 3 mo, delayed
Provera) acting (3 mo), can be used when return to fertility, menstrual
breast-feeding, no estrogen, irregularity/amenorrhea, weight
decreased risk of endometrial/ gain, reversible osteopenia, mood
ovarian cancer, no drug interactions |changes
(Lunelle) " 0.1-1.0 Benefits same as with ora Same as with OCPs, monthly
combined hormonal contraceptives, |injections
long-acting (1 mo)
NONHORMONAL
Condom 12.0 No mgjor risks, low cost, Decreased sensation, use with each
nonprescription, male involvement, |act of coitus; polyurethane condoms
protects against STD and cervical are now available for those with
cancer latex alergy
Diaphragm with contraceptive 18.0 Some protection against many Allergy (rare), toxic shock
creamor jelly STDs syndrome (rare), increased
incidence of urinary tract infection,
vaginal ulceration, requires
motivation
Spermicide 21.0 Nonprescription, no magjor medical |Allergy (rare), use related to coitus

Lippincott; 1994.

Modified from Wilson MD. Adolescent pregnancy and contraception. In Oski FA et al. Principles and practice of pediatrics. Philadelphia: JB

*See pp. 105-106 for further information on ora contraceptive pills.
T Lunelle for Healthcare Professionals. Pharmacia and Upjohn Inc; 2001.

Note: Progestin-only pillsand Norplant are generally not recommended for use in adolescents. Hormonal methods of birth control do not
afford protection against STDs. Intrauterine device and natural family planning are generally not recommended for adolescents.



TABLE 5-4 -- EMERGENCY CONTRACEPTIVE PILL

Trade Name Ethinyl Estradiol Per Dose (mQ) Levonorgestrel Per Dose(mg) |PillsPer Dose
Ovrd 0.1 0.5 2 white
Lo-Ovral 0.12 0.6 4 white
Nordette 0.12 0.6 4 light-orange
Levlen 0.12 0.6 4 light-orange
Triphasil 0.12 0.5 4 yellow
Trilevlien 0.12 0.5 4 yellow
Alesse 0.1 0.5 5 pink

Plan B* 0 0.75 1 white
Preven® 0.1 0.5 2 blue
Modified from Brill SR, Rosenfeld WD. Med Clin North Am, Adolesc Med 2000; 84:12.

*Manufactured solely for the purpose of emergency contraception

IV. VAGINAL INFECTIONS, GENITAL ULCERS, AND WARTS

See Chapter 16 for discussion of infection with Chlamydia sp., gonorrhea, pelvic inflammatory disease (PID), HIV, and further discussion of syphilis.
See Part IV , Formulary, for additional information and comments regarding specific medications. After diagnosis of an STD, encourage the patient to
refrain from intercourse until full therapy is complete, the partner is treated, and all visible lesions are resolved.

A. DIAGNOSTIC FEATURES AND MANAGEMENT OF VAGINAL INFECTION ( Table5-5)
B. DIAGNOSTIC FEATURESAND MANAGEMENT OF GENITAL ULCERSAND WARTS(Table5-6)
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V. SCOLIOSIS @

Refer to Fig. 5-5 for routine screening for scoliosis. Many curves that are detected on screening are nonprogressive and/or too slight to be significant.

A. ASSESSMENT
1. Radiographic determination of the Cobb angle ( Fig. 5-6 ): If clinical suspicion exists of significant scoliosis, use erect
thoracoabdominal spinal view.
2. Bone scan +/- magnetic resonanceimaging (MRI): If thereis pain that isworse at night, progressive, well localized, or otherwise
suspicious, obtain bone scan or MRI.
3. MRI: If patient isless than 10 years old, or “opposite” curves are present (left-sided thoracic, right-sided lumbar), obtain an MRI.
B. TREATMENT
Treatment plan is determined according to the Cobb angle and skeletal maturity, which is assessed by grading the ossification of theiliac crest.
1. Skeletally immature.
a. <10 Degrees: Obtain asingle follow-up radiograph in 4 to 6 months to ensure there has been no significant progression of the
scoliosis.
b. 10 to 20 Degrees. Obtain follow-up radiographs every 4 to 6 months.
c. 20to 40 Degrees. Bracing is required.
d. >40 Degrees: Surgical correction is hecessary.
2. Skeletally mature.
a. <40 Degrees: No further evaluation or intervention is indicated.
b. >40 Degrees. Surgical correction is required.
3. Orthopedicreferral isindicated if the patient is skeletally immature with a curve >20 degrees, skeletally mature with a curve >40
degrees, and/or in the presence of suspicious pain or heurologic symptoms.

VI. RECOMMENDED COMPONENTS OF THE PREPARTICIPATION PHYSICAL EVALUATION

A. MEDICAL HISTORY
The medical history should include information regarding illnesses or injuries since the last examination or preparticipation physical examination
(PPE); chronic conditions and medications; hospitalizations or surgeries, medications used by athletes (including those they may be taking to
enhance performance); use of any special equipment or protective devices during sports participation; allergies, particularly those associated with
anaphylaxis or respiratory compromise and those provoked by exercise; immunization status, including hepatitis B, MMR, tetanus, and varicella.
B. REVIEW OF SYSTEMS/PHYSICAL EXAMINATION ITEMS?
Examination items arein italics.
1. Height and weight.
2. Vision: Visual problems, corrective lenses; visual acuity.



3.

o &

© N

Cardiac: History of congenital heart disease; symptoms of syncope, dizziness, or chest pain during exercise; history of high blood
pressure or
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heart murmurs; family history of heart disease; previous history of disqualification or limited participation in sports because of a cardiac
problem; blood pressure, heart rate and rhythm, pulses (including radial/femoral lag), auscultation for heart sounds, murmurs.
Respiratory: Asthma, coughing, wheezing, or dyspnea during exercise.

Genitourinary: Age at menarche, last menstrual period, regularity of menstrual periods, number of periodsin the last year, longest
interval between periods, dysmenorrhea; palpation of the abdomen, palpation of the testicles, examination of the inguinal canals.
Orthopedic: Previousinjuries that have limited sports participation; injuries that have been associated with pain, swelling, or the need for
medical intervention; screening orthopedic examination ( Fig. 5-7).

Neurology: History of asignificant head injury or concussion; numbness or tingling in the extremities; severe headaches; seizure disorder.
Psychosocial: Weight control and body image; stresses at home or in school; use or abuse of drugs and alcohol; attention to signs of eating
disorders, including oral ulcerations, eroded tooth enamel, edema, lanugo hair, calluses/ulcerations on knuckles.

TABLE 5-5-- DIAGNOSTIC FEATURES AND MANAGEMENT OF VAGINAL INFECTIONS

Normal Vaginal
Examination Yeast Vaginitis Trichomoniasis Bacterial Vaginosis



Etiology

Uninfected; Lactobacillus
predominant

Candida albicans and other
yeasts

Trichomonas vaginalis

Associated with
Gardnerella vaginalis,
various anaerobic bacteria,
and mycoplasma

Typica symptoms None Vulvar itching and/or Mal odorous purulent Malodorous, dightly
irritation, increased discharge, vulvar itching increased discharge
discharge

DISCHARGE

Amount Variable; usually scant Scant to moderate Profuse Moderate

Color” Clear or white White Y ellow-green Usually white or gray

Consistency Nonhomogeneous, floccular | Clumped; adherent plagues |Homogeneous Homogeneous, low

viscosity; smoothly coating
vagina walls

Inflammation of vulvar or No Yes Yes No

vaginal epithelium

pH of vaginal fluid" Usually <4.5 Usually <4.5 Usually >5.0 Usually >4.5

Amine (“fishy”) odor with  |None None May be present Present

10% KOH

Microscopy * Normal epithelial cells; Leukocytes, epithelial cells, |Leukocytes, motile Clue cells; few leukocytes;
Lactobacillus predominate | yeast, mycelia, or trichomonads seen in 50%- | Lactobacillus outnumbered
pseudomyceliain 40%-80% | 70% of symptomatic by profuse mixed flora,
of cases patients, less often in the nearly alwaysincluding G.
absence of symptoms vaginalis plus anaerobic
species, on Gram’'s stain
Usual treatment None Single dose of ora Metronidazole, singledose | Oral or topical

fluconazole, or miconazole
or clotrimazole vagina
suppository

or 7-day course

metronidazole or ora
clindamycin

Nore: Refer to Formulary for dosing information



Usua management of sex
partners

None

None; topical treatment if
candidal dermatitis of penis
IS present

Treatment recommended

Examine for STD; routine
treatment not recommended

47(RR-1):1-118.

FromHolmes KK et al. Sexually transmitted diseases. New York: McGraw-Hill; 1990 and Centers for Disease Control and Prevention. MMWR 1998;

*Color of discharge is determined by examining vaginal discharge against the white background of a swab.
T pH determination is not useful if blood is present.
* To detect fungal elements, vagina fluid is digested with 10% KOH before microscopic examination; to examine for other features, fluid is mixed (1:1) with physiologic saline.

Note: Gram’s stain isalso excellent for detecting yeasts and pseudomycelia and for distinguishing normal flora from the mixed flora seen in
bacterial vaginosis, but it isless sensitive than the saline preparation for detection of T. vaginalis.

TABLE 5-6 -- DIAGNOSTIC FEATURESAND MANAGEMENT OF GENITAL ULCERSAND WARTS

shallow ulcers; tender
inguinal adenopathy

multinucleated giant cells

Treatment/M anagement
Infection Clinical Presentation Presumptive Diagnosis Definitive Diagnosis of Sex Partners
Genital herpes Grouped vesicles, painful Tzanck smear looking for Vira culture No known cure. Prompt

initiation of therapy
shortens duration of first
episode. For severe
recurrent disease, initiate
therapy at start of prodrome
or within 1 day of onset of
lesions. See formulary for
dosing of acyclovir,
famciclovir, or valacyclovir.
Transmission can occur
during asymptomatic
periods.



Primary syphilis

Indurated, well defined,
usually single painless ulcer
or “chancre’; nontender
inguinal adenopathy

Nontreponemal serologic
test: VDRL, RPR, or STS

Treponemal serologic test:
FTA-ABS or MHA-TP;
darkfield microscopy or
direct fluorescent antibody
tests of lesion exudates or
tissue

Parenteral penicillin Gis
preferred treatment;
preparation(s), dosage, and
length of treatment depend
on stage and clinical
manifestations (see Chapter
16). All sexual contacts of
persons with acquired
syphilis should be
evaluated. Contacts within
the previous 3 months may
be falsely seronegative;
presumptive treatment
recommended.

HPV infection (genital
warts)

Single or multiple soft,
fleshy, papillary or sessile,
painless growth around the
anus, vulvovaginal area,
penis, urethra, or perineum;
no inguinal adenopathy

Typical clinical presentation

Papani colaou smear
revealing typical cytologic
changes

*Treatment does not
eradicate infection.

Goal: Removal of
exophytic warts. Exclude
cervical dysplasiabefore
treatment. Patient-
administered therapies
include podofilox and
imiquimod cream. Clinician-
applied therapiesinclude
podophyllin 10%-25% in
compound tincture of
benzoin, bichloroacetic or
trichloroacetic acid, and
surgical removal. Podofilox,
imiquimod, and podophyllin
are contraindicated in
pregnancy. Period of
communicability is
unknown.



Note: Chancroid, lymphogranuloma venereum (L GV), and granuloma inguinale should be considered in the differential diagnosis of genital
ulcersif theclinical presentation isatypical and testing for herpesand syphilis are negative.

Modifed from Centers for Disease Control and Prevention. MMWR 1998; 47(RR-1):1-118 and Adger H. Sexually transmitted diseases. In Oski FA et
al. Principles and practice of pediatrics, Philadelphia: Lippincott, Williams & Wilkins; 1999.

FTA-ABS, Fluorescent treponemal antibody absorbed; HPV, human papillomavirus; MHA-TP, microhemaggl utination assay for antibody to T.
pallidum; RPR, rapid plasmareagin; STS, serologic test for syphilis; VDRL, Venereal Disease Research Laboratory.

Figure 5-5 Forward bending test. This emphasizes any asymmetry of the paraspinous muscles and rib cage.

Figure 5-6 Cobb angle. Thisis measured using the superior and inferior endplates of the most tilted vertebrae at the end of each curve.



1. Instability.

a. Anterior cruciate ligament: Likely history of falling on a hyperextended leg, or twisting a knee while the foot is planted. Thereisusualy a
large effusion, with or without blood, within the initial few hours after injury and limited or exaggerated range of motion. Administer the
Lachman test (usually helpful only in the acute setting before compensation by hamstrings; with patient supine and knee flexed 20 to 30
degrees, evaluate excursion and endpoint when displacing the tibia anteriorly with one hand on the tibia and the other on the distal femur)
and pivot shift (more helpful with older injuries; patient is supine with the knee extended and in slight valgus, and the foot/tibia internally
rotated; a positive test equals pain with progressive knee flexion).

b. Posterior cruciate ligament (less common): Posterior drawer test (one hand on the femur, the other on the tibia; laxity when pushing the
tibia posteriorly), step-off, posterior/tibial sag sign (backward subluxation of the tibia on the femur with patient supine and muscles
relaxed, knee flexed 90 degrees, and hip flexed 45 degrees).

c. Media/latera collateral ligaments: Thereisusually ahistory of direct contact at the lateral knee; patient has pain and tenderness with
pal pation, and varus/valgus stress to the knee at 0 and 30 degrees.

d. Medial/lateral menisci: Thereisusually ahistory of twisting motion. May have effusion, tenderness to palpation at joint line with knee
flexed 90 degrees, positive McMurray test (with knee fully flexed, rotate externally/internally; apply varus stress to the knee by pushing/
pulling ankle medially while stabilizing the femur and then the knee and extend to 90 degrees; repeat using valgus stress to the knee by



pushing/pulling ankle laterally, then extend 90 degrees; pain and a palpable click or grinding indicate a positive test). If thereislimited
extension, refer patient to an orthopedist for likely “bucket-handle’ tear.
e. Management for instability: Rest, crutches, ice, NSAIDs, and immobilization; referral to an orthopedist isindicated if thereis severe
Injury, persistent pain, or instability.
2. Osgood-Schlatter apophysitis: Knee pain and tenderness over tibial tuberosities (greater than 50% bilateral) with occasional avulsion; most
common with open tibial physes (usually between 6 and 16 years); radiographs, which are necessary only if clinical presentation is unclear, are
usually normal with soft tissue swelling but may reveal an avulsion
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or occult pathology; conservative management with NSAIDs and relative rest is sufficient.

3. Osteochondritis dissecans (OCD): Partial or complete separation of hyaline cartilage from supporting bone, most common in the distal femur/
medial femoral condyle. Most cases occur in teenage years. Symptoms include increasing pain with activity and a positive Wilson test (flex knee
90 degrees and rotate tibia internally; anterior knee pain just before full extension, relieved by external rotation of tibia). Radiographs (including
notch or tunnel view for femoral condyles) may show sclerosis or fragmentation. Nonoperative treatment with a non-weight-bearing cylinder cast
is often successful with open physes, otherwise fragment removal and/or fixation may be necessary.

4. Patellar instability: Dislocation of patella out of the trochlear groove, usually from direct contact or pivoting maneuver. Accompanied by pain,
swelling, and occasionally crepitus, which is often recurrent with disruption of the medial retinaculum. Patient is usually apprehensive before
attempted patellar distraction; there is pain over the medial adductor tubercle. Radiographs should include a“sunrise” view; management
includes symptomatic treatment and rehabilitation with flexibility and strength training; surgery is recommended if persistent hypermobility
exists.

5. Patellofemoral dysfunction: Includes malalignment, lateral patellar compression syndrome (LPCS), and chondromalacia. There is a gradual
onset of pain, and a possible history of overuse or distant trauma; pain is usually caused by sgquatting maneuvers, going up and down stairs, and
prolonged knee flexion (“theater sign”); examination may reveal muscle tightness or crepitus. Radiographs may be helpful and may show patellar
variants. Management should focus on physical therapy with strengthening and flexibility exercises.

. FOOT/ANKLE

1. Sprains.



a. Sprains are classified as grade | (stretching, minor ligamentous injury), grade Il (partial tear of anterior talofibular [ATF] ligament), and
grade I11 (complete ligamentous disruption with inability to bear weight).

b. Examination includes anterior drawer test (integrity of ATF ligament) and talar tilt (inversion stress to heel and ankle, integrity of
calcaneofibular ligament); pal pation must include first and fifth metatarsophalangeal (MTP) joints and metatarsal heads, navicular and
peroneal tubercles, head and dome of talus, bilateral malleoli, calcaneus, sinustarsi (anterior to lateral malleolus), ligaments (anterior/
posterior talofibular, calcaneofibular, deltoid), tendons, and proximal tibia/fibula.

c. Look for hidden injuries, including high sprain, disruption of syndesmosis (squeeze distal fibular shaft toward tibia, palpate interosseus
membrane), Maisonneuve fracture with diastasis of mortise and fibular fracture, and subtalar sprain.
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d. Radiographs (anteroposterior [AP], lateral, and oblique) are recommended if there is pain near the malleoli, inability to bear weight, and
point tenderness at the posterior edge or tip of either malleolus. Tenderness over the navicular, cuboid, and base of the fifth metatarsal
should prompt additional views of the foot.*

e. Conservative management with RICE (rest, ice for 24 to 48 hours, compression with elastic wrap and stirrup or posterior ankle splint, and
elevation) and avoidance of weight bearing by using crutches for at least 48 to 72 hours is recommended. Also important is early stress-
controlled rehabilitation (maintain proprioception, strength). Thereis infrequent indication for application of a weight-bearing cast with
grade I11 injuries. Persistent pain may indicate anterolateral soft tissue impingement or occult fracture. Repetitive injury may result from
peroneal weakness or |oss of subtalar motion.

2. Severe (calcaneal) apophysitis: Inflammation of the open calcaneal growth plate. Heel pain with direct pressure, medial-lateral compression.
Conservative management with ice, NSAIDs, hedl cup, orthotics, and Achilles tendon stretching is warranted. Evaluate older adol escents for
stress fracture.

3. Iden apophysitis: Traction apophysitis, overuse osteochondritis, and inflammation of fifth metatarsal tuberosity. Conservative management (ice,
NSAIDs, arch support, foot taping) is warranted; healing can be complicated by nonunion and/or intermittent pain.

4. Accessory navicular: Normal variant (5% to 10% incidence); can cause medial ankle pain, usually chronic and insidious, that worsens with
activity. Evaluation can include tenderness on pal pation of ossicle and visualization of ossicle on radiographs. Conservative management is
initially indicated, using orthotics and NSAIDs; awalking cast can be applied if there is an acute fracture, or surgery is necessary if treatment
fails.

5. Fractures: Indications for radiographic examination include point tenderness and inability to bear weight; management includes non-weight-
bearing immobilization; refer patient to an orthopedist for casting and definitive management.

. CLOSED HEAD TRAUMA
See Chapter 4 for treatment of concussions and return-to-play guidelines.

Figure 5-7 Screening orthopedic examination. The general muscul oskeletal screening examination consists of the following: (1) Inspection, athlete



standing, facing examiner (symmetry of trunk, upper extremities); (2) forward flexion, extension, rotation, lateral flexion of neck (range of motion,
cervical spine); (3) resisted shoulder shrug (strength, trapezius); (4) resisted shoulder abduction (strength, deltoid); (5) internal and external rotation of
shoulder (range of motion, glenohumeral joint); (6) extension and flexion of elbow (range of motion, elbow); (7) pronation and supination of elbow
(range of motion, elbow and wrist); (8) clenching of fist, then spreading of fingers (range of motion, hand and fingers); (9) inspection, athlete facing
away from examiner (symmetry of trunk, upper extremities); (10) back extension, knees straight (spondylolysis/spondylolisthesis); (11) back flexion
with knees straight, facing toward and away from examiner (range of motion, thoracic and lumbosacral spine; spine curvature; hamstring flexibility);
(12) inspection of lower extremities, contraction of quadriceps muscles (alignment symmetry); (13) “duck walk” four steps (motion of hips, knees, and
ankles; strength; balance); (14) standing on toes, then on heels (symmetry, calf; strength; balance). (Modified from American Academy of Family
Physicians. Preparticipation physical examination, 2nd ed. Kansas City, MO: American Academy of Family Physicians; 1997.)
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Figure 5-8 Approach to the patient with an injured shoulder. (From Fleisher GR, Ludwig S, editors. Textbook of pediatric emergency medicine, 4th ed.
Philadelphia: Lippincott, Williams & Wilkins; 2000.)
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Figure 5-9 Approach to the patient with a subacute knee injury. (From Fleisher GR, Ludwig S, editors. Textbook of pediatric emergency medicine, 4th
ed. Philadelphia: Lippincott, Williams & Wilkins; 2000.)
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Figure 5-9 Approach to the patient with a subacute knee injury. (From Fleisher GR, Ludwig S, editors. Textbook of pediatric emergency medicine, 4th
ed. Philadelphia: Lippincott, Williams & Wilkins, 2000.)
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Chapter 6 - CARDIOLOGY

Brett H. Siegfried MD
TaraO. Henderson MD

l. WEBSITES

www.americanheart.org (Open the Heart and Stroke Encyclopedia)
www.cincinnatichildrens.org/heartcenter/encyclopedia/

Il. THE CARDIAC CYCLE ( Fig. 6-1)

Figure 6-1 The cardiac cycle.



Figure 6-2 Linear regression of mean systolic blood pressure on postconceptional age (gestational age in weeks + weeks after delivery). (From Zubrow
AB et al. J Perinatol 1995; 15:470.)
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Figure 6-3 Linear regression of mean systolic blood pressure on birth weight on day 1 of life. (From Zubrow AB et al. J Perinatol 1995; 15:470.)
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Figure 6-4 Systolic and diastolic blood pressurein the first 5 days of life. (From Zubrow AB et al. J Perinatol 1995; 15:470.)




Figure 6-5 Age-specific percentile of blood pressure (BP) measurements in girls from birth to 12 months of age; Korotkoff phase 1V (K4) used for
diastolic BP. (FromHoran MJ et al. Pediatrics 1987; 79(1):1-25.)
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Figure 6-6 Age-specific percentiles of blood pressure (BP) measurements in boys from birth to 12 months of age; Korotkoff phase IV (K4) used for
diastolic BP. (From Horan MJ et al. Pediatrics 1987; 79(1):1-25.)
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TABLE 6-1-- BLOOD PRESSURE LEVELSFOR THE 90TH AND 95TH PERCENTILES OF BLOOD PRESSURE FOR GIRLSAGED 1-
17 YEARSBY PERCENTILESOF HEIGHT

Height
J Systolic BP (mmHQ) by Percentile of Height Diastolic BP (DBP) (mmHQ) by Percentile of Height

Age | - BP?
(yr) - 5% 10% 25% 50% 75% 90% 95% 5% 10% 25% 50% 75% 90% 95%

1 90th 97 *08 *99 100 102 103 104 53 53 53 54 55 56 56




95th 101 102 103 104 105 107 107 57 57 57 58 59 60 60
2 90th *99 *99 100 102 103 104 105 57 57 58 58 59 60 61
95th 102 103 104 105 107 108 109 61 61 62 62 63 64 65
3 90th 100 100 102 103 104 105 106 61 61 61 62 63 63 64
95th 104 104 105 107 108 109 110 65 65 65 66 67 67 68
4 90th 101 102 103 104 106 107 108 63 63 64 65 65 66 67
95th 105 106 107 108 109 111 111 67 67 68 69 69 70 71
5 90th 103 103 104 106 107 108 109 65 66 66 67 68 68 69
95th 107 107 108 110 111 112 113 69 70 70 71 72 72 73
6 90th 104 105 106 107 109 110 111 67 67 68 69 69 70 71
95th 108 109 110 111 112 114 114 71 71 72 73 73 74 75
7 90th 106 107 108 109 110 112 112 69 69 69 70 71 72 72
95th 110 110 112 113 114 115 116 73 73 73 74 75 76 76
8 90th 108 109 110 111 112 113 114 70 70 71 71 72 73 74
95th 112 112 113 115 116 117 118 74 74 75 75 76 77 78
9 90th 110 110 112 113 114 115 116 71 72 72 73 74 74 75
95th 114 114 115 117 118 119 120 75 76 76 77 78 78 79
10 90th 112 112 114 115 116 117 118 73 73 73 74 75 76 76
95th 116 116 117 119 120 121 122 77 77 77 78 79 80 80
11 90th 114 114 116 117 118 119 120 74 74 75 75 76 77 77
95th 118 118 119 121 122 123 124 78 78 79 79 80 81 81
12 90th 116 116 118 119 120 121 122 75 75 76 76 77 78 78
95th 120 120 121 123 124 125 126 79 79 80 80 81 82 82
13 90th 118 118 119 121 122 123 124 76 76 77 78 78 79 80
95th 121 122 123 125 126 127 128 80 80 81 82 82 83 84




14 90th 119 120 121 122 124 125 126 77 77 78 79 79 80 81
95th 123 124 125 126 128 129 130 81 81 82 83 83 84 85
15 90th 121 121 122 124 125 126 127 78 78 79 79 80 81 82
95th 124 125 126 128 129 130 131 82 82 83 83 84 85 86
16 90th 122 122 123 125 126 127 128 79 79 79 80 81 82 82
95th 125 126 127 128 130 131 132 83 83 83 84 85 86 86
17 90th 122 123 124 125 126 128 128 79 79 79 80 81 82 82
95th 126 126 127 129 130 131 132 83 83 83 84 85 86 86

* Height percentile determined by standard growth curves.
T Blood pressure percentile determined by a single measurement.

TABLE 6-2-- BLOOD PRESSURE LEVELSFOR THE 90TH AND 95TH PERCENTILES OF BLOOD PRESSURE FOR BOYSAGED 1-17
YEARSBY PERCENTILESOF HEIGHT

Hel*ght Systolic BP (mmHQ) by Percentile of Height Diastolic BP (DBP) (mmHQ) by Percentile of Height
_BP*
?}?re) |§P 5% 10% 25% 50% 75% 90% 95% 5% 10% 25% 50% 75% 90% 95%
1 90th 9 *95 97 08 100 102 102 50 51 52 53 54 54 55
95th *08 *99 101 102 104 106 106 55 55 56 57 58 59 59
2 90th *08 *99 100 102 104 105 106 55 55 56 57 58 59 59
95th 101 102 104 106 108 109 110 59 59 60 61 62 63 63
3 90th 100 101 103 105 107 108 109 59 59 60 61 62 63 63
95th 104 105 107 109 111 112 113 63 63 64 65 66 67 67
4 90th 102 103 105 107 109 110 111 62 62 63 64 65 66 66
95th 106 107 109 111 113 114 115 66 67 67 68 69 70 71
5 90th 104 105 106 108 110 112 112 65 65 66 67 68 69 69




* Height percentile determined by standard growth curves.

95th 108 109 110 112 114 115 116 69 70 70 71 72 73 74
6 90th 105 106 108 110 111 113 114 67 68 69 70 70 71 72
95th 109 110 112 114 115 117 117 72 72 73 74 75 76 76
7 90th 106 107 109 111 113 114 115 69 70 71 72 72 73 74
95th 110 111 113 115 116 118 119 74 74 75 76 77 78 78
8 90th 107 108 110 112 114 115 116 71 71 72 73 74 75 75
95th 111 112 114 116 118 119 120 75 76 76 7 78 79 80
9 90th 109 110 112 113 115 117 117 72 73 73 74 75 76 77
95th 113 114 116 117 119 121 121 76 77 78 79 80 80 81
10 90th 110 112 113 115 117 118 119 73 74 74 75 76 77 78
95th 114 115 117 119 121 122 123 77 78 79 80 80 81 82
11 90th 112 113 115 117 119 120 121 74 74 75 76 77 78 78
95th 116 117 119 121 123 124 125 78 79 79 80 81 82 83
12 90th 115 116 117 119 121 123 123 75 75 76 77 78 78 79
95th 119 120 121 123 125 126 127 79 79 80 81 82 83 83
13 90th 117 118 120 122 124 125 126 75 76 76 77 78 79 80
95th 121 122 124 126 128 129 130 79 80 81 82 83 83 84
14 90th 120 121 123 125 126 128 128 76 76 77 78 79 80 80
95th 124 125 127 128 130 132 132 80 81 81 82 83 84 85
15 90th 123 124 125 127 129 131 131 7 77 78 79 80 81 81
95th 127 128 129 131 133 134 135 81 82 83 83 84 85 86
16 90th 125 126 128 130 132 133 134 79 79 80 81 82 82 83
95th 129 130 132 134 136 137 138 83 83 84 85 86 87 87
17 90th 128 129 131 133 134 136 136 81 81 82 83 84 85 85
95th 132 133 135 136 138 140 140 85 85 86 87 88 89 89



tBlood pressure percentile determined by a single measurement.

ABNORMAL SPLITTING

Widely Split and Fixed S2

Volume overload (e.g., ASD, PAPVR)
Abnormal pulmonary valve (e.g., PS)
Electrica delay (e.g., RBBB)

Early aortic closure (e.g., MR)

Occasiona normal child

Narrowly Split S2

Pulmonary hypertension
AS
LBBB

Occasiona normal child

Single S2

Pulmonary hypertension

Box 6-1. SUMMARY OF ABNORMAL S2°




One semilunar valve (e.g., pulmonary atresia, aortic atresia, truncus arteriosus)
P2 not audible (e.g., TGA, TOF, severe PS)
Severe AS

Occasiona normal child

Paradoxically Split S2

Severe AS

LBBB, Wolff-Parkinson-White syndrome (type B)

AsNORMAL | NTENSITY OF P2

Increased P2 (e.g., pulmonary hypertension)

Decreased P2 (e.g., severe PS, TOF, TS)

*From Park MK. Pediatric cardiology for practitioners, 3rd ed. &. Louis. Mosby; 1996. PAPVR, Partial anomalous pulmonary venous return; MR, mitral regurgitation; LBBB, left bundle-branch
block; TS, tricuspid stenosis; ASD, atrial septal defect; PS, pulmonary stenosis; RBBB, right bundle-branch block; AS, aortic stenosis, TGA, transposition of the great arteries;, TOF, tetralogy of
Fallot.

TABLE 6-3-- COMMON INNOCENT HEART MURMURS

Type (Timing) Description of Murmur Age Group
Classic vibratory murmur (Still’s murmur; Maximal at MLSB or between LLSB and apex | 3-6 yr; occasionally in infancy
systolic) Grade 2-3/6 in intensity

L ow-frequency vibratory, twanging string,
groaning, squeaking, or musical

Pulmonary ejection murmur (systolic) Maximal at ULSB 8-14 yr




Early to midsystolic

Grade 1-3/6 in intensity

Blowing in quality

Pulmonary flow murmur of newborn (systolic)

Maximal at ULSB

Premature and full-term newborns

Transmits well to left and right chest, axillae,
and back

Usually disappears by 3-6 mo of age

Grade 1-2/6 in intensity

V enous hum (continuous)

Maximal at right (or left) supraclavicular and
infraclavicular areas

3-6yr

Grade 1-3/6 in intensity

Inaudible in supine position

Intensity changes with rotation of head and
disappears with compression of jugular vein

Carotid bruit (systolic)

Right supraclavicular area over carotids

Any age

Grade 2-3/6 in intensity

Occasionadl thrill over carotid

From Park MK. Pediatric cardiology for practitioners, 3rd ed. &. Louis. Mosby, 1996.

LLSB, Lower left sternal border; MLSB, middle left sternal border; ULSB, upper left sternal border.

IV. ELECTROCARDIOGRAPHY

A. BASIC ELECTROCARDIOGRAPHY PRINCIPLES
1. Lead placement ( Fig. 6-8): For pediatric ECGs, V3R istypicaly recorded instead of V3 (i.e.,, V1, V2, V3R, V4, V5, V6).
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2. ECG complexes (seeFig. 6-1)
a. Pwave: Represents atrial depolarization.

b.
C.
d.

QRS complex: Represents ventricular depolarization.
T wave: Represents ventricular repolarization.
U wave: May follow T wave, representing late phases of ventricular repolarization.

3. Systematic approach for evaluating ECGs:. (See Table 6-4 for normal ECG parameters.)s %
a Rate

o

1. Standardization: Paper speed is 25 mm/sec. One small square = 1 mm = 0.04 sec. One large square =5 mm = 0.2 sec.
Amplitude standard: 10 mm = 1 millivolt.
2. Calculation: Heart rate (beats per minute) = 60 divided by the average R-R interval in seconds, or 1500 divided by the R-R
interval in millimeters.
Rhythm
1. Sinusrhythm: Every QRS complex is preceded by a P wave, normal PR interval (the PR interval may be prolonged, asin first-
degree atrioventricular [AV] block), and normal P wave axis (upright Pinlead | and aVF).
2. Thereisnormal respiratory variation of the R-R interval without morphologic changes of the P wave or QRS complex.
AXxis: Determine quadrant and compare with age-matched normal values ( Fig. 6-9 ; see Table 6-4).
Intervals. (PR, QRS, QT, ). See Table 6-4 for normal PR and QRS intervals. The QT is calculated as:

QT. = QT (sec)/VRRisec)

The R-R interval should extend from the R wave in the QRS complex in which you are measuring QT to the preceding R wave.
Normal valuesfor QT,:

1. 0.440 sec is 97th percentile for infants 3 to 4 days oldc

2. £0.45 secin infants <6 months old

3. <0.44 secin children

4. <0.44 sec in adults
P-wave size and shape: Normal P wave should be <0.10 sec in children, <0.08 sec in infants, with amplitude <30 mV (3 mmiin
height, with normal standardization).
R-wave progression: Thereis generally anormal increase in R-wave size and decrease in S-wave size from leads V1 to V6 (with
dominant Swavesin right precordial leads and dominant R wavesin left precordial |eads), representing dominance of left
ventricular forces. However, newborns and infants have a normal dominance of the right ventricle.
Q waves: Normal Q waves are usually <0.04 second (1 mm) in duration and less than 25% of the total QRS amplitude. Q waves are
<5mm
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deep in left precordia leads and aVF and <8 mm deep in lead 111 for children <3 years of age.

h. ST-segment and T-wave evaluation: ST-segment elevation or depression >1 mm in limb leads and >2 mm in precordia leadsis
consistent with myocardial injury. Tall, peaked T waves may be seen in hyperkalemia. Flat or low T waves may be seenin
hypokalemia, hypothyroidism, normal newborn, and in myocardial and pericardial ischemia and inflammation ( Table 6-5 and Fig. 6-
10).

i. Hypertrophy.

1. Atria: SeeFig. 6-11
2. Ventricular: Diagnosed by QRS axis, voltage, and R/Sratio (see Table 6-4).
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a. Right ventricular hypertrophy (RVH) criteria (at least one of the following):
I. Increased right and anterior QRS voltage (with normal QRS duration):
* Rinlead V1 >98th percentile for age.
» Sinlead V6 >98th percentile for age.
ii. Upright T waveinlead V1 after 3 days of age to adolescence.
lii. Supplemental criteriainclude presence of g wavein V1 (gR or gRs pattern), right axis deviation (RAD) for
patient’ s age, and right ventricle (RV) strain (associated with inverted T wave in V1 with tall R wave).
b. Left ventricular hypertrophy (LVH) criteria
I. Increased QRS voltage in left leads (with normal QRS duration):
*Rinlead V6 (and I, avL, V5) >98th percentile for age.
» Sinlead V1 >98th percentile for age.
li. Supplemental criteriainclude |eft axis deviation (LAD) for patient’s age, volume overload (associated with Q

wave >5 mm and tall T wavesin V5 or V6), and left ventricle (LV) strain (associated with inverted T wavein
leads V6, |, or aVF).
B. ECG ABNORMALITIES

1. Nonventricular arrhythmias ( Table 6-6 )™

2. Ventricular arrhythmias ( Table 6-7 ): Abnormal rhythm resulting from ectopic focus in ventricles. Characterized by wide QRS
complex, T wave in opposite direction to QRS, random relation of QRS to P wave (i.e., AV dissociation); see Fig. 6-13.



3. Nonventricular conduction disturbances ( Table 6-8, Fig. 6-14 )&
4. Ventricular conduction disturbance ( Table 6-9): Abnormal transmission of electrical impulse through ventricles leading to

prolongation of QRS complex (=0.08 second for infants, >0.10 second for adults)
C. MYOCARDIAL INFARCTION IN CHILDREN
1. Etiology: Myocardial infarction (M1) in children israre but could occur in children with anomalous origin of the left coronary artery,
Kawasaki disease, congenital heart disease (presurgical and postsurgical), and dilated cardiomyopathy. It israrely seen in children with
hypertension, lupus, myocarditis, cocaine ingestion, and use of adrenergic drugs (e.g., B-agonists used for asthma).
2. Frequent ECG findingsin children with acute M| ©
a. New-onset wide Q waves (>0.035 sec), with or without Q-wave notching, seen within first few hours (and persistent over severd
years).
b. ST segment elevation (>2 mm), seen within first few hours.
c. Diphasic T waves, seen within first few days (becoming sharply inverted, then normalizing over time).
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d. Prolonged QT interval (>0.44 sec) with accompanying abnormal Q waves.
e. Deep, wide Qwavesinleads|, aVvL, or V6, without Q wavesin I, I11, aVF, suggestive of anomalous origin of the left coronary



artery.
3. Other criteria:
a. An elevated creatine phosphokinase (CK)/MB fraction, although thisis not specific for detection of acute Ml in children.
b. Cardiac troponin | islikely to be a more sensitive indicator of early myocardial damage in children. It becomes elevated within hours
of cardiac injury, persistsfor 4 to 7 days, and is specific for cardiac injury.i*%
D. ECG FINDINGS SECONDARY TO ELECTROLYTE DISTURBANCES, MEDICATIONS, AND SYSTEMIC ILLNESSES
1. Digitalis
a. Digitalis effect: Associated with shortened QT interval, ST depression (*“scooped” or “sagging”), mildly prolonged PR interval, and
flattened T wave.
b. Digitalistoxicity: Primarily arrhythmias (bradycardia, supraventricular tachycardia[SVT], ectopic atrial tachycardia, ventricular
tachycardia, AV block).
2. Other conditions. Table 6-10 .1 *4
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Figure 6-7 The location at which various murmurs may be heard. Diastolic murmurs arein italics. AS, Aortic stenosis; HOCM, hypertrophic
obstructive cardiomyopathy; IHSS idiopathic hypertrophic subaortic stenosis. (From Park MK. Pediatric cardiology for practitioners, 3rd ed. .
Louis: Mosby; 1996.)
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Figure 6-8 A, Hexaxial reference system. B, Horizontal reference system. (Modified from Park MK, Guntheroth WG. How to read pediatric ECGs, 3rd
ed. . Louis: Mosby; 1992.)
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TABLE 6-4 -- NORMAL PEDIATRIC ECG PARAMETERS
Lead V, Lead Vg
PR QRS R Wave SWave R Wave SWave
Heart Rate Interval Duration | Amplitude | Amplitude Amplitude | Amplitude
Age (bpm) QRS Axis’ (sec)” (sec) * (mm) T (mm) T R/S Ratio (mm) ' (mm) ' R/SRatio

0-7 days 95-160 +30t0180 |0.08-0.12 |0.05(0.07) |13.3(25.5) |7.7(18.8) |25 4.8(11.8) |3.2(9.6) 2.2
(125) 110 (0.10)

1-3wk 105-180 +30t0180 [0.08-0.12 |0.05(0.07) [10.6(20.8) |4.2(10.8) |29 7.6(16.4) [3.4(9.8) 33
(145) 110 (0.10)

1-6 mo 110-180 +10to 0.08-0.13 |0.05(0.07) 9.7 (19) 5.4 (15) 2.3 12.4 (22) 2.8 (8.3) 5.6
(145) +125 (+70) ((0.11)

6-12 mo 110-170 +10to 0.10-0.14 |0.05(0.07) |9.4(20.3) |6.4(18.1) |[1.6 12.6 (22.7) |2.1(7.2) 7.6
(135) +125 (+60) ((0.12)

1-3yr 90-150 +10to 0.10-0.14 |0.06 (0.07) |8.5(18) 9(21) 1.2 14 (23.3) 1.7 (6) 10
(120) +125 (+60) ((0.12)

4-5yr 65-135 Oto+110 [0.11-0.15 |0.07(0.08) |7.6(16) 11 (22.5) 0.8 15.6 (25) 1.4 (4.7) 11.2
(110) (+60) (0.13)

6-8 yr 60-130 -15to 0.12-0.16 |0.07 (0.08) |6 (13) 12 (24.5) 0.6 16.3 (26) 1.1(3.9 13
(100) +110 (+60) |(0.14)




9-11yr 60-110 (85) |-15to 0.12-0.17 |0.07(0.09) |5.4(12.1) |11.9(25.4) |05 16.3(25.4) [1.0(3.9) [14.3
+110 (+60) |(0.14)

12-16yr  |60-110(85) |-15to 0.12-0.17 |0.07(0.10) [4.1(9.9) |10.8(212) |05 143(23) (08(37) |14.7
+110 (+60) |(0.15)

> 16 yr 60-100 (80) |-15to 0.12-0.20 |0.08(0.10) |3(9) 10 (20) 0.3 10 (20) 08(37) |12
+110 (+60) |(0.15)

* Normal range and (mean).
1 Mean and (98th percentile).

New data compiled from Park MK. Pediatric cardiology for practitioners, 3rd ed. & Louis. Mosby; 1996 and Davignon A et al. Pediatr Cardiol
1979; 1:123-131.

Figure 6-9 Locating quadrants of mean QRS axis from leads 1 and aVF. (From Park MK, Guntheroth WG. How to read pediatric ECGs, 3rd ed. S.
Louis: Mosby; 1992.)
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TABLE 6-5-- NORMAL T-WAVE AXIS

Age V1,V2 AVF I,V5 V6
Birth-1 day + + +
1-4 days + + +
4 days to adolescent - + +
Adolescent to adult + + +

+, T wave positive; —, T wave negative; £, T wave normally either positive or negative.

Figur e 6-10 Nonpathol ogic (nonischemic) and pathologic (ischemic) ST and T changes. A, Characteristic nonischemic ST segment alteration called J
depression; note that the ST slope isupward. B and C, Ischemic or pathologic ST segment alterations. B, Downward slope of the ST segment. C,
Horizontal segment is sustained. (From Park MK, Guntheroth WG. How to read pediatric ECGs, 3rd ed. . Louis: Mosby; 1992.)

Figure 6-11 Criteriafor atrial enlargement. CAE, combined atrial enlargement; LAE, left atrial enlargement; RAE, right atrial enlargement. (From Park
MK. Pediatric cardiology for practitioners, 3rd ed. S. Louis: Mosby; 1996.)
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TABLE 6-6 -- NONVENTRICULAR ARRHYTHMIAS

Name/Description

Cause

Treatment

SINUS

Tachycardia

Normal sinus rhythm with HR >95th percentile
for age (usually less than 230 beats/min)

Hypovolemia, shock, anemia, sepsis, fever,
anxiety, CHF, PE, myocardial disease, drugs (e.
g., B-agonists, aminophylline, atropine)

Address underlying cause

Bradycardia

Normal sinus rhythm with HR <5th percentile
for age

Normal (especidly in athletic individuals),
increased | CP, hypoxia, hyperkalemia,
hypercalcemia, vagal stimulation,
hypothyroidism, hypothermia, drugs (e.g.,
digoxin, B-blockers), long QT syndrome

Address underlying cause; if symptomatic, refer
toinside back cover for bradycardia
algorithm

SUPRAVENTRICULAR

Abnormal rhythm resulting from ectopic focusin atriaor AV node, or from accessory conduction pathways. Characterized by varying P-wave shape
and abnormal P-wave axis. QRS morphology usually normal. See Fig. 6-12 .1

Premature Atrial Contraction



Narrow QRS. Ectopic focusin atriaor in AV
node. Abnormal P wave and norma QRS

Digitalistoxicity, medications (e.g., caffeine,
theophylline, sympathomimetics)

Treat digitalistoxicity, otherwise no treatment
needed

Atrial Flutter

Atrial rate between 250 and 350 beats/min,
yielding characteristic sawtooth or flutter pattern
(no discrete P waves) with variable ventricular
response rate and normal QRS complex

Dilated atria, previous intraatrial surgery,
valvular or ischemic heart disease, digitalis
toxicity

Digoxin £ [3-blockers, synchronized
cardioversion or overdrive pacing; treat
underlying cause (consult cardiologist)

Atrial Fibrillation

Ectopic atrial foci with atrial rate between 350
and 600 beats/min, yielding characteristic
fibrillatory pattern (no discrete P waves) and
irregularly irregular ventricular response rate of
about 110-150 beats/min with normal QRS
complex

See above

See Atria Flutter (p. 140), may need
anticoagul ation pretreatment

SVT

Sudden run of three or more premature
supraventricular beats at >230 beats/min, with
narrow QRS complex and abnormal P wave.
Either sustained (>30 sec) or unsustained.

I. AV Reentrant: Presence of accessory bypass
pathway, in conjunction with AV node,
establishes cyclic pattern of signal reentry,
independent of SA node. Most common cause of
nonsinus tachycardiain children (see “Wolff-
Parkinson-White syndrome”).

[1. AV nodal/junctional: Cyclical reentrant
pattern resulting from dual AV node pathways.
Simultaneous depol arization of atria and
ventriclesyieldsinvisible P wave or retrograde
P wave

[11. Ectopic atrial: Rapid firing of ectopic focus
in atrium.

Most commonly idiopathic but may be seenin
congenital heart disease (e.g., Ebstein’s
anomaly, transposition)

Vagal maneuvers, adenosine; if unstable, need
immediate synchronized cardioversion (0.5 j/kg
up to 1 j/kg). Consult cardiologist. See
“Tachycardia with Poor Perfusion” and
“Tachycardia with Adequate Perfusion”
algorithmsin back of handbook.

Nodal Escape/Junctional Rhythm



P wave (negativein lead |1, positivein avVR)

Abnormal rhythm driven by AV node impulse, giving normal QRS complex and invisible P wave (buried in preceding QRS or T wave) or retrograde

supraventricular tachycardia.

AV, Atrioventricular; CHF, congestive heart failure; HR, heart rate; ICP, intracranial pressure; PE, pulmonary embolism; SA, sinoatrial; SVT,

Figure 6-12 Supraventricular arrhythmias. pt, Premature atrial contraction. (From Garson A Jr. The electrocardiogram in infants and children: a
systematic approach. Philadelphia: Lea & Febiger; 1983.)
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TABLE 6-7-- VENTRICULAR ARRHYTHMIAS

Name/Description

Cause

Treatment

PVC

Ectopic ventricular focus causing early
depolarization. Abnormally wide QRS complex
appears prematurely, usually with full
compensatory pause. May be unifocal or
multifocal. Bigeminy is alternating normal and
abnormal QRS complexes; trigeminy istwo
normal QRS complexes followed by an
abnormal one. A couplet istwo consecutive
PVCs.

Myocarditis, myocardial injury,
cardiomyopathy, long QT syndrome, congenital
and acquired heart disease, drugs (e.g., digitalis,
catecholamines, theophylline, caffeine,
anesthetics), MV P, anxiety, hypokalemia,
hypoxia, hypomagnesemia

More worrisome if associated with underlying
heart disease, if worse with activity, if
symptomatic, or if they are multiform
(especially couplets). Address underlying cause,
rule out structural heart disease.



VENTRICULAR TACHYCARDIA

Series of three or more PV Cs at rapid rate (120-
250 beats/min), with wide QRS complex and
dissociated, retrograde, or no P wave.

See above (70% have abnormal cardiac
anatomy)

See * Tachycardia with Poor Perfusion” and
“Tachycardia with Adequate Perfusion”
algorithmsin back of handbook.

VENTRICULAR FIBRILLATION

Depolarization of ventricles in uncoordinated,
asynchronous pattern, yielding abnormal QRS
complexes of varying size and morphology with
irregular, rapid rate. Rare in children.

Myocarditis, M|, postoperative state, digitalis or
quinidine toxicity, catecholamines, severe
hypoxia, electrolyte disturbances

Requiresimmediate defibrillation. See
algorithm for “ Asystole and Pulseless Arrest”
inside back cover.

Figure 6-13 Ventricular arrhythmias. P, P wave.

MI, Myocardial infarction; MVP, mitral valve prolapse; PVC, premature ventricular contraction.
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TABLE 6-8 -- NONVENTRICULAR CONDUCTION DISTURBANCES

Name/Description”

Cause

Treatment

FIRST-DEGREE HEART BLOCK

Abnormal but asymptomatic delay in conduction
through AV node, yielding prolongation of PR
interval

Acute rheumatic fever, tick-borne (i.e., Lyme)
disease, connective tissue disease, congenital
heart disease, cardiomyopathy, digitalis toxicity,
postoperative state and normal children

None necessary except address the underlying
cause



SECOND-DEGREE HEART BLOCK: MOBITZ TYPE | (WENCKEBACH)

Progressive lengthening of PR interval until a
QRS s not conducted and ventricular
contraction does not occur. Does not usually
progress to complete heart block.

Myocarditis, cardiomyopathy, congenital heart
disease, postoperative state, M1, toxicity
(digitalis, 3-blocker), normal children

Address underlying cause

SECOND-DEGREE HEART BLOCK: MOBITZ TYPE I1

Paroxysmal skipped ventricular conduction
without lengthening of the PR interval. Block is
at the level of the bundle of His and may
progress to complete heart block.

Same as for Mobitz Type | (not found in normal
children)

Address underlying cause, may need pacemaker

THIRD-DEGREE (COMPLETE) HEART BLOCK

Complete dissociation of atrial and ventricular
conduction. P wave and PR interval regular; RR
interval regular and much slower (driven by
junctional or ectopic ventricular pacemaker with
intrinsic rate of 30-50 beats/min). Width of QRS
will be narrow with junctional pacemaker, wide
with ventricular pacemaker.

Congenital, maternal lupus or other connective
tissue disease, structural heart disease, or
acquired (acute rheumatic fever, myocarditis,
Lyme carditis, postoperative, cardiomyopathy,
M, drug overdose)

If bradycardic, consider pacing and see
“Bradycardia’ algorithm on inside back
cover.

AV, Atrioventricular; MI, myocardial infarction.

* Higher AV block: Conduction of atrial impulse at regular intervals, yielding 2:1 block (two atrial impulses for each ventricular response), 3:1 block, etc.

TABLE 6-9-- VENTRICULAR CONDUCTION DISTURBANCES

depolarization time, leading to wide QRS

2. Long QRS with terminal dlurred R (M-
shaped RSR' or RR') inV1, V2, avVR
3. Wide and slurred Swave in leads| and V6

Name/Description Criteria Causes/Treatment
RIGHT BUNDLE BRANCH BLOCK (RBBB)
Delayed right bundle conduction prolongs RV 1. RAD ASD, surgery with right ventriculostomy,

Ebstein’s anomaly, coarctation in infants <6 mo,
endocardial cushion defect, and partia

anomal ous pulmonary venous return;
occasionally occursin normal children



LEFT BUNDLE BRANCH BLOCK (LBBB)

Delayed left bundle conduction prolongs septal
and LV depolarization time, leading to wide
QRS with loss of usual septal signal; thereis

still a predominance of |eft ventricle forces. Rare
in children.

1. Wide negative QS complex in lead V1 with
loss of septal R wave

2. Entirely positive wide R or RR' complex in
lead V6 with loss of septal Q wave

Hypertension, ischemic or valvular heart
disease, cardiomyopathy

WOLFF-PARKINSON-WHITE (WPW)

Atrial impulse transmitted via anomalous
conduction pathway to ventricles, bypassing AV
node and normal ventricular conduction system.
L eads to premature and prolonged
depolarization of ventricles. Bypass pathway is a
predisposing condition for SVT.

1. Shortened PR interval
2. Deltawave
3. Wide QRS

Acute management of SVT if necessary as
previously described; consider ablation of
accessory pathway if recurrent SVT

ASD, Atrial septal defect; AV, atrioventricular; LV, left ventricle; RAD, right axis deviation; RV, right ventricle; SVT, supraventricular tachycardia.

Figure 6-14 Conduction blocks. P, Pwave; R, QRS complex. (From Park MK, Guntheroth WG. How to read pediatric ECGs, 3rd ed. S. Louis:

Mosby; 1992.)
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TABLE 6-10-- SYSTEMIC EFFECTSON ELECTROCARDIOGRAM

Short QT

Long QT-U

Prolonged
QRS

ST-T
Changes

Sinus
Tachycardia

Sinus
Bradycardia

AV Block

Ventricular
Tachycardia

Miscellaneous

CHEMISTRY

Hyperkalemia

Low voltage
Ps; peaked Ts

Hypokalemia

Hypercalcemia

Hypocalcemia

X

Hypermagnesemia

Hypomagnesemia

DRUGS

Digitalis

Phenothiazines

Phenytoin

Propranolol

Quinidine

Tricyclics

Verapamil

Imipramine

= <=4 x

Atrid flutter

MISCELLANEOUS

CNSinjury

Freidreich’'s ataxia

X

X

Atrid flutter

Duchenne's
muscul ar
dystrophy

Atrial flutter



Myotonic X X X X
dystrophy
Collagen vascular X X X
disease
Hypothyroidism X Low voltage
Hyperthyroidism X X X X
Other diseases Romano- Lyme Holt-Oram,

Ward disease maternal

lupus

From Garson A Jr. The electrocardiogram in infants and children: a systematic approach. Philadelphia: Lea & Febiger; 1983 and Walsh EP. In
Fyler DC, Nadas A, editors. Pediatric cardiology. Philadelphia: Hanley & Belfus; 1992.

CNS Centra nervous system; T, present only with drug toxicity; X, present.

V. IMAGING

A. CHEST RADIOGRAPH

1. Evaluatethe heart
a. Size: The cardiac shadow should be less than 50% of the thoracic width, which is the maximal width between inner margins of the

ribs, as measured on a posteroanterior (PA) radiograph during inspiration.

b. Shape: The shape of the heart can aid in the diagnosis of chamber/vessel enlargement and some congenital heart disease (CHD)
(Fig. 6-15).

c. Situs (levocardia, mesocardia, dextrocardia).

2. Evaluatethelungfields

a. Decreased pulmonary blood flow is seen in pulmonary or tricuspid stenosis/atresia, TOF, pulmonary hypertension (“peripheral
pruning”).

b. Increased pulmonary blood flow can be seen asincreased pulmonary vascular markings (PVMs) with redistribution from bases to
apices of lungs and extension to lateral lung fields, as with large ASD, VSD, or PDA, transposition of the great arteries (TGA), and
total anomalous pulmonary venous return (TAPVR).

c. Venous congestion, or congestive heart failure (CHF) causes increased PVMs centraly, interstitial and alveolar pulmonary edema
(air bronchograms), septal lines, and pleural effusions, as with obstructed TAPVR and mitral valve stenosis/regurgitation.

3. Evaluatetheairway: The trachea usually bends slightly to the right above the carinain normal patients with aleft-sided aortic arch. A
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perfectly straight or |eft-bending trachea suggests a right aortic arch, which may be associated with other defects (TOF, truncus arteriosus,
vascular rings, chromosome 22 microdeletion).
4. Skeletal anomalies

a. Rib notching (e.g., from collateral vesselsin patients >5 years of age with coarctation of the aorta).

b. Sternal abnormalities (e.g., Holt-Oram syndrome; pectus excavatum in Marfan, Ehlers-Danlos, and Noonan syndromes).

c. Vertebral anomalies (e.g., VATER/VACTERL syndrome: Vertebral anomalies, Anal atresia, TracheoEsophageal fistula, Radial and
Renal, Cardiac, and Limb anomalies).

Note: See Tables 6-12 and 6-13 for typical findings on a chest radiograph in CHD. Please see Chapter 23 for more
information on the chest radiograph.
B. ECHOCARDIOGRAPHY
1. Approach

a. Transthoracic echocardiography (TTE) does not require general anesthesia, is simpler to perform than transesophageal
echocardiography (TEE), but does have limitations in some patients (e.g., uncooperative, obese) or in patients with suspected
valvular endocarditis.

b. TEE uses an ultrasound transducer on the end of a modified endoscope to view the heart from the esophagus and stomach, allowing
for better imaging of the aorta, atria, and obese or intraoperative patients. TEE is also useful for visualizing valvular anatomy,
including valvular vegetations.

2. Shortening fraction: Very reliable index of left ventricle (LV) function. Normal values range from approximately 30% to 45%, depending
on age.i*?

Figure 6-15 Radiologic contours of the heart. AO, Aorta; IVC, inferior vena cava; LA, left atrium; LAA, left atrial appendage; LPA, left pulmonary
artery; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RPA, right pulmonary artery; RV, right ventricle; SVC, superior vena cava



FIG. &-15

An oxygen challenge test is used to evaluate the etiology of cyanosisin neonates. Obtain baseline arterial blood gas (ABG) with saturation at FiO, =

0.21, then place infant in an oxygen hood at FiO, = 1 for aminimum of 10 minutes, and repeat ABG. Pulse oximetry will not be useful for following
the change in oxygenation once the saturations reach 100% (approximately Pao, >90) ( Table 6-14 ). i*4 (5 (29 See Table 6-15 for acute management
of hypercyanotic spellsin Tetralogy of Fallot.

. SURGICAL PROCEDURES

1. Atrial septostomy: Atrial septostomy creates an intraatrial opening to allow for mixing or shunting between atria(i.e., for TGA, tricuspid
atresia, mitral atresia).
2. Palliative systemic-to-pulmonary artery shunts use systemic arterial flow to increase pulmonary blood flow in cardiac lesions with impaired
pulmonary perfusion (e.g., TOF, hypoplastic right heart, tricuspid atresia, PS) ( Fig. 6-16 ). Types of shunt include the following:
a. Blalock-Taussig shunt
b. Waterston-Cooley shunt
c. Potts shunt
3. Palliative cava-to-pulmonary artery shunts use systemic venous flow to increase pulmonary blood flow (usually performed in older children
who have lower pulmonary vascular resistance) as an intermediate step to a Fontan procedure (see Fig. 6-16 ). Thisis called aunidirectional or
bidirectional Glenn shunt.
4. Repair of TGA
a. Atria inversion (Mustard or Senning)
b. Arterial switch (of Jatene)
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5. Fontan: Anastomosis of the superior vena cava (SVC) to the right pulmonary artery (RPA) (Glenn shunt), together with anastomosis of the RA
and/or inferior vena cava (IVC) to pulmonary arteries via conduits; separates systemic and pulmonary circulations in patients with functionally

single ventricles (tricuspid atresia, hypoplastic left heart syndrome).

6. Norwood: Used for hypoplastic left heart syndrome.

a. Stage 1. Anastomosis of the proximal main pulmonary artery (MPA) to the aorta, with aortic arch reconstruction and transection and patch
closure of the distal MPA; amodified right Blalock-Taussig shunt (subclavian artery to RPA) to provide pulmonary blood flow. ASD

created to allow for adequate left to right flow.

b. Stage 2: Bidirectional Glenn shunt to reduce volume overload of single right ventricle and modified Fontan procedure to correct cyanosis.
7. Ross. Pulmonary root autograft for aortic stenosis; autologous pulmonary valve replaces aortic valve, and aortic or pulmonary allograft replaces

pulmonary valve.

. EXERCISE RECOMMENDATIONS FOR CONGENITAL HEART DISEASE ( Table6-16) ™1

TABLE 6-11 -- COMMON GENETIC SYNDROMESASSOCIATED WITH CARDIAC DEFECTS

Syndrome Dominant Cardiac Defect

CHARGE Ventricular, atrioventricular, and ASDs
DiGeorge Aortic arch anomalies, tetralogy of Fallot
Down Atrioventricular septal defects, VSD

Marfan Aortic root dissection, mitral valve prolapse
Noonan Pulmonic stenosis, ASD

Turner Coarctation of the aorta, bicuspid aortic valve
Williams Supravalvular aortic stenosis

From Pelech AN: Pediatr Clin North Am 1999; 46(2):167-168.

genital and ear anomalies, VD, ventricular septal defect.

Figure 6-16 Schematic diagram of cardiac shunts.

ASD, Atrial septal defect; CHARGE, a syndrome of associated defects, including coloboma of the eye, heart anomaly, choanal atresia, r etardation, and



Bidirectional  Blalock-Taussig

Glenn shumt shunl M ﬁ\/fﬂ_—-——'—
Modified

Blalock-Taussig
shunt

Waterston-Coolay ™ Potts shunt

shunt

See Tables6-17 , 618, 619 and Boxes 6-2 and 6-3 . !9

. MYOCARDIAL DISEASE

1. Dilated cardiomyopathy isthe end result of myocardial damage, leading to atrial and ventricular dilation with decreased contractile function of
the ventricles.
a. Etiology: Infectious, toxic (alcohol, doxorubicin), metabolic (hypothyroidism, muscular dystrophy), immunologic, collagen vascular
disease.
b. Symptoms:. Fatigue, weakness, shortness of breath.
c. Examination: Look for signs of CHF, including tachycardia, tachypnea, rales, cold extremities, jugular venous distention, hepatomegaly,
peripheral edema, S3 gallop, and displacement of point of maximal impulse (PMI) to the left and inferiorly.
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d. Chest radiograph: Generalized cardiomegaly, pulmonary congestion.
e. ECG: Sinustachycardia, left ventricular hypertrophy (LVH), possible atrial enlargement, arrhythmias, conduction disturbances, ST
segment/T wave changes.
f. Echocardiography: Enlarged ventricles (increased end-diastolic and end-systolic dimensions) with little or no wall thickening; decreased
shortening fraction.
g. Treatment: Management of CHF (digoxin, diuretics, vasodilation, rest). Consider anticoagul ants to decrease risk of thrombus formation.
2. Hypertrophic cardiomyopathy is an abnormality of myocardial cells leading to significant ventricular hypertrophy, particularly of the LV, with
small to normal ventricular dimensions. Contractile function isincreased, but filling isimpaired secondary to stiff ventricles. The most common
type is asymmetric septal hypertrophy, also called
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idiopathic hypertrophic subaortic stenosis (IHSS), with varying degrees of obstruction. There is a4% to 6% incidence of sudden death in
children and adol escents.
a. Etiology: Genetic (autosomal dominant, 60% of cases) or sporadic (40% of cases).

b.
C.

d.

e.
f.

g

Symptoms: Easy fatigability, anginal pain, shortness of breath, occasional pal pitations.

Examination: Usually found in adolescents or young adults, signs include left ventricular heave, sharp upstroke of arterial pulse, murmur
of mitral regurgitation.

Chest radiograph shows a globular-shaped heart with LV enlargement.

ECG indicates LVH, prominent Q waves (septal hypertrophy), ST segment/T wave changes, arrhythmias.

Echocardiography shows extent and location of hypertrophy, obstruction, increased contractility.

163

Treatment includes moderate restriction of physical activity, administration of negative inotropes ([3-blocker, calcium channel blocker) to
help improve filling, and subacute bacterial endocarditis (SBE) prophylaxis.

3. Restrictive cardiomyopathy: Myocardial/endocardial disease (usually infiltrative or fibrotic) resulting in stiff ventricular walls, with restriction
of diastolic filling but normal contractile function. Resultsin atrial enlargement. Very rare in children.
4. Myocarditis: Inflammation of myocardial tissue.
a. Etiology: Viral (coxsackievirus, echovirus, poliomyelitis, mumps, rubella, cytomegalovirus [CMV], human immunodeficiency virus

[HIV], arbovirus, adenovirus, influenza); bacterial, rickettsial, fungal, or parasitic infection; immune-mediated disease (Kawasaki disease,
acute rheumatic fever); collagen vascular disease; toxin-induced condition.

Symptoms: Nonspecific and inconsistent, depending on severity of disease. Variably see anorexia, lethargy, emesis, lightheadedness, cold
extremities, shortness of breath.

Examination: Look for signs of CHF (tachycardia, tachypnea, jugular venous distention, rales, gallop, hepatomegaly); occasionally, a soft,
systolic murmur or arrhythmias may be noted.

Chest radiograph: Shows variable cardiomegaly and pulmonary edema.

ECG: Indicates low QRS voltages throughout (<5 mm), ST segment/T wave changes (e.g., decreased T-wave amplitude), prolongation of
QT interval, arrhythmias (especially premature contractions, first-or second-degree AV block).

Echocardiography: Indicates enlargement of heart chambers, impaired LV function.

Treatment: Bed rest, diuretics, inotropes (dopamine, dobutamine), digoxin, gamma globulin (2 g/kg over 24 hours), afterload reducer (e.g.,
angiotensin-converting enzyme [ACE] inhibitor), possibly steroids. Further clinical study is needed to evaluate the efficacy of pleconaril in
enteroviral myocarditis. May require heart transplantation.

. PERICARDIAL DISEASE

1. Pericarditis: Inflammation of visceral and parietal layers of pericardium.
a. Etiology: Viral/idiopathic (especially echovirus, coxsackievirus B), tuberculous, bacterial, uremic, neoplastic, collagen vascular, post-M|



or postpericardiotomy, radiation-induced, drug-induced (e.g., procainamide, hydralazine).
b. Symptoms. Chest pain (retrosternal or precordial, radiating to back or shoulder, pleuritic in nature, alleviated by leaning forward,
aggravated by supine position), dyspnea.
Examination: Pericardial friction rub, fever, tachypnea.
ECG: Diffuse ST segment elevation in ailmost al leads (representing inflammation of adjacent myocardium); PR segment depression.
e. Treatment: Often self-limited. Treat underlying condition and provide symptomatic treatment with rest, analgesia, and antiinflammatory
drugs.

Qo
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2. Pericardial effusion: Accumulation of excessfluid in pericardial sac.

a. Etiology: Associated with acute pericarditis (exudative fluid) or serous effusion resulting from increased capillary hydrostatic pressure (e.
g., CHF), decreased plasma oncotic pressure (e.g., hypoproteinemia), and increased capillary permeability (transudative fluid).

b. Symptoms. Can present with no symptoms, dull ache in left chest, or symptoms of cardiac tamponade, discussed below.

c. Examination: Muffled distant heart sounds, dullness to percussion of posterior left chest (secondary to atelectasis from large pericardial
sac), hemodynamic signs of cardiac compression (see next section).

d. Chest radiograph: Globular, symmetric cardiomegaly.

e. ECG: Decreased voltage of QRS complexes, electrical alternans (variation of QRS axis with each beat secondary to swinging of heart
within pericardia fluid).

f. Echocardiography: Fluid within pericardial cavity visualized by M-mode and two-dimensional (2-D) echocardiography.

g. Treatment: Address underlying condition. Observe if asymptomatic; use pericardiocentesisif there is sudden increase in volume or
hemodynamic compromise.

3. Cardiac tamponade: Accumulation of pericardial fluid under high pressure, causing compression of cardiac chambers, limiting filling, and
decreasing stroke volume and cardiac output.

a. Etiology: Asabove for pericardial effusion. Most commonly associated with neoplasm, uremia, viral infection, and acute hemorrhage.

b. Symptoms. Dyspnea, fatigue, cold extremities.

c. Examination: Jugular venous distention, hepatomegaly, peripheral edema, tachypnea, rales (from increased systemic and pulmonary
venous pressure), hypotension, tachycardia, pulsus paradoxus (decrease in systolic BP by >10 mmHg with each inspiration), decreased
capillary refill (from decreased stroke volume and cardiac output), quiet precordium, and muffled heart sounds.

d. ECG: Sinustachycardia, decreased voltage, electrical alternans.

e. Echocardiography: Right ventricle (RV) collapse in early diastole, right atrial/left atrial (RA/LA) collapse in end-diastole and early systole.

. Treatment: Pericardiocentesis with temporary catheter |eft in place if necessary (see p. 67), pericardial window or stripping if itisa
recurrent condition.

—

. KAWASAKI DISEASE
Kawasaki disease is the leading cause of acquired heart disease in children in developed countries. It is seen almost exclusively in children under 8



years of age. Patients present with acute febrile vasculitis, which may lead to long-term cardiac complications from vasculitis of coronary arteries. The
numbers of cases peaks in winter and spring.

1. Etiology: Unknown. Thought to be immune-regulated, in response to infectious agents and/or environmental toxins.
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2. Diagnosis: Based on clinical criteria. These include high fever lasting 5 days or more, plus at least four of the following five criteria:

a. Bilateral bulbar conjunctival injection without exudate.

b. Erythematous mouth and pharynx, strawberry tongue, and/or red, cracked lips.

c. Polymorphous exanthem (may be morbilliform, maculopapular, or scarlatiniform).

d. Swelling of hands and feet, with erythema of palms and soles.

e. Cervical lymphadenopathy (>1.5 cm in diameter), usually single and unilateral.
Note: Atypical Kawasaki disease, mor e often seen in infants, consists of fever with fewer than four of the above criteria, but
findings of coronary artery abnormalities.

3. Other clinical findings. Often associated with extreme irritability, abdominal pain, diarrhea, vomiting. Also seen are anterior uveitis (80%),
arthritis/arthralgias (35%), aseptic meningitis (25%), pericardial effusion or arrhythmias (20%), gallbladder hydrops (<10%), carditis (<5%), and
perineal rash with desgquamation.

4. Laboratory findings. Leukocytosis with left shift, neutrophils with vacuoles or toxic granules, elevated C-reactive protein (CRP) or erythrocyte
sedimentation rate (ESR) (seen acutely), thrombocytosis (after first week, peaking at 2 weeks), normocytic/normochromic anemia, sterile pyuria
(70%), increased LFTs (40%).

5. Subacute phase (11 to 25 days after onset of illness): Resolution of fever, rash, and lymphadenopathy. Often, desquamation of fingertips or
toes and thrombocytosis occur.

6. Cardiovascular complications: If untreated, 15% to 25% develop coronary artery aneurysms and dilation in this phase (peak prevalence occurs
about 2 to 4 weeks after onset of disease; rarely appears after 6 weeks) and are at risk for coronary thrombosis acutely and coronary stenosis
chronically. Carditis; aortic, mitral, and tricuspid regurgitation; pericardial effusion; CHF; MI; LV dysfunction; and ECG changes may also
occur.

7. Convalescent phase: ESR, CRP, and platelet count return to normal. Those with coronary artery abnormalities are at increased risk for Ml,
arrhythmias, and sudden death.

8. Management*1 ( Table 6-20)

a. Intravenous gamma globulin (1VIG) has been shown to reduce incidence of coronary artery dilation to <3% and decrease duration of fever
if giveninthefirst 10 days of illness. Current recommended regimen is asingle dose of IVIG, 2 g/lkg over 10 to 12 hours.

b. Aspirinisrecommended for both its antiinflammatory and its antiplatelet effects. Some recommend initial high-dose aspirin (80 to 100 mg/
kg/day divided in four doses) until fever resolves. Then continue with 3 to 5 mg/kg/day Q24hr for 6 to 8 weeks or until platelet count and
ESR are normal (if there are no coronary artery abnormalities), or indefinitely if
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coronary artery abnormalities persist. Others recommend starting with low-dose aspirin (3 to 5 mg/kg/day) and continuing as above.
c. Dipyridamole, 4 mg/kg divided in three doses, is sometimes used as alternative to aspirin.
d. Follow-up: Serial echocardiography is recommended to assess coronary arteries and LV function (at time of diagnosis, at 6 to 8 weeks, and
at 6 to 12 months). More frequent intervals and long-term follow-up are recommended if abnormalities are seen on echocardiography (see

Table 6-20).
TABLE 6-12 -- ACYANOTIC CONGENITAL HEART DISEASE
Lesion Type Examination Findings ECG Findings Chest Radiograph Findings
Ventricular septal defect (VSD) 2-5/6 holosystolic murmur loudest | Small VSD: May show cardiomegaly and
20%-25% of CHD at the LLSB Normal increased PV Ms dependent on the
A systolic thrill may befelt at the | Medium VSD: amount of left to right shunting
LLSB LVH + LAE
+ gpical diastolic rumble with large |Large VSD:

shunt

S2 may be narrow and P2 may be
increased with large VSD and
pulmonary hypertension

BVH + LAE, pure RVH

Atrial septal defect (ASD)

Wide, fixed split S2 with a grade 2-
3/6 SEM at the LUSB

May have mid-diastolic rumble at
LLSB

Small AD:

Normal

Hemodynamically significant ASD:
RAD and mild RVH or RBBB with
anRSR' inV1

May show cardiomegaly with
increased PVMs if
hemodynamically significant lesion



Patent ductus arteriosus (PDA)
5%-10% of CHD in term infants;
40%-60% in preterm infants
weighing <1500 g

1-4/6 continuous “machinery”
murmur loudest at the LUSB

Small-moderate PDA: Normal or
LVH
Large PDA: BVH

May have cardiomegaly and
increased PV Ms depending on size
of shunt (see p. 390 for treatment)

Atrioventricular septal defects
30%-60% occur in Down syndrome

Hyperactive precordium with
systolic thrill at LLSB and loud S2.
There may be a grade 3-4/6

hol osystolic regurgitant murmur
along LLSB. May hear systolic
murmur of MR at apex. May hear
middiastolic rumbleat LLSB or at
apex. Gallop rhythm may be
present.

Superior QRS axis
RVH and LVH may be present

Cardiomegaly with increased PVMs

Pulmonary stenosis (PS) Ejection click at LUSB with Mild PS Normal Normal heart size with normal to
valvular PS. Click intensity will Moderate PS. decreased PVMs
vary with respiration, decreasing RAD and RVH
with ingpiration and increasing with |Severe PS: RAE and RVH with
expiration. S2 may split widely strain
with P2 diminished in intensity.
SEM (2-5/6) + thrill at LUSB with
radiation to the back and sides.
Aortic stenosis (AS) Systolic thrill at RUSB, Mild AS Normal Usually normal

suprasternal notch, or over carotids.
Ejection click, which does not vary
with respiration, if valvular AS.
Harsh SEM (2-4/6) at second RICS
or third LICS with radiation to neck
and apex. May have early diastolic
decrescendo murmur as aresult of
AR. Narrow pulse pressure if
severe stenosis.

Moderate-severe AS. LVH zstrain




Coarctation of the aorta

8%-10% of CHD with male/female
ratio of 2:1. May present as

(1) infant in CHF;

(2) child with HTN;

(3) child with murmur

2-3/6 SEM at LUSB with radiation
to the | eft interscapul ar area.
Bicuspid valve is often associated
and thus may have systolic gjection
click at the apex and RUSB. BPin
lower extremities will be lower than
in upper extremities. Pulse
oximetry discrepancy of >5%
between upper and lower
extremitiesis also suggestive of
coarctation.

Ininfancy: RVH or RBBB
In older children: LVH

Marked cardiomegaly and
pulmonary venous congestion. Rib
notching from collateral circulation
not seen in infants because
collaterals not yet established;
usually seen after 5 years of age.

AR, Aortic regurgitation; BP, blood pressure; BVH, biventricular hypertrophy; CHD, congenital heart disease; CHF, congestive heart failure; HTN,
hypertension; LAE, left atrial enlargement; LICS left intercostal space; LLSB, left lower sternal border; LUSB, left upper sternal border; LVH, left
ventricular hypertrophy; MR, mitral regurgitation; PVM, pulmonary vascular markings; RAD, right axis deviation; RAE, right atrial enlargement;
RICS right intercostal space; RBBB, right bundle branch block; RUSB, right upper sternal border; RVH, right ventricular hypertrophy; SEM, systolic

€j ection murmur.

TABLE 6-13-- CYANOTIC CONGENITAL HEART DISEASE

Lesion Examination Findings ECG Findings Chest Radiograph Findings
Tetralogy of Fallot: L oud systolic gection murmur at RAD and RVH Boot-shaped heart with normal
1. LargeVSD middle and upper LSB and a loud, heart size + decreased PVMs
2. RVOT obstruction single S2. May aso have athrill at

3. RVH the middle and lower L SB.

4. Overriding aorta

The degree of RVOT obstruction
will determine whether thereis
clinical cyanosis. If thereisonly
mild PS, there will be aleft to right
shunt and the child will be
acyanotic. Increased obstruction
leads to increased right to left
shunting across the VSD and
cyanosis.

Tet spells: Occur in young infants.
AsRVOT obstruction increases or
systemic resistance decreases, right
to left shunting across the VSD
occurs. May present with
tachypnea, increasing cyanosis, and
decreasing murmur. See Table 6-15
for treatment.




Transposition of the Great Arteries

Nonspecific findings. Extreme
cyanosis. S2 will be single and
loud. May have murmur from
associated VSD or PS, but if not
present, there may not be a murmur

Because RV acts as systemic
ventricle, patient will have RAD
and RVH. Upright T waveinV1
after 3 days old may be only
abnormality.

Classic finding is “egg on a string”
with cardiomegaly. Increased
PVMs may aso be present.

Tricuspid atresia

Absent tricuspid valve and
hypoplastic RV and PA. Must have
ASD, PDA, or VSD for survival.

Single S2. A grade 2-3/6 systolic
regurgitation murmur at the LLSB
ispresent if thereisaVSD.
Occasionally, thereisa PDA
murmur.

Superior QRS axis. RAE or CAE,
and LVH

Normal or slightly enlarged heart
size. May have boot-shaped heart.

Total anomalous pulmonary venous
return

Pulmonary veinsdrain into RA or
other location besides LA. Must
have ASD or PFO for survival:

1. Supracardiac (most common):
Common pulmonary vein into
SVC. %2.

2. Cardiac: Pulmonary vein into
coronary sinus or RA.

3. Subdiaphragmatic: Common
pulmonary vein into IVC, portal
vein, ductus venosus or hepatic vein.
4. Mixed type

Hyperactive RV impulse, quadruple
rhythm, S2 fixed and widely split, 2-
3/6 SEM at LUSB and middiastolic
rumble at LLSB.

RAD, RVH (RSR' inV1). May see
RAE.

Cardiomegaly and increased PVMs.
Classicisthe “snowmanina
nowstorm” finding, but thisis
rarely seen until after 4 months of

age.

Other

Cyanotic CHDs that occur at a
frequency of <1% each include
pulmonary atresia, Ebstein’s
anomaly, truncus arteriosus, single
ventricle, and double outlet right
ventricle.




ASD, Atrial septal defect; CAE, common atrial enlargement; IVC, inferior vena cava; LA, left atrium; LLSB, left lower sternal border; LSB, left sternal
border; LUSB, left upper sternal border; LVH, left ventricular hypertrophy; PA, pulmonary artery; PDA, patent ductus arteriosus; PFO, patent foramen
ovale; PVM, pulmonary vascular markings; PS, pulmonary stenosis; RA, right atrium; RAD, right axis deviation; RAE, right atrial enlargement; RV,
right ventricle; RVH, right ventricular hypertrophy; RVOT, right ventricular outflow tract; SEM, systolic gjection murmur; SVC, superior vena cava,
VD, ventral septal defect.

TABLE 6-14 -- INTERPRETATION OF OXYGEN CHALLENGE TEST

Fio, =0.21 Fio, =1.00
Pao, Pao,
(% Satur ation) (% Satur ation) Paco,
Normal 70 (95) >200 (100) 35
Pulmonary disease 50 (85) >150 (100) 50
Neurologic disease 50 (85) >150 (100) 50
Methemoglobinemia 70 (85) >200 (85) 35
Cardiac disease
*Separate circulation” <40 (<75) <50 (<85) 35
*Restricted PBF* <40 (<75) <50 (<85) 35
*Complete mixing without |50 (85) <150 (<100) 35
restricted PBF*
Persistent pulmonary Preductal Postductal
hypertension
PFO (no R to L shunt) 70 (95) <40 (<75) Variable 35-50
PFO (with R to L shunt) <40 (<75) <40 (<75) Variable 35-50
From Lees MH. J Pediatr 1970; 77:484; Kitterman JA. Pediatr Rev 1982; 4:13; and Jones RW et al. Arch Dis Child 1976; 51:667.
PBF, Pulmonary blood flow; PFO, patent foramen ovale.

*D-Transposition of the great arteries (D-TGA) with intact ventricular septum.
TTricuspid atresia with pulmonary stenosis or atresia; pulmonary atresia or critical pulmonary stenosis with intact ventricular septum; or tetralogy of Fallot.
FTruncus, total anomalous pulmonary venous return, single ventricle, hypoplastic left heart, D-TGA with ventricular septal defect, tricuspid atresia without pulmonary stenosis or atresia.




TABLE 6-15-- TREATMENT OPTIONSFOR “TET SPELLS’

Treatment

Rationale

Oxygen

Reduces hypoxemia (limited value)

Cam child, encourage knee-chest position

Decreases venous return and increases systemic resistance

Propranolol Negative inotropic effect on infundibular myocardium; may block drop in
systemic vascular resistance (0.15-0.25 mg/kg slow 1V push)

Morphine Decreases venous return, depresses respiratory center, relaxes
infundibulum (morphine sulfate 0.1-0.2 mg/kg SC or IM). Do not try to
establish IV accessinitialy. Use the SC route.

Phenylephrine Increases systemic vascular resistance (0.02 mg/kg V)

Methoxamine Increases systemic vascular resistance

Sodium bicarbonate

Reduces metabolic acidosis (1 mEg/kg 1V)

Correct anemia

Increases delivery of oxygen to tissues

Correct pathol ogic tachyarrhythmias

May abort hypoxic spell

Infuse glucose

Avoids hypoglycemia from increased utilization and depletion of
glycogen stores

IM, Intramuscular; IV, intravenous; SC, subcutaneous.

TABLE 6-16 -- EXERCISE RECOMMENDATIONS FOR CONGENITAL HEART DISEASE
SPORTSALLOWED FOR SOME SPECIFIC CARDIAC LESIONS

Diagnosis Sports Allowed
Small ASD or VSD All
Mild aortic stenosis All
MV P (without other risk factors) All




Moderate aortic stenosis A, IB, 1A
Mild LV dysfunction A, IB, IC
Moderate LV dysfunction |A only

Hypertrophic cardiomyopathy

None (or |A only)

Severe aortic stenosis None
Long QT syndrome None
Low Dynamic (A) M oder ate Dynamic (B) High Dynamic (C)
|. Low static Billiards Baseball Badminton
Bowling Softball Cross-country skiing
Cricket Table tennis Field hockey”
Curling Tennis (doubles) Orienteering
Golf Volleyball Race walking
Riflery Racquetball
Running (long distance)
Soccer”
Squash
Tennis (singles)
[1. Moderate static Archery Fencing Basketball *
Auto racing” " Field events (jumping) |ce hockey ™
Diving™* Figure skating* Cross-country skiing (skating
Equestrian™’ Football (American)” technique)
Motorcycling” Rodeoing” Football (Australian)”
Rugby” Lacrosse’
Running (sprint) Surfing” " Running (middle distance)
Synchronized swimming* Swimming

Team handball



1. High static

Bobsledding

Field events (throwing)

Gymnastics’
Karate/judo”
Luge'’
Sailing

Rock climbing™ "
Waterskiing™*
Weight lifting”
Windsurfing™*

o Body building” "

Downhill skiing™ "
! Wrestling”

Boxing”
Canoeing/kayaking Cycling” "
Decathlon Rowing Speed skating

12009.

*Danger of bodily collision.

Flncreased risk if syncope occurs.

From 26th Bethesda Conference, 1994 and Washington RL et al. Medical conditions affecting sports participation. Pediatrics 2001; 107(5):1205-

TABLE 6-17 -- PROCEDURES AND ENDOCARDITISPROPHYLAXIS

Prophylaxis Recommended

Prophylaxis Not Recommended

Respiratory tract

Tonsillectomy, adenoidectomy, or both

Endotracheal intubation

Surgical operations that involve respiratory
mucosa

Bronchoscopy with a flexible bronchoscope,
with or without biopsy”

Bronchoscopy with arigid bronchoscope

Tympanostomy tube insertion

Gastrointestinal tract’

Sclerotherapy for esophageal varices

Transesophageal echocardiography

Esophageal stricture dilation

Endoscopy with or without gastrointestinal
biopsy”

Endoscopic retrograde cholangiography with
biliary obstruction

Biliary tract surgery

Surgical operations that involve intestina
mucosa




Genitourinary tract

Prostatic surgery

Vagina hysterectomy”

Cystoscopy

Vaginal delivery”

Urethral dilation

Cesarean section

In uninfected tissue:

*Urethral catheterization

*Uterine dilation and curettage

*Therapeutic abortion

*Sterilization procedures

| nsertion or removal of intrauterine devices

Other

Cardiac catheterization, including balloon
angioplasty

Implanted cardiac pacemakers, implanted
defibrillators, and coronary stents

Incision or biopsy of surgically scrubbed skin

Circumcision

2000.

*Prophylaxisis optional for high-risk patients.

TtProphylaxisis recommended for high-risk patients; optional for medium-risk patients.

From American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. Elk Grove Village, I11: the Academy;

TABLE 6-18 -- PROPHYLACTIC REGIMENSFOR DENTAL, ORAL, RESPIRATORY TRACT, OR ESOPHAGEAL PROCEDURES

Situation

Agent

Regimen”

Standard genera prophylaxis

Amoxicillin

Adults: 2 g; children: 50 mg/kg orally 1 h before
procedure



Unable to take oral medications Ampicillin Adults: 2 g intramuscularly (IM) or
intravenously (IV); children: 50 mg/kg IM or 1V
within 30 min before procedure

Allergic to penicillin Clindamycin Adults: 600 mg; children: 20 mg/kg orally 1 h
before procedure

OR
Cephalexint or cefadroxil Adults: 2 g; children: 50 mg/kg orally 1 h before
procedure
OR
Azithromycin or clarithromycin Adults: 500 mg; children: 15 mg/kg orally 1 h
before procedure
Allergic to penicillin and unable to take oral Clindamycin Adults: 600 mg; children: 20 mg/kg IV within
medications 30 min before procedure
OR
Cefazolint Adults: 1 g; children: 25 mg/kg IM or 1V within
30 min before procedure
From American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. Elk Grove Village, 11l the Academy;
2000.

* Total children’s dose should not exceed adult dose.
‘tCephalosporins should not be used for persons with immediate-type hypersensitivity reaction to penicillins.

TABLE 6-19 -- PROPHYLACTIC REGIMENS FOR GENITOURINARY AND GASTROINTESTINAL TRACT (EXCLUDING
ESOPHAGEAL) PROCEDURE

Situation Agents” Regimen'



High-risk patients

Ampicillin
PLUS
Gentamicin

Adults: Ampicillin 2 g intramuscularly (IM) or
intravenoudly (IV) plus gentamicin 1.5 mg/kg
(not to exceed 120 mg) within 30 min of starting
the procedure; 6 h later, ampicillin1 g IM or IV
or amoxicillin 1 g oraly

Children: Ampicillin 50 mg/kg IM or IV (not to
exceed 2 g) plus gentamicin 1.5 mg/kg within 30
min of starting the procedure; 6 h later,
ampicillin 25 mg/kg IM or 1V or amoxicillin 25
mg/kg orally

High-risk patients allergic to ampicillin or
amoxicillin

Vancomycin
PLUS
Gentamicin

Adults: Vancomycin 1 g 1V over 1-2 h plus
gentamicin 1.5 mg/kg IV or IM (not to exceed
120 mg); complete injection/infusion within 30
min of starting the procedure

Children: Vancomycin 20 mg/kg IV over 1-2 h
plus gentamicin 1.5 mg/kg IV or IM; complete
injection or infusion within 30 min of starting
the procedure

Moderate-risk patients

Amoxicillin
OR
Ampicillin

Adults: Amoxicillin 2 g orally 1 h before
procedure, or ampicillin 2 g IM or 1V within 30
min of starting the procedure

Children: Amoxicillin 50 mg/kg orally 1 h
before procedure, or ampicillin 50 mg/kg IM or
IV within 30 min of starting the procedure

Moderate-risk patients alergic to ampicillin or
amoxicillin

Vancomycin

Adults: Vancomycin 1 g 1V over 1-2 h;
complete infusion within 30 min of starting the
procedure

Children: Vancomycin 20 mg/kg IV over 1-2 h;
complete infusion within 30 min of starting the
procedure

2000.
* Tota children’s dose should not exceed adult dose.

From American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. Elk Grove Village, I11: the Academy;



T No second dose of vancomycin or gentamicin is recommended.

Box 6-2. CARDIAC CONDITIONS ASSOCIATED WITH ENDOCARDITIS T

PropHYLAXIS RECOMMENDED

High Risk
Prosthetic cardiac valves, including bioprosthetic and homograft valves
Previous bacterial endocarditis
Complex cyanotic congenital heart disease (e.g., single ventricle states, transposition of the great arteries, tetralogy of Fallot)

Surgically constructed systemic pulmonary shunts or conduits

Moderate Risk
Most other congenital cardiac malformations (other than those in the high-risk and negligible-risk categories)
Acquired valvular dysfunction (e.g., rheumatic heart disease)
Hypertrophic cardiomyopathy
Mitral valve prolapse with valvular regurgitation and/or thickened leafletst
PropHyLAXIS NoT RECOMMENDED
Negligible Risk*
Isolated secundum atrial septal defect

Surgical repair of atrial septal defect, ventricular septal defect, or patent ductus arteriosus (without residua and beyond 6 mo of age)




Previous coronary artery bypass graft surgery

Mitral valve prolapse without valvular regurgitationt
Physiologic, functional, or innocent heart murmurst
Previous Kawasaki disease without valvular dysfunction
Previous rheumatic fever without valvular dysfunction

Cardiac pacemakers (intravascular and epicardial) and implanted defibrillators

*From American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. Elk Grove Village, 1l1: the Academy; 2000.
*No greater risk than the general population.
tFor further information, see Dajani AS et al. JAMA 1997; 277:1794-1801.

Box 6-3. DENTAL PROCEDURES AND ENDOCARDITISPROPHYLAXIS " '*

PropHYLAXIS RECOMMENDED*

Dental extractions

Periodontal procedures, including surgery, scaling and root planing, probing, and routine maintenance
Dental implant placement and reimplantation of avulsed teeth

Endodontic (root canal) instrumentation or surgery only beyond the apex

Subgingival placement of antibiotic fibers or strips

Initial placement of orthodontic bands but not brackets

Intraligamentary local anesthetic injections




Prophylactic cleaning of teeth or implants during which bleeding is anticipated

PropHYLAXIS NoT REcOMMENDED

Restorative dentistryt (operative and prosthodontic) with or without retraction cord+
Local anesthetic injections (nonintraligamentary)

Intracanal endodontic treatment; postplacement and buildup

Placement of rubber dams

Postoperative suture removal

Placement of removable prosthodontic or orthodontic appliances

Taking of oral impressions

Fluoride treatments

Taking of oral radiographs

Orthodontic appliance adjustment

Shedding of primary teeth

*From American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. EIk Grove Village, 1ll: the Academy; 2000.
*Prophylaxis is recommended for patients with high-and moderate-risk cardiac conditions.

tThisincludes restoration of decayed teeth (filling cavities) and replacement of missing teeth.

FClinical judgment may indicate antibiotic use in selected circumstances that may create significant bleeding.

TABLE 6-20 -- GUIDELINESFOR TREATMENT AND FOLLOW-UP OF CHILDREN WITH KAWASAKI| DISEASE

Follow-up and Diagnostic
Risk Level Pharmacologic Therapy Physical Activity Testing Invasive Testing




| (no coronary artery
changes at any stage of
ilIness)

None beyond initial 6-8
weeks

No restrictions beyond
initial 6-8 weeks

None beyond first year
unless cardiac disease
suspected

None recommended

[l (transient coronary artery
ectasia that disappears
during acute illness)

None beyond initial 6-8
weeks

No restrictions beyond
initial 6-8 weeks

None beyond first year
unless cardiac disease
suspected; physician may
see patient at 3-to 5-year
intervals

None recommended

[11 (small to medium
solitary coronary artery
aneurysm)

3-5 mg/kg aspirin per day,
at least until abnormalities
resolve

For patientsin first decade
of life, no restriction beyond
initial 6-8 weeks; for
patients in second decade,
physical activity guided by
stress testing every other
year; competitive contact
athletics with endurance
training discouraged

Annual follow-up with
echocardiogram £
electrocardiogram in first
decade of life

Angiography, if stress
testing or echocardiography
suggests stenosis

IV (one or more giant
coronary artery aneurysms
or multiple small to medium
aneurysms, without
obstruction)

L ong-term aspirin (3-5 mg/
kg/day) = warfarin

For patientsin first decade
of life, no restriction beyond
initial 6-8 weeks; for
patients in second decade,
annual stress testing guides
recommendations;
strenuous athletics are
strongly discouraged; if
stress test rules out
ischemia, noncontact
recreational sports allowed

Annual follow-up with
echocardiogram £
electrocardiogram + chest x-
ray + additional
electrocardiogram at 6-mo
intervals, for patientsin first
decade of life,

pharmacol ogic stress testing
should be considered

Angiography, if stress
testing or echocardiography
suggests stenosis; elective
catheterization may be done
in certain circumstances



V (coronary artery
obstruction)
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Contact sports, isometrics,
and weight training should
be avoided; other physical
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guided by outcome of stress
testing or myocardial
perfusion scan

Echocardiogram and
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selecting therapeutic
options; repeat angiography
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worsening ischemia
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Chapter 7 - DERMATOLOGY

Monique Soileau-Burke MD

l. WEBSITES

www.med.j hu.edu/peds/dermatlas
Pleaserefer to Figs. 7-1, 72, 7-3, 74, 7-5 for pattern and distribution of rashes, and algorithms for evaluation of common skin disorders. Also, see

color plates 1-16 (after p. 176) for pictures of common dermatologic findings.

. HEMANGIOMAS

Hemangiomas are the most common soft tissue tumors of infancy and occur in 5% to 10% of 1-year-olds. Hemangiomas have a phase of rapid
proliferation followed by spontaneous involution.

A. PATHOGENESIS
During the proliferative phase, densely packed endothelial cells form small capillaries. Subsequent vessels develop from existing vascul ature.
B. CLINICAL MANIFESTATIONS
1. Appearance
a. Newborns demonstrate pale macules with threadlike telangiectasias.



b. The most recognizable form isabright red, slightly elevated, noncompressible plague. Frequently, both superficial and deep
components are present, with deep components appearing bluish in color.
c. Size can range from afew millimeters to several centimeters.
2. Incidence: Hemangiomas have an increased incidence in premature infants and are three times more likely in girls than boys.
3. Natural history: Approximately 20% of hemangiomas are present at birth, with the remainder developing within the first 4 weeks of life.
The most rapid growth phase occurs between 2 to 4 months, with regression beginning at 6 to 12 months.
4. Diagnosis. Although the majority of hemangiomas are diagnosed clinically, imaging technigues (e.g., ultrasound, computed tomography
[CT], magnetic resonance imaging [MRI]) can be used to differentiate hemangiomas from vascular malformations or neoplastic processes.
C. COMPLICATIONS
1. Ulceration isthe most common complication and may result in severe pain, infection, hemorrhage, or scarring.
a. Ulceration results from necrosis of superficial component.
b. Hemorrhage, although alarming in appearance, is usually minimal and can be controlled by direct pressure.
c. Superinfection may lead to cellulitis, osteomyelitis, or septicemia.
2. Kasabach-Merritt phenomenon
a. Kasabach-Merritt phenomenon, a complication of rapidly enlarging, usually deep lesions, is characterized by anemia,
thrombocytopenia, and coagulopathy.
b. Theselesions are differentiated from benign hemangiomas by their deep
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red-blue appearance, marked firmness, and a different histologic appearance.
c. These lesions require aggressive medical management.
3. Regionally important lesions
a. Periorbital lesions: Hemangiomas in the periorbital region may cause amblyopia from obstruction of the visual axis or astigmatism
from insidious compression of the globe or extension into the retrobul bar
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space. They require careful observation and evaluation by an ophthalmol ogist.

b. External auditory canal lesions may result in otitis or conductive hearing loss.

c. Multiple cutaneous hemangiomas and large facial hemangiomas are associated with visceral hemangiomas and may warrant
abdominal ultrasound to look for organ involvement (i.e., liver hemangiomas).
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Visceral hemangiomas are often characterized by high-flow patterns and may result in high-output cardiac failure and anemia. Large
facial hemangiomas are al so associated with posterior fossa vascular malformations and may require neuroimaging for eval uation.

d. Airway hemangiomas are often located in the subglottic region and may cause hoarseness and stridor. Infants with cutaneous lesions
in a beard distribution (chin, lips, mandibular region, and neck) are at greatest risk for airway involvement.

e. Lumbosacral hemangiomas that span the midline are associated with spinal malformations and anomalies of the anorectal and
urogenital regions.

D. MANAGEMENT
1. Becausethe majority of hemangiomasrequire no intervention, the decision to treat should be based on location and depth of the



lesion, age of the patient, and likelihood of complication. Photo documentation is used to follow the growth/regression process.
2. Systemic corticosteroids are the mainstay of therapy for lesionsthat require intervention to prevent subsequent complication (i.e.,
periorbital or subglottic lesions). Usually, doses of 2 to 3 mg/kg/day of prednisone/prednisolone are used. One third of lesions demonstrate
dramatic shrinkage, one third demonstrate stabilization of growth, and one third show no response.
Laser ablation
Interferon
Embolization can be used to treat cutaneous hemangiomas that have not responded to medical therapy.
Surgical excision 4
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Figure 7-1 Pattern diagnosis. (From Cohen BA. Pediatric dermatology, 2nd ed. London: Mosby; 1999.)
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Figure 7-2 Evaluation of neonatal rashes. (From Cohen BA. Pediatric dermatology, 2nd ed. London: Mosby; 1999.)
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Figure 7-2 Evaluation of neonatal rashes. (From Cohen BA. Pediatric dermatology, 2nd ed. London: Mosby; 1999.)
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Figure 7-4 Evaluation of disorders of pigmentation. (From Cohen BA. Pediatric dermatology, 2nd ed. London: Mosby; 1999.)
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Figure 7-5 Evaluation of reactive erythema. (From Cohen BA. Pediatric dermatology, 2nd ed. London: Mosby; 1999.)
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FIG. 7-5

Warts are caused by more than 60 types of the human papillomavirus (HPV). The virus enters the skin through breaks in the epithelium, and then
causes hyperplasia of the squamous epithelium.

. MORPHOLOGY

1. Common warts: The lesions of common warts are skin-colored, rough, minimally scaly papules and nodules found on the exposed surfaces of
the hands, face, arms, and legs. Lesions can be solitary or multiple, afew millimeters to several centimeters, and may form large plaques or a
confluent, linear pattern secondary to autoinnoculation.

Flat warts occur over the hands, arms, and face, and are usually less than 2 mm wide. They often present in clusters.

3. Plantar warts are found on the soles of the feet as sometimes painful but often asymptomatic, inward-growing, hyperkeratotic plaques and

papules. Trauma on weight-bearing surfaces resultsin small black dots (“seeds’ from thrombosed vessels on the surface of the wart).
4. Anogenital warts: See Chapter 5 .

N
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. TREATMENT (Table7-1)

1. Spontaneousresolution occursin over 75% of warts in otherwise healthy individuals within 3 years.
2. Keratolytics(i.e., topical salicylates) work by removing excess scale within and around warts and by triggering an inflammatory reaction. This
Is particularly effective in combination with adhesive tape occlusion; however, aresponse may take 4 to 6 months.
3. Destructive techniques depend on destruction of wart and surrounding normal skin.
a. Cryotherapy resultsin necrosis and blister formation. Treatment may produce scarring and warts may recur.
b. Caustic agents can be applied after warts have been shaved but require application for several weeks or months.
c. Cantharidinisatopical vesicant that causes the formation of intragpidermal blisters. Recurrence risk is high and blister formation can be
difficult to control.

d. Electrocautery and CO, laser ablation require local or general anesthesia. These can be particularly useful for treating large lesions on the

trunk and extremities and discrete plantar warts. Both can leave scars, and recurrence is well documented. Open wounds and prolonged
healing pose significant problems in weight bearing.
e. Intradermal bleomycin has also been used.
f. Destructive options for therapy are often not good choices in the treatment of young children.
4. Immunother apy
a. Immunotherapy involves contact sensitization with a potent allergen
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initialy, followed by the application of alow concentration of the allergen in cream form to the wart site.
b. Cimetidine can be used in doses of 30 to 40 mg/kg/day divided into two doses for 2 months; however, it may be no better than placebo.

TABLE 7-1-- WART THERAPY

Treatment Advantages Disadvantages

Keratolytics (lactic acid, salicylic acid, tretinoin) |Available without prescription, home therapy, Slow response, irritation
low cost, low risk, little pain

DESTRUCTIVE AGENTS

Cryotherapy Quick office procedure, relatively low cost Pain, scarring, recurrence



Caustics (topical acids) Home or office therapy, relatively low cost Irritation, recurrence, systemic toxicity
(podophyllin)

Cantharidin (vesicant) Occasionally effective High risk of recurrence, prominent pigmentary
changes

Electrocautery and laser Usually effective Pain, scarring, recurrence, requires anesthesia,
moderate cost

From Cohen BA. Contemp Pediatr 1997; 2:128-149.

IV. MOLLUSCUM CONTAGIOSUM

A. MORPHOLOGY
Molluscum contagiosum consists of dome-shaped, often umbilicated, translucent to white papules that range from 1 mm to 1 cm, with atiny
keratotic core at the center. They often are surrounded by scaling and erythema that resemble eczema. They may appear inflamed and secondarily
infected when undergoing spontaneous involution.
B. TREATMENT
Lesions are benign and self-limited.
1. Useasmall curette with gentle pressure to debride the lesion. This treatment is the least likely to cause scarring.
2. Liquid nitrogen may be an option in older children.
3. Topical preparations of salicylic-lactic acid combinations, cantharidin, and retinoic acid may aso be used.®

V. ATOPIC DERMATITIS

A. PATHOPHYSIOLOGY
Atopic dermatitis involves a genetic predisposition and elevated IgE levels, which suggests an abnormal response to triggering agents, resulting
in the release of histamine, prostaglandins, and cytokines. Inflammation causes itching and subsequent scratching, which produces the clinical
lesions of eczema.
B. EPIDEMIOLOGY
1. Atopic dermatitis affects 5% to 7% of children, with the peak prevalence between 6 months and 8 to 10 years of age.
2. Approximately 95% of children with atopic dermatitiswill have asthma or allergic rhinitis.
C. CLINICAL PRESENTATIONS(Box 7-1)
Acute changes include erythema, vesicles, crusting, and secondary infection. Chronic changes include lichenification, scaling, and
postinflammatory hypopigmentation or hyperpigmentation.
1. Infantile form: Extensor surfaces are more affected than flexors. Truncal, facial, and scalp involvement are common, with sparing of the
diaper area.



2. Early to middle childhood: Flexura surfaces are more severely involved.
3. Late childhood and adolescence: Lesions tend to be restricted to skin creases and hand dermatitis.
D. TREATMENT
1. Chronic disease: Bland lubricants, including petroleum jelly, Aquaphor, Eucerin, and vegetable shortening, are the mainstays of therapy.
L ubricants should be used two to three times per day and immediately

183

after bathing or swimming. Bathing time should be short (no more than 5 minutes), and the skin should be patted dry, not rubbed, before
application of lubricant.
2. Topical steroids( Table 7-2)

a. Low and medium-potency steroid creams should be used once or twice per day in the most severely affected areas for eczemaflares
and for generally no more than 7 days. Severe flares may require alonger duration of therapy followed by a taper to lower-potency
steroids. Even with low-potency steroids, special care isrequired in areas in which the skin is thin, such as the diaper area, groin,
armpits, under the breasts, around the neck, and on the face. High-potency topical steroids should generally be used in consultation
with a dermatologist.

b. Topical steroids can be applied at the same time as lubricants and can be mixed with lubricants when weaning from the topical
steroid.

3. Systemic steroids should generally be avoided. They may be used for short periods of uncontrolled eczemaflares or for severe disease
requiring hospitalization.
4. Antihistamines may be used when hives cause scratching, thus exacerbating underlying eczema. Sedating antihistamines
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(i.e., diphenhydramine, hydroxyzine) are more effective for pruritus. Cetirizine is the most effective of the nonsedating antihistamines.

5. Protective clothing should be worn.

6. Topical tacrolimusisanewer agent that may be efficacious for severe, treatment-resistant atopic dermatitis (see Formulary for dosage
information).

E. COMPLICATIONS

1. For weeping or blistering lesions with no evidence of infection, cold water compresses three or four times per day, or tepid baths
followed by bland lubricant application may be used.

2. Bacterial infection, usually staphylococcal and sometimes streptococcal, must be recognized quickly. Localized infections can be treated
with topical antibiotics, whereas more serious infections require systemic antibiotics.
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3. Eczema herpeticum must be treated systemically with acyclovir.

Box 7-1. IDENTIFYING CHARACTERISTICSOF ATOPIC DERMATITIS

MaiorCriTerIA (SeeN IN ALLPATIENTS)

Pruritus

Typica morphology and distribution of lesions
Facial and extensor involvement in infants

Flexural lichenification in older children and adults

Tendency toward chronic or chronically relapsing dermatitis

CommonFinbings (ATLEeasT 2)
Personal or family history of atopic disease (asthma, alergic rhinitis, atopic dermatitis)
Immediate skin test reactivity
White dermatographism and/or delayed blanch to cholinergic agents

Anterior subcapsular cataracts

AssociatepFinpinGs (ATLEAsT 4)

Xerosig/ichthyosighyperlinear palms and soles

Pityriasisalba




Keratosis pilaris

Facial pallor/infraorbital darkening
Dennie-Morgan infraorbital fold

Elevated serum IgE

Tendency toward nonspecific hand dermatitis

Tendency toward repeated cutaneous infections

*From Cohen BA. Contemp Pediatr 1992; 7:64-81.

TABLE 7-2-- TOPICAL AND SYSTEMIC ANTIBIOTICSUSED TO TREAT ACNE

Antibiotic Characteristics

TOPICAL

Erythromycin P. acnes very sensitive; least lipophilic

Clindamycin P. acnes very sensitive; more lipophilic than erythromycin, but less than
benzoyl peroxide

Benzoy! peroxide plus erythromycin P. acnes very sensitive; most lipophilic topical agent; lessirritating than
benzoyl peroxide alone

Benzoy! peroxide plus clindamycin Similar to above

Azelaic acid P. acnes sensitive; minimal lipophilia; can reduce abnormal desquamation

Metronidazole P. acnes not sensitive; has antiinflammatory properties

Benzoyl peroxide plus glycolic acid Glycolic acid may enhance penetration and reduce abnormal desquamation

SYSTEMIC

Tetracycline P. acnes sensitive; inexpensive; usually needs to be taken two to four
times a day; compliance can be a problem because of need to take on an
empty stomach




Erythromycin P. acnes very sensitive; resistance emerging; gastrointestinal upset
common; inexpensive

Doxycycline Lipophilic; P. acnes very sensitive; resistance not yet seen;
photosensitivity can occur; more expensive than tetracycline and
erythromycin

Minocycline Lipophilic; P. acnes very sensitive; resistance not yet seen; no
photosensitivity; abnormal pigmentation in oral mucosa and skin; vertigo-
like symptoms; most expensive

Trimethoprim-sulfamethoxazole Lipophilic; P. acnes very sensitive; severe erythema multiforme and toxic
epidermal necrolysislimit use

Clindamycin P. acnes very sensitive; somewhat lipophilic; pseudomembranous colitis
[imits use

From Leyden JJ. N Engl J Med 1997; 16:1156-1162.

VI. ACNE VULGARIS

A. PATHOPHYSIOLOGY
Acneisthe result of the obstruction of sebaceous follicles, located primarily on the face and trunk, by excessive amounts of sebum and
desquamated epithelial cells. The resident anaerobic organism, Propionibacterium acnes, proliferates and produces chemotactic and
inflammatory mediators that lead to inflammation.
1. Noninflammatory open comedones, or “blackheads.”
2. Noninflammatory closed comedones, or “whiteheads.”
3. Inflammatory papules, pustules, nodules, or cysts.
B. TREATMENT (see Table 7-2)
1. Gentle, nonabrasive cleaning is best. Vigorous scrubbing, abrasive cleaners, and mechanical devices can promote the devel opment of
inflammatory lesions.
2. Dietary factors play no role in sebum production.
3. Comedonal acne: The treatment goal for noninflammatory acne isfirst prevention and second to minimize the formation of new
comedones and colonization with P. acnes. Thistype of acne is most common in the preadolescent and early adolescent years.
a. Topical tretinoin or Adapalene and benzoyl peroxide (either or both) are the treatments of choice. Salicylic acid and topical
antibiotics may also be used.
b. Topica cream or gel should be applied sparingly once daily, starting with alow concentration and increasing concentration if local
irritation does not occur. It may take several weeks for desired clinical results to become apparent.
c. Continue therapy until it is clear that new lesions are not devel oping.



4. Mild inflammatory acne: Scattered small papules or pustules develop, with a minimum of comedones. Proliferation of P. acnes occurs at
this stage. This often occurs in the early teens and in adult women in their 20s.
a. Most patients improve after a 2- to 4-week course of topical antibiotics applied twice daily, topical benzoyl peroxide, or a
combination of the two.
b. Treatment should be continued until no new lesions develop and then should be slowly tapered.
5. Inflammatory acneis ageneralized eruption of papules and pustules on the face and trunk. A few patients have a more destructive type of
inflammation associated with large, deep inflammatory nodules.
a. A topical retinoid plus atopical and/or systemic antibiotic should be used, depending on the severity of the lesions, for 4 to 6 weeks.
b. Systemic antibiotics may be used with atopical antibiotic. In general, the dose of the antibiotic should not be reduced for 2to 4
months.
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c. Patients with nodular, cystic lesions may not respond to systemic antibiotics and may require systemic isotretinoin. This should be
used in consultation with a dermatologist and requires two forms of effective and reliable contraception in women because of its
teratogenic effects.

d. Women with persistent acne unresponsive to antibiotics and topical tretinoin may respond to therapy with oral contraceptives after
appropriate gynecologic and endocrine evaluation, especially for polycystic ovarian syndrome and other androgen excess conditions.
&

VIl. COMMON CAUSES OF HAIR LOSS IN CHILDREN

A. TINEA CAPITIS
1. Epidemiology

a. Trichophyton tonsurans accounts for greater than 90% of tinea capitisin North America. It is an anthropophilic organism with no
known natural reservoir. The fungus persists for long periods on fomites, such as hairbrushes, combs, furniture, stuffed toys, and
clothing.

b. The majority of patients are between 1 and 10 years of age, but infection may occur at any age.

c. Theincidenceis highest in African-American children and second highest in Hispanic youths. This predisposition in African-
American children is not completely understood, but it may be the result of the character of the hair follicle, tight braiding, or the use
of pomades.

2. Clinical presentation

a. Classic tinea capitis presents as one or more round to oval patches of partial to complete alopecia, with varying degrees of erythema.
Scaleis present, and the border is dlightly raised and more erythematous than the central area.

b. A kerionisaninflammatory presentation of tinea capitis. It presents as a boggy, tender, edematous plaque or cluster of nodules with
erythema. It isusually solitary and is frequently accompanied by cervical or occipital adenopathy and papular morbilliform eruption



classified asan “id” reaction.
c. The seborrheic dermatitisike pattern may produce minimal or no alopecia and show diffuse scaling over the scalp, with pruritus.
d. Follicular pustules with crusting and scaling scattered over the scalp is a pattern seen predominantly in African-American children
with tight braiding and constant pomade use. It often resembles bacterial folliculitis, but bacterial culture is negative.
3. Diagnosis: The presumptive clinical diagnosis of tinea capitis may be confirmed by either direct microscopic examination or culture of
scale (may be collected with atoothbrush on a culture plate or on a moistened culturette swab).
4. Treatment
a. Successful treatment requires oral therapy; griseofulvin is the agent of choice. It is best taken with fatty food to promote absorption
(see Formulary for dosage information). Standard references suggest 4 to
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6 weeks of therapy, athough 8 to 12 weeks may be required for eradication. Patients should be reevaluated monthly, and repeat
culture may be obtained 2 weeks after therapy is discontinued to document cure. Patients will often develop an eczema-like rash
associated with the fungal infection, known as an “id” reaction. Thisis not a drug reaction, and griseofulvin therapy should be
continued.
b. Kerions should be treated with prednisone or prednisolone if no contraindication exists (0.5 mg/kg/day for 7 to 10 days) in addition
to standard griseofulvin therapy.
c. The use of sporicidal shampoos in addition to oral therapy promotes rapid elimination of spores, thus decreasing the contagion risk
to family members and schoolmates. The use of selenium sulfide 2.5% shampoo twice weekly is recommended.i® K etoconazole 1%
and 2% shampoo is also available for this purpose.
B. ALOPECIA AREATA
Alopeciaareatais acommon condition characterized by the sudden onset of asymptomatic, noninflammatory, round, bald patches |ocated on any
hair-bearing part of the body, most commonly the scalp.

1. Alopecia areataisbest differentiated by the absence of hair folliclesin the bald spot. Thereisaso alack of scaly erythema, pustules,
and crusts.

2. Although the courseisirregular and unpredictable, most patients develop good regrowth of hair within 1 or 2 years,

3. Treatmentsincludetopical corticosteroids, topical minoxidil, tar preparations, anthralin, topical sensitizers, and ultraviolet light
therapy. Systemic steroids should generally not be used because they do not alter prognosis. In adolescents and adults, hair loss often
resolves over months to years, but in younger children the prognosis is more guarded.

C. TELOGEN EFFLUVIUM
Telogen effluvium is aform of alopecia characterized by diffuse hair loss that is usually not clinically obvious to anyone but the patient and
parent.

1. Growing hair folliclesrespond to physiologic and pathologic stress (e.g., high fever, severe influenza, infection, surgery, drugs,
pregnancy, hypothyroidism) by regressing to the resting, or telogen, state.

2. Telogen effluvium usually occurs 3to 5 months after the stressor and is self-limited.



D. TRACTION ALOPECIA
Traction alopeciais often aresult of hairstyles that apply tension for long periods of time.
1. Traction alopeciais characterized by noninflammatory linear areasof hair loss a the margins of the hairline, part line, or scattered
regions, depending on hair styling procedures used.
2. Treatment isavoidance of styling products or stylesresultingin traction.
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E. HAIR PULLING
Hair pulling is a benign, self-limited activity common in young children.
F. TRICHOTILLOMANIA
Trichotillomaniais atype of alopecia caused by the compulsion to pull out one's own hair, resulting in irregular areas of incomplete hair loss,
mainly on the scalp, but the eyebrows and eyelashes may also be involved.
1. Theclinical appearance is characterized by areas of hair loss within which are short, broken hair shafts of varying lengths.
2. Most cases spontaneousdly resolve, but in severe cases a psychiatric evaluation may be warranted.

Color Plates: Dermatology

INFANT RASHES

Figure 7-1 Erythema toxicum. (From Cohen B: www.med.jhu.edu/peds/der matlas, 2001.)

Figure 7-2 Neonatal pustular melanosis. From Cohen b: Atlas of pediatric dermatology. . Louis. Mosby; 1993.)
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Figure 7-5 Alopecia areata. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)



PLATE 5

Figure 7-7 "Black dot" tinea capitis. (From Cohen B: www.med.jhu.edu/peds/der matlas, 2001.)



Figure 7-9 Psoriasis. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)
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Figure 7-12 Keratosis pilaris. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)
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Figure 7-14 Childhood eczema. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)
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Figure 7-15 Nummular eczema. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)

PLATE 15

Figure 7-16 Follicular eczema. (From Cohen B: Atlas of pediatric dermatology. . Louis: Mosby; 1993.)
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PLATE 16

PLATE 17

Figure 7-18 Tinea pedis. (From Cohen B: www.med.jhu.edu/peds/dermatlas, 2001.)
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Figure 7-21 Molluscum contagiosum. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)
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Figure 7-24 Varicella. (From Cohen B: Atlas of pediatric dermatology. . Louis: Mosby; 1993.)

PLATE 24

Figure 7-25 Measles. (From Cohen B: Atlas of pediatric dermatology. . Louis: Mosby; 1993.)

Figure 7-27 Roseola. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)



Figure 7-28 Scarlet Fever. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)
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Figure 7-30 Pityriasis alba. (From Cohen B: Atlas of pediatric dermatology. S. Louis. Mosby; 1993.)
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Figure 7-31 Seborrhea dermatitis. (From Cohen B: Atlas of pediatric dermatology. . Louis: Mosby; 1993.)

PLATE 31

Figure 7-32 Postinflammatory hypopigmentation. (From Cohen B: Atlas of pediatric dermatology. S. Louis: Mosby; 1993.)
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Chapter 8 - DEVELOPMENT AND BEHAVIOR

Lori Chaffin Jordan MD




WEBSITES OF INTEREST

www.chadd.org (ADHD)

www.disability.gov

www.ninds.nih.gov (cerebral palsy)

www.ldanatl.org (Learning Disabilities Association of America)

l. INTRODUCTION

Developmental disabilities are a group of interrelated, nonprogressive, neurologic disorders occurring in childhood. This chapter focuses on screening
and assessment of neurodevel opment to identify possible developmental disability.

A. DEVELOPMENT
Development can be divided into five mgjor streams or skill areas: visual-motor and language (the cognitive streams), motor, social, and
adaptive. Each stream has a spectrum of normal and abnormal presentation. Abnormal assessment in one stream increases the risk of deficit in
another stream and should alert the examiner to consider a careful assessment of all streams. A developmental diagnosisis afunctional
description and classification that does not specify an etiology or medical diagnosis.

1. Motor stream: Evaluating motor stream includes assessment of both fine and gross motor skills. A full neurologic examination should be
performed, which includes examination of tone, strength, coordination, deep tendon reflexes (DTRS), primitive reflexes, and postural
reactions.

2. Cognitive streams. Evaluating cognitive streams includes assessment of language skills (expressive and receptive) and of problem-
solving/visual-motor skills.

3. Social and adaptive streams. Evaluating social and adaptive streams includes assessment of social skills, activities of daily living, affect,
temperament, and interpersonal communication/interaction.

[I. DEFINITIONSH

A. DEVELOPMENTAL QUOTIENT
The developmental quotient (DQ) can be calculated for any given stream as follows:

DQ = (Developmental age/Chronological age) x 100
1. TheDQ reflectsthe child’s percent of normal development for age present at the time of testing. Two separate devel opmental
assessments over time are more predictive than a single assessment.
2. Language remainsthe best predictor of futureintellectual endowment, but an isolated mild expressive language delay often has a
good
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prognosisin the absence of other deficits. Language development can be divided into two categories--receptive and expressive--each
assigned a separate DQ.
B. DELAY
Delay is defined as performance significantly below average (DQ <70) in agiven area of skill. Delay may occur in asingle stream or several
streams.
C. DEVIANCY
Deviancy is defined as atypical development within a single stream, such as developmental milestones occurring out of sequence. Deviancy does
not necessarily imply abnormality, but should aert one to the possibility that problems may exist. ExampLe: An infant who crawls before sitting,
or an infant with early development of hand preference.
D. DISSOCIATION
Dissociation is defined as a substantial difference in the rate of development between two streams. ExampLe:Cognitive-motor difference in some
children with mental retardation or cerebral palsy.

lll. DISORDERS

A. COGNITIVE DISORDERS

1. Mental retardation (MR): MR is characterized by significantly below-average intellectual functioning (1Q <70 to 75) existing
concurrently with related limitation in two or more of the following adaptive skill areas. communication, self-care, home living, socia
skills, community use, self-direction, health and safety, functional academics, leisure, and work ( Table 8-1). MR manifests itself before
age 18. Formal psychometric testing is needed to make the diagnosis of MR. Patients should be referred to a developmental pediatrician or
psychologist for such testing if the DQ for any given stream is <70, or if thereis significant learning difficulty.

2. Communication disorders: A group of disorders that can be subdivided into expressive language disorders, mixed receptive-expressive
language disorders, phonologic disorders, and stuttering. Developmental language disorders can be characterized by deficits of
comprehension, production, or use of language. Differential diagnosisincludes hearing loss, specific language disability, expressive
language disorder, mixed expressive and receptive language disorder, selective mutism, and autism (or another pervasive devel opmental
disorder).

3. Learning disabilities (LD): LDs are a heterogeneous group of disorders that manifest as significant difficulties in one or more of the
following seven areas (as defined by the federal government): basic reading skills, reading comprehension, oral expression, listening
comprehension, written expression, mathematical calculation, and mathematical reasoning. Specific learning disabilities are diagnosed
when the individual’ s achievement on standardized tests in agiven areais substantially below that expected for age, schooling, and level of
intelligence.
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B. MOTOR DISORDERS?
Cerebral palsy (CP) isadisorder of movement and posture resulting from a permanent, nonprogressive lesion of the immature brain.
Manifestations, however, may change with brain growth and development. A child with significant motor impairment can be identified at any
age. The diagnosis of CP should be made before age 12 months; however, the mean age of diagnosisis 13 months. CP is classified in terms of
physiologic and topographic characteristics ( Table 8-2).

C. BEHAVIORAL DISORDERS

1. Age-specific behavioral issues: Table 8-3.

2. Attention deficit/hyperactivity disorder (ADHD): ADHD is aneurobehaviora disorder characterized by inattention, impulsivity, and
hyperactivity, al behaviors that are more frequent and severe than typically observed in individuals of the same developmental age.
Symptoms must persist for more than 6 months, occur before 7 years of age, and be evident in two or more settings.

a. Prevalence: Approximately 3% to 5% of school-age children are affected. The hyperactive-impulsive type of ADHD is more

b.

common in males.

Diagnosis: Use the criteria provided in the American Psychiatric Association’s Diagnostic and statistical manual of mental
disorders, 4th ed (DSM-1V).i4 Subcategories listed in DSM-1V include inattentive type, hyperactive-impulsive type, and combined
type.

Evaluation: The diagnosisis clinical and is based primarily on parent and child interviews. Input from the school on learning,
classroom behaviors, and attention needs to be integrated. Rating scales (e.g., Conners’ Parent and Teacher Rating Scales[ Fig. 8-1]

and ADHD Rating
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Scale |V) are used to measure the severity of symptoms at baseline and to monitor progress with treatment.

Management: A multimodal approach with possible componentsis listed below. Note that none of the psychosocial treatments have
been shown to be very effective without medication. The presence of comorbid psychiatric disorders, coexisting academic and
cognitive deficits, patient strengths, and level of family functioning and support need to be considered in the creation of an effective
treatment plan.

1. Pharmacotherapy: In most cases, psychostimulants (methylphenidate, dextroamphetamine, anphetamine [Adderall], and long-
acting methylphenidate) are the first line of pharmacologic agents. With significant side effects and poor response to two or
more adequate stimulant trials, consider a consultation with a specialist for the possible use of other agents, such as clonidine,
bupropion, and magnesium pemoline (see the Formulary for dosage information).



2. Psychosocia treatments: Options include behavior modification, parent training, classroom modifications (seating in the front
row, smaller student-teacher ratios), social skills training, and support organizations for the family (e.g., Children and Adults
with Attention Deficit Hyperactivity Disorder [CHADD]).

3. Autism: The essential features of autism are impaired social interaction and communication and a restricted group of activities and
interests, with stereotyped behaviors, rituals, or mannerisms. Onset of abnormal functioning occurs before age 3. Of note, 75% of autistic
children function in the mentally retarded range. See DSM-1V for full diagnostic criteria.

4. Pervasive developmental disordersinclude autism, Rett’ s disorder, childhood disintegrative disorder, Asperger’s disorder, and pervasive

developmental disorder, not otherwise specified. See DSM-1V for diagnostic criteria.

TABLE 8-1-- MENTAL RETARDATION

Expected M ental
Academic Ageasan Adult I ntensity of
L evel 1Q Potential Daily Living Work (yr) Support
Borderline 70-80 Educableto about |Fully independent |Employable; may |— Intermittent
the 6th grade need training to be
competitive
Mild 50-69 Reading and Relatively Employable, often |9-11 Intermittent
writing to 4th-5th  |independent with need training
grade or less some training
Moderate 35-49 Limited readingto | Dresswithout help, |Likely to need 5-8 Limited
1st or 2nd grade usetoilet, prepare | sheltered
food employment
Severe 20-34 Very unlikely to Can betoilet Sheltered 3-5 Extensive
read or write trained, dresswith | employment
help, may be able
to sign name
Profound <20 None Occasionally can Very limited below 3 Pervasive
be toilet trained,
dress with help,
often nonverbal

From American Association on Mental Retardation. Mental retardation: definition, classification and systems of supports, 9th ed. Washington, DC:

AAMR; 1992.



TABLE 8-2-- CLINICAL CLASSIFICATION OF CEREBRAL PALSY

Type

Pattern of I nvolvement

|. SPASTIC (increased tone, clasped knife, clonus, further classified by

distribution)

Hemiplegia

|psilateral arm and leg; arm worse than leg

Diplegia

Legs primarily effected

Quadriplegia

All four extremities impaired; legs worse than arms

Double hemiplegia

All four extremities; arms notably worse than legs

Monoplegia

One extremity, usually upper; probably reflects amild hemiplegia

Triplegia

One upper extremity and both lower; probably represents a hemiplegia
plus a diplegia or incomplete quadriplegia

II.EXTRAPYRAMIDAL (lead pipe or candlewax rigidity, variable tone, +/- clonus)

Choreoathetosis, rigidity, dystonia

Complex movement/tone disorders reflecting basal ganglia pathol ogy

Ataxia, tremor

Movement and tone disorders reflecting cerebellar origin

Hypotonia

Usually related to diffuse, often severe, cerebral and/or cerebellar cortical

damage

1996.

IV. DEVELOPMENTAL SCREENING AND EVALUATION

A. DEVELOPMENTAL MILESTONES ( Table8-4)

From Capute AJ, Accardo PJ, editors. Cerebral palsy: developmental disabilitiesin infancy and childhood, 2nd ed. Baltimore: Paul H. Brookes;

B. DENVER DEVELOPMENT ASSESSMENT (DENVER I1) (see foldout)
1. TheDenver Il isatool for screening of the apparently normal child between the ages of 0 and 6 years; its use is suggested at every
well-child visit. This screen will alow the practitioner to identify those children who may have developmental delay. These children
should be further evaluated for the purpose of definitive diagnosis. The test screens the child in four areas:personal-social, fine motor,

gross motor, and language.

2. Age calculation: For children born before 38 weeks gestation, age should be corrected for prematurity, up to 2 years of age.
3. Scoring: Note that items that can be passed by report of caregiver are denoted with aletter R. Each item that intersects or isjust adjacent to

the age line should be scored. Items should be scored as
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pass, fail, no opportunity, or refused to cooperate. Assess each item as follows:
a. Advanced: Child passesitem that falls completely to the right of ageline.
b. Normal: Child passes, fails, or refuses item on which the age line falls between the 25th and 75th percentile.
c. Caution: Child fails or refuses item on which the age line falls between the 75th and 90th percentile.
d. Delayed: Child fails or refusesitem that falls completely to the left of age line.
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4. Assessment: A child failsaDenver screen if he or she has two or more delays noted. Re-evaluate the child in 3 months if there is one
delay and/or two or more cautions. A child passes the screen with no delays and a maximum of one caution. Additionally, some children
may be termed untestable if there are a significant number of refusal or no opportunity test items. Indications for referral are afailed test or
aclassification of untestable on two consecutive screenings.
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C. CAT/CLAMS (CAPUTE SCALES) ( Table 8-5)
1. The Capute Scales are an assessment tool that gives quantitative developmental quotients for visual-motor/problem-solving and language



abilities. The CLAMS (Clinical Linguistic and Auditory Milestone Scale) was developed for the assessment of language milestones from
birth to 36 months of age. The CAT (Clinical Adaptive Test) consists of problem-solving items for ages from birth to 36 months, adapted
from standardized infant psychological tests.

2. Scoring: Scoring is done by calculating the basal age as the highest age group in which a child accomplishes al of the test tasks correctly.
The age equivalent is then determined by adding the decimal number (recorded in parentheses) next to each correctly scored item passed at
age groups beyond the basal age to the basal age itself. Each of these age equivalents (language and visual motor) is then divided by the
child’s chronologic age and multiplied by 100 to determine a developmental quotient. Again, a DQ <70 constitutes delay and warrants
referral.

D. EVALUATION OF VISUAL-MOTOR AND PROBLEM-SOLVING SKILLS
For these tests, it is important to observe how they are done and to evaluate the final product.
1. Goodenough-Harris Draw-a-Person Test
a. Procedure: Give the child a pencil and a sheet of blank paper. Instruct the child to “draw a person; draw the best person you can.”
Supply encouragement if needed (e.g., “draw awhole person”); however, do not suggest specific supplementation or changes.
b. Scoring: Ask the child to describe or explain the drawing to you. Give the child one point for each detail present using the guidein
Box 8-1 (maximum score: 51) and compare to norms for agein Table 8-6 .

2. Gesdll figures ( Fig. 8-2): When using Gesell figures, the examiner is not supposed to demonstrate the drawing of the figures for the
patient.

3. Gesdll block skills: The structuresin Fig. 8-3 should be demonstrated for the child. Fig. 8-3 includes the developmental age at which each
structure can usually be accomplished.

TABLE 8-3 -- AGE-APPROPRIATE BEHAVIORAL ISSUESIN INFANCY AND EARLY CHILDHOOD

Age Behavioral Issue Symptoms Guidance

1-3 months Calic Paroxysms of fussiness/crying, 3+ | Crying usually peaks at 6 weeks
hours per day, 3+ days per week, and resolves by 3-4 months.
may pull knees up to chest, pass Prevent overstimulation; swaddle
flatus infant; use white noise, swing, or

car rides to soothe. Avoid
medication and formula changes.
Encourage breaks for the primary
caregiver.




3-4 months

Trained night feeding

Night awakening

Comfort quietly, avoid reinforcing
behavior (i.e., avoid night feeds).
Do not play at night. Introducing
cereal or solid food does not reduce
awakening. Develop a consistent
bedtime routine. Place baby in bed
while drowsy and not fully asleep.

9 months

Stranger anxiety/ separation anxiety

Distress when separated from
parent or approached by a stranger

Use atransitional object, such asa
special toy or blanket; use routine
or ritual to separate from parent;
may continue until 24 months but
can reduce intensity.

Developmental night waking

Separation anxiety at night

Keep lights off. Avoid picking child
up or feeding. May reassure
verbally at regular intervals or place
atransitional object in crib.

12 months

Aggression

Biting, hitting, kicking in
frustration

Say “No” with negative facial cues.
Begin time out (1 min/yr of age).
No eye contact or interaction, place
in a nonstimulating location. May
restrain child gently until
cooperation is achieved.

Need for limit setting

Exploration of environment, danger
of injury

Avoid punishing exploration or
poor judgment. Emphasize child-
proofing and distraction.

18 months

Temper tantrums

Occur with frustration, attention-
seeking rage, negativity/refusal

Try to determine cause and react
appropriately (i.e., help child who is
frustrated, ignore attention-seeking
behavior). Make sure childisina
safe location.



24 months Toilet training Child needs to demonstrate Agerangefor toilet training is
readiness. shows interest, usually 2 to 4 yr. Give guidance
neurologic maturity (i.e., recognizes |early; may introduce potty seat but
urge to urinate or defecate), ability |avoid pressure or punishment for
to walk to bathroom and undress accidents. Wait until the child is
self, desire to please/imitate ready. Expect some periods of
parents, increasing periods of regression, especially with
daytime dryness. stressors.

24-36 months New sibling Regression, aggressive behavior Allow for special time with parent,
10-20 min daily of one-on-one time
exclusively devoted to the older
sibling(s). Child chooses activity
with parent. No interruptions. May
not be taken away as punishment.

36 months Nightmare Awakens crying, may or may not Reassure child, explain that they

complain of bad dream

had a bad dream. Leave bedroom
door open, use anightlight,
demonstrate there are no monsters
under the bed. Discuss dream the
following day. Avoid scary movies
or television shows.

Night terrors

Agitation, screaming 1-2 hr after
going to bed. Child may have eyes
open but not respond to parent.
May occur at same time each night.

*May be familial, not volitional.
Prevention: For several nights,
awaken child 15 min before terrors
occur. Avoid over-tiredness.

Acute: Be calm, speak in soft,
soothing, repetitive tones, help
child return to sleep. Protect child
against injury.

From Dixon SD, Sein MT. Encounters with children: pediatric behavior and development. S. Louis: Mosby; 2000; Schmitt BD. Instructions for
pediatric patients, 2nd ed. Philadelphia: WB Saunders; 1999; and Howard BJ. Audio Digest Pediatrics 2000; 46(2).

Figure 8-1 The Conners Parent Rating Scale.



Conners’ Parent Rating Scale — Revised (S)
by C. Keith Conners, Ph.D.

| Child's Mame; Gender & F

| Birthdate: A L Ape:. Srnool Grads:
orth Chay Wear

Farenl's Mame: : Today's Date: L/

Mot Day Year

Instructions; Below ara a number of commeon protlems that children have. Please rate gach item accarding to your
child's behavior in the fast manth, For each item, ask yourself, “How much of a prablern bas this been in the last
month?, and circle the best answer for each one. (F none, not at all, seldom, or very infrequerntly, you wodld sircla
0. Iweny much true, or it cocurs very often or frequently, vou would circle 3. You would circle 1 or 2 for ratings in
betwesn, Please respond to each item

=T TRUE IET & PHETTY WFR= MIITH
al #l LTILE KWL H TAUE TALIE
1P TRLIE idhen, Quite o ey OFen
b e e S R T =1} Wery Fracuee)

l Inattentive, easily distracted . ] 1 2 3

2. Angry and resanltful ] 1 2 3

3. Difficulty doing or completing homewark 0 | i 3

4. |5 always "on the gn" or acts as it driven by a motor il 1 2 3

5. Short altention span 0 I 2 3

6, Argues with adults . ] l 2 3

¥, Fidpats with hands or teat or squirms in seat 0 l 2 3

8. Fails to complete assignments .o i 1 2 3

g Hard to control in malls or while grocery shopping a 1 Z 3

Figure 8-1 The Conners Parent Rating Scale.




Messy or disorganized at hame or school .

Loses temper o

MNeads close supervision to get through assignments
Only attends if it is samething hefshe is very interested in 0
Runs about or climbs excessively in situations where it is inappropriate

Uistrachiility or attention span a prablem

Irritabile e 8]
Avoids, expresses reluctance about, or has difficulties engaging in tasks

that require sustained mental effort (such as schoolwork or homewark)

Restless in the "squirmy" sense RS R I
Gets distracted when given instructions to do something . O
Actively defies or refuses to comply with adults’ reguests

Has trouble concentrating in class

Has difficulty waiting in lines or awaiting turn in games or groups situations |
Leaves seat in classroom or in other situations in which remaining seated is
expected e :

Deliberately does things to annoy other people o
Craes not follow through on instructions and fails to finish schoolwork 0
chores or dubies in the workplace (not due to oppasitional bahaviar o

failure to understand instructions}

Has difticulty playing or engaging in leisure activities quietly 0

S R T T

- -
J 3
=]
=
2 3
2 3
o 3
2 3
A
2 3
2 3
2 3
2 3
3
- 1

TABLE 8-4-- DEVELOPMENTAL MILESTONES

Visual-M otor/Problem

Age Gross Motor Solving Language Social/Adaptive
1mo Raises head from prone Birth: Visualy fixes Alertsto sound Regards face
position 1 mo: Hastight grasp,
followsto midline
2mo Holds head in midline, lifts | No longer clenchesfists Smiles socially (after being | Recognizes parent
chest off table tightly, follows object past | stroked or talked to)
midline
3mo Supports on forearmsin Holds hands open at rest, Coos (produces long vowel  |Reaches for familiar people

prone position, holds head
up steadily

followsin circular fashion,
responds to visual threat

sounds in musical fashion)

or objects, anticipates
feeding



4 mo Rolls over, supports on Reaches with armsin Laughs, orientsto voice Enjoys looking around
wrists, and shifts weight unison, brings hands to
midline
6 mo Sits unsupported, putsfeet  |Unilateral reach, usesraking | Babbles, ah-goo, razz, Recognizes that someoneis
In mouth in supine position | grasp, transfers objects lateral orientation to bell astranger
9mo Pivots when sitting, crawls  |Usesimmature pincer grasp, |Says “mama, dada’ Starts exploring
well, pullsto stand, cruises |probes with forefinger, indiscriminately, gestures, |environment, plays gesture
holds bottle, throws objects |waves bye-bye, understands |games (e.g., pat-a-cake)
13 noﬂ
12 mo Walks aone Uses mature pincer grasp, Usestwo words other than | Imitates actions, comes
can make a crayon mark, mama/dada or proper nouns, |when called, cooperates
releases voluntarily jargoning (runs several with dressing
unintelligible words
together with tone or
inflection), one-step
command with gesture
15 mo Creeps up stairs, walks Scribbles in imitation, Uses 4-6 words, follows 15-18 mo: Uses spoon and
backwards independently builds tower of two blocks | one-step command without | cup
Inimitation gesture
18 mo Runs, throws objectsfrom | Scribbles spontaneously, Mature jargoning (includes | Copies parent in tasks
standing without falling builds tower of 3 blocks, intelligible words), 7-10 (sweeping, dusting), plays
turns 2-3 pages at atime word vocabulary, knows5 |in company of other
body parts children
24 mo Walks up and down steps Imitates stroke with pencil, |Uses pronouns (I, you, me) |Parallel play
without help builds tower of 7 blocks, inappropriately, follows two-
turns pages one at atime, step commands, has a 50-
removes shoes, pants, etc. word vocabulary, uses two-
word sentences
3yr Can dternate feet when Copiesacircle, undresses Uses minimum of 250 Group play, sharestoys,

going up steps, pedals
tricycle

completely, dresses
partially, dries hands if
reminded, unbuttons

words, 3-word sentences,
uses plurals, knows all
pronouns, repeats two digits

takes turns, plays well with
others, knows full name,
age, gender



4yr

Hops, skips, alternates feet
going down steps

Copies a square, buttons
clothing, dresses self
completely, catches ball

Knows colors, says song or
poem from memory, asks
guestions

Tells“tall tales,” plays
cooperatively with agroup
of children

Syr

Skips alternating feet, jumps
over low obstacles

Copiestriangle, ties shoes,
spreads with knife

Prints first name, asks what
aword means

Plays competitive games,
abides by rules, likesto help
in household tasks

V. EVALUATION OF A CHILD SUSPECTED TO HAVE DEVELOPMENTAL DELAY

A. HISTORY TO ELICIT RISK OF DELAY/DEVELOPMENTAL MILESTONES

From Capute AJ, Biehl RF. Pediatr Clin North Am 1973; 20:3; Capute AJ, Accardo PJ. Clin Pediatr 1978; 17:847; and Capute AJ et al. AmJ Dis
Child 1986; 140:694. Rounded norms from Capute AJ et al. Dev Med Child Neurol 1986; 28:762.

1. Obtain patient history, to include complications of pregnancy, birth, neonatal period, past medical history, and family history.
2. Obtain history of developmental milestones to assess rate of acquisition of skillsin the past.
3. Obtain history of education in school-age children.

B. EXAMINATION
1. Examination consists of a general physical, a careful search for
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dysmor phisms, and a neur odevelopmental evaluation(neurologic examination and assessment of primitive and postural reflexes.)

. Primitive/postural reflexes: Primitive reflexes are present at birth and disappear by 6 to 9 months. Postural reactions appear after
suppression of the primitive reflexes and precede voluntary motor function. A reflex/reaction profile can be helpful in identifying infants at
risk for cerebral palsy or other motor impairment when used in conjunction with a neurologic examination. An infant with an asymmetric
neurologic examination

C. DEVELOPMENTAL SCREENING

203

or persistent or exaggerated primitive reflexesis at high risk for developmental disability ( Tables 8-7and 8-8).



1. Appropriate screening testsvary with age ( Table 8-9). Significant delays on screening merit referral for formal testing.

2. In assessing for delay, an individual DQ can be calculated for any given developmental stream; if the quotient is <70%, a diagnosis
of delay can be made and warrants further evaluation and/or referral. For example, a 13-month-old child who does not yet walk alone but is
able
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to walk when led with two hands held (i.e., a 10-month level of motor development) hasaDQ of 10/13 = 77% and is not considered
delayed.



TABLE 8-5-- CLAMS/CAT"

Age (mo) CLAMS Yes No CAT Yes No
1 1. Alertsto sound — — 1. Visually fixates — —
(0.5 momentarily upon
red ring (0.5)
2. Soothes when — — 2. Chin off tablein — —
picked up (0.5) prone position (0.5)
2 1. Socia smile (1.0) — — 1. Visuadly follows — —
' ring horizontally
and vertically (0.5)
— — 2. Chest off table — —
prone (0.5)
3 1. Cooing (1.0) — — 1. Visually follows — —
ring in circle (0.3)
2. Supportson — —
forearmsin prone
position (0.3)
3. Visual threat — —
(0.3)
4 1. Orientsto voice — — 1. Unfisted (0.3) — —
(0.5
2. Laughs aloud — — 2. Manipulates — —
(0.5) fingers (0.3)
— — 3. Supportson — —
wristsin prone
position (0.3)
5 1. Orients toward — — 1. Pulls down rings — —

bell laterally (0.3)"

(0.3)

2. Ah-goo (0.3)

2. Transfers (0.3)




3. Razzing (0.3) 3. Regards pellet
(0.3)
6 1. Babbling (1.0) 1. Obtains cube
(0.3)
2. Liftscup (0.3)
3. Radial rake (0.3)
7 1. Orients toward 1. Attempts pellet
bell (1.0)* (0.3
(upwardly/
indirectly 90°)
2. Pulls out peg
(0.3
3. Inspectsring
(0.3
8 1. Says “dada’ 1. Pullson ring by
inappropriately string (0.3)
(0.5)
2. Says“mama’ 2. Secures pellet
inappropriately (0.3)
(0.5
3. Inspects bell (0.3)
9 1. Orients toward 1. Three-finger
bell (upward scissor grasp (0.3)
directly 180°) (0.5)"
2. Gesture language 2. Rings bell (0.3)
(0.5
3. Over the edge
for toy (0.3)
10 1. Understands 1. Combine cube-

“no” (0.3)

cup (0.3)




2. Uses “dada” 2. Uncovers bell
appropriately (0.3) (0.3)
3. Uses “mama’ 3. Fingers pegboard
appropriately (0.3) (0.3)
11 1. One word (other 1. Mature overhand
than “mama’ and pincer movement
“dada’) (1.0) (0.5
2. Solves cube
under cup (0.5)
12 1. One-step 1. Release one cube
command with in cup (0.5)
gesture (0.5)
2. Two-word 2. Makes crayon
vocabulary (0.5) mark (0.5)
14 1. Three-word 1.Solves glass
vocabulary (1.0) frustration (0.6)
2. Immature 2. Out-in with peg
jargoning (1.0) (0.6)
3. Solves péllet-
bottle with
demonstration (0.6)
16 1. Four-to six-word 1. Solves pellet-
vocabulary (1.0) bottle
spontaneously (0.6)
2. One-step 2. Round block on
command without form board (0.6)
gesture (1.0)
3. Scribblesin
imitation (0.6)
18 1. Mature jargoning 1. 10 cubesin cup

(0.5)

(0.5)




2. 7-10 word 2. Solvesround
vocabulary (0.5) holein form board
reversed (0.5)
3. Pointsto one 3. Spontaneous
picture (0.5)" scribbling with
crayon (0.5)
4. Knows body 4. Pegboard
parts (0.5) completed
spontaneously (0.5)
21 1. 20-word 1. Obtains object
vocabulary (1.0) with stick (1.0)
2. Two-word 2. Solves squarein
phrases (1.0) form board (1.0)
3. Pointsto two 3. Tower of three
pictures (1.0)" cubes (1.0)
24 1. 50-word 1. Attemptsto fold
vocabulary (1.0) paper (0.7)
2. Two-step 2. Horizontal four-
command (1.0) cubetrain (0.7)
3. Two-word 3. Imitates stroke
sentences (1.0) with pencil (0.7)
4. Completes form
board (0.7)
30 1. Uses pronouns 1. Horizontal-
appropriately (1.5) vertical stroke with
pencil (1.5)
2. Concept of one 2. Form board
a5 reversed (1.5)

3. Pointsto 7
pictures (1.5)*

3. Folds paper with
definite crease (1.5)




* See p. 200 for instructions.

4. Two digits — — 4. Train with
forward (1.5)" chimney (1.5)

36 1. 250-word — — 1. Three-cube
vocabulary (1.5) bridge (1.5)
2. Three-word — — 2. Drawscircle
sentence (1.5) (1.5
3. Three digits — — 3. Names one color
forward (1.5) (1.5)
4. Followstwo — — 4. Draws a person
prepositional with head plus one
commands (1.5) 1 other part of body

(1.5)

T Indicates CLAMS item that must be demonstrated for examiner to receive credit.

General:

Trunk:

* Present

» Head Present
* Legs present

* Arms present

 Shoulders

* Length greater than breadth

Box 8-1. GOODENOUGH-HARRIS SCORING




Armg/legs:

* Attached to trunk

* At correct point

Neck:

* Present

* Qutline of neck continuous with head, trunk, or both
Face:

* Eyes

* Nose

* Mouth

» Nose and mouth in two dimensions

* Nostrils

Hair:

* Present

» On more than circumference; nontransparent
Clothing: « Present

» Two articles; nontransparent

* Entire drawing (sleeves and trousers) nontransparent
* Four articles

* Costume complete




Fingers:

* Present

* Correct number

» Two dimensions; length, breadth

» Thumb opposition

» Hand distinct from fingers and arm

Joints:

* Elbow, shoulder, or both

» Knee, hip, or both

Proportion:

» Head: 10% to 50% of trunk area

* Arms: gl2794 Approximately same length as trunk
* Legs: 1-2 times trunk length; width less than trunk width
* Feet: Toleg length

* Arms and legsin two dimensions

* Heedl

Motor coordination:

* Linesfirm and well connected

* Firmly drawn with correct joining

* Head outline




* Trunk outline

* Qutline of arms and legs

* Features

Ears:

* Present

* Correct position and proportion
Eye detail:

* Brow or lashes

* Pupil

* Proportion

* Glance directed front in profile drawing
Chin:

* Present; forehead

* Projection

Profile:

» Not more than one error

e Correct

TABLE 8-6 -- GOODENOUGH AGE NORMS




Age (yr) 3 4 5 6 7 8 9 10 11 12 13

Points 2 6 10 14 18 22 26 30 34 38 42

From Taylor E. Psychological appraisal of children with cerebral defects. Boston: Harvard University; 1961.

Figure 8-2 Gesdll figures. (From Illingsworth RS. The devel opment of the infant and young child, normal and abnormal, 5th ed. Baltimore: Williams &
Wilkins; 1972 and Cattel P. The measurement of intelligence of infants and young children. New York: The Psychological Corporation; 1960.)

5 months Imitates scribbls
18 manths Soribbles spontaneotsly
Z years I|'|:!:..c 5 st ._-h:'.
24 years Diffarentiates horizontal and vertical stroke
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Figure 8-3 Block skills. (From Capute AJ, Accardo PJ. The pediatrician and the developmentally disabled child: a clinical textbook on mental
retardation. Baltimore: University Press; 1979.)

15mo

18mo




TABLE 8-7-- POSTURAL REACTIONS

Postural Reaction Age of Appearance Description | mportance

Head righting 6 wk-3 mo Lifts chin from tabletop in prone Necessary for adequate head
position control and sitting

L andau response 2-3mo Extension of head, then trunk and | Early measure of developing trunk
legs when held prone control

Derotational righting 4-5mo Following passive or active head Prerequisite to independent rolling
turning, the body rotates to follow
the direction of the head

Anterior propping 4-5mo Arm extension anteriorly in Necessary for tripod sitting
supported sitting

Parachute 5-6 mo Arm extension when falling Facial protection when falling

Lateral propping 6-7 mo Arm extension laterally in Allows independent sitting
protective response

Posterior propping 8-10 mo Arm extension posteriorly Allows pivoting in sitting

Modified from Milani-Comparetti A, Gidoni EA. Dev Med Child Neurol 1967; 9:631; Capute AJ. Pediatr Ann 1986; 15:217; Capute AJ et al. Dev
Med Child Neurol 1984; 26:375; and Palmer FB, Capute AJ. Developmental disabilities. In Oski FA, editor. Principles and practice of pediatrics.

Philadelphia: JB Lippincott; 1994.

TABLE 8-8 -- PRIMITIVE REFLEXES

Primitive Reflexes

Elicitation

Response

Timing

Moro reflex (MR, “embrace’
response) of fingers, wrists, and
elbows

Supine: Sudden neck extension;
allow head to fall back about 3 cm

Extension, adduction, and then
abduction of UEs, with semiflexion

Present at birth, disappears by 3-6
mo



Galant reflex (GR)

Prone suspension: Stroking
paravertebral areafrom thoracic to
sacral region

Produces truncal incurvature with
concavity toward stimulated side

Present at birth, disappears by 2-6
mo

Asymmetric tonic neck reflex
(ATNR, “fencer” response)

Supine: Rotate head laterally about
45-90 degrees

Relative extension of limbs on chin
side and flexion on occiput side

Present at birth, disappears by 4-9
mo

Symmetric tonic neck reflex
(STNR, “cat” reflex)

Stting: Head extension/flexion

Extension of UEs and flexion of
LEg/flexion of UEsand LE
extension

Appears at 5 mo; not present in
most normal children; disappears
by 8-9 mo

Tonic labyrinthine supine (TLYS)

Supine: Extension of the neck
(altersrelation of the labyrinths)

Tonic extension of trunk and LEsS,
shoulder retraction and adduction,
usually with elbow flexion

Present at birth, disappears by 6-9
mo

Tonic labyrinthine prone (TLP)

Prone: Flexion of the neck

Active flexion of trunk with
protraction of shoulders

Present at birth, disappears by 6-9
mo

Positive support reflex (PSR)

Vertical suspension; bouncing
hallucal areas on firm surface

Neonatal: Momentary LE extension
followed by flexion

*Present at birth; disappears by 2-4
mo

Mature: Extension of LEs and
support of body weight

Appears by 6 mo

Stepping reflex (SR, walking
reflex)

Vertical suspension; hallucal
stimulation

Stepping gait

Disappears by 2-3 mo

Crossed extension reflex (CER)

Prone; hallucal stimulation of an
LE in full extension

Initial flexion, adduction, then
extension of contralateral limb

Present at birth; disappears by 9 mo

Plantar grasp Stimulation of hallucal areas Plantar flexion grasp Present at birth; disappears by 9 mo
Palmar grasp Stimulation of palm Palmar grasp Present at birth; disappears by 9 mo
Lower extremity placing (LEP) Vertical suspension; rubbing tibia | Initial flexion, then extension, then |Appearsat 1 day

or dorsum of foot against edge of placing of LE on tabletop

tabletop
Upper extremity placing (UEP) Rubbing lateral surface of forearm | Flexion, extension, then placing of |Appearsat 3 mo

along edge of tabletop from elbow
to wrist to dorsal hand

hand on tabletop




Downward thrust (DT)

Vertical suspension; thrust LES Full extension of LES Appearsat 3 mo
downward

UE, Upper extremity; LE, lower extremity.

Figure 8-4 The Denver Development Assessment (Denver 11). (From Frankenberg WE, Dodds JB. The Denver Devel opment Assessment (Denver [1). Denver:

—| University of Colorado Medical School; 1990.)

TABLE 8-9 -- APPROPRIATE SCREENING IN EACH DEVELOPMENTAL STREAM BY AGE"

Cognitive
Age Visual Motor L anguage M otor Behavior
Infants and toddlers CAT, Denver 11 CLAMS, Denver 11 Milestones, Denver |1, Temperament, social skills,
neurologic examination, activity level, Denver ||
primitive reflexes
Preschool age Draw-a-person, Gesell Articulation, comprehension |Milestones, neurologic Child behavior checklist,
figures, block skills, Denver |(example: following examination, Denver |1 ADHD checklist, Denver |1
[ commands), expression
(example: estimate of
vocabulary), Denver |1
School age Draw-a-person, Gesall Reading, decoding Coordination, neurologic Child behavior checklist,
figures, handwriting comprehension, listening, examination, soft ADHD checklist
written language neurologic signs

* |f significant delays are noted, referral to a developmental pediatrician or psychologist isindicated.
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Chapter 9 - ENDOCRINOLOGY

Irene Moff MD
Renu Peterson MD

l. WEBSITES

www.diabetes.org (American Diabetes Association)
www.jdrf.org (Juvenile Diabetes Research Foundation International)

II. DIABETES

A. DIABETIC KETOACIDOSIS
Diabetic ketoacidosis (DKA) is defined by hyperglycemia, ketonemia, ketonuria, and metabolic acidosis (pH <7.30, bicarbonate <15 mEg/L).
1. Assessment
a. History: In aknown diabetic child, determine the usual insulin regimen, last dose, history of infection, or inciting event. In a
suspected diabetic child, determineif there is ahistory of polydipsia, polyuria, polyphagia, weight loss, vomiting, or abdominal pain.
b. Examination: Assess for dehydration, Kussmaul’ s respiration, fruity breath, change in mental status, and current weight.
c. Laboratory tests. See Fig. 9-1 for a management algorithm. In addition, consider ng the HgbA 1c level in aknown diabetic as

an index of chronic hyperglycemia (normal values are 4.5% to 6.1%); in a new-onset diabetic, consider islet cell antibodies, insulin



2.

antibodies, thyroid antibodies, and thyroid function tests.
Management: Because the fluid and electrolyte requirements of patientsin DKA may vary greatly, the following guidelines should
betaken asa starting point for therapy that must be individualized based on the dynamics of the patient. Cerebral edemaisthe
most important complication of DK A; overaggressive hydration and overly rapid correction of hyperglycemia should be avoided
because it may play arolein its development. Remember that pH is a good indicator of insulin deficiency, and if acidosis is not
resolving, the patient may need more insulin, whereas the degree of hyperglycemiais often areflection of hydration status. See Figs. 9-1
and 9-2 for details.

B. DIAGNOSTIC CRITERIA
Under the American Diabetes Association’s guidelines,™ one of three criteria must be met to make the diagnosis of diabetes mellitus:

=

4.

» Symptoms of diabetes (polyuria, polydipsia, and weight loss) and a random blood glucose =200 mg/dL.

* Fasting blood glucose (no caloric intake for at least 8 hours) 2126 mg/dL.

* Oral glucose tolerance test (OGTT) with a 2-hour post-load blood glucose of >200 mg/dL.

Pretest preparation: A caloricaly adequate diet is required for 3 days before the test, with 50% of total calories taken as carbohydrate.
Delay test 2 weeks after illness. Discontinue al hyperglycemic and
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hypoglycemic agents (e.g., salicylates, diuretics, oral contraceptives, phenytoin).

Give 1.75 g/kg (maximum of 100 g) of glucose orally after a 12-hour fast, allowing up to 5 minutes for ingestion. Mix glucose with
water and lemon juice as a 20% dilution. Quiet activity is permissible during the OGTT. Draw blood samples at 0, 30, 60, 120, 180, and
240 minutes after ingestion.

Inter pretation: 2-hour blood glucose <140 mg/dL = normal; 140 to 199 mg/dL = impaired glucose tolerance; 2200 mg/dL = diabetes
mellitus.

C. TYPE Il DIABETESMELLITUS

1.

Thereisan increasing prevalence of type |l diabetes mellitus among children, especially among African-Americans, Hispanics, and
Native Americans; thisincreaseisrelated to an increased prevalence of childhood obesity.

2. An abnormality in glucose levelsis caused by insulin resistance and an insulin secretory defect.
3.
4. Consider screening by measuring fasting blood glucose levels among children who are overweight (body massindex [BM1] > 85th

It can present in ketoacidosis (chronic high glucose impairs beta cell function and increases peripheral insulin resistance).

per centile for age and gender) and have two of the following risk factors: family history of type Il diabetesin afirst or second-degree
relative; race/ethnicity of African-American, Native American, Hispanic, or Asian/Pacific Islander; signs associated with insulin resistance
(acanthosis nigricans, hypertension, dyslipidemia, polycystic ovarian disease). Screening, if done, should begin at age 10 or onset of



puberty (whichever occursfirst) and repeated every 2 years.

5. Primary treatment iswith diet and exer cise, athough pharmacologic agents are often necessary for those who fail conservative
management and/or are symptomatic at presentation. No validated treatment protocols currently exist in children. Metformin has been used
for patients with serum glucose levels <350 mg/dL without ketones (see Chapter 26 ). Metformin is not approved by the Federal Drug

Administration (FDA) for use in adolescents; use with caution and avoid
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in patients with renal or hepatic impairment.itFor patients with severe hyperglycemia and/or DKA on presentation, insulin and metformin
may be initiated, with eventual discontinuation of the insulin. There has been no reported experience in adol escents with the newer insulin-
sensitizing drugs (i.e., rosiglitazone and pioglitazone) or with sulfonylureas.

Figure 9-1 Management of diabetic ketoacidosis. CNS Central nervous system; LR, lactated Ringer’ s solution; NS normal saline; SC, subcutaneous,
VBG, venous blood gases. (Modified from Hafeez W, Vuguin P. Contemp Pediatr 2000; 17(6):72-83.)
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TABLE 9-1-- THYROID FUNCTION TESTS: INTERPRETATION




TSH T, FreeT,
Primary hyperthyroidism L H High N to H
Primary hypothyroidism H L L
Hypothalamic/pituitary L,N,H" L L
hypothyroidism
TBG deficiency N L N
Euthyroid sick syndrome L, N, H" L L tolow N
TSH adenoma or pituitary N toH H H
resistance
Compensated hypothyroidism? H N N

*Can be normal, slightly low, or dlightly high.

t Treatment may not be necessary

H, High; L, low; N, normal; T, , thyroxine; TSH, thyroid stimulating hormone.

TABLE 9-2-- LABORATORY ABNORMALITIESIN ENDOCRINE DISEASE

Disorder

L aboratory Findings

Diabetes insipidus

Low urine specific gravity (<1.005)

Low urine osmolarity (50-200)

Low vasopressin (<0.5 pg/mL)

SIADH Low serum Na+ and chloride with normal HCO, -
Hypouricemia
Inappropriately concentrated urine
Hypoparathyroidism Low serum calcium

High serum phosphorus

Normal or low akaline phosphatase



Low 1,25-hydroxy-vitamin D,

Low PTH (may be normal or elevated in pseudohypoparathyroidism)

Hyperparathyroidism

High serum calcium

L ow serum phosphorus

Normal or high akaline phosphatase

High PTH

Congenital adrenal hyperplasia (classic 21-hydroxylase deficiency)

Low serum Na+ and chloride

High serum potassium

High renin

Low cortisol

Elevated androgens and cortisol precursors

Hypoglycemia

IV. ADRENAL AND PITUITARY FUNCTION®

A. ADRENAL INSUFFICIENCY

1. Etiology: Most common causes are congenital adrenal hyperplasia (CAH) and long-term glucocorticoid treatment. Other causes include
Addison’s disease and hypothalamic or pituitary disease secondary to tumors, surgery, radiation therapy, or congenital defects.

2. Acuteadrenal crisis

a. Assessment: Characterized by hypoglycemia, hyponatremia, hyperkalemia, hypotension, metabolic acidosis, and shock. The more
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subtle signs of adrenal insufficiency include poor appetite, emesis, dehydration, and failure to gain weight.

b. Diagnosis. Obtain serum electrolytes and glucose to guide therapy. Serum cortisol and aldosterone are decreased and
adrenocorticotropic hormone (ACTH) and renin are elevated. In infants with CAH, 17-hydroxyprogesterone (17-OHP) isincreased.
These studies are useful to obtain before steroid administration to confirm the diagnosis, but treatment should not be delayed.

c. Management: Requires rapid volume expansion to support blood pressure, sufficient dextrose to maintain blood glucose, close
monitoring of electrolytes, and corticosteroid administration. Give 50 mg/mz of hydrocortisone in an intravenous (1V) bolus (rapid
estimate: infants = 25 mg; children = 50 to 100 mg), followed by 50 mg/m?2 /24 hours as a continuous drip (preferable) or divided



every 3 to 4 hours. Hydrocortisone and cortisone are the only glucocorticoids that provide the necessary mineralocorticoid effects.
3. Congenital adrenal hyperplasia® 2

a. Definition: Group of autosomal-recessive disorders characterized by a defect in one of the enzymes required in the synthesis of
cortisol from cholesterol. Cortisol deficiency resultsin oversecretion of ACTH and hyperplasia of the adrenal cortex. The enzymatic
defect resultsin impaired synthesis of adrenal steroids beyond the enzymatic block, and overproduction of the precursors before the
block.

b. Etiology: 21-Hydroxylase deficiency accounts for 90% of cases. See Fig. 9-3 for enzyme deficiencies that can cause CAH.

c. Diagnosis (see Table 9-2 for laboratory abnormalities)

1. Classic or salt-losing form (complete enzyme deficiency): Adrenal insufficiency occurs under basal conditions and manifests
as adrenal crisisin the neonatal period. Adrenal crisisin untreated patients occurs at 1 to 2 weeks of life, with signs and
symptoms of adrenal insufficiency rarely occurring before 3 to 4 days of life. CAH is the most common cause of ambiguous
genitaliain females. Diagnosisis based on elevated 17-OHP levels. Levels of testosterone in girls and androstenedione in boys
and girls are al'so elevated.

2. Nonclassic or simple virilizing form (partial enzyme deficiency): Adrenal insufficiency tends to occur only under stress and
manifests as androgen excess after infancy (precocious pubarche, irregular menses, hirsutism, acne). Morning 17-OHP levels
may be elevated, but diagnosisis based on the ACTH stimulation test (see p. 223 ). A significant risein the 17-OHP level 60
minutes after ACTH injection is diagnostic. Cortisol response will be decreased.

4. Daily management of adrenal insufficiency
a. Glucocorticoid maintenance: Physiologic glucocorticoid production is approximately 9 to 12 mg/mz2 /day. For congenital adrenal
hyperplasia, 12.5 mg/mz /day of hydrocortisone vialV or intramuscular (IM) route or 25 mg/mz /day orally (PO) is recommended for
daily maintenance
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to allow for suppression of the ACTH axis. For pure adrenal insufficiency, daily dosing of 9 to 12 mg/meof hydrocortisone PO is
often sufficient and helps decrease the toxic effects seen at higher doses.

b. Mineralocorticoid maintenance: For salt-losing forms of adrenal insufficiency, 0.05 to 0.3 mg/day of fludrocortisone acetate PO once
daily isrecommended. Note that 1V hydrocortisone at 50 mg/mz /day will also supply a maintenance amount of mineralocorticoid
activity for patients who cannot take the oral form. Always monitor blood pressure and electrolytes when supplementing
mineralocorticoids.

c. Stress dose glucocorticoids. Increase the dose of glucocorticoids in patients with fever or other illness. The stress dose is 25 to 50 mg/
mz /day of hydrocortisone IV/IM (as a continuous drip or divided every 3 to 6 hours) or 75 mg/mz2 /day PO. For surgery or severe
ilIness, treatment with doses of 50 to 100 mg/m? /day IV may be indicated.
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B. SYNDROME OF INAPPROPRIATE ANTIDIURETIC HORMONE SECRETIONI*4

1. Definition: The hallmark of syndrome of inappropriate antidiuretic hormone (SIADH) is hyponatremia (Nar <135) with inappropriately
concentrated urine in the setting of euvolemia or hypervolemia. It is associated with many conditions, including central nervous system
(CNS) trauma and CNS infection (see Table 9-2 for laboratory abnormalities).

2. Management: Hyponatremia should be corrected slowly with fluid restriction. A reasonable goal isa 10% increase in Na+ per 24 hours. In
the setting of coma or seizures, more rapid Nar correction should be undertaken by treating with hypertonic saline (see Chapter 10 for
details). Definitive therapy isto identify and treat the underlying cause.

C. DIABETESINSIPIDUS"

1. Definition: The hallmark of diabetesinsipidus (DI) is an impaired ability to concentrate urine (specific gravity is usually <1.005). Central
DI is caused by vasopressin deficiency and is associated with CNS injury, including trauma and tumors. Nephrogenic DI is caused by rena
tubular resistance to vasopressin and can be genetic or acquired. The water-deprivation test (see p. 228 ) is diagnostic for DI, and the
vasopressin test (see p. 228 ) is used to differentiate between central and nephrogenic DI (see Table 9-2 for laboratory abnormalities).

2. Management: DDAV P (desmopressin acetate) in nasal spray, 1V, PO, or subcutaneous (SC) preparation is used for management of central
DI. Titrate the DDAV P dosage to urine output, aiming for at least one period of diuresis per day that is sufficient to stimulate thirst.
Electrolytes must be monitored closely. Provision of free water and a diet that islow in salt is the cornerstone of therapy in nephrogenic
DI. Definitive therapy isto identify and treat the underlying cause.

Figure 9-3 Steroid hormone pathway and the enzymatic deficiencies in congenital adrena hyperplasia. Enzyme deficiency: |, cholesterol (20, 22)
desmolasg; 11, 3-B-hydroxysteroid dehydrogenase; |11, 17-hydroxylase; 1V, 21-hydroxylase; V, 11-hydroxylase; VI, 18-“oxidation” defect; Cpd,
compound. (From Bacon GE et al. A practical approach to pediatric endocrinology, 3rd ed. Chicago: Year Book Medical Publishers; 1990.)
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TABLE 9-3-- GONADOTROPINS

Age FSH (mlU/mL) LH (mIU/mL)
Prepubertal children 0.0-2.8 0.0-1.6
Men 14-14.4 1-10.2
Women, follicular phase 3.7-12.9 0.9-14

Normal infants have atransient rise in FSH (follicle-stimulating hormone) and LH (luteinizing hormone) to pubertal levels or higher within the first 3
mo, which then declines to prepubertal values by the end of thefirst year.

TABLE 9-4 -- TESTOSTERONE

Age Testosterone, Serum Total (ng/dL) Testosterone, Unbound (pg/mL)



Prepubertal children 10-20 0.15-0.6
Men 275-875 52-280
Women 23-75 1.1-6.3
Pregnancy 35-195

TABLE 9-5-- DIHYDROTESTOSTERONE (DHT)

Age Males (ng/dL) Females (ng/dL)
Cord blood <2-8 <2-5

1-6 mo 12-85 <5

Prepubertal <5 <5

Tanner stage 11-111 3-33 5-19

Tanner stage 1V-V 22-75 3-30

TABLE 9-6 -- ESTRADIOL

Age pg/mL
Prepubertal children <25
Men 6-44
Women
Luteal phase 26-165
Follicular phase None detected-266
Midcycle 118-355
Adult women on OCPS None detected-102

Normal infants have an elevated estradiol at birth, which decreases to prepubertal values during the first week of life. Estradiol levelsincrease again
between 1 and 2 mo of age and return to prepubertal values by 6-12 mo of age.

TABLE 9-7 -- ANDROSTENEDIONE, SERUM



Age Male (ng/dL) Female (ng/dL)
Preterm infants

26-28 wk to day 4 of life 92-892 92-892

31-35wk to day 4 of life 80-446 80-446

Full-term infants

1-7 day 20-290 20-290

1-12 mo 6-68 6-68

Prepubertal children 8-50 8-50
Tanner 11 31-65 42-100

Tanner 11 50-100 80-190

Tanner IV 48-140 77-225

Tanner V 65-210 80-240
Adults 78-205 85-275

TABLE 9-8 -- DEHYDROEPIANDROSTERONE (DHEA)

Age HEA (ng/D/mL) DHEA Sulfate (mcg/dL)
Newborn infants — 1.7-3.6
Prepubertal children 0-100 0.1-0.6

Men 195-915 1.4-7.9 (to age 30)
Women 215-855 0.7-4.5 (to age 30)

TABLE 9-9 -- 17-HYDROXYPROGESTERONE, SERUM
Age Baseline (ng/dL) 60 min after ACTH Stimulation (ng/dL)

Premature infants (31-35 wks)

<360

N/A

Term infants, 1st wk of life

<63

N/A



1-5 days 80-420 N/A
<lyr 11-170 85-465

1-5yr 4-115 50-350
6-12 yr 7-69 75-220
Male, Tanner Stages I1-I11 12-130 69-310
Female, Tanner Stages I1-I11 18-220 80-420
Male, Tanner Stages V-V 51-190 105-230
Female, Tanner Stages 1V-V 36-200 80-225
Adult Male 50-250 42-250
Adult Female, Premenopausal

Follicular phase 20-100 42-250

Midcycle peak 100-250

Luteal phase 100-500

8am level ismost accurate given diurnal variation. Levels are normally increased in newborns for the first few days of life. Be aware that infant serum
contains substances that may cross-react in the assay for 17-hydroxyprogesterone and artificially elevate the level, unless they are separated by
chromatography. Before interpreting results on infants, be sure that the laboratory has prepared HS samples appropriately.

TABLE 9-10-- CORTISOL, SERUM WITH ACTH STIMULATION TEST

Condition mcg/dL
Any gender/any age/pre-ACTH, 8 am 5.7-16.6
1 hr post-ACTH 16-36

TABLE 9-11 -- CORTISOL, URINE

Age mcg/g Creatinine mcg/24hr

Prepubertal children 7-25 3-9

Men 7-45 11-84



Women

9-32

10-34

TABLE 9-12 -- 17-KETOSTEROIDS, URINE

Age mg/24hr
<1 mo <2.0

1 mo-5yr <0.5

6-8 yr 1.0-2.0
Men 9-22
Women 5-15

TABLE 9-13-- 17-HYDROXYCORTICOSTEROIDS, URINE

Children (body weight variable)

3+ 1mg/mz2/24 hr

Men 3-9mg/24 hr
Women 2-8 mg/24 hr

TABLE 9-14 -- CATECHOLAMINES, URINE
Compound Amount/24hr Urine Collection
Dopamine 100-440 mcg
Epinephrine <15 mcg
Norepinephrine 15-86 mcg
M etanephrines <0.4mg
Normetanephrines <0.9mg
Homovanillic acid (HVA) 0-10 mg
Vanillyl mandelic acid (VMA) 2-10mg

Catecholamines are elevated in a variety of tumors including neuroblastoma, ganglioneuroma, ganglioblastoma, and pheochromocytoma.



TABLE 9-15-- CATECHOLAMINES, SERUM

Compound Supine (mcg) Sitting (mcQ)
Dopamine <87 <87
Epinephrine <50 <60
Norepinephrine 110-410 120-680

TABLE 9-16 -- INSULIN-LIKE GROWTH FACTOR 1 (IGF-1)

Age Males (units) Females (units)
2 mo-6 yr 17-248 17-248

6-9 yr 88-474 88-474

9-12yr 110-565 117-771

12-16 yr 202-957 261-1096

16-26 yr 182-780 182-780

>26 yr 123-463 123-463

A clearly normal IGF-1 level argues against GH deficiency, although in young children there is considerable overlap between normals and those with
GH deficiency.

TABLE 9-17 -- INSULIN-LIKE GROWTH FACTOR-BINDING PROTEIN (IGF-BP3)

Age (years) Males (mg/L) Females (mg/L)
0-2 0.94-1.76 0.66-2.51
2-4 1.12-2.33 0.84-3.77
4-6 1.16-3.13 1.32-3.60
6-8 1.32-3.38 1.21-4.66
8-10 1.35-3.94 1.58-3.99




10-12 1.53-5.02 1.93-6.46
12-14 1.73-5.11 1.78-6.08
14-16 1.90-6.40 2.02-5.44
16-18 1.70-6.04 1.88-5.29
18-20 1.52-6.01 1.63-6.02
20-22 1.79-5.41 1.82-5.35
Adult(continues to vary with age) 1.15-5.18 1.19-5.69

Levels below the 5th percentile suggest a GH deficiency. This test may have greater discrimination than the IGF -1 test in younger patients.

TABLE 9-18-- VITAMIND

Compound Value
25-Hydroxy-vitamin D ng/mL
Newborns 8-21

Children 17-54
Adults 10-55
1,25-Dihydroxy-vitamin D pg/mL
Newborns 8-72

Children 15-90
Adults 24-64

Note that 1,25-dihydroxy-vitamin D is the physiologically active form; however, 25-hydroxyvitamin D is the value to monitor for vitamin D
deficiency, since this approximates body stores of vitamin D.

TABLE 9-19 -- ROUTINE STUDIES (THYROID)

Test

Age

Normal

Comments

T, RIA (mcg/dL)

Cord

6.6-17.5

Measurestota T, by
radioimmunoassay



1-3 dy 11.0-21.5
1-4 wk 8.2-16.6
1-12 mo 7.2-15.6
1-5yr 7.3-15.0
6-10 yr 6.4-13.3
11-15yr 5.6-11.7
16-20 yr 4.2-11.8
21-50 yr 4.3-12.5
Free T, (ng/dL) 1-10dy 0.6-2.0 Metabolically active form; the
normal range for free T, isvery
>10 dy 0.7-1.7 assay dependent
T, RIA (ng/dL) Cord 14-86 Measures T; by RIA
1-3dy 100-380
1-4 wk 99-310
1-12mo 102-264
1-5yr 105-269
6-10 yr 94-241
11-15yr 83-213
16-20 yr 80-210
21-50 yr 70-204
TSH (mlU/mL) Cord <25-17.4 TSH surge peaks from 80-90 miU/
e S
1-4 wk 0.6-10.0 within adult normal range. Elevated
1-12mo 0.6-6.3 values suggest primary
hypothyroidism, whereas
I-15yr 0.6-6.3 suppressed values are the best
16-50 yr 0.2-7.6 indicator of hyperthyroidism.



TBG (mg/dL) Cord 0.7-4.7
1-3 dy —
1-4 wk 0.5-4.5
1-12 mo 1.6-3.6
1-5yr 1.3-2.8
6-20 yr 1.4-2.6
21-50 yr 1.2-24

From Fisher DA. The thyroid. In Rudolf AM, editor. Pediatrics. Norwalk, Conn: Appleton & Lange; 1991 and LaFranchi SH, Pediatr Clin North Am

1979; 26(1):33 -51.

RIA, radioimmunoassay; RU, resin uptake; T, , triiodothyronine; T, , thyroxine; TBG, thyroxine-binding globulin; TSH, thyroid-stimulating hormone.

TABLE 9-20 -- SERUM T, (mcg/dL) IN PRETERM AND TERM INFANTS

Birthweight

Age (days) VLBW LBW Term
1-3 79+33 114+ 25 12+1.9
4-6 6.5+29 *09+25 11+25
7-10 6.3+ 3.0 *05+23

11-14 57+28 02+21

15-28 70+£25 *0.1+23

29-56 78+25 *0.3+3.3

From Frank JE et al. J Pediatr 1996; 128(4):548 -555.

LBW, Low birth weight: 1500 -2499 g; Term: 2500 -5528 g; VLBW, very low birth weight: 400 -1499 g.

TABLE 9-21 -- MEAN STRETCHED PENILE LENGTH (cm)

Age Mean + SD -25S8D



Birth

*30 wk gestation 2504 15
*34 wk gestation 3.0+04 2.0
*Full term 3504 2.5
*0-5mo 3.9+0.8 19
6-12 mo 43+0.8 2.3
1-2yr 4.7+0.8 2.6
2-3yr 51+09 2.9
3-4yr 55+ 0.9 3.3
4-5yr 57+0.9 35
5-6 yr 6.0+ 0.9 3.8
6-7 yr 6.1+0.9 3.9
7-8yr 6.2+ 1.0 3.7
8-9yr 6.3+ 1.0 3.8
9-10yr 6.3+ 1.0 3.8
10-11yr 6.4+1.1 3.7
Adult 13.3+1.6 9.3

From Feldman KW, Smith DW. J Pediatr 1975; 86:395 and Lee PA et al: Johns Hopkins Med J 1980; 146:156 -163.

Measured from pubic ramus to tip of glanswhile traction is applied along length of phallus to point of increased resistance.

D, standard deviation.

TABLE 9-22 -- TESTICULAR SIZE

Tanner Stage (Genital)

Length (cm) (Mean £ SD)

Volume (mL)

20+ 05

o2

2.7+0.7

*5



[l 34+0.8 10

v 41+10 20

Vv 5.0+ 05 29

Testicular volume of >4 mL or along axis >2.5 cm is evidence that pubertal testicular growth has begun.

D, standard deviation.
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Chapter 10 - FLUIDS AND ELECTROLYTES

Dominique FoulkesMD

I. MAINTENANCE REQUIREMENTS

A. CALORIC EXPENDITURE METHOD
The caloric expenditure method is based on the understanding that water and electrolyte requirements more accurately parallel caloric
expenditure than body weight or body surface area (BSA). This method is effective for all ages, types of body habitus, and clinical states.
1. Determinethe child’s standard basal caloric (SBC) expenditur e as approximated by resting energy expenditure (REE) (see Table 20-
1).
Adjust caloric expenditure needs by various factors (e.g., fever, activity) as described on p. 435.
For each 100 calories metabolized in 24 hours, the average patient will need 100 to 120 mL H, O, 2to 4 mEq Na+, and 2 to 3 mEq K+, as
seenin Table 10-1.
B. HOLLIDAY-SEGAR METHOD
The Holliday-Segar method estimates caloric expenditure in fixed weight categories; it assumes that for each 100 cal ories metabolized, 100 mL
of H, O will be required. Fluid rates can be adjusted based on clinical state (e.g., fever, tachypnead). This method is not suitable for neonates <14
daysold; generally, it overestimates fluid needs in neonates compared with the caloric expenditure method ( Table 10-2).
C. BODY SURFACE AREA METHOD
The BSA method is based on the assumption that caloric expenditure is proportional to BSA ( Table 10-3). It should not be used for children
<10 kg. See p. 450 for BSA nomogram and conversion formula.

w N



TABLE 10-1 -- AVERAGE WATER AND ELECTROLYTE REQUIREMENTSPER 100 CALORIES PER 24 HOURS

Clinical State H, O (ml) Na+ (mEq) K+ (mEq)

Average patient receiving 100-120 2-4 2-3
parenteral fluids’

Anuria 45 0 0
Acute CNS infectionsand 80-90 2-4 2-3
inflammation

Diabetes insipidus Upto400 Var Var
Hyperventilation 120-210 2-4 2-3
Heat stress 120-240 Var Var
High-humidity environment 80-100 2-4 2-3
CNS Central nervous system; Var, variable requirement.
* Adequate maintenance solution: Dextrose 5% to 10% (as needed) in 0.2% NaCl + 20 mEg/L KCI or KAcetate.

TABLE 10-2 -- HOLLIDAY-SEGAR METHOD
Water Electrolytes
Body Weight mL /kg/day mL/kg/hr (MEg/100 mL H; O)

First 10 kg 100 + 24 hr/day[4 Na+ 3
Second 10 kg 50 + 24 hr/day[2 Cl-2
Each additional kg 20 + 24 hr/day[1l K+2
EXAMPLE: 8 YEAR-OLD WEIGHING 25 kg

mL/kg/day mL/kg/hr

100 (for 1st 10 kg) x 10 kg = 1000 mL/day

4 (for 1st 10 kg) x 10 kg =40 mL/hr



50 (for 2nd 10 kg) x 10 kg = 500 mL/day 2 (for 2nd 10 kg) x 10 kg = 20 mL/hr

20 (per add’|l kg) x5 kg = 100 mL/day 1 (per add’l 1 kg) x5 kg =5 mL/hr

25 kg 1600 mL /day 25 kg 65 mL/hr

TABLE 10-3-- STANDARD VALUESFOR USE IN BODY SURFACE AREA METHOD

H,O 1500 mL/mz /24 hr
Na 30-50 mEg/m2 /24 hr
K+ 20-40 mEg/m2 /24 hr

1993; 14(3):103-115.

From Finberg L, Kravath RE, Fleishman AR. Water and electrolytes in pediatrics. Philadelphia: WB Saunders; 1982 and Hellerstein S. Pediatr Rev
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II. DEFICIT THERAPY

The most precise method of assessing fluid deficit is based on pre-illness weight, calculated as follows:

Fluid deficit (L) = Pre-iliness weight (kg) — lliness weight (kg)

. Pre-llness weight — liness weight
% Dehydration = Preiliness weight = 100%

If thisis not available, clinical observation may be used, as described below.

A. CLINICAL ASSESSMENT (Table10-4)
1. Hypotonic (hyponatremic) dehydration
a. Serum Na+ <130 mEg/L.
b. Implies excess Na+ loss.
2. Isotonic (isonatremic) dehydration
a. Serum Na+ 130 to 150 mEg/L.
b. Implies proportional losses of Nar and free water (FW).



3. Hypertonic (hypernatremic) dehydration
a. Serum Na+ >150 mEg/L.
b. Implies excess FW |oss.
c. The skin may appear thick and doughy, with normal turgor, and children may be excessively irritable on examination.
B. GENERAL GUIDELINESFOR DEFICIT CALCULATION
1. Intracdlular fluid (ICF) and extracdllular fluid (ECF) compartments
a. Estimate of percent dehydration from extracellular and intracellular compartments related to duration of illness ( Table 10-5).
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b. Normal ICF and ECF composition ( Table 10-6).
c. Electrolyte deficit (from ECF and I CF losses).

1. Nar deficit isthe amount of Nar that was lost from the Na+ -containing ECF compartment during the dehydration period (see
Table 10-5):

Na* deficit (mEq) =
Fluid deficit (L) x Proportion from ECF x Na* concentration {mEg/L} in ECF
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Intracellular Naris negligible as a proportion of total; therefore it can be disregarded.
2. K+ deficit isthe amount of K+ that was lost from the K+ -containing | CF compartment during the dehydration period (see Table
10-5):

K™ deficit (mEq) = .
Fluid deficit (L) x Proportion from ICF x K* concentration (mEg/L) in ICF
2. Electrolyte deficits (in excess of ECF/ICF electrolyte |osses)
a. Formula

mEq required = (CD - CP) x fD x wt

where:CD = concentration desired (mEg/L)

CP = concentration present (mEg/L)

fD = distribution factor as fraction of body weight (L/kg)
wt = baseline weight before illness (kg)



b. Apparent distribution factor (fD)
1. HCO;-:0.4-05

2. Cl-:0.2-0.3
3. Nar:0.6-0.7
3. FW déeficit in hypernatremic dehydration: Calculation is based on the amount of FW required to decrease the serum Nar by 1 mEqg/L
and is based on the patient’ s actual serum Nar . s An estimate of FW needed to decrease the serum Na+ by 1 mEQ/L is4 mL/kg (or 3 mL/
kg if Nar >170, because less FW is required to decrease serum Nat at higher concentrations).
C. OVERVIEW OF PARENTERAL REHYDRATION
1. Phasel (emergency) management: If the patient is hemodynamically unstable, phase | should be carried out regardless of the type of
dehydration (isotonic, hypotonic, or hypertonic) suspected.
a. Symptomatic dehydration or shock requires one or more boluses of 20 mL/kg isotonic fluid (i.e., lactated Ringer’s[LR] or 0.9%
normal saline [NS]) in the first 30 minutes.
b. Consider giving colloid (e.g., albumin), blood, or plasma (10 mL/kg) if there is no response after two 20-mL/kg boluses of isotonic
fluid, or if thereis acute blood loss.
c. For seizures caused by hyponatremia, as an initial estimate give 10 to 12 mL/kg of 3% NaCl over 60 minutes. Alternatively, to
calculate the volume of 3% NaCl needed to raise the serum Na+ by X mEg/L2, compute the following:

Amount of 3% MNaCl (mlL) = [X mEg/L = Body weight (kgll = 0.6 L/kg

where ¥ = (125 mEg/L - actual serum [Mal) to initially raise the serum Na4
rapidly 1o 125 mEqg/L.
where X = (125 mEg/L - actua serum [Na)]) to initially raise the serum Nat rapidly to 125 mEg/L.
2. Phasell deficit (replacement, maintenance, and ongoing losses).
a. Calculate deficit volume using percent dehydration (including FW deficit in hypernatremic dehydration).
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b. Calculate electrolyte deficit (including excess deficit in hyponatremic dehydration).

c. Calculate maintenance fluids and electrolytes.

d. Give half of the replacement therapy in addition to maintenance needs over the first 8 hours and the second half over the next 16
hours.
Note: Thismay be different in case of hypernatremic dehydration.

e. Takeinto consideration ongoing losses, such as continued diarrhea, excessive urinary losses, and surgical or enteral drains.

3. Sample calculations
a. SeeTables10-7,10-8, 10-9.

b. Maintenance calculations based on Holliday-Segar method (see Table 10-2).



4. Special considerations
a. In hypernatremic dehydration, half of the FW deficit and all of the solute deficit can be replaced over 24 hours (see Table 10-9).

Note: Avoid dropping the serum Na+ >15 mEqg/L per 24 hoursto minimizetherisk of cerebral edema. Thusfor total Nat
corrections of >30 (i.e., serum Na+ >175), FW deficit replacement should be spread over >48 hours. Follow serum Nar level at |east

every 4 hoursinitialy.®
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b. Rapid correction of hyponatremia may be associated with central pontine myelinolysis. Rapid increases in serum Nat level should
therefore be reserved for symptomatic patients only. In asymptomatic patients, the target rate of rise should not exceed 2 to 4 mEg/L
every 4 hours, or about 10 to 20 mEg/L in 24 hours.

5. Probable deficits of water and electrolytesin severe dehydration ( Table 10-10).
6. Ongoing losses

a. Use Table 10-11 to estimate ongoing electrolyte losses for various body fluids.

b. Significant losses should be measured and may require replacement every 6 to 8 hours. Because of the wide range of normal values,
specific analyses are suggested in individual cases.

D. ORAL REHYDRATION THERAPY
1. Applicationsof oral rehydration therapy (ORT)
a. Indications: Mild to moderate dehydration.
b. Contraindications: Shock, severe dehydration, intractable vomiting, >10 mL/kg/hr stool losses, coma, acute abdomen, or severe

gastric distention.
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c. In patients with severe dehydration, intravenous (1V) therapy (starting with isotonic 20-mL/kg boluses) should be used initially until
pulse, blood pressure, and level of consciousness return to normal. At that time, oral rehydration can often be safely instituted.

2. Technique
a. If the patient is vomiting, give 5to 10 mL of oral rehydration fluid (using
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asyringe, teaspoon, or cup) every 5 to 10 minutes, and gradually increase amount as tolerated. Monitor this phase of rehydration

closaly.
b. Occasionally (<5% of cases), severe vomiting may necessitate IV fluids. Small amounts of vomiting should not warrant abandoning



oral rehydration. Measure amount of fluid lost through vomiting when possible.
3. Deficit replacement
a. Mild dehydration: 50 mL/kg oral rehydration solution (ORS) over 4 hours.
b. Moderate dehydration: 100 mL/kg ORS over 4 hours.i4
4, For alist of ORS, see Table 10-12 .
5. Commonly consumed fluids and their approximate electrolyte composition can be found in Table 10-13 . Note: These fluids are not

recommended for rehydration.
6. Maintenance phase
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a. Goal: Provide usual diet in addition to replacing ongoing losses.
Breast-fed infants should resume breast-feeding ad lib, and formula-fed infants should resume their regular formula.
c. Children should continue with their regular diet (thereisno role for bowel rest).
1. Foods to encourage
a. Complex carbohydrates (rice, baked potatoes, noodles, crackers, toast, cereals that are not high in simple sugars).
b. Soups (clear broths with rice, noodles, or vegetables).
c. Yogurt, vegetables (without butter), fresh fruits (not canned in syrup).
2. Foodsto minimize
a. Foodsthat are highin fat or smple sugars (fried foods, juices, sodas).
b. Plain water should not be the only source of oral fluid.
d. Replacement of ongoing losses: Regardless of the degree of dehydration, give approximately 10 mL/kg (or about 120 mL in older
children) of rehydration solution for each diarrheal stool.
e. Asageneral rule, pharmacol ogic agents should not be used to treat acute diarrhea.s Probiotic agents are undergoing study in
children, and may shorten the course of acute diarrheal illness.

o

TABLE 10-4 -- CLINICAL OBSERVATIONSIN DEHYDRATION"

Older child:

3% (30 mL/kQ) 6% (60 mL/kQg) 9% (90 mL/kg)

Infant: 5% 10% 15%
Examination (50 mL/kg) (100 mL/kq) (150 mL/kQ)
Dehydration Mild Moderate Severe
Skin turgor Normal Tenting None




Skin (touch) Normal Dry Clammy

Buccal mucosa/lips Moist Dry Parched/cracked
Eyes Normal Deep set Sunken

Tears Present Reduced None

Fontanelle Flat Soft Sunken

CNS Consolable [rritable L ethargic/obtunded
Pulse rate Normal Slightly increased Increased

Pulse quality Normal Weak Feeble/impal pable
Capillary refill Normal [P sec >3 sec

Urine output Normal Decreased Anuric

Modified from Behrman RE, Kliegman RM, Arvin AM. Nelson textbook of pediatrics, 16th ed. Philadelphia: WB Saunders; 2000 and Oski FA.
Principles and practice of pediatrics, 3rd ed. Philadelphia: JB Lippincott; 1999.

CNS Central nervous system.

*For the same degree of dehydration, clinical symptoms are generally worse for hyponatremic dehydration than for hypernatremic dehydration.

TABLE 10-5-- PERCENT OF DEFICIT FROM EXTRACELLULAR AND INTRACELLULAR COMPARTMENTS

Duration of IlIness % Deficit From ECF % Deficit From ICF
<3 days 80 20
>3 days 60 40
TABLE 10-6 -- INTRACELLULAR AND EXTRACELLULAR FLUID COMPOSITION
Intracellular (mEqg/L) Extracellular (mEqg/L)
Na+ 20 135-145
K+ 150 3-5




Cl- — 98-110
HCO, - 10 20-25
PO, 3- 110-115 5
Protein 75 10

TABLE 10-7-- ISONATREMIC DEHYDRATION CALCULATIONS’

Example: 7-kg infant with 10% dehydration (3 3 days). Serum Na+ = 137. IlInessweight = 6.3 kg.

H, O (mL) Na+ (mEq) K+ (mEq)
Maintenance 700 21 14
DEFICIT 700
0.6x0.7L x145 = 61 —
04x07Lx150= — 42
24-HOUR TOTAL 1400 82 56
FLUID SCHEDULE
First 8 hre maintenance 233 7 5
+ Y4 deficit 350 31 21
First 8-hr tota 583 38 26
Exact calculations: 583 mL/8 hr = 73 mL/hr; 38 mEQ Nar /0.583 L = 65 mEg/L; 26 mEq K+ /0.583 L = 45 mEq/L)
Next 16 hre maintenance 467 14 9
+ Y4 deficit 350 30 21
Next 16-hr total 817 44 30

Exact calculations: 817 mL/16 hr = 51 mL/hr; 44 mEq Na /0.817 L = 54 mEg/L; 30 mEq K+ /0.817 L = 37 mEQ/L)

A convenient fluid for this patient would be D5 %2 NS + 40 mEg/L KCl or potassium acetate to run at 75 mL/hr for the first 8 hours and the same fluid
at 50 mL/hr over the next 16 hours.

* In the absence of hypokalemia, 20 to 30 mEQ/L of potassium is commonly used and is usually adequate; monitor carefully for hyperkalemia and adequate urine output if high concentrations of
potassium are used. Potassium infusion rates should not exceed 1.0 mEg/kg/hr. If rate exceeds 0.5 mEg/kg/hr, the patient should be placed on a cardiorespiratory monitor.



TABLE 10-8 -- HYPONATREMIC DEHYDRATION CALCULATIONS’

Example: 7-kginfant with 10% dehydration (3 3 days). Serum Na+ = 115. [lInessweight = 6.3 kg.

H, O (mL) Na+ (mEq) K+ (mEq)
Maintenance 700 21 14
DEFICIT 700

Nar 0.6 x 0.7 L x 145 61 —
Excess Nat+ deficit (135-115) x 0.6 84 —
x 7

K+ 0.4 x 0.7 L x150 — 42
24 HR TOTAL 1400 166 56
FLUID SCHEDULE

First 8 hre maintenance 233 7 5
+ Y4 deficit 350 73 21
First 8-HrToTAL 583 80 26
Exact calculations: 583 mL/8 hr = 73 mL/ hr; 80 mEq Na+ /0.583 L = 137 mEg/L ; 26 mEq K+/0.583 L = 45 mEg/L

Next 16 hre maintenance 467 14 9
+ %4 deficit 350 72 21
NEXT 16-HR TOTAL 817 86 30

Exact calculations: 817 mL/16 hr = 51 mL/hr; 86 mEq Na+ /0.817 L = 105 mEg/L; 30 mEq K+/0.817 L = 37 mEg/L

A convenient fluid for this patient would be D; NS + 40 mEg/L KCI or potassium acetate to run at 75 mL/hr for the first 8 hours and D5 ¥2 NS and 40
mEg/L KCI or potassium acetate at 50 mL/hr over the next 16 hours.

* In the absence of hypokalemia, 20 to 30 mEg/L of potassium is commonly used and is usually adequate; monitor carefully for hyperkalemia and adequate urine output if high concentrations of
potassium are used. Potassium infusion rates should not exceed 1.0 mEg/kg/hr. If rate exceeds 0.5 mEg/kg/hr, the patient should be placed on a cardiorespiratory monitor.




TABLE 10-9-- HYPERNATREMIC DEHYDRATION CALCULATIONS

Example: 7-kginfant with 10% dehydration (2 3 days). Serum Na+ = 155. IlInessweight = 6.3 kg.

H, O (mL) Na+ (MEq) K+ (mEq)
24-hr maintenance 700 21 14
DEFICIT
Free water 4 mL/kg x 7 kg x (155- 280
145)
Solute fluid *420
0.6 x 0.42 x 145 37 —
0.4 x 0.42 x 150 — 25
24-HOUR TOTAL 1400 58 39
FLUID SCHEDULE
First 24 hr 24-hr maintenance 700 21 14
Y5 Free-water deficit 140 — —
Solute fluid deficit 420 37 25
First DAY TOTAL 1260 58 39

Calculations: 1260 mL/24hr = 53 mL/hr; 58 mEq Na+ /1.26 L = 46 mEg/L; 39 mEq K+ /1.26 L = 31 mEQ/L)

An appropriate initial fluid for this patient would be D5 %2 NS with 30 mEg/L KCI or potassium acetate to run at 50 mL/hr for the first 24 hours.

Follow serum Na+ and adjust fluid composition and rate based on clinical response. The second half of the free-water deficit may be replaced
subsequently over the next 24 hours, or more rapidly depending on the rate of decline of serum Na+ (avoid decline of >15 mEg/L in 24 hours).

TABLE 10-10 -- DEFICITSOF WATER AND ELECTROLYTESIN SEVERE DEHYDRATION

Condition H, O (mL/kg) Na+ (MEg/kg) K+ (mEg/kg) Cl- (mEg/kg)

DIARRHEAL DEHYDRATION



Hyponatremic

[Na+ ] <130 mEg/L 100-120 10-15 8-15 10-12
| sotonic

[Nar]" = 130-150 mEqg/L 100-120 8-10 8-10 8-10
Hyper natremic

[Na+ ]* >150 mEg/L 100-120 2-4 0-6 0-3
PYLORIC STENOSIS 100-120 8-10 10-12 10-12
DIABETIC 100 8 6-10 6
KETOACIDOSIS

FromHellerstein S. Pediatr Rev 1993; 14(3):103-115.
*[Na] refersto the serum or plasma sodium concentration.

TABLE 10-11-- ELECTROLYTE COMPOSITION OF VARIOUSBODY FLUIDS
Fluid Na+ (mEqg/L) K+ (mEg/L) Cl- (mEq/L)

Gastric 20-80 5-20 100-150
Pancresatic 120-140 5-15 90-120
Small bowel 100-140 5-15 90-130
Bile 120-140 5-15 80-120
|leostomy 45-135 3-15 20-115
Diarrhea 1090 10-80 10-110
Burns’ 140 5 110
Sweat

*Normal 10-30 3-10 10-35
*Cystic fibrosis 50-130 5-25 50-110




’ From Behrman RE, Kliegman RM, Arvin AM. Nelson textbook of pediatrics, 16th ed. Philadelphia: WB Saunders; 2000.
*3-5 g/dL of protein may be lost in fluid from burn wounds.

TABLE 10-12 -- ORAL REHYDRATION SOLUTIONS

* Available from Jianas Bros. Packaging Co., 2533 SW Boulevard, Kansas City, MO 64108.

CHO (g/dL) Na+ (mEg/L) K+ (mEg/L) Cl- (mEg/L) Base (MEg/L) mOsm/kgH, O
Ceralyte 4 70 20 60 30 220
Infalyte 3 50 25 45 30 200
Naturalyte 2.5 45 20 35 48 265
Pedialyte 2.5 45 20 35 30 250
Rehydralyte 2.5 75 20 65 30 310
WHO/UNICEF 2 Q0 20 80 30 310
ORS’
From Shyder J. Semin Pediatr Infect Dis 1994; 5:231.
CHO, Carbohydrate.

TABLE 10-13 -- APPROXIMATE ELECTROLYTE COMPOSITION OF COMMONLY CONSUMED FLUIDS (NOT RECOMMENDED

FOR ORT)"
CHO (g/dL) Na+ (mEg/L) K+ (mEq/L) Cl- (mEg/L) HCO;- (mEg/L) | mOsm/kgH, O
Applejuice 11.9 04 26 — — 700
Coca-Cola 10.9 4.3 0.1 — 13.4 656
Gatorade 5.9 21 2.5 17 — 377
Ginger ale 9 35 0.1 — 3.6 565



Milk 4.9 22 36 28 30 260

Orangejuice 10.4 0.2 49 — 50 654

From Behrman RE, Kliegman RM, Arvin AM. Nelson textbook of pediatrics, 16th ed. Philadelphia: WB Saunders; 2000.

CHO, carbohydrate.
*Values vary dightly depending on source.

[ll. SERUM ELECTROLYTE DISTURBANCES

A. POTASSIUM
1. Hypokalemia
a. Etiologies and laboratory data ( Table 10-14 ).
b. Clinical manifestations: Skeletal muscle weakness or paralysis, ileus, and cardiac dysrhythmias.i® & Electrocardiogram (ECG)
changes include delayed depolarization, with flat or absent T waves and, in extreme cases, U waves.
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c. Laboratory teststo consider:
1. Blood: Electrolytes, with blood urea nitrogen/creatinine (BUN/Cr), creatine phosphokinase (CPK), glucose, renin, arterial
blood gas (ABG), cortisol.
2. Urine: Urinalysis, K+, Na+, Cl-, osmolality, 17-ketosteroids.
3. Other: ECG.
d. Management: Rapidity of treatment should be proportional to severity of symptoms.
1. Acute: Calculate electrolyte deficit and replace with potassium acetate or potassium chloride. See Formulary for dosage
information. Enteral replacement is safer when feasible, with lessrisk of iatrogenic hyperkalemia. Follow serum K+ closely.
2. Chronic: Calculate daily requirements and replace with potassium chloride or potassium gluconate. See Formulary for dosage
information.
2. Hyperkalemia
a. See Table 10-15 for etiologies of hyperkalemia, and Table 10-16 for clinical manifestations.
b. Management
1. Mild to moderate (K+ =610 7): Goal isto enhance excretion of K+ .
a. Place patient on cardiac monitor. Eliminate K+ from diet and parenteral fluids.
b. Na+ polystyrene resin (Kayexaate) by mouth (PO) every 6 hours or as a retention enema over 4 to 6 hours. See



Formulary for dosage information.
2. Severe (K+>7): Goal isto move K+ into cells acutely.
a. Regular insulin, 0.1 U/kg IV with D,s W as 2 mL/kg (0.5 g/kg) over 30 minutes. Repeat dose in 30 to 60 minutes, or

begin
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infusion of D,sW 1 to 2 mL/kg/hr with regular insulin 0.1 U/kg/hr. Monitor glucose hourly.
b. NaHCO; 1 to 2 mEg/kg IV given over 5 to 10 minutes. May be used even in the absence of acidosis.

c. With onset of ECG changes, urgent reversal of membrane effects is required. Give calcium gluconate (10%) 100 mg/kg
per dose (1 mL/kg per dose) over 3 to 5 minutes. May repeat in 10 minutes (does not lower serum K+ concentration).
Note that calcium gluconate solution is not compatible with NaHCO; . Flush lines between infusions.

d. Dialysisisrecommended if these measures are unsuccessful.
B. SODIUM
1. Hyponatremia
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Etiologies ( Table 10-17).
Factitious etiologies
1. Hyperlipidemia Na+ | by 0.002 x lipid (mg/dL).
2. Hyperproteinemia: Na+ | by 0.25 x [protein (g/dL) - §].
3. Hyperglycemia: Na+r | 1.6 mEg/L for each 100-mg/dL rise in glucose.

c. Clinical manifestations. Na+ <120 mEg/L is often symptomatic (seizure, shock, lethargy).2 @ If the change was less acute or chronic
over several months, the patient may be relatively asymptomatic.

d. For hyponatremia secondary to syndrome of inappropriate antidiuretic hormone (SIADH), the principal treatment is fluid restriction
until Na+ levels normalize. Use hypertonic NaCl for refractory seizures. See p. 236 and previous section for management of
hyponatremic dehydration.

2. Hypernatremia

a. Etiologies and management ( Table 10-18).

b. Clinical manifestations. Predominantly neurologic symptoms: lethargy, weakness, altered mental status, irritability, and seizures.
Additional symptoms may include muscle cramps, depressed deep tendon reflexes, and respiratory failure.

C. CALCIUM
1. Hypocalcemia

o o



a. Etiologies: Hypoparathyroidism (decreased parathyroid hormone [PTH] levels or ineffective PTH response), vitamin D deficiency,
hyperphosphatemia
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(i.e., secondary to excessive use of sodium phosphate enemas), pancreatitis, malabsorption states (malnutrition), drug therapy
(anticonvulsants), hypomagnesemia, and maternal hyperparathyroidism if patient is a neonate.

b. Clinical manifestations of tetany: Neuromuscular irritability with weakness, paresthesias, fatigue, cramping, altered mental status,
seizures, laryngospasm, and cardiac dysrhythmias.® 19 ECG changes include prolonged QT interval. Clinically, hypocalcemia may
be detected by carpopedal spasm after arterial occlusion of an extremity for 3 minutes (Trousseau’ s sign) or muscle twitching with
percussion of the facial nerve (Chvostek’s sign).

c. Laboratory data

1. Blood: Ca + (total and ionized); also consider phosphate, alkaline phosphatase, Mg? +, total protein, albumin (achangein
serum albumin of 1 g/dL changestotal serum Ca2 + in the same direction by 0.8 mg/dL), BUN, Cr, PTH, pH (acidosis
increases ionized calcium, whereas alkalosis decreasesit), 25-OH vitamin D.

2. Urine: Consider Ca2 +, phosphate, Cr.

3. Other: ECG; also consider chest radiograph (to visualize thymus), and ankle and wrist films for rickets.i

d. Management

1. Treat the underlying disease.

2. Chronic: Consider use of oral supplements of calcium carbonate, calcium gluconate, calcium glubionate, or calcium lactate.
See Formulary for dosage information.
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3. Acute symptomatic: Consider use of IV forms, such as calcium gluconate, calcium gluceptate, or calcium chloride (cardiac
arrest dose). See Formulary for dosage information.
a. Significant hyperphosphatemia should be corrected before correction of hypocal cemia because soft tissue calcification
may occur if total [Ca2 +] x [PO, 3 —] >80 (see p. 248).
b. Symptoms of hypocalcemiathat are refractory to Ca2 + supplementation may be caused by hypomagnesemia.
2. Hypercalcemia
a. Etiologies. Hyperparathyroidism, vitamin D intoxication, excessive exogenous calcium administration, malignancy, prolonged
immobilization, diuretics (thiazides), Williams syndrome, granulomatous disease (i.e., sarcoidosis), hyperthyroidism, milk-alkali
syndrome.
b. Clinical manifestations® & : Weakness, irritability, lethargy, seizures, coma, abdominal cramping, anorexia, nausea, vomiting,
polyuria, polydipsia, rena calculi, and pancreatitis. ECG changes include shortened QT interval.



c. Laboratory data
1. Blood: Caz+ (total and ionized); also consider phosphate, alkaline phosphatase, total protein, albumin, BUN, Cr, PTH, and
vitamin D.
2. Urine: Consider Ca2+ , phosphate, Cr.
3. Other: ECG,; also consider kidney, ureter, bladder (KUB) radiograph and renal ultrasound (for renal calculi).
d. Management
1. Treat the underlying disease.
2. Hydrate to increase urine output and Caz+ excretion. If glomerular filtration rate (GFR) and blood pressure (BP) are stable,
give NS with maintenance K+ at two to three times maintenance rate until Caz+ is normalized.
3. Diuresiswith furosemide.
4. Consider hemodialysisfor severe or refractory cases.
5. Steroids may be indicated in malignancy, granulomatous disease, and vitamin D toxicity to decrease vitamin D and Ca2 +
absorption. Consult appropriate specialists before administering steroids for these conditions.
6. Severe or persistently elevated Caz+ : Give calcitonin or bisphosphonate in consultation with an endocrinol ogist.
D. MAGNESIUM
1. Hypomagnesemia
a. Etiologies: Increased urinary losses (diuretic use, renal tubular acidosis, hypercalcemia, chronic adrenergic stimulants,
chemotherapy), increased gastrointestinal osses (malabsorption syndromes, severe malnutrition, diarrhea, vomiting, short bowel
syndromes, enteric fistulas), endocrine etiologies (diabetes mellitus, PTH disorders, hyperaldosterone states), and decreased intake (i.
e., prolonged parenteral fluid therapy with
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M gz+-free solutions). May be associated with neonatal hypocal cemic tetany.
b. Clinical manifestations® 1 : Anorexia, nausea, weakness, malaise, depression, nonspecific psychiatric symptoms, hyperreflexia,
carpopedal spasm, clonus, and tetany. ECG changes include both atrial and ventricular ectopy and torsades de pointes.
c. Laboratory data: Mg?+ and Caz+ (total and ionized); consider evaluation for renal or gastrointestinal losses or endocrine etiologies
outlined above.
d. Management
1. Acute: Give magnesium sulfate. See Formulary for dosing and side effects.
2. Chronic: Magnesium oxide or magnesium sulfate.2 See Formulary for dosing.
2. Hypermagnesemia
a. Etiologies: Renal failure, excessive administration (e.g., eclampsia/preeclampsia states, status asthmaticus, cathartics, enemas,
administration of magnesium for phosphate binding in renal failure). Neonates born prematurely after tocolysis with magnesium
sulfate are at high risk for respiratory sequelae, but serum magnesium levels tend to normalize within 72 hours.
b. Clinical manifestations® 1 : Depressed deep tendon reflexes, lethargy, confusion, and, in extreme cases, respiratory failure.



c. Laboratory data: Mg?+ , BUN, Cr, and Caz+ .
d. Management
1. Stop supplemental Mgz+ .
2. Diuresis.
3. Give Caz+ supplements such as calcium chloride (use cardiac arrest doses), calcium gluceptate, or calcium gluconate. See
Formulary for dosing.
4. Diaysisif life-threatening levels are present.
E. PHOSPHATE
1. Hypophosphatemia
a. Etiologies. Starvation; protein-energy malnutrition; malabsorption syndromes; intracellular shifts associated with respiratory or
metabolic alkalosis, the treatment of diabetic ketoacidosis, and the administration of corticosteroids; increased renal losses (i.e., rend
tubular defects, diuretic use); vitamin D-deficient and vitamin D-resistant rickets; and very-low-birthweight (VLBW) infants when
intake does not meet demand.
b. Clinical manifestations® 1 : Becomes symptomatic only at very low levels (<1.0 mg/dL) with irritability, paresthesias, confusion,
Seizures, apneain VLBW infants, and coma.
c. Laboratory data
1. Blood: Phosphate, Caz+ (total and ionized), electrolytes including BUN/Cr (follow for low K+, Mgz2+, Nat+ ); consider vitamin
D, PTH.
2. Urine: Consider Ca2+ , phosphate, Cr, pH.
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d. Management
1. Insidious onset of symptoms: Give oral potassium phosphate or sodium phosphate. See Formulary for dosing.
2. Acute onset of symptoms:. Give IV potassium phosphate or sodium phosphate. See Formulary for dosing.
2. Hyperphosphatemia
a. Etiologies: Hypoparathyroidism (but rarely occursin the absence of renal insufficiency), reduction of GFR to <25% (may occur at
smaller reductions of GFR in neonates), excessive administration of phosphate (PO, IV, or enemas), and use of cytotoxic drugs to
treat malignancies.
b. Clinical manifestations® & : Symptoms of the resulting hypocalcemia. See pp. 244-246.
c. Laboratory data
1. Blood: Phosphate, Caz+ (ionized and total), electrolytesincluding BUN/Cr; consider CBC, vitamin D, PTH, ABG.
2. Urine: Consider Ca2+ , phosphate, Cr, urinalysis.
d. Management
1. Restrict dietary phosphate.
2. Give phosphate binders (calcium carbonate, aluminum hydroxide; use with caution in renal failure). See Formulary for dosing.



3. For cdll lysis (with normal renal function), give an NS bolus and IV mannitol. See p. 506 for management of tumor lysis

syndrome.

4. If patient has poor renal function, consider dialysis.

TABLE 10-14 -- CAUSESOF HYPOKALEMIA

Decreased Stores

Normal BP
Hypertension Renal Extrarenal Normal Stores
Renovascular disease RTA Skin losses Metabolic alkalosis
Excessrenin Fanconi syndrome Gl losses t Insulin
Excess mineral ocorticoid Bartter syndrome High CHO diet Leukemia
Cushing syndrome DKA Enema abuse 3, catecholamines
Antibiotics L axative abuse Familial hypokalemic periodic
paralysis
Diuretics Anorexianervosa
Amphotericin B Malnutrition
LABORATORY DATA
t Urine K+ 1 Urine K+ L Urine K+ t Urine K+

CHO, Carbohydrate; DKA, diabetic ketoacidosis; Gl, gastrointestinal; RTA, renal tubular acidosis.

TABLE 10-15 -- CAUSESOF HYPERKALEMIA

I ncreased Stores

Increased Urine K+

Decreased Urine K+

Normal Stores

Transfusion with aged blood

Renal failure

Cdll lysis syndromes

Hypoal dosteronism

Leukocytosis (>100 K/mmsa)

Exogenous K+ (e.g., salt substitutes)

Aldosterone insensitivity

Thrombocytosis (>750 K/mm3))



! Insulin

Metabolic acidosis®

Spitzer syndrome

K+ -sparing diuretics
Congenital adrenal hyperplasia

*For every 0.1-unit reduction in arterial pH, there is an approximately 0.2-0.4 mEg/L increasein plasma K+ .

Blood drawing (hemolyzed sample)
TypelV RTA
Rhabdomyolysis/crush injury
Malignant hyperthermia
Theophylline intoxication

TABLE 10-16 -- CLINICAL MANIFESTATIONS OF K+ DISTURBANCES

Serum K+ ECG Changes Other Symptoms

(2.5 AV conduction defect, prominent U wave, Apathy, weakness, paresthesias

ventricular dysrhythmia, ST segment depression
(7.5 Peaked T waves Weakness, paresthesias
[B.0 Loss of Pwave, widening of QRS —
[B.0 ST segment depression, further widening of Tetany

QRS
Mo Bradycardia, sine wave QRS-T, first-degree AV | —

block, ventricular dysrhythmias, cardiac arrest
From Feld LG, Kaskel FJ, Schoeneman MJ. Adv Pediatr 1988; 35:497-535.
AV, Atrioventricular; ECG, e ectrocardiogram.

TABLE 10-17 -- HYPONATREMIA~
Decreased Weight
Renal L osses Extrarenal L osses Increased or Normal Weight

CAUSE
Na+ -losing nephropathy Gl losses Nephrotic syndrome



Diuretics Skin losses Congestive heart failure
Adrenal insufficiency Third spacing SIADH
Cystic fibrosis Acute/chronic renal failure

Water intoxication
Cirrhosis
Excess salt-free infusions

LABORATORY DATA

t Urine Na+ L Urine Nar LUrineNa- 1

1 Urine volume

L Urine volume

L Urine volume

| Specific gravity

1 Specific gravity

1 Specific gravity

L Urine osmolality

t Urine osmolality

t Urine osmolality

MANAGEMENT

Replace losses Replace |osses Restrict fluids
Treat cause Treat cause Treat cause

Gl, Gastrointestinal; SADH, syndrome of inappropriate antidiuretic hormone secretion.
*Hyperglycemia and hyperlipidemia cause spurious hyponatremia.

T Urine Nar may be appropriate for level of Na* intake in patients with SIADH and water intoxication.

TABLE 10-18 -- HYPERNATREMIA
Decreased Weight
Renal L osses Extrarenal L osses I ncreased Weight

CAUSE

Nephropathy Gl losses Exogenous Na+ *
Diuretic use Respiratory losses’ Mineral ocorticoid excess

Diabetes insipidus

Skin losses

Hyperaldosteronism



Postobstructive diuresis
Diuretic phase of ATN

LABORATORY DATA

1 Urine volume

| Urine volume

Relative | urine volume

+ Urine Na+

| Urine Nar

Relative | urine Na+

| Specific gravity

1 Specific gravity

Relative 1 specific gravity

MANAGEMENT

Replace FW losses based on calculations in text and treat cause. Consider a natriuretic agent if there isincreased weight.

ATN, Acute tubular necrosis, FW, free water; Gl, gastrointestinal .

T Exogenous Nar administration will cause an increase in the fractional excretion of sodium.
*This cause of hypernatremiais usually secondary to free water |oss, so that the fractional excretion of sodium may be decreased or normal.

V. ACID-BASE DISTURBANCES

A. ANION GAP

The anion gap (AG) represents anions other than bicarbonate and chloride required to balance the positive charge of Nar . Clinically itis

caculated as follows:

AG = Na* - (CI" + CO, )

(Normal: 12 mEg/L £ 2 mEg/L)

B. METABOLIC ACIDOSISWITH NORMAL ANION GAP (HYPERCHLOREMIC METABOLIC ACIDOSIS)

1. Gastrointestinal loss of bicarbonate
a. Diarrhea (secretory).

b. Fistulaor drainage of the small bowel or pancreas.
c. Surgery for necrotizing enterocalitis.
d. Ureteral sigmoidostomy or ileal loop conduit.

e. lleoileal pouch.

f. Use of anion exchange resinsin presence of renal impairment.
2. Renal tubular acidosis, especially Typell (see Table 18-1, p. 399).

3. Other causes
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a. Administration of HCI, NH, ClI, arginine, or lysine hydrochloride.
b. Hyperalimentation.
c. Dilutional acidosis.
C. METABOLIC ACIDOSISWITH INCREASED ANION GAP
1. Increased acid production (noncarbonic acid)

a. Increased 3-hydroxybutyric acid and acetoacetic acid production

1.
2.
3.

Insulin deficiency (diabetic ketoacidosis).
Starvation or fasting.
Ethanol intoxication.

b. Increased lactic acid production

1.

6.

Tissue hypoxia.

2. Sepsis.

3. Exercise.

4.

5. Systemic diseases (e.g., leukemia, diabetes mellitus, cirrhosis, pancrestitis).

Ethanol ingestion.

Inborn errors of metabolism (IEMs) (carbohydrates, urea cycle, amino acids, organic acids).

c. Increased short-chain fatty acids (acetate, propionate, butyrate, d-lactate) from colonic fermentation.
1. Vira gastroenteritis.

2.

Other causes of carbohydrate malabsorption.

d. Other acute intoxications

1.
2.
3.

Methanol intoxication.
Ethylene glycol intoxication.
Paraldehyde intoxication.

4. Salicylate/ NSAID intoxication.
e. Increased sulfuric acid
2. Decreased acid excretion: Acute and chronic renal failure.
D. METABOLIC ALKALQOSIS
1. Volume contraction with H+ loss.
a. Vomiting.
b. Gastric suction.
c. Diuretic therapy.
2. Increased urinary H+ excretion (i.e., thiazide and loop diuretics).



V. SERUM OSMOLALITY

1. Defined asthe number of particles per liter. May be approximated by:

2[Na'l +

Glucose (mg/dL)

BUN (mg/dL)

18

2.8

2. Normal range: 275 to 295 mOsm/L.

VI. PARENTERAL FLUID COMPOSITION ( Table 10-19)

TABLE 10-19 -- COMPOSITION OF FREQUENTLY USED PARENTERAL FLUIDS

CHO Protein’ Na+ (mEq/ | K+ (mEqg/ | CI- (mEqg/ | HCOs " | caz+ (mEq/

Liquid (9/100 mL) | (g/100 mL) cal/L L) L) L) (mEq/L) L) mOsm/L
Ds W 5 — 170 — — — — — 252
D,y W 10 — 340 — — — — — 505
NS (0.9% NaCl) — — — 154 — 154 — — 308
% NS (0.45% NaCl) — — — 77 — 77 — — 154
Ds ¥4 NS (0.225% 5 — 170 34 — 34 — — 329
NaCl)
3% NaCl — — — 513 — 513 — — 1027
8.4% sodium — — — 1000 — — 1000 — 2000
bicarbonate (1 mEg/mL)
Ringer's 0-10 — 0-340 147 4 155.5 — 4
Lactated Ringer’s 0-10 — 0-340 130 4 109 28 3 273
Amino acid 8.5% — 8.5 340 3 — 34 52 — 880
(Travasol)
Plasmanate — 5 200 110 2 50 29 —
Albumin 25% (salt poor) — 25 1000 100-160 — <120 — — 300



Intralipid* 2.25 — 1100 2.5 0.5

4.0

258-284

CHO, Carbohydrate; HCO, -, bicarbonate; NS, normal saline.

*Protein or amino acid equivalent.
TBicarbonate or equivalent (citrate, acetate, |actate).
* Vaues are approximate; may vary from lot to lot. Also contains <1.2% egg-phosphatides.
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Chapter 11 - GASTROENTEROLOGY

SaminaH. TahaMD

l. WEBSITES

www.aap.org (American Academy of Pediatrics)
www.naspgn.org (North American Society for Pediatric Gastroenterology and Nutrition)
www.acg.gi.org (American College of Gastroenterology)

IIl. GASTROINTESTINAL EMERGENCIES

A. GASTROINTESTINAL BLEEDING
1. Initial evaluation ( Fig. 11-1)

a
b.
C.

d.
e.

Assess airway, breathing, and circulation (ABCs) and hemodynamic stabilization (i.e., pallor, tachycardia, delayed capillary refill).
Perform physical examination, looking for evidence of bleeding.

Verify bleeding with rectal examination and/or Hemoccult testing of stool or emesis. Obtain baseline |aboratory tests. Consider the
following additional laboratory studies: complete blood count (CBC) with platelets, prothrombin time/partial thromboplastin time
(PT/PTT), blood type and crossmatch, reticulocyte count, blood smear, blood urea nitrogen/creatinine (BUN/Cr), electrolytes, and a
panel to assess for disseminated intravascular coagulation (DIC). Consider gastric lavage to differentiate upper from lower
gastrointestinal (Gl) bleeding and to assess for ongoing bleeding.

Provide specific therapy based on assessment and site of bleeding.

Begininitial fluid resuscitation with normal saline (NS) or lactated Ringer’s (LR) solution. Consider transfusion if there is continued
bleeding, symptomatic anemia, and/or a hematocrit level <20%.

2. For adifferential diagnosis of Gl bleeding, see Table 11-1
B. ACUTE ABDOMENM®
1. Differential diagnosis

a

Gl source: Appendicitis, pancreatitis, intussusception, malrotation with volvulus, inflammatory bowel disease (IBD), gastritis, bowel
obstruction, mesenteric lymphadenitis, irritable bowel syndrome, abscess, hepatitis, perforated ulcer, Meckel’ s diverticulitis,
cholecystitis, choledocholithiasis, constipation, gastroenteritis.

Renal source: Henoch-Schonlein purpura (HSP), urinary tract infection (UTI), pyelonephritis, nephrolithiasis.

Gynecol ogic source: Ectopic pregnancy, ovarian cyst/torsion, pelvic inflammatory disease (PID).



d. Oncologic source: Wilms' tumor, neuroblastoma.
e. Other sources: Pneumonia, sickle cell anemia, diabetic ketoacidosis (DKA), juvenile rheumatoid arthritis (JRA).
2. Diagnosis
a. History: Course and characterization of pain, diarrhea, melena, hematochezia, fever, last oral intake, menstrual history, vaginal

254

discharge/bleeding, urinary symptoms, and respiratory symptoms. Also assess past Gl history, travel history, and diet.
b. Physical examination
1. General: Vita signs, toxicity, rashes, arthritis, jaundice.
2. Abdominal: Moderate to severe abdominal tenderness on palpation, rebound/guarding, rigidity, masses, change in bowel
sounds.
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3. Rectal: Include testing for occult blood.
4. Pelvic: Discharge, masses, adnexal/cervical motion tenderness.
3. Studies
a. Radiology: First obtain plain abdominal radiographs to assess for obstruction, constipation, free air, gallstones, or kidney stones, and
chest radiographs to check for pneumonia. Then consider abdominal/pelvic ultrasonography, abdominal spiral computed
tomography (CT) with contrast (include rectal contrast for appendicitis evaluation), other contrast studies, and endoscopy.
b. Laboratory: Electrolytes, chemistry panel, CBC, liver and kidney function tests, coagulation studies, blood type and screen/
crossmatch, urinalysis, amylase, lipase, gonorrhea/chlamydia cultures (or ligase chain reaction [L CR]/probes), beta-human chorionic

gonadotropin (B-hCG), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP).
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4. Management
a. Immediate: Patient should be placed on nothing by mouth (NPO) status. Begin rehydration. Consider nasogastric decompression,
serial abdominal examinations, surgical/gynecological/Gl evaluation as indicated, pain control (may confound examination), and
antibiotics as indicated.
b. Definitive: Surgical or endoscopic exploration as warranted.

Figure 11-1 Evaluation of Gl bleeding. May use gastrostomy (G tube) if present; use with caution if esophageal varices suspected. EGD,



Esophagogastroduodenoscopy; SBFT, small bowel follow-through; UGI, upper Gl.
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TABLE 11-1 -- DIFFERENTIAL DIAGNOSISOF Gl BLEEDING®




Upper Gl Bleed Lower Gl Bleed

Newborns Swallowed maternal blood Anal fissure
Hemorrhagic gastritis Allergic proctocolitis
Stress ulcer I nfectious diarrhea
Idiopathic Hirschsprung' s disease
Coagulopathy Necrotizing enterocolitis
Gastric outlet obstruction Volvulus
Gastric volvulus Stress ulcer
Pyloric stenosis Vascular malformation
Antral/pyloric webs Gl duplication

Infants Epistaxis Anal fissure
Gastritis Infectious diarrhea
Esophagitis Allergic proctocolitis
Stress ulcer Meckel’sdiverticulum
Gastric/duodenal ulcer I ntussusception
Foreign bodies Gl duplication
Gastric volvulus Peptic ulcer
Esophageal varices Foreign body

Children Epistaxis Anal fissure
Tonsillitig/sinusitis Infectious diarrhea
Gastritis Polyp
Mallory-Weisstear Hemorrhoids

Gastric/duodenal ulcer

Inflammatory bowel disease

Medications

Henoch-Schonlein purpura

Tumors

Meckel’ s diverticulum



Hematol ogic disorders Peptic ulcer

Esophageal varices Hemolytic uremic syndrome

Munchausen by proxy Vascular malformations

From Mezoff AG, Preud Homme DL. Contemp Pediatr 1994; 11:60-92.

* |n order of frequency, most common in bold.

. VOMITING

See Table 11-2 for evaluation of vomiting.

TABLE 11-2 -- EVALUATION OF VOMITING

Type

Etiology

Evaluation

Typicaly bilious

Obstruction

I ntussusception

Malrotation + volvulus

Pancreatitis

Intestinal dysmotility

Peritoneal adhesions

Incarcerated inguinal hernia
Intestinal atresia, stenosis

Superior mesenteric artery syndrome
Incarcerated inguinal hernia

* Review feeding and medication history
*NG/OG tube for depression if Gl is suspected
oIf bilious and/or hematemesis, consider surgical
consultation

» Serum electrolytes, CBC

*Plain abdominal film with upright or cross-
table lateral views to rule out obstruction, free air
eAbdominal ultrasound if pyloric stenosisis
suspected

*Upper Gl seriesto rule out pyloric stenosis,
obstruction, anomalies, evaluate GI motility
*Neurologic evaluation and imaging

*Consider feeding modifications + medications
if GERD is suspected

*Avoid antiemetics unless specific, benign
etiology isidentified



Typically nonbilious Overfeeding

GERD

Milk-protein sensitivity
Infection

Peptic disease

Drugs

Electrolyte imbalance
Eating disorders
Necrotizing enterocolitis
Metabolic abnormality
Pyloric stenosis
CNSlesion
Esophageal/gastric atresia, stenosis
Hirschsprung' s disease
Annular pancreas

Web

Either bilious or nonbilious lleus
Appendicitis

Modified from Saavedra J. Gastroenterology. In Seidel H et al. Primary care of the newborn. 2001; 119-120 and Murray K et al. Vomiting. Pediatr
Rev 1998; 19(10):337-341.
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IV. EVALUATION OF LIVER FUNCTION TESTS (LFTs)

1. Study resultssuggestive of liver cell injury: Aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH),
and NH, .

2. Study results suggestive of cholestasis: Increased bilirubin, urobilinogen, y-glutamyltransferase (GGT), alkaline phosphatase, 5'-nucl eotidase,
serum bile acids.

3. Testsof synthetic function: Albumin, prealbumin, PT, activated partial prothrombin time (aPTT), cholesterol. Elevated NH; is evidence of
decreased ability to detoxify ammonia. See Table 11-3 for evaluation and interpretation of LFTSs.

Note: See Chapter 15 for hepatitisimmunization recommendations.



V. HYPERBILIRUBINEMIA & &

Bilirubin is the product of hemoglobin metabolism. There are two forms: direct (conjugated) and indirect (unconjugated). Hyperbilirubinemiais usually
the result of increased hemoglobin load, reduced hepatic uptake, reduced hepatic conjugation, or decreased excretion. Direct hyperbilirubinemiais
defined as direct bilirubin >15% of total bilirubin >2 mg/dL. See Box 11-1 for differential diagnosis of hyperbilirubinemia. Also refer to Chapter 17 for
evaluation and treatment of newborn jaundice.

VI. DIARRHEA

Usual stool output is 10 g/kg/day in children and 200 g/day in adults. Diarrhea isincreased water in stool, resulting in increased stool frequency or
loose consistency. Chronic diarrhea is diarrhea lasting more than 14 days. Acute diarrhea is most commonly of an infectious, usually viral, etiology. A
bacterial etiology is more common in bloody diarrhes; it is usually secretory or dysenteric. See Tables 11-4 and 11-5 for general treatment information.

The etiology of diarrhea may be infectious or malabsor ptive, and the mechanism is osmotic or secretory. In osmotic diarrhea, stool volume depends
on diet and decreases with fasting (fecal Na+ <60 mosmol/L). In secretory diarrhea, stool volume isincreased and does not vary with diet (fecal Nat
>60 mosmol/L).

Oral rehydration therapy (ORT) is amost always successful and should be attempted with an appropriate oral rehydration solution in cases of mild to
moderate dehydration. See Chapter 10 for calculation of deficit and maintenance fluid requirements and oral rehydration composition. Breast-feeding

should continue, and aregular diet should be restarted as soon as the patient is rehydrated. Parenteral hydration is indicated in severe dehydration,
hemodynamic instability, or failure of ORT.
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TABLE 11-3-- EVALUATION OF LIVER FUNCTION TESTS

Enzyme Sour ce I ncreased Decreased Comments
AST/ALT Liver Hepatocel lular injury Vitamin B deficiency ALT more specific than
AST for liver

Heart Rhabdomyolysis Uremia AST > ALT in hemolysis




Skeletal muscle Muscular dystrophy AST/ALT >2in 90% of
alcohol disordersin adults
Pancreas Hemolysis
RBCs Liver cancer
Kidney
Alkaline phosphatase Liver Hepatocel lular injury L ow phosphate Highest in cholestatic
conditions
Osteoblasts Bone growth, disease, Wilson's disease Must be differentiated from
trauma bone source
Small intestine Pregnancy Zinc deficiency
Kidney Familia Hypothyroidism
Placenta Pernicious anemia
GGT Bile ducts Cholestasis Estrogen therapy Not found in bone
Renal tubules Newborn period Artificially low in Increased in 90% primary
hyperbilirubinemia liver disease
Pancreas Induced by drugs Biliary obstruction
Small intestine Intrahepatic cholestasis
Brain Induced by alcohol
Specific for hepatobiliary
disease in nonpregnant
patient
5'-NT Liver cell membrane Cholestasis Specific for hepatobiliary

disease in nonpregnant
patient

Intestine

Bran

Heart

Pancreas




NH,

Organic acidemiaand
carnitine deficiency

Bowel Hepatic disease secondary Converted to ureain liver
to urea cycle dysfunction
Bacteria
Protein metabolism Hemodialysis
Valproic acid therapy
Urea cycle enzyme
deficiency

Alk phos, Alkaline phosphatase; AST/ALT, aspartate aminotransferase/alanine aminotransferase; GGT, y-glutamy! transpeptidase; 5¢NT, 5'-
nucleotidase; RBCs, red blood cells.
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| NDIRECT H YPERBILIRUBINEMIA

Transient Neonatal Jaundice
Physiologic jaundice

Breast-feeding jaundice

Breast milk jaundice

Reabsorption of extravascular blood
Polycythemia

Hemolytic Disorders

Box 11-1. Differential Diagnosis of Hyper bilirubinemia




Blood group incompatibility
Hemogl obinopathies

Red cell membrane disorders
Microangiopathies

Red cell enzyme deficiencies
Autoimmune disease

Enter ohepatic Recirculation
Hirschsprung' s disease
Cystic fibrosis

Ileal atresia

Pyloric stenosis

Disorders of Bilirubin Metabolism
Crigler-Ngjjar syndrome
Gilbert syndrome
Hypothyroidism

Hypoxia

Acidosis

Miscellaneous

Sepsis

Dehydration




Hypoal buminemia

Drugs

Direct HYPERBILIRUBINEMIA

Biliary Obstruction

Biliary atresia

Paucity of intrahepatic bile ducts (Alagille)
Choledochal cyst

Inspissated bile syndrome
Fibrosing pancreatitis

Primary sclerosing cholangitis
Gallstones

Neoplasm

I nfection

Sepsis

Urinary tract infection
Cholangitis

Liver abscess

Viral hepatitis

Herpes simplex virus




Varicella-zoster virus

Syphilis

Toxoplasmosis

Tuberculosis

Leptospirosis

Histoplasmosis

Toxocariasis

M etabolic Disorders

Alpha 1-antitrypsin deficiency
Cystic fibrosis

Galactosemia

Galactokinase deficiency
Wilson's disease

Hereditary fructose intolerance
Niemann-Pick disease
Glycogen storage disease
Dubin-Johnson syndrome
Rotor syndrome
Chromosomal Abnormalities

Turner syndrome




Trisomy 18

Trisomy 21

Drugs

Aspirin
Acetaminophen

[ron

Isoniazid

Vitamin A
Erythromycin
Sulfonamides
Oxacillin

Rifampin

Ethanol

Steroids

Tetracycline
Methotrexate
Miscellaneous
Neonatal hepatitis syndrome
Parenteral alimentation

Reye's syndrome
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TABLE 11-4-- TREATMENT RECOMMENDATIONS FOR BACTERIAL ENTERIC INFECTIONS

Organism Clinical Syndrome Treatment Recommendations Therapy”
Salmonella Diarrhea No treatment, can prolong carriage | Amoxicillin
Invasive disease or:<3 months of Treatment recommended: length of |TMP/SMZ
age treatment depends on site of Third-generation cephalosporin
Malignancy infection; relapses are common, and
Hemogl obinopathy retreatment recommended
| mmunosuppressed
Chronic GI disease
Severe colitis
Shigella Diarrhea or dysentery Treatment shortens duration of TMP/ISMZ
signs and symptoms, eliminates
organism from feces, prevents
spread of organism
Yersinia Noninvasive diarrhea Treatment in normal host doesnot | TMP/SMZ
Septicemia and infection other than |have established benefit Third-generation cephalosporin
Gl tract Treatment recommended
Campyl obacter Diarrhea or dysentery Treatment shorten’ s duration of Erythromycin

ilIness; prevents relapse

Escherichia coli HUS Antimicrobial therapy does not
*EHEC (0157) (enterohemorrhagic) appear to prevent progression to
f HUS and routine antibiotics are
discouraged
*EPEC (enteropathogenic) Diarrhea Nonabsorbable oral antibiotics Gentamycin/Neomycin

Chronic carriage

Absorbable ora antibiotics

TMP/ISMZ



*ETEC (enterotoxigenic) Diarrhea Disease usually self-limited and no
treatment recommended

*EIEC (enteroinvasive) Diarrhea Treatment recommended

HUS, Hemolytic uremic syndrome; TMP/SVIZ, trimethoprim/sulfamethoxazole.

* Definitive therapy should be based on culture sensitivities.
tFromWong Set al. N Engl J Med 2000; 342(26): 1930-1936.
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TABLE 11-5-- TREATMENT OF PARASITIC ENTERIC INFECTIONS

Organism Clinical Syndrome Treatment Recommendations Antiparasitic
Giardia lamblia Asymptomatic carriage No treatment unless household Metronidazole
member with:
Pregnancy
Cystic fibrosis
Hypogammaglobulinemia
Diarrhea Symptomatic disease should be Metronidazole
treated Furazolidone
Amebae Asymptomatic Treatment recommended for all Paromomycin
infection
Diarrhea/dysentery Treatment recommended for all Metronidazole followed by
Extraintestinal infection iodoquinol
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VII. CONSTIPATION AND ENCOPRESIS



Constipation is the failure to evacuate the lower colon regularly and is defined clinically as painful passage of stools with hard consistency. Thereisa
wide variation in normal stooling patterns from several times daily to weekly. Encopresisis the leakage of stool around impaction. This occurs with
chronic constipation, in which thereis aloss of sensation in the distended rectal vault.

A. DIFFERENTIAL DIAGNOSIS OF NONFUNCTIONAL CONSTIPATION

1. Neurologic (e.g., Hirschsprung' s disease, spinal pathology, botulism).

2. Obstructive (e.g., anal ring, small left colon, meconium ileus, mass).

3. Endocrine/metabolic (e.g., collagen vascular disease, hypothyroidism).

4. Medicinal (e.g., opiates, iron, tricyclic antidepressants, chemotherapy agents).

B. COMPLICATIONS

1. Abdominal pain.

2. Rectal fissures, ulcers, and prolapse.

3. UTI, urinary incontinence, ureteral obstruction.

4. Stasis syndrome with bacterial overgrowth.

5. Social isolation.

C. TREATMENT OF FUNCTIONAL CONSTIPATION: LONG-TERM BEHAVIORAL MODIFICATION ALONG WITH
MEDICATION
The goal of treatment of functional constipation isweaning of medication once normal colorectal sensation and stooling patterns have been
established. The three stages of treatment include:

1. Dismpaction (2 to 5 days): Enemas may be attempted at home once daily for 2 to 5 days. Prolonged use may result in hypophosphatemia
and hypocalcemia. Refractory constipation may require colonic lavage with isotonic polyethylene glycol-electrol yte solution (see
Formulary for dosage). This can be given at home or via nasogastric (NG) tube in the hospital.

a. Enema (see Formulary for dosage)
1. Minerd oil
2. Hypertonic phosphate
3. Milk and molasses 50:50 mix up to 6 0z maximum.
b. Oral/nasogastric (see Formulary for dosage)
1. Minera oil: Use with caution in patients younger than 1 year of age and in those with neurologic impairment because of risk
of aspiration.
2. Magnesium citrate
3. Polyethylene glycol: Also available for outpatient use (Miralax): In adults, dissolve 17 g in 8 oz water once daily for up to 2
weeks.
4. Sodium phosphate oral solution (Fleet Phospho-Soda)

2. Sustained evacuation (usually 3 to 12 months): This stage restores normal colorectal tone and requires habitual toilet use with positive

rewards and behavioral therapy. Initial diet should be low in fiber, with atransition to a high-fiber diet once disimpaction has occurred.




264

M edications include lubricants, hyperosmolar sugars, and stimulants. These medications can also be used for mild constipation. See
Formulary for specific dosages. Generic hames of medications follow:

a. Fiber supplements: Barley malt, cellulose, psyllium, polycarbophil.

b. Lubricants: Mineral oil, surfactant.

c. Hyperosmolar sugars. Fructose/sorbitol (prune juice); lactulose (do not use in patients younger than 6 months).

d. Laxativesand stool softeners. Magnesium hydroxide, senna, diphenylmethane, docusate sodium, bisacody!, glycerin.

3. Gradually wean from medications.

VIIl. MISCELLANEOUS TESTS

A. OCCULT BLOOD
1. Purpose: To screen for the presence of blood through detection of heme in stool.
2. Method: Smear a small amount of stool on the test areas of an occult blood test card and allow to air dry. Apply developer as directed.
3. Interpretation: A blue color resembling that of the control indicates the presence of heme. Brisk transit of ingested red meat and inorganic
iron may yield afalse-positive result. Screening for the presence of blood in gastric aspirates or vomitus should be performed using

Gastroccult, not stool Hemoccult cards.

B. D-xyLosE TEST
1. Purpose: To screen for small bowel malabsorption by measuring the amount of o-xylose absorbed after an oral load. Unreliable in patients

with edema, renal disease, delayed gastric emptying, severe diarrhea, rapid transit time, or small bowel bacterial overgrowth.

2. Method: Have infants fast for 4 to 6 hours, older children for 8 hours. give a 14.5 g/m2 (maximum 25 g) oral load of o-xylose as a 10%
water solution. Ensure adequate urine output using supplementary oral or intravenous (V) fluid, collect all urine for 5 hours, and send for
guantitation. Alternatively, send serum specimens for o-xylose concentration before the load and 30, 60, 90, and 120 minutes after the load.

3. Interpretation (urine)

a. Children >6 months old
1. 5 hoursurinary excretion of <15% of the oral load suggests malabsorption.
2. 15% to 24% isindeterminate.
3. >25% isnormal.
b. Infants <6 months old: 5 hours urinary excretion <10% suggests malabsorption.
4. Interpretation (serum): Failure of the serum level to exceed 25 mg/dl in any of the postabsorptive specimens suggests mal absorption.
C. TESTSFOR FAT MALABSORPTION: QUANTITATIVE FECAL FAT
1. Purpose: To screen for fat malabsorption by quantitating fecal fat excretion.
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2. Method: Patient should be on anormal diet (35% fat) with the amount of calories and fat ingested recorded for 2 days before the test and
during the test itself. collect and freeze all stools passed within 72 hours, and send to the laboratory for determination of total fecal fatty
acid content.

3. Interpretation

a. Total fecal fatty acid excretion of >5 g fat/24 hours may suggest mal absorption.
Note: Resultswill vary with amount of fat ingested and normal values have not been established for children <2 yearsold.
b. The coefficient of absorption (CA) isamore accurate indicator of malabsorption and does not vary with fat intake:
CA = (g fat ingested — g fat excreted)/(g fat ingested) x 100
Note: Quantitative fecal fat isrecommended over qualitative methods (e.g., staining with Sudan 111), which depend on spot
checksand arethusunreliable for diagnosing fat malabsor ption.
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Chapter 12 - GENETICS

Vivian V. Pearson MD

When evaluating any child for a genetic disorder, one of the most valuable tools is the three-generation pedigree. For each family member, note age,
gender, and medical status or cause of death. Specifically ask about family history of neonatal or childhood deaths, mental retardation, developmental



delay, birth defects, seizure disorders, known genetic disorders, ethnicity, consanguinity, infertility, miscarriages, and stillbirths.

. NEWBORN METABOLIC SCREEN

All states screen for phenylketonuria and hypothyroidism; for alist of screening tests and number of states that use each test, see Table 12-1 . Tandem
mass spectrometry is currently available to screen for disorders of amino, organic, and fatty acid metabolism. Only afew states have implemented
tandem mass spectrometry at the time of this publication; however, that number is expected to increase.i

A. TIMING
1. Screen after at least 24 hoursof normal protein and lactose feeding. Formula-fed infants may not have a diagnostic abnormality before

36 hours of age. Breast-fed infants may not have a diagnostic abnormality before 48 to 72 hours of age.
2. Recommendations from the American Academy of Pediatrics:

a. Screen al infants before hospital discharge. For normal term infants, screen as close as possible to hospital discharge.
b. All infants should be screened by 7 days of age.

c. If first screen is before 24 hours of age, re-screen by 14 days of age.

Note: Many geneticists recommend re-screening at 3 days of ageif thefirst screen isbefore 24 hoursof age.
B. MANAGEMENT OF POSITIVE SCREENING RESULTS
SeeTable12-1 .2 "1

[I. INBORN ERRORS OF METABOLISM: ABNORMALITIES OF BIOCHEMICAL PATHWAYS

Inborn errors of metabolism (IEMs) may present any time from the neonatal period to adulthood. Although these disorders are often thought of asrare,
when considered collectively, they represent significant treatable causes of morbidity and mortality.® 7 & & %

A. PRESENTATIONS
1. Neonatal onset: Often presents with anorexia, lethargy, vomiting, and/or seizures. Symptoms often develop at 24 to 72 hours of age. One
in five sick full-term neonates with no risk factors for infection will have metabolic disease.
2. Lateonset (>28 daysold): Some IEMs characteristically present late, whereas others present beyond the newborn period if the defect is

partial.
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a. Typica symptoms. Vomiting, respiratory distress, and changes in mental status, including confusion, lethargy, irritability, aggressive
behavior, hallucinations, seizures, and coma.
b. Symptoms are usually brought on by intercurrent illness, prolonged fast, dietary indiscretion, or any process causing increased
catabolism.
B. EVALUATION OF SUSPECTED METABOLIC DISEASE
1. For laboratory testsrecommended to detect IEMs, see Box 12-1 . For sample collection requirements, see Table 12-2 .
2. If theinitial evaluation is suspicious for metabolic disease, obtain further testing aslisted in Box 12-1 and consult a geneticist. Early
diagnosis and appropriate therapy are essential for preventing irreversible brain damage and death.
C. DIFFERENTIAL DIAGNOSIS
A differential diagnosisis based on predominant signs and symptoms.
1. Interpretation of initial laboratory findings ( Table 12-3).
2. Differential diagnosis of hyperammonemia ( Fig. 12-1).
3. Differential diagnosisof recurrent hypoglycemia (see section E, Recurrent Hypoglycemia, p. 274).
4. Abnormal urineodors( Table 12-4).
5. Positive urine reducing substances ( Box 12-2).
D. GENERAL ACUTE MANAGEMENT OF INBORN ERRORS OF METABOLISM
1. Stop dietary sources of protein.
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2. Start intravenous (V) fluids: Dy, at 1.5 to 2 times maintenance dose delivers 10 to 15 mg/kg/min of glucose to stop catabolism. (A

catabolic state results in an endogenous protein load.) Add Na /K+ based on the degree of dehydration and electrolyte levels. In severe
dehydration, give anormal saline (NS) bolusin addition to D,, at 1.5 to 2 times the maintenance dose to stop catabolism.

3. Provide HCO; - replacement for severe acidosis (pH <7.1) only.

4. In cases of hyperammonemia, the following experimental drugs may be used. They should only be used in consultation with a
geneticist because over doses may be lethal: sodium benzoate 250 mg/kg (5.5 g/m?) 1V, sodium phenylacetate 250 mg/kg (5.5 g/m2) IV,
and arginine-HCI (10% solution) 6 mL/kg (12 g/m2) 1V. Give these doses as a bolus over 90 minutes. Repeat the same doses over 24 hours
as amaintenance
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dose. Ondansetron may be used to decrease nausea and vomiting associated with these drugs. (Benzoate and phenylacetate are substrates
for aternate pathways of nitrogen excretion; arginine supplementation allows continued operation of the urea cycle in defectsin which the
block is proximal to arginine.)
5. If the patient’s condition is unresponsive to above management, hemodialysis should be initiated. Hemodialysisis often required in
neonates because of their inherently catabolic state. Exchange transfusion should not be used.
6. Long-term therapy will likely include protein restriction, citrulline supplementation, and oral sodium phenylbutyrate (Buphenyl).
E. RECURRENT HYPOGLYCEMIA
Recurrent hypoglycemia may result from endocrine disorders or IEMs, including defects in gluconeogenesis, glycogen breakdown (glycogen
storage diseases), and fatty acid oxidation, or toxic impairment of gluconeogenesis (organic acidemias).
1. Laboratory evaluation: If the patient is stable, the following tests should be performed before giving glucose:
a. Blood gas.
b. Electrolytes.
Chemistry panel.
Gray-top glucose.
Plasma lactate.

® Q0
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f. Insulin, growth hormone, and cortisol. Consider C peptide if exogenous insulin is suspected.
g. Plasmaamino acids, acylcarnitine profile, quantitative carnitine levels, and urine for ketones should aso be studied, but samples
may be obtained after giving glucose.
2. Glycogen storage diseasetypes| and |11
a. Presentation: Hepatomegaly, symptomatic hypoglycemia.
1. Typel (glucose-6-phosphatase deficiency [G6PD]) typically presents at 1 to 2 months of age with prominent hepatomegaly;
the patient is symptomatic with fasting >3 hours.
2. Typelll (glycogen debrancher deficiency) often presents at >6 months of age, when trying to get a child to sleep through the
night; the patient is symptomatic with fasting for 8 to 12 hours.
b. Laboratory findings: Hypoglycemia and lactic acidemia after a short fast; elevated aspartate aminotransferase (AST), alanine



aminotransferase (ALT), cholesterol, uric acid (type | only), and lactate at baseline.

c. Definitive diagnosis. Liver biopsy for enzyme assay.

d. Therapy: Frequent feedings, nocturnal nasogastric feedings; uncooked cornstarch.

3. Fatty acid oxidation defects: Defects of the carnitine cycle or of -oxidation: short-, medium-, long-, and very-long-chain acyl-CoA
dehydrogenase deficiency, abbreviated as SCAD, MCAD, LCAD, and VLCAD, respectively. For each chain length thereisa
corresponding hydroxyacyl-CoA dehydrogenase deficiency: SCHAD, MCHAD, LCHAD, and VLCHAD, respectively.

a. Presentation: Change in mental status, emesis, or seizures after a prolonged fast or at time of increased caloric need; hepatomegaly;
in some defects cardiomyopathy, dysrhythmias, or skeletal muscle weakness are present.

b. Laboratory findings. Hypoglycemia with inappropriately low ketones is the hallmark. Also noted are moderately elevated liver
function tests (LFTs) and ammonia, low total carnitine, and mild metabolic acidosis. Different defects have characteristic patterns on
organic acid, acylcarnitine, and acylglycine analyses.
c. Therapy
1. Acute: See pp. 270-271, 274; carnitine supplementation.
2. Chronic: Carnitine supplementation, avoidance of fasting, IV fluid with D, if unable to maintain oral (PO) intake as aresult of

illness.

TABLE 12-1 -- NEWBORN METABOLIC SCREENSAND INITIAL MANAGEMENT OF ABNORMAL RESULTS

Disease (Number of
States That Conduct
Screen')

Normal Value

Abnormal Values and Responses’

Clinical Evaluation*
Repeat Screen Within
48 Hours

Clinical Evaluation*
Send Definitive Test
Telephone Contact
With Referral Center

Clinical Evaluation
Send Definitive Test
Immediate Transfer
to Referral Center

Definitive Tests

Phenylketonuria (51)

Phe <2

Phe 26

Phe 6-12

Phe >12

Plasma amino acids
(Phe, Tyr), biopterins

Hypothyroidism (51)

*Term infant <1 wk old

T, within 2 SD of

mean; TSH <30 mclU/
mL

T, >2 SD below mean;
TSH <100 mclU/mL

T, >2 SD below mean;

TSH >100 mclU/mL
*Sart levothyroxine
after drawing tests

T,,freeT,, TSH;
thyroid-binding
globulinor T;resin

uptake



*Term infant >1 wk old

T, within 2 SD of

mean; TSH <30 mclU/
mL

T, >2 SD below mean;
TSH <50 mclU/mL

T, >2 SD below mean;

TSH >50 mclU/mL
*Sart levothyroxine
after drawing tests

T,,freeT,, TSH;
thyroid-binding
globulinor T;resin
uptake

Galactosemiag8(48)
(sugar in mg/dL)
*Note: sugar =
gaactose + ga-1-P

Beutler FST nl, sugar
<10

Beutler FST nl and
sugar 10-40 or Beutler
FST abnl and sugar <10
Check urine reducing
subs; if positive,
remove lactose from
diet, contact referral
center

Beutler FST abnl and
sugar =or Beutler FST
nl and sugar >40
Check urine reducing
subs; remove lactose
fromdiet

Galactose-1-P
uridyltransferase;
galactokinase; UDP
gal-4-epimerase;
galactose; galactose-1-
phosphate

Hemogl obinopathy Hemoglobin See Chapter 13 — — —

(47) electrophoresis

Biotinidase deficiency | Colorimetric Colorimetric — — Plasma biotinidase

(22 biotinidase assay nl bi otinidase assay abnl RIA, urine organic
acids

Congenital adrenal Enzyme (17-OHP) Immunoassay abnl — — Quantitative plasma 17-

hyperplasia (22) immunoassay nl OHP

Maple syrup urine Leu<2 Leu2-4 Leu4-8 Leu>8 Plasma amino acids

disease’(21)

Check urine ketones; if
positive, transfer to
referral center

Restrict proteinto 1.5
o/kg/day; check urine
ketones; if positive,
transfer to referral
center

(Met), plasma
homocysteine

Homocystinuria (14)

Methionine <2 mg/dL

>2 mg/dL
transfer to referral
center

Plasma amino acids

Cystic fibrosis (6)

| mmunoreactive
trypsin test 70140
mcg/mL

>140 mecg/mL

Second test at 30 days
of age; if >80 mcg/dL,
use confirmatory test

Sweat test or DNA
analysis



Modified from American Academy of Pediatrics. Pediatrics 2000; 106:383-427; American Academy of Pediatrics, Committee on Genetics. Pediatrics
1996; 98:473-501; Council of Regional Networks for Genetic Services. J Pediatr 2000; (suppl)137:S1-346; and Elsas LJ. Newborn screening. In
Rudolph AM, Hoffman JIE, Rudolph CD, editors. Rudolph’s pediatrics, 20th ed. Norwalk, Conn: Appleton & Lange; 1996.

Note: Other tests used in <5 states include human immunodeficiency virus (HI1V), MCAD, toxoplasmosis, G6PD, and tandem mass spectrometry (for
>30 disorders).t

NI, Normal; abnl, abnormal.

TNumber of states screened includes 50 states and Washington DC.

* Disease-specific responsesin italics.

TMore aggressive interventions should be taken if clinical evaluation isworrisome.

8Maple syrup urine disease and galactosemia can be rapidly fatal if untreated; err on the side of aggressive evaluation and treatment.

Box 12-1. LABORATORY TESTSFOR INBORN ERRORS OF METABOLISM

INniTIAL T ESTS

Complete blood count with differential

Serum el ectrolytes (cal culate anion gap)

Blood glucose

Aspartate aminotransferase (AST)

Alanine aminotransferase (ALT)

Total and direct bilirubin

Blood gas

Plasma ammonium

Plasma lactate

Urine dipstick: pH, ketones, glucose, protein, bilirubin
Urine odor (see Table 12-4)

Urine-reducing substances (Clinitest tablet [Ames Co.], identifies all reducing substancesin urine; see Box 12-2)

FurTHERT ESTING IF WoRk-UpP1s Suspicious




Plasma amino acids
Quantitative plasma carnitine
Urine organic acids

If lactate level is elevated, serum pyruvate and repeat lactate level

TABLE 12-2 -- SAMPLE COLLECTION

Specimen Volume (mL) Tube’ Handling

Plasma ammonium 1-3 Green top On ice; immediate transport to
laboratory; levelsrise rapidly on
standing

Plasmaamino acids’ 1-3 Green top Onice; if must store, spin down,
separate plasma and freeze

Plasma carnitine 1-3 Green top Onice

Acylcarnitine profile Saturate newborn screen filter paper Dry and mail to reference

with blood laboratory

Lactate 3 Gray top Onice

Karyotype 3 Green top Room temperature

Very-long-chain fatty acids 3 Purple top Room temperature

White blood cells for enzymes/DNA |3 Purple top Room temperature

Urine organic acids

5-10

Deliver immediately or freeze

Urine amino acids

5-10

Deliver immediately or freeze

Skin biopsy

Tissue culture medium or patient’s
plasma

* Additivesin tubes: purple, K3EDTA; green, lithium heparin; gray, potassium oxalate and sodium fluoride.

TObtain after a 3-hour fast.

Refrigerate; do not freeze




TABLE 12-3 -- DIFFERENTIAL DIAGNOSIS OF SUSPECTED METABOLIC DISEASE

Figure 12-1 Differential diagnosis of hyperammonemia. Dagger indicates hypoglycemia present when symptomatic. HMG-CoA,

Deficient pathway |Amino acid Ureacycle Carbohydrate Fatty acid Organic acid Energy metabolism
metabolism metabolism oxidation metabolism

Example Maple syrup urine  |OTC deficiency Glycogen storage | Medium-chain acyl- |Methylmalonic Pyruvate
disease diseasetypel COA dehydrogenase |acidemia dehydrogenase

deficiency complex deficiency

Test

*Blood pH Acidic Alkaline Acidic Variable Acidic Acidic

*Anion gap 1 Normal 1 + 1 1

*Ketones 1 Negative 1 Inappropriately low | 1 -or1t

oL actate Normal Normal 1 Slight 1 Normal or 1 Markedly 1

*Glucose Variable Normal ! ! Normal or 1 tor!

*NH, Normal or dight t+  |Markedly 1 Normal Moderate 1 Normal or t tort

FTT Yes Yes Yes No Yes Yes

Developmental Yes Yes No No Yes Yes

delay

Neurologic signs Lethargy to coma, |lrritable, Hypoglycemic Lethargy tocoma |Lethargy to coma, |Lethargy to coma,
hypertonia combative, coma, |seizures hypotonia hypotonia

hypotonia

Hydroxymethylglutaryl-CoA; LCAD, long-chain acyl-CoA dehydrogenase; MCAD, medium-chain acyl-CoA dehydrogenase; SCAD, short-chain acyl-

CoA dehydrogenase.
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TABLE 12-4 -- UNUSUAL URINE ODORS

Disease Odor

ACUTE DISEASE

Maple syrup urine disease Maple syrup, burned sugar
Isovaleric acidemia Cheesy or sweaty feet
Multiple carboxylase deficiency Cat’'surine

3-OH,3-methyl glutaryl-CoA lyase deficiency Cat’surine

NONACUTE DISEASE

Phenylketonuria Musty

Hypermethioninemia Rancid butter, rotten cabbage
Trimethylaminuria Fishy

Box 12-2. DISORDERS ASSOCIATED WITH A POSITIVE URINE-REDUCING SUBSTANCESTEST

Galactose : Galactosemia, galactokinase deficiency, severe liver disease
Fructose: Hereditary fructose intolerance, essential fructosuria
Glucose: Diabetes mellitus, renal tubular defects
p-Hydroxyphenylpyruvic acid: Tyrosinemia

Xylose: Pentosuria

[Il. NEURODEGENERATIVE DISORDERS: ABNORMALITIES OF ORGANELLE FUNCTION
Note: Many other neurodegener ative disor ders exist; an exhaustivelist is beyond the scope of this chapter.

A. LYSOSOMAL DISORDERS



Lysosomal disorders (e.g., the mucopolysaccharidoses) include neurodegeneration with systemic storage resulting from lysosomal enzyme
defects (e.g., Hurler, Hunter, Scheie, Sanfilippo, and Sly syndromes).

1.

2.
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Presentation: Hepatosplenomegaly, corneal clouding (except Hunter syndrome), dysostosis multiplex, coarse features, neurologic

deterioration.
Laboratory findings: Inclusion bodies on peripheral blood smear, positive urine mucopolysaccharide (MPS) spot; characteristic findings

on eye examination and skeletal survey.

3. Definitivediagnosis: Assay of skin fibroblasts for specific lysosomal hydrolases.
4.

Therapy: Experimental therapy with exogenous enzyme; bone marrow transplantation may provide some enzyme activity but cannot
reverse brain damage.

B. PEROXISOMAL DISORDERS
Peroxisomal disorders include Refsum syndrome, X-linked adrenoleukodystrophy (ALD), Zellweger syndrome, and others.

1.

Presentation: Seizures, loss of milestones, |oss of white matter on magnetic resonance imaging (MRI) scans. Thereis progressive
neurodegeneration, and eventually death.

2. Laboratory findings: Elevated very-long-chain fatty acids, pipecolic acid, phytanic acid, and plasmal ogens.
3.
4. Therapy: Treat adrenal insufficiency if present; provide vitamin K. Research protocols include dietary lipid therapy, bone marrow

Definitive diagnosis. Enzyme assays in cultured skin fibroblasts and microscopy of peroxisomes.

transplant, and immunosuppression.

V. DYSMORPHOLOGY

The suspicion for many syndromes and chromosomal anomalies is often raised by major or minor anomalies noted on physical examination. The most
common anomalies and commonly used diagnostic tests are listed here. More complete information can be found in reference works by Hall, Froster-
Iskenius, Allandon 4 and Jones.*a In addition to well-known syndromes, many rare genetic disorders are listed in reference works.i*a 3 Searching the
Online Mendelian Inheritance in Man (OMIM) website, www3.ncbi.nlm.nih.gov/omim, with a free text search of patient findings may lead to a more
complete diagnostic differential.

A. PHYSICAL EXAMINATION
1. Head: Hypotelorism; hypertelorism (for inner and outer canthal distance charts see Pirneck EK et ali*4 ); abnormal palpebral fissure length

and angles or epicanthal folds; long, short, or flat philtrum; ear pits or tags; low-set or posteriorly rotated ears; micrognathia; retrognathia.

2. Skeletal: Fifth-digit clinodactyly, syndactyly, polydactyly. Rhizomelic shortening (shortening of proximal long bones) istypical of

conditions such as achondroplasia. Proportionate dwarfism is characteristic of growth hormone deficiency. Upper:lower segment ratio
( Fig. 12-2) islow in Marfan syndrome.
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B. STRUCTURAL DIAGNOSTIC TESTS
1. Brain MRI.
2. Ophthalmologic examination for optic atrophy, coloboma, cataracts, retinal abnormalities, lens subluxation, or corneal abnormalities.
3. Echocardiogram.
4. Abdominal ultrasound for polysplenia or asplenia, absent or horseshoe kidney, ureteral or bladder defects, and abdominal situs.
5. Skeletal survey for abnormalities of bone length or structure.

C. GENETIC DIAGNOSTIC TESTS
1. Karyotype: Detects abnormal numbers of chromosomes and deletions, duplications, translocations, and inversions large enough to be seen

by light microscopy. For indications, see section V1.
2. Fluorescencein situ hybridization (FISH): Hybridization of a fluorescently tagged DNA probe to chromosomes allows detection of

submicroscopic deletions and duplications. FISH assays are commonly available for the following syndromes. Williams (7q11), Prader-
Willi and Angelman (15q11), Miller-Dieker (17p13.3), Smith-Magenis (17p11.2), velocardiofacial and DiGeorge (22g11). Telomere
deletions and many other genetic disorders are also testable by FISH. For a complete, updated online list of genetic diagnostic tests, see

www.geneclinics.org.
3. Deoxyribonucleic acid (DNA) analysis: Many monogenic disorders now have DNA tests available. Contact your laboratory or www.

genetests.org for alist of those available.

Figure 12-2 Normal upper:lower segment ratio by age. The lower segment equals distance from pubic symphysis to floor. Ratio equals upper segment/
lower segment = [height — lower segment]/lower segment.
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www.bloodline.net
www.bloodjournal.org
www.sicklecelldisease.org

II. ANEMIA

A. GENERAL EVALUATION
Anemiais defined by age-specific norms ( Fig. 13-1 and Table 13-1). Evaluation includes the following:
1. Complete history: Includes melena, hematochezia, blood loss, fatigue, pica, medication exposure, growth and development, nutritional
history, ethnic background, and family history of anemia, splenectomy, or cholecystectomy.
2. Physical examination: Includes pallor, jaundice (including scleral icterus), glossitis, tachypnea, tachycardia, cardiac murmur,
hepatosplenomegaly, and signs of systemic illness.
3. Initial laboratory tests. May include a complete blood count (CBC) with red blood cell (RBC) indices, reticulocyte count, blood smear,
stool for occult blood, urinalysis, and serum bilirubin.
B. DIAGNOSIS
Anemias may be categorized as macrocytic, microcytic, or normocytic. Table 13-2 gives adifferential diagnosis of anemia based on RBC
production and cell size. Note that normal ranges for hemoglobin and mean corpuscular volume (MCV) are age dependent.
C. EVALUATION OF SPECIFIC CAUSESOF ANEMIA
1. Iron deficiency anemia: Hypochromic/microcytic anemiawith alow reticulocyte count and an elevated red cell distribution width (RDW).
a. Serum ferritin reflects total body iron stores after 6 months of age and isthe first value to fall in iron deficiency. Ferritin is an acute
phase reactant, and it may be falsely elevated with inflammation or infection. See Chapter 24 for normal ferritin values.
b. Other indicators include low serum iron and/or transferrin levels and an elevated total iron-binding capacity (TIBC). See Chapter 24
for normal iron, transferrin, and TIBC values.
c. Free erythrocyte protoporphyrin (FEP) accumulates when the conversion of protoporphyrin to heme is blocked. FEP is elevated in
iron deficiency, plumbism, and erythrocyte protoporphyria. Levels >300 mcg/dL are generally found only with lead intoxication.
d. Iron therapy (see Formulary for dosage information) should result in an increased reticulocyte count in 2 to 3 days and an increasein
hematocrit (HCT) after 1 to 4 weeks of therapy. Iron stores are generally repleted with 3 months of therapy.
2. Hemolytic anemia: Rapid RBC turnover. Etiologies include congenital
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membranopathies, hemogl obinopathies, enzymopathies, metabolic defects, and immune-mediated destruction. Useful studiesinclude the
following:
a. Reticulocyte count: Usually elevated and indicates increased production of RBCs to compensate for increased destruction.
Corrected reticulocyte count (CRC): Corrected for differencesin HCT, CRC is an indicator of erythropoietic activity. A CRC >1.5
suggestsincreased RBC production as aresult of hemolysis or blood loss.

[ HCT = Actual HCT
Volume of PRBCs (mL) = EBV (mL) x DESW&{;T of };’HECSE
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b. Increased plasma aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) from release of intracellular enzymes.

c. Haptoglobin: Binds free hemoglobin; decreased with intravascular and extravascular hemolysis.

d. Direct Coombs test (DCT): Tests for the presence of antibody on patient RBCs. Can be falsely negative if affected cells have
already been destroyed or antibody titer islow.

e. Glucose-6-phosphate dehydrogenase (G6PD) assay: Used to diagnose G6PD deficiency, an X-linked disorder. May be normal
immediately after a hemolytic episode, as older, more enzyme-deficient cells have been lysed. See Chapter 28 for alist of oxidizing
drugs.

f. Osmotic fragility test: Useful in diagnosis of hereditary spherocytosis.

g. Heinz body preparation: Precipitated hemoglobin within RBCs; present in unstable hemoglobinopathies and during oxidative stress
(e.g., GEPD deficiency).

3. Red cell aplasia: Normocytic or macrocytic, low reticulocyte count, variable platelet and white blood cell (WBC) counts. Bone marrow
aspiration evaluates RBC precursorsin the marrow to look for bone marrow dysfunction, neoplasm, or specific signs of infection. May not
be necessary for the diagnosis of transient erythroblastopenia of childhood (TEC) or aplastic crisis.

a. Acquired aplasias

1. Infectious causes, including parvovirusin children with rapid RBC turnover (infects RBC precursors), Epstein-Barr virus
(EBV), cytomegalovirus (CMV), human herpes virus 6 (HHV-6), or human immunodeficiency virus (HIV).



2. TEC: Occurs from age 6 monthsto 4 years, with >80% of cases presenting after 1 year of age with anormal or slightly low
MCV and low reticulocyte count. There is usually spontaneous recovery within 4 to 8 weeks.
3. Exposures (drugs, radiation, chemicals).

b. Congenital aplasias (macrocytic), including the following:

1. Fanconi’sanemia: An autosomal recessive disorder, Fanconi’s anemia usually presents before 10 years of age, and may
present with pancytopenia. Patients may have absent thumbs, renal anomalies, microcephaly, or short stature. Chromosomal
fragility studies may be diagnostic.

2. Diamond-Blackfan-Oski syndrome: An autosomal recessive pure RBC aplasia, this syndrome presentsin the first year of life.
It is associated with congenital anomaliesin one third of cases, including triphalangeal thumb, short stature, and cleft lip.

c. Aplastic anemia (macrocytic).

TABLE 13-1-- AGE-SPECIFIC BLOOD CELL INDICES

MCHC (g/% WBCs (%103 / Platelets (103 /

Age Hb (g%)? HCT (%)? MCV (fL)= RBC)= Reticulocytes mm3)® mm3)®
26-30 wk 13.4 41.5 118.2 37.9 — 4.4 254
gestation®

(11) (34.9 (106.7) (30.6) (2.7) (180-327)
28 wk 14.5 45 120 31.0 (5-10) — 275
32 wk 15.0 47 118 32.0 (3-10) — 290
Term¢(cord) 16.5 (13.5) 51 (42) 108 (98) 33.0(30.0) (3-7) 18.1(9-30)¢ 290
1-3dy 18.5(14.5) 56 (45) 108 (95) 33.0(29.0) (1.8-4.6) 18.9 (9.4-34) 192
2 wk 16.6 (13.4) 53 (41) 105 (88) 31.4(28.1) 11.4 (5-20) 252
1 mo 13.9(10.7) 44 (33) 101 (92) 31.8(28.1) (0.2-1.7) 10.8 (4-19.5)
2 mo 11.2 (9.4) 35 (28) 05 (84) 31.8(28.3)
6 mo 12.6 (11.1) 36 (31) 76 (68) 35.0 (32.7) (0.7- 2.3) 11.9(6-17.5)
6 mo-2 yr 12.0 (10.5) 36 (33) 78 (70) 33.0 (30.0) 10.6 (6-17) (150-350)
2-6 yr 12.5(11.5) 37 (34) 81 (75) 34.0 (31.0) (0.5-1.0) 8.5 (5-15.5) (150-350)
6-12 yr 13.5(11.5) 40 (35) *86 (77) 34.0 (31.0) (0.5-1.0) 8.1(4.5-13.5) (150-350)

12-18 yr



*Male 14.5 (13) 43 (36) 88 (78) 34.0 (31.0) (0.5-1.0) 7.8(4.5-13.5) (150-350)
*Femae 14.0 (12) 41 (37) *90 (78) 34.0 (31.0) (0.5-1.0) 7.8 (4.5-13.5) (150-350)
Adult

Mae 15.5(13.5) 47 (41) *90 (80) 34.0 (31.0) (0.8-2.5) 7.4 (4.5-11) (150-350)
Female 14.0 (12) 41 (36) «90 (80) 34.0 (31.0) (0.8-4.1) 7.4 (4.5-11) (150-350)

Data from Forestier F et al. Pediatr Res 1986; 20:342; Oski FA, Naiman JL. Hematological problemsin the newborn infant. Philadelphia: WB
Saunders; 1982; Nathan D, Oski FA. Hematology of infancy and childhood. Philadelphia: WB Saunders; 1998; Matoth Y, Zaizov R, Varsano |. Acta
Paediatr Scand 1971; 60:317; and Wintrobe MM. Clinical hematology. Baltimore: Williams and Wilkins; 1999.

Hb, hemoglobin.

aDataare mean (-2 SD).
b Data are mean (£2 SD).

¢ Vaues are from fetal samplings.
d <1 mo, capillary hemoglobin exceeds venous: 1 hr: 3.6 g difference; 5 dy: 2.2 g difference; 3 wk: 1.1 g difference.
e Mean (95% confidence limits).

Figure 13-1 Hemoglobin and mean corpuscular volume by age. (From Dallman PR, Simes MA. J Pediatr 1979; 94:26.)
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TABLE 13-2-- CLASSIFICATION OF ANEMIA

Reticulocyte Count

Microcytic Anemia

Normocytic Anemia

Macr ocytic Anemia

Low

Iron deficiency

Chronic disease

Folate deficiency



Lead poisoning

RBC aplasia (TEC, infection, drug
induced)

Vitamin B, deficiency

Chronic disease

Malignancy

Aplastic anemia

Aluminum toxicity

Juvenile rheumatoid arthritis

Congenital bone marrow
dysfunction

Copper deficiency

Endocrinopathies

(Diamond-Blackfan or Fanconi
syndromes)

Protein malnutrition Renal failure Drug induced
Trisomy 21
Hypothyroidism
Normal Thalassemiatrait Acute bleeding —
Sideroblastic anemia Hypersplenism
Dyserythropoietic anemiall
High Thalassemia syndromes Antibody-mediated hemolysis Dyserythropoietic anemial, 11

Hemoglobin C disorders

Hypersplenism

Active hemolysis

Microangiopathy (HUS, TTP, DIC,
Kasabach-Merritt)
Membranopathies (spherocytosis,
elliptocytosis)

Enzyme disorders (G6PD, pyruvate
Kinase)

Hemogl obinopathies

From Nathan D, Oski FA. Hematology of infancy and childhood. Philadelphia: WB Saunders; 1988.

DIC, Disseminated intravascular coagulation; G6PD, glucose-6-phosphate dehydrogenase; HUS, hemolytic uremic syndrome; TEC, transient
erythroblastopenia of childhood; TTP, thrombotic thrombocytopenic purpura.

[ll. HEMOGLOBINOPATHIES

A. HEMOGLOBIN ELECTROPHORESIS

Hemoglobin electrophoresis involves separation of hemoglobin variants based on molecular charge and size. All positive sickle preparations and
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solubility tests for sickle hemoglobin (e.g., Sickledex) should be confirmed with electrophoresis or isoelectric focusing (a component of the
mandatory newborn screen in many states). See Table 13-3for interpretation of neonatal hemoglobin electrophoresis patterns.
B. SICKLE CELL ANEMIA
Sickle cell anemiais caused by a genetic defect in 3-globin present in 1 in 500 African-Americans; 8% of African-Americans are carriers.
1. Diagnosis:. Often made on newborn screen with hemoglobin electrophoresis. The sickle preparation and Sickledex are both rapid tests that
are positive in al sickle hemoglobinopathies (e.g., sickletrait [AS], sickle cell anemia[SS], sickle-C [SC], sickle B-thalassemia [ SB-thal]).
False negative test results may be seen in neonates and other patients with a high percentage of fetal hemoglobin.
2. Complications: A hematologist should generally be consulted.it
a. Fever (temperature >38.6° C).
1. Evaluation: Complete history and physical examination, CBC with differential, reticulocyte count, and blood cultures.
Consider urine
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culture, lumbar puncture, blood type and cross-match, chest radiograph, and other culturesif clinically indicated.

2. Treatment: Prompt administration of intravenous (1V) antibiotics (i.e., high-dose, third-generation cephal osporin). Consider
additional coverage with vancomycin if there is suspicion of meningitis. Consider adding clindamycin if penicillin-resistant
pneumococcus is suspected, or if patient appearsill. Admit patient if he or sheis <3 years old, istoxic in appearance, if there
is concern about laboratory results, or if thereis evidence of additional acute complications. In older children, use an antibiotic
with along haf-life (e.g., ceftriaxone) if patient is treated as an outpatient, and reevaluate within 24 hours. If considering
outpatient care, patient must have a home phone, and family must be reliable.

b. Vasoocclusive crisis:

1. Commonly presents as dactylitisin children <2 years old, and as unifocal/multifocal pain in children >2 years.

2. Treatment: Initially, attempt to control pain with oral analgesics (e.g., nonsteroidal antiinflammatory drugs [NSAIDS],
narcotics) and hydration at home. Consider hospital admission if there isinadequate pain control with oral medications, or if
additional complications are present. If hospitalized for 1V analgesia, also treat with 1V fluids, incentive spirometry, and close
monitoring for additional complications. Patient-controlled analgesia (PCA) pumps with parenteral narcotics and parenteral
NSAIDs (i.e., ketorolac) can be useful in the hospitalized patient (see Formulary and Chapter 27 for choice of analgesics,
dosing, and weaning).

c. Acute chest syndrome:

1. Defined as anew pulmonary infiltrate and some combination of fever, cough, chest pain, tachypnea, dyspnea, or hypoxemia.

2. Treatment: Hospital admission, oxygen, incentive spirometry, bronchodilators, antibiotics (an appropriate combination of a
cephalosporin, and/or clindamycin/vancomycin, with the addition of a macrolide if atypical pneumoniais suspected),



d.

€.

f.

analgesia, and optimization of fluid status. Consider simple transfusion for moderately severeillness, partial exchange
transfusion for severe or rapidly progressive disease. An A-agradient (see p. 526) can be useful to quantify severity of disease.
A chest radiograph, CBC, reticulocyte count, blood type and screen, and blood culture should aso be obtained. To avoid
hyperviscosity and potential worsening of the clinical condition, avoid increasing to Hgb >10 g/dL or hematocrit >30%.
Treatment with high-dose dexamethasone has been proposed, although this still remains a controversial therapeutic agent, and
rebound pain with weaning may occur.@ Pulmonary function tests (PFTs) may be helpful in both acute and chronic
management.
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Splenic sequestration:

1. Defined as an acute illness with an Hgb level 2 g/dL or more below the patient’ s baseline value, with an acutely enlarged
spleen. May be associated with leukopenia and thrombocytopenia.

2. Treatment: Serial abdominal examinations, close monitoring of all vital signs, fluid resuscitation, and RBC transfusion (10 mL/
kg) for Hgb <4.5 g/dL with signs of cardiovascular compromise. May need to repeat RBC transfusion. In severe cases,
exchange transfusion may be necessary. With recovery after all transfusions, autotransfusion may occur, resulting in alarge
increase in Hgb and risk of congestive heart failure. Therefore the goal of transfusion should be hemodynamic stability, and
posttransfusion Hgb should not exceed 8 g/dL.

Aplastic crisis:

1. Defined as an acute illness, with Hgb below patient’ s baseline value and substantially decreased reticul ocyte count (often
<1%). It isusually self-limited, and frequently follows viral infections, especially parvovirus B19. Patients should be isolated
given therisk to pregnant health care workers.

2. Treatment: Hospital admission, close monitoring of all vital signs, intravenous fluids, and packed RBC transfusion with small
aliquots for symptomatic anemia(i.e., 5to 6 mL/kg over 3 to 4 hours) to avoid fluid overload.

Additional complicationsinclude priapism, cerebrovascular accident (CVA), transient ischemic attack (TI1A), gallbladder disease,
and avascular necrosis.

3. Health maintenance: Ongoing consultation and clinical involvement with a pediatric hematologist and/or sickle cell program are essential.
a. Pneumococcal vaccine: Heptavalent protein-conjugate vaccine should be provided according to routine childhood schedule. A 23-

b.

o

valent polysaccharide vaccine should be provided after 2 years of age, with abooster after 3to 5 years (see p. 322, Table 15-6).
Begin prophylaxis with penicillin as soon as diagnosis is made; prophylaxis may be discontinued by age 5 if patient has had no prior
severe pneumococcal infections or splenectomy and has documented pneumococcal vaccinations.

Consider supplementation with folic acid.

An annual ophthalmologic examination should be performed after 10 years of age.

An annual transcranial Doppler examination should be performed between ages 2 and 16 years in patients with SS disease to screen
for high risk of CVA.

Closely follow growth, development, and school performance.



C.

THALASSEMIAS
Thalassemias are defects in a- oralpha;-or 3-globin production. It can be difficult to distinguish between a- andal pha;-and (3-thalassemia minor
and iron deficiency. The
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Mentzer index isuseful. An MCV/RBC level >13.5 suggests iron deficiency; <11.5 is suggestive of thalassemia minor.
1. a-Thalassemia minor (two-gene deletion) occursin 1.5% of African-Americans and is common in Southeast Asians. Hemoglobin
electrophoresis will be normal (except in a neonate in whom there will be some HbA2 and 1% to 2% HbBarts [y4]).
2. B-Thalassemiaisfound throughout the Mediterranean, Middle East, India, and Southeast Asia. Electrophoresisin [3-thal assemia minor
will show 3% to 8% HbA2 and may show 2% to 4% fetal hemoglobin. See Table 13-3 for interpretation of neonatal hemoglobin

electrophoresis.
3. Thereare many other abnormal hemoglobins, including unstable forms and those with variations in oxygen affinity.

TABLE 13-3-- NEONATAL HEMOGLOBIN (Hb) ELECTROPHORESISPATTERNS'

FA Fetal Hb and adult normal Hb; the normal newborn pattern.

FAV Indicates the presence of both HbF and HbA. However, an anomalous band (V) is present, which does not appear to be
any of the common Hb variants.

FAS Indicates fetal Hb, adult normal HbA and HbS, consistent with benign sickle cell trait.

FS Fetal and sickle HbS without detectable adult normal HbA. Consistent with homozygous sickle Hb genotype (S/S) or
sickle B-thalassemia, with manifestations of sickle cell anemia during childhood.

FCT Designates the presence of HbC without adult normal HbA. Consistent with clinically significant homozygous HbC
genotype (C/C), resulting in amild hematol ogic disorder presenting during childhood.

FSC HbS and HbC present. This heterozygous condition could lead to the manifestations of sickle cell disease during
childhood.

FAC HbC and adult normal HbA present, consistent with benign HbC trait.

FSAA, Heterozygous HbS/B-thalassemia, a clinically significant sickling disorder.

FAA, Heterozygous HbA/B-thalassemia, a clinically benign hematologic condition.




Fr Fetal HbF is present without adult normal HbA. Although this may indicate a delayed appearance of HbA, itisalso
consistent with homozygous [3-thalassemia major, or homozygous hereditary persistence of fetal HoF.

FVv? Fetal HbF and an anomalous Hb variant (V) are present.

AF May indicate prior blood transfusion. Submit another filter paper blood specimen when the infant is 4 mo of age, at
which time the transfused blood cells should have been cleared.

*Hemoglobin variants are reported in order of decreasing abundance; for example, FA indicates more fetal than adult hemoglobin.
TRepeat blood specimen should be submitted to confirm the original interpretation.

IV. NEUTROPENIA
DEFINITION

Neutropenia is defined as an absolute neutrophil count <1500/mmsa , although neutrophil counts vary with age ( Table 13-4 ). Severe neutropeniais
defined as an absolute neutrophil count <500. See Box 13-1 for a differential diagnosis of neutropenia. Children with significant neutropenia are at risk

of bacterial and fungal infections. Granulocyte col ony-stimulating factor (G-CSF) may be indicated. See Formulary for dosage information. Transient
neutropenia secondary to viral illness rarely causes significant morbidity. For management of fever and neutropeniain oncology patients, see Chapter

21.

V. THROMBOCYTOPENIA

A. DEFINITION
Thrombocytopenia is defined as a platelet count <150,000/mms (see Table 13-1). Clinically significant bleeding is unlikely with platelet counts
>20,000/mma in the absence of other complicating factors.
B. DIFFERENTIAL DIAGNOSIS
1. Idiopathic thrombocytopenic purpura (ITP): ITPisadiagnosis of exclusion; it can be acute or chronic. WBC count and hemoglobin
levels are normal. Hemorrhagic complications are rare with platelet counts >20,000/ mm3 . Many patients require no therapy. Treatment
options include Rh (D) immune globulin (useful only in Rh-positive patients), intravenous immune globulin (see p. 310 for IVIG dosing),
or corticosteroids (i.e., prednisone 2 mg/kg/day). Splenectomy or chemotherapy may be considered in chronic cases. Platelet transfusions
are not generally helpful, but are necessary in life-threatening bleeding.
2. Platelet alloimmunization: A common cause of thrombocytopeniain newborns. Transplacental maternal antibodies (usually against PLA-
1 antigen) cause fetal platelet destruction and in-utero bleeding. If severe, atransfusion of maternal platelets will be more effectivein
raising the
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platelet count than random donor platelets. Diagnosis may be confirmed as follows:
a. A mixing study of maternal or neonatal plasma and paternal platelets.
b. Absence of maternal PLA-1 antigen.
c. A mixing study with patient plasma and a panel of known minor platelet antigens.

3. Other causes of thrombocytopenia include microangiopathic hemolytic anemias, such as disseminated intravascular coagulation (DIC)
and hemolytic-uremic syndrome (HUS), infection causing marrow suppression, malignancy, HIV, drug-induced thrombocytopenia,
marrow infiltration, cavernous hemangiomas (Kasabach-Merritt syndrome), thrombocytopenia with absent radii syndrome (TAR),
thrombosis, hypersplenism, and other rare inherited disorders (e.g., Wiskott-Aldrich syndrome).

TABLE 13-4 -- AGE-SPECIFIC LEUKOCYTE DIFFERENTIAL

Leulcggjltes* Neutrophils® Lymphocytes Monocytes Eosinophils
Age Mean (range) |Mean (range) % Mean (range) % Mean % Mean %
Birth 18.1 (9-30) 11 (6-26) 61 5.5(2-11) 31 1.1 6 0.4 2
12 hr 22.8 (13-38) |15.5(6-28) 68 5.5 (2-11) 24 12 5 0.5 2
24 hr 18.9(9.4-34) |11.5(5-21) 61 5.8 (2-11.5) 31 11 6 0.5 2
1wk 12.2 (5-21) *5.5(1.5-10) 45 5.0 (2-17) 41 1.1 9 0.5 4
2 wk 114 (5-20)  |+4.5(1-9.5) 40 5.5 (2-17) 48 1.0 9 0.4 3
1mo 10.8 (5-19.5) (3.8 (1-8.5) 35 6.0 (2-5-16.5) 56 0.7 7 0.3 3
6 mo 11.9(6-17.5) [3.8(1-8.5) 32 7.3 (4-13.5) 61 0.6 5 0.3 3
1yr 11.4 (6-17.5) |+3.5(1.5-8.5) 31 7.0 (4-10.5) 61 0.6 5 0.3 3
2yr 10.6 (6-17) *3.5(1.5-8.5) 33 6.3 (3-9.5) 59 0.5 5 0.3 3
4yr 9.1 (5.5-15.5) |+3.8 (1.5-8.5) 42 4.5 (2-8) 50 0.5 5 0.3 3
6yr «8.5(5-14.5) |+4.3(1.5-8) 51 3.5(1.5-7) 42 0.4 5 0.2 3




8yr 8.3 (4.5-13.5) |*4.4 (1.5-8) 53 3.3(1.5-6.8) 39 0.4 4 0.2 2
10 yr «8.1 (4.5-13.5) [+4.4 (1.5-8.5) 54 3.1(1.5-6.5) 38 0.4 4 0.2 2
16 yr 7.8 (4.5-13.0) |*4.4 (1.8-8) 57 2.8(1.2-5.2) 35 0.4 5 0.2 3
21yr 7.4 (4.5-11.0) |+4.4 (1.8-7.7) 59 2.5 (1-4.8) 34 0.3 4 0.2 3
From Dallman PR. In Rudolph AM, editor. Pediatrics, 20th ed. New York: Appleton-Century-Cr ofts; 1996.

* Numbers of leukocytes are x 103 /mm3 ; ranges are estimates of 95% confidence limits; percents refer to differential counts.
T Neutrophilsinclude band cells at all ages and a small number of metamyel ocytes and myelocytes in the first few days of life.

Box 13-1. DIFFERENTIAL DIAGNOSISOF CHILDHOOD NEUTROPENIA

Acquired Congenital

Infection Cyclic neutropenia

Immune Severe congenital neutropenia (Kostmann syndrome)
Hypersplenism

Vitamin B, , folate, copper deficiency

Chronic benign neutropenia of childhood

Drugs or toxic substances

Schwachman syndrome

Aplastic anemia

Fanconi syndrome

Malignancies or preleukemic disorders

Metabolic disorders (amino acidopathies, glycogenosis)

lonizing radiation

Osteopetrosis

VI. COAGULATION @ ( Figs. 13-2 and 13-3)

A. TESTSOF COAGULATION




An incorrect anticoagulant:blood ratio will give inaccurate results. See Table 13-5 for normal hematologic values.

1. Activated partial thromboplastin time (aPTT): Measuresintrinsic system; requires factorsV, VIII, IX, X, X1, XII, fibrinogen, and
prothrombin. May be prolonged in heparin administration, hemophilia, von Willebrand' s disease (VWD), DIC, and the presence of
circulating inhibitors (e.g., lupus anticoagulants or other antiphospholipid antibodies).

2. Prothrombin time (PT): Measures extrinsic pathway; requires fibrinogen, prothrombin, and factors V, VII, and X. May be prolonged in
deficiencies of vitamin K-associated factors, malabsorption, liver disease, DIC, warfarin administration, and circulating inhibitors.

3. Bleedingtime (BT): Evaluates clot formation, including platelet number and function, and von Willebrand' s factor (vWF). Performed at
patient bedside. Always assess the platelet number and check for a history
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of ingestion of platelet inhibitors, such as NSAIDs, before a bleeding time test.
B. HYPERCOAGULABLE STATES
Hypercoagulable states present clinically as venous or arterial thrombosis.
1. Congenital or genetic thrombotic risks: Carefully assess family history for stroke, thrombosis, spontaneous abortion, and obstetric
complications.
a. Natural anticoagulants: Decreased levels of protein C, protein S, antithrombin 111, or activated protein C resistance (i.e., factor V
Leiden).
1. Protein C or protein S deficiency: A hereditary, autosomal dominant disorder. In homozygous form, it presents as neonatal
purpura fulminans. Heterozygotes have athreefold to sixfold increased risk of venous thrombosis.
2. Antithrombin 111 deficiency: Hereditary, autosomal dominant disorder. Homozygotes die in infancy; heterozygotes have
increased risk of thrombosis.
3. Activated protein C resistance (factor V Leiden): 2% to 5% of Caucasians are heterozygotes (fivefold to tenfold risk of venous
thrombosis); 1 in 1000 are homozygotes (an eightyfold to 100-fold venous thrombosis risk).
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b. Homocystinemia: Increased levels of homocystine associated with venous and arterial thromboses.
c. Othersinclude prothrombin mutation (G20210A), plasminogen abnormalities, and dysfibrinogenemia.
2. Acquired thrombotic risks

a. Endothelial damage: Indwelling vascular catheter, hypertension, surgery, smoking, diabetes, hyperlipidemia, and oral contraceptives.

b. Hyperviscosity: Macroglobulinemia, sickle cell disease, and polycythemia.

c. Platelet activation: Essential thrombocytosis, oral contraceptives, and heparin-associated thrombocytopenia.

d. Antiphospholipid syndromes: Venous or arterial thrombosis and spontaneous abortions. Occurs commonly in patients with systemic
lupus erythematosus (SLE) or malignancies, and may occur transiently after aviral infection or during pregnancy. Characterized by
prolonged aPTT, antiphospholipid and/or anticardiolipin antibody detection, and prolonged dilute Russell’ s viper venom time
(dRVVT). False positive RPR may occur.

e. Other: Includes procoagulant factors such as drugs (e.g., |-asparaginase), malignancies, liver disease, rena disease, nephrotic
syndrome, infection, inflammatory disease, diabetes, paroxysmal nocturnal hemoglobinuria, Ip(a), increased factor V1II, and
increased factor XI.

3. Laboratory evaluation

a. Exclude common acquired causes as discussed previously. Initial laboratory screening includes PT, aPTT, circulating
anticoagulants;, dRVVT; factor V Leiden polymerase chain reaction (PCR) or activated protein C resistance assay; PCR for
prothrombin 20210 mutation; activity assays for antithrombin [11, protein C, and protein S; and total plasma homocysteine levels.
Extended evaluation should include alpha-1-antiplasmin, methyltetrahydrofol ate reductase deficiency, plasminogen, and PAI-1.

b. Theidentification of one risk factor, such as an indwelling vascular catheter, does not preclude the search for others, especialy when
accompanied by afamily history of thrombosis.

4. Treatment of thromboses

a. Heparin therapy: For deep venous thrombus or pulmonary embolus.

1. Loading dose: 50 to 75 U/kg IV over 30 minutesto 1 hour, followed by maintenance continuous infusion of heparin at 28 U/
kg/hr if patient is <1 year old, or 20 U/kg/hr if =1 year old.

2. Obtain aPTT level 6 hours after loading dose and adjust per Table 13-6 . Goal isaPTT at 1.5 to 2.5 times baseline aPTT.

3. Heparin may be reversed with protamine (see Formulary for dosage information).

b. Low-molecular-weight heparin (LMWH)“ : LMWH (or enoxaparin) may be useful in children, although it isless studied and more
costly than heparin. LMWH has more specific anti-Xa activity, alonger half-life, and a more predictable dose:efficacy ratio.
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1. Dose depends on preparation. See Formulary for enoxaparin dosage information.
2. Monitor LMWH therapy by following anti-Xa activity. Therapeutic rangeis 0.5 to 1.0 U/mL for full anticoagulation and 0.2



to 0.4 U/mL for prophylactic dosing.
c. Warfarin may be used for long-term anticoagulation, although it carries significant risk for morbidity and mortality. Patient must
receive heparin while initiating warfarin therapy secondary to hypercoagulability from decreased protein C and Slevels.

1. Warfarin is usually administered orally at aloading dose for 2 to 3 days, followed by a daily dose sufficient to maintain the PT
INR (international normalized ratio) in the desired range, usually two to three times baseline. See Formulary for warfarin
dosing. Infants often require higher daily doses of warfarin. In all patients, levels should be measured every 1 to 2 weeks
(Table 13-7).

2. Warfarin efficacy is greatly affected by dietary intake of vitamin K.

3. Warfarinis protein bound, and many drugs alter the therapeutic level. Concomitant medicines should be carefully reviewed.

4. Warfarin effect can be reversed with the administration of vitamin K or fresh frozen plasma (FFP). Vitamin K dosing for
elevated INR is still controversial. Actual dosage recommendations are only present in the adult literature.

a. INR above desired range and <5: Hold the next warfarin dose and readjust subsequent dosages.
b. INR 5-9: Evaluate for risk of bleeding. If low risk, hold the next one to two doses. If high risk, consider also giving a
low dose of vitamin K orally (1 to 2.5 mg for adults).
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c. INR >9: Vitamin K is generally recommended. If thereislow risk for bleeding, give vitamin K orally (3to 5 mg for
adults). If thereishigh risk for bleeding, give vitamin K orally or IV and FFP.
d. INR =20, or life-threatening bleeding: Give vitamin K IV (10 mg for adults) and FFP. Repeat every 12 hours as needed.
3l
d. Consult a hematologist for thrombolytic therapy.
Note: Children receiving anticoagulation therapy should be protected from trauma. Intramuscular injectionsare
contraindicated. The use of antiplatelet agentsand arterial punctures should be avoided.
C. BLEEDING DISORDERS (see Fig. 13-3)
1. Disordersof platelet number or function.
2. Inherited abnor malities of coagulation factors
a. Factor VIII deficiency (hemophilia A; X-linked disorder): prolonged aPTT, reduced factor VIII activity. PT and BT are normal.
Treat with factor VII1 concentrate. Recombinant factor V111 is preferred to reduce risk of infection. The factor level isusualy raised
by 2% per 1 unit of factor VII1/kg (see Table 13-8 for desired level). Factor may need to be redosed based on the clinical scenario.
The first dose has a shorter half-life, and a second dose, if needed, is given after 4 to 8 hours. Thereafter, the half-lifeis
approximately 8 to 12 hours, and subsequent doses are usually dosed every 12 hours. Continuous infusion is often required for
surgical patients, usually with a 50-U/kg loading dose, followed by 3 to 4 U/kg/hr.
Unitsof factor VIII = Weight (kg) x Desired % replacement x 0.5
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b. Factor IX deficiency (hemophilia B, Christmas disease; X-linked): Laboratory studiesinclude a prolonged aPTT and low factor 1X
activity. Treat with factor 1X concentrate. The factor level is usually raised by 1% for each unit of factor I X concentrate/kg; it has a
half-life of 18 to 24 hours. Aswith factor V111, a second dose, if needed, should be given at a shorter interval. Recombinant factor 1X
has a shorter half-life; consider evaluation of in vivo factor survival in each patient.

c. Von Willebrand’ s disease: The VWF binds platelets to subendothelial surfaces and carries factor VIII. Typical VWD typel is
characterized by aprolonged BT and normal platelet count. The aPTT is mildly or moderately prolonged, and there is decreased
ristocetin cofactor activity. Factor V11l and VWF levels are decreased in type 1 disease, but may be normal in variants with
dysfunctional vVWF.

1. In patients with a proven response to desmopressin acetate (DDAVP), bleeding or minor surgical procedures may be treated
with DDAVP, intravenously over 20 to 30 minutes, or intranasally (see Formulary for dosage information).

Nore: DDAVP may be contraindicated in vWD type I 1b because it may exacer bate thrombocytopenia.

2. For more severe disease or patients with dysfunctional VWF, the treatment of choice is Humate P (heat-inactivated vWF-
enriched concentrate: 40 mcg/kg), asimilar product containing active VWF, or cryoprecipitate; note the associated infectious
risks of these pooled blood products. Concentrates are preferred because they are virally inactivated.

3. Aminocaproic acid, 100 mg/kg IV or by mouth (PO) every 4 to 6 hours (up to 24 g/day); may be useful for treatment of oral
bleeding and as prophylaxis for dental extractions.

3. Acquired coagulation factor abnormalities

a. DIC: Characterized by aprolonged PT and aPTT, decreased fibrinogen and platel ets, increased fibrin degradation products, and d-
dimers. Treatment includes identifying and treating the underlying disorder. Replacement of depleted coagulation factors with FFP
may be necessary in severe cases, specifically in cases of symptomatic bleeding; 10 to 15 mL/kg will raise the clotting factors by
about 20%. Fibrinogen, if depleted, can be given as cryoprecipitate. Platel et transfusions may also be necessary.
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b. Liver disease: The liver isthe mgjor site of synthesisfor factors V, VII, IX, X, X1, X1, X111, prothrombin, plasminogen, fibrinogen,
proteins C and S, and ATIII. Treatment with FFP and platelets may be needed, but this will increase hepatic protein load. Vitamin K
should be given to patients with liver disease and clotting abnormalities (see Formulary for dosage information).

c. Vitamin K deficiency: Factors |, VII, IX, X, protein C, and protein S are vitamin K dependent. Early vitamin K deficiency may
present with isolated prolonged PT because factor VI has the shortest half-life.

d. Hemolytic-uremic syndrome/thrombotic thrombocytopenic purpura (HUS/TTP): Characterized by the triad of microangiopathic
hemolytic anemia, uremia, and thrombocytopenia, HUS/TTP is often triggered by bacterial enteritis, especially caused by
Escherichia coli 0157:H7, although there are a variety of causes. HUS does not typically include coagulation abnormalities, such as
those seen in DIC. TTPincludes the triad of HUS in addition to fever and CNS changes, and is more common in older adol escents
and adults.



Figure 13-2 Coagulation cascade. (Modified from Rosenberg RD, Bauer KA. Hosp Pract 1986; 21(3):131).
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TABLE 13-5-- AGE-SPECIFIC COAGULATION VALUES

Coagulation Tests

Preterm Infant 30-
36 wk, Day of Life
#1

Term Infant, Day
of Life#l

1-5yr

6-10yr

11-16 yr

Adult

PT (sec) 15.4 (14.6-16.9) 13.0(10.1-15.9) 11 (10.6-11.4) 11.1(10.1-12.2) 11.2 (10.2-12.0) 12 (11.0-14.0)
INR — — 1.0 (0.96-1.04) 1.0(0.91-1.11) 1.02 (0.93-1.10) 1.10 (1.0-1.3)
aPTT (sec) 108 (80-168) 42.9 (31.3-54.3) 30 (24-36) 31 (26-36) 32 (26-37) 33 (27-40)
Fibrinogen (g/L) 2.43 (1.50-3.73) 2.83(1.67-3.09) 2.76 (1.70-4.05) 2.79 (1.57-4.0) 3.0 (1.54-4.48) 2.78 (1.56-4.0)
Bleeding time (min) |— — 6 (2.5-10) 7 (2.5-13) 5(3-8) 4(1-7)



Thrombin time (sec) |14 (11-17) 12 (10-16) — — — 10

1 (U/mL) 0.45 (0.20-0.77) 0.48 (0.26-0.70) 0.94 (0.71-1.16) 0.88 (0.67-1.07) 0.83 (0.61-1.04) 1.08 (0.70-1.46)
V (U/mL) 0.88 (0.41-1.44) 0.72 (0.43-1.08) 1.03 (0.79-1.27) 0.90 (0.63-1.16) 0.77 (0.55-0.99) 1.06 (0.62-1.50)
VIl (U/mL) 0.67 (0.21-1.13) 0.66 (0.28-1.04) 0.82 (0.55-1.16) 0.85 (0.52-1.20) 0.83 (0.58-1.15) 1.05 (0.67-1.43)
VI (U/mL) 1.11 (0.50-2.13) 1.00 (0.50-1.78) 0.90 (0.59-1.42) 0.95 (0.58-1.32) 0.92 (0.53-1.31) 0.99 (0.50-1.49)
VWF (U/mL) 1.36 (0.78-2.10) 1.53 (0.50-2.87) 0.82 (0.47-1.04) 0.95 (0.44-1.44) 1.00 (0.46-1.53) 0.92 (0.50-1.58)
IX (U/mL) 0.35 (0.19-0.65) 0.53 (0.15-0.91) 0.73 (0.47-1.04) 0.75 (0.63-0.89) 0.87 (0.59-1.22) 1.09 (0.55-1.63)
X (U/mL) 0.41 (0.11-0.71) 0.40 (0.12-0.68) 0.88 (0.58-1.16) 0.75 (0.55-1.01) 0.79 (0.50-1.17) 1.06 (0.70-1.52)
X1 (U/mL) 0.30 (0.08-0.52) 0.38 (0.10-0.66) 0.97 (0.56-1.50) 0.86 (0.52-1.20) 0.74 (0.50-0.97) 0.97 (0.67-1.27)
X1l (U/mL) 0.38 (0.10-0.66) 0.53 (0.13-0.93) 0.93 (0.64-1.29) 0.92 (0.60-1.40) 0.81 (0.34-1.37) 1.08 (0.52-1.64)
PK (U/mL) 0.33(0.09-0.57) 0.37 (0.18-0.69) 0.95 (0.65-1.30) 0.99 (0.66-1.31) 0.99 (0.53-1.45) 1.12 (0.62-1.62)
HMWK (U/mL) 0.49 (0.09-0.89) 0.54 (0.06-1.02) 0.98 (0.64-1.32) 0.93 (0.60-1.30) 0.91 (0.63-1.19) 0.92 (0.50-1.36)
Xllla(U/mL) 0.70 (0.32-1.08) 0.79 (0.27-1.31) 1.08 (0.72-1.43) 1.09 (0.65-1.51) 0.99 (0.57-1.40) 1.05 (0.55-1.55)
XlIls (U/mL) 0.81 (0.35-1.27) 0.76 (0.30-1.22) 1.13 (0.69-1.56) 1.16 (0.77-1.54) 1.02 (0.60-1.43) 0.97 (0.57-1.37)
p-Dimer — — — — — Positive titer > 1.8
FDPs — — — — — Borderline titer =

1:25-1:50
Positive titer > 1:50

COAGULATION INHIBITORS

ATIHI (U/mL)

0.38 (0.14-0.62)

0.63 (0.39-0.97)

1.11 (0.82-1.39)

1.11 (0.90-1.31)

1.05 (0.77-1.32)

1.0 (0.74-1.26)

a,-M (U/mL)

1.10 (0.56-1.82)

1.39 (0.95-1.83)

1.69 (1.14-2.23)

1.69 (1.28-2.09)

1.56 (0.98-2.12)

0.86 (0.52-1.20)

C, -Inh (U/mL)

0.65 (0.31-0.99)

0.72 (0.36-1.08)

1.35 (0.85-1.83)

1.14 (0.88-1.54)

1.03 (0.68-1.50)

1.0 (0.71-1.31)

a,-AT (U/mL)

0.90 (0.36-1.44)

0.93 (0.49-1.37)

0.93 (0.39-1.47)

1.00 (0.69-1.30)

1.01 (0.65-1.37)

0.93 (0.55-1.30)

Protein C (U/mL)

0.28 (0.12-0.44)

0.35 (0.17-0.53)

0.66 (0.40-0.92)

0.69 (0.45-0.93)

0.83 (0.55-1.11)

0.96 (0.64-1.28)

Protein S (U/mL)

0.26 (0.14-0.38)

0.36 (0.12-0.60)

0.86 (0.54-1.18)

0.78 (0.41-1.14)

0.72 (0.52-0.92)

0.81 (0.60-1.13)



FIBRINOLYTIC SYSTEM

Plasminogen (U/
mL)

1.70 (1.12-2.48)

1.95 (1.60-2.30)

0.98 (0.78-1.18)

0.92 (0.75-1.08)

0.86 (0.68-1.03)

0.99 (0.7-1.22)

TPA (ng/mL)

2.15 (1.0-4.5)

2.42 (1.0-5.0)

2.16 (1.0-4.0)

4.90 (1.40-8.40)

a, -AP (U/mL)

0.78 (0.4-1.16)

0.85 (0.70-1.00)

1.05 (0.93-1.17)

0.99 (0.89-1.10)

0.98 (0.78-1.18)

1.02 (0.68-1.36)

PAI (U/mL)

5.42 (1.0-10.0)

6.79 (2.0-12.0)

6.07 (2.0-10.0)

3.60 (0-11.0)

Data from Andrew M et al; Blood 1987; 70:165-172; Andrew M et al. Blood 1988; 72:1651-1657; and Andrew M et al. Blood 1992; 8:1998-2005.

a, -AP, a, -Antiplasmin; a, -AT, o, -antitrypsin; o, -M, a, -macroglobulin; ATIII, antithrombin 111; HMWK, high-molecular-weight kininogen; PAI,
plasminogen activator inhibitor; PK, prekallikrein; TPA, tissue plasminogen activator; VIII, factor VIII procoagul ant.

Figure 13-3 Differential diagnosis of bleeding disorders.
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TABLE 13-6 -- ADJUSTMENT AND MONITORING OF HEPARIN THERAPY



aPTT Control Ratio Rebolus/Dose I nterruption Heparin Infusion Adjustment

<1.2 x Repeat original load Increase by 5 U/kg/hr
12-14x Repeat half original load Increase by 3 U/kg/hr
15-25x None No change

2.6-3.2 x None Decrease by 3 U/kg/hr
3.3-4.0x" Stop infusion, recheck aPTT in 1 hr Decrease by 5 U/kg/hr

Restart infusion when aPTT isin or is projected
to be in therapeutic range

4.0-5.0 x~ Stop infusion, recheck aPTT in 2 hr Decrease by 7 U/kg/hr
Restart infusion when aPTT isin or is projected
to be in therapeutic range

>5.0 x* Stop infusion; call hematologist on call
immediately

From The Johns Hopkins Hospital |aboratory guidelines, 10/98.

note: Draw aPTT 6 hr after bolus dose, and repeat 6-8 hr after every dose adjustment. Repeat daily during stable dosing period. Check platelet count
every third day until heparin is discontinued.

*Make sure sample not drawn from heparinized line.

TABLE 13-7-- ADJUSTMENT AND MONITORING OF WARFARIN
TO MAINTAIN AN INR BETWEEN 2 AND 3°

I. Day 1: If the baseline INR is 1.0-1.3: Dose = 0.2 mg/kg orally
[1. Loading Days 2 to 4: If the INR is:

INR Action

1.1-1.3 Repeat initial loading dose

1.4-1.9 50% of initial loading dose

2.0-3.0 50% of initial loading dose




3.1-35 25% of initial loading dose

>3.5 Hold until INR <3.5, then restart at 50% less than previous dose

[11. Maintenance Oral Anticoagulation Dose Guidelines

INR Action

1.1-14 Increase by 20% of dose

1519 Increase by 10% of dose

2.0-3.0 No change

3.1-35 Decrease by 10% of dose

>3.5 Hold until INR <3.5, then restart at 20% less than the previous dose

*Onset of action of warfarin is 36-72 hours, peak effectsin 5-7 days. Because of thislong half-life, avoid making dose adjustments with excessive frequency.

TABLE 13-8-- DESIRED FACTOR REPLACEMENT IN HEMOPHILIA

Bleeding Site Desired Level (%)
Joint or ssmple hematoma 20-40

Simple dental extraction 50

Major soft tissue bleed 80-100

Serious oral bleeding 80-100

Head injury 100+

Major surgery (dental, orthopedic, other) 100+

VIl. BLOOD COMPONENT REPLACEMENT

A. BLOOD VOLUME
Blood volume requirements are age-specific ( Table 13-9).
B. BLOOD PRODUCT COMPONENTS
1. RBCs: The decision to transfuse RBCs should be made with consideration of clinical symptoms and signs, the degree of cardiorespiratory



or CNS disease, the cause and course of anemia, and options for aternative therapy, noting the risks of transfusion-associated infections
and reactions.

a. Packed RBC (PRBC) transfusion: Concentrated RBCs, with HCT of 55% to 70%. A typed and cross-matched blood product is
preferred when possible; O-negative (or O-positive) blood may be used if transfusion cannot be delayed. O-negative is preferred for
females of child-bearing age to reduce risks of Rh sensitization.

b. Unlessrapid replacement is required for acute blood loss or shock, infuse no faster than 2 to 3 mL/kg/hr (generally 10 mL/kg
aliguots over 4 hours) to avoid congestive heart failure. A rule of thumb in severe compensated anemiaisto give an ‘X’ mL/kg
aliquot, where
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X = hemoglobin (mg/dL); that is, if Hb = 5, transfuse 5 mL/kg over 4 hours.

ired HCT = Actual HCT
Volume of PRBCs (mL) = EBV (mL) x Deslmﬂm of }I;F!E_C;

where EBV is the estimated blood volume and HCT of pRBCsis usually 55% to 70%.
c. Leukocyte-poor PRBCs

1. Filtered RBCs: 99.9% of WBCs removed from product; used for CMV -negative patients to reduce risk of CMV transmission.
Also reduces likelihood of a nonhemolytic febrile transfusion reaction.

2. Washed RBCs:. 92% to 95% of white cells removed from product. Similar advantages to leukocyte-poor filtered RBCs.
Although filtered leukocyte-poor blood is now more commonly used, washing may be helpful if a patient has preexisting
antibodies to blood products (e.g., patients who have complete IgA deficiency or ahistory of urticarial transfusion reactions).

d. Irradiated blood products

1. Many blood products (PRBCs, platelet preparations, leukocytes, FFP, and others) contain viable lymphocytes capable of
proliferation and engraftment in the recipient, causing graft-versus-host disease (GVHD). Irradiation with 1500 cGy before
transfusion may prevent GVHD, but does not prevent antibody formation against donor white cells. Engraftment is most likely
in young infants, immunocompromised patients, or patients receiving blood from first-degree relatives.

2. Indications: Intensive chemotherapy, leukemia, lymphoma, bone marrow transplantation, solid organ transplantation, known
or suspected immune deficiencies, intrauterine transfusions, and transfusions in neonates.

e. CMV-negative blood: Obtained from donors who test negative for CMV. May be given to neonates or other immunocompromised
patients, including those awaiting organ or marrow transplant who are CMV -negative.
2. Platelets: Indicated to treat severe or symptomatic thrombocytopenia.
a. Single-donor product: Preferred over pooled concentrate for patients with antiplatel et antibodies.
b. Leukocyte-poor: Useif thereis ahistory of significant acute, febrile platelet transfusion reactions.
c. Usualy give4 U/mz, or approximately 10 mL/kg of normally concentrated platelet product. The platelet count is raised by 10,000 to



15,000/mmsa by giving 1 U/mz . For infants and children, 10 mL/kg will increase the platelet count by approximately 50,000/mms .
Hemorrhagic complications are rare with platelet counts >20,000/mm3 . A platelet count >50,000/mms is advisable for minor
procedures such as lumbar puncture; >100,000/mms is advisable for major surgery or intracranial
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operation. Peak posttransfusion concentration is reached 45 to 60 minutes after transfusion. Platelet products should not be
refrigerated because this promotes premature platel et activation and clumping.
3. FFP: Contains all clotting factors except platelets. Used in severe clotting factor deficiencies with active bleeding or to reverse the effects
of warfarin. Also may replace anticoagulant factors (antithrombin 111, protein C, protein S). Used in treatment of DIC, vitamin K
deficiency with active bleeding, or TTP. The usual amount is 10 to 15 mL/kg; repeat doses as needed. In TTP plasma exchange is often
preferred.
4. Cryoprecipitate: Enriched for factor VIII (5to 10 U/mL), vVWF, and fibrinogen. Useful for children with factor V111, fibrinogen, or VWF
deficiency in the context of active bleeding. Concentrates are preferred because of viral inactivation.
5. Monoclonal factor VII1: Highly purified factor, derived from pooled human blood.
6. Recombinant factor VIII or 1X: Highly purified, with less infectious risk than pooled human products. Thereisarisk of inhibitor
formation, as with other products.
C. PARTIAL PRBC EXCHANGE TRANSFUSION
A partial PRBC exchange transfusion may be indicated for sickle cell patients with acute chest syndrome, stroke, intractable pain crisis, or
refractory priapism. Replace with Sickledex-negative cells. Goal is to reduce percent HbSS to <40%. Follow HCT carefully during transfusion to
avoid hyperviscosity, maintaining HCT <35%. To calculate the volume of PRBC needed for a double PRBC volume exchange, use the following
equation:

EBV (mL) = Patient HCT = 2
HCT of PRBC (55% to 70%)

where EBV isthe estimated blood volume in milliliters and is age-dependent (see Table 13-9).

D. COMPLICATIONSOF TRANSFUSIONS
1. Acutetransfusion reactions

a. Acute hemolytic reaction: Most often the result of blood group incompatibility. Signs and symptoms include fever, chills,
tachycardia, hypotension, and shock. Treatment includes immediate cessation of blood transfusion and institution of supportive
measures. Laboratory findings include DIC, hemoglobinuria, and positive Coombs’ test.

b. Febrile nonhemolytic reaction: Usually the result of host antibody response to donor leukocyte antigens, common in previously
transfused patients. Symptoms include fever, chills, and diaphoresis. Stop transfusion and evaluate as described below. Prevention
includes premedication with antipyretics, antihistamines, and corticosteroids; and, if necessary, use of leukocyte-poor PRBCs (see p.

304).



c. Urticaria reaction: Reaction to donor plasma proteins. Stop transfusion immediately; treat with antihistamines, and epinephrine and
steroids
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if thereis respiratory compromise (see also treatment of anaphylaxis, pp. 8-9). Use washed or filtered RBCs with the next
transfusion.
d. Evauation of acute transfusion reaction
1. Patient’surine: Test for hemoglobin.
2. Patient’ s blood: Confirm blood type, screen for antibodies, and repeat DCT on pretransfusion and posttransfusion sera.
3. Donor blood: Culture for bacteria
2. Delayed transfusion reaction: Minor blood group antigen incompatibility. Occurs 3 to 10 days after transfusion. Symptoms include
fatigue, jaundice, and dark urine. Laboratory findings include anemia, a positive Coombs' test, new RBC antibodies, and hemoglobinuria.
3. Transmission of infectious diseases. Thereisalow incidence of transmission of infectious disease at present because of vigilance in
blood product screening.® Data from 1955 to 1999 estimate the risk of transmitting infection as follows: HIV, 1 in 676,000; human T-cell
leukemia/lymphoma virus, 1 in 641,000; hepatitis B, 1 in 63,000; hepatitis C, 1 in 127,000; parvovirus, 1 in 10,000. CMV may aso be
transmitted by blood products.
4. Sepsis. Sepsis occurs with products that are contaminated with bacteria, particularly platelets, asthey are stored at room temperature.

TABLE 13-9 -- APPROXIMATE BLOOD VOLUME

Age Total Blood Volume (mL/kg) Age Total Blood Volume (mL/kg)
Preterm infants 90-105 4-6 yr 80-86
Term newborns 78-86 7-18yr 83-90
1-12 mo 73-78 Adults 68-88
1-3yr 74-82

From Nathan D, Oski FA. Hematology of infancy and childhood. Philadelphia: WB Saunders; 1998.

VIIl. INTERPRETATION OF BLOOD SMEAR

See Plates 1 to 12 on insert following p. 304. Examine the smear in an area where the RBCs are nearly touching but do not overlap.

1. RBCs: Examine RBC size, shape, and color.



2. WBCs: A rough estimation of the WBC count can be made by looking at the smear under high power (100x magnification with a 10x objective
and 10x lens). Every one white cell per high-powered field correlates with approximately 500/mms .

3. Platelets: A rough approximation is one platelet/oil immersion field corresponds to 10,000 to 15,000/mms . Platelet clumps usually indicate
>100,000 platelets/mms .

Color Plates: Hematology

Figure 13-1 Normal smear. Round RBCs with central pallor about one third of the cell's diameter, scattered platel ets, occasional white blood cells.

Figure 13-2 Iron deficiency. Hypochromic/microcytic RBCs, poikilocytosis, plentiful platelets, occasiona ovalocytes, and target cells. Basophilic
stippling may also be present, asin lead intoxication and 3-thalassemia.

@"-ﬁﬂ'ﬁ g’&

laid g VS
) Qo
9 o O ®
e . g 0885
0 o . 9%
] S oe .D'D‘l{



Figure 13-4 Basophilic stippling as aresult of staining of ribosomal complexes containing RNA throughout the cell; seen with heavy metal
intoxication, thalassemia, pyrimidine 5 -nucleotidase deficiency, iron deficiency, and other states associated with ineffective erythropoiesis.
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Figure 13-5 HbSS disease. Sickled cells, target cells, hypochromia, poikilocytosis, Howell-Jolly bodies, nucleated RBCs common (not shown).

Figure 13-7 Microangiopathic hemolytic anemia. RBC fragments, anisocytosis, polychromasia, decreased platelets.



Figure 13-8 Toxic granulations. Prominent dark blue primary granules; commonly seen with infection and other toxic states, such as Kawasaki's
disease.
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Figure 13-9 Howell-Jolly body. Small, dense nuclear remnant in an RBC; suggests splenic dysfunction or asplenia.




Figure 13-11 Polychromatophilia. Diffusely basophilic because of RNA staining; seen with early release of reticulocytes from the marrow.
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Figure 13-12 Intraerythrocytic parasites. Malaria.
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Chapter 14 - IMMUNOLOGY

Michelle Hudspeth MD
Heather Symons M D

. WEBSITES
WWW.primaryimmune.org.
[I. INDICATIONS FOR PRIMARY IMMUNODEFICIENCY EVALUATION

See Table 14-1.

lll. EVALUATION OF A SUSPECTED IMMUNODEFICIENCY

See Table 14-2 .

IV. IMMUNE GLOBULIN (INTRAVENOUS AND INTRAMUSCULAR)® &

A. GENERAL INFORMATION
1. Separated from pooled human plasma by alcohol fractionation. Intravenous immune globulin (1VIG) then modified for IV
administration.
2. Protein content is>95% |gG but containstrace amountsof IgA and IgM.
3. Standard dosing providesimmediate antibody levelswith a half-life of 3 to 4 weeks.
B. INTRAVENOUSIMMUNE GLOBULIN (IVIG)
1. Availability: As5% to 12% solutions (50 to 120 mg/mL).
2. Indications
a. Antibody deficiency disorders (replacement therapy).
1. Dosage:400 to 600 mg/kg IV per month.
2. Determine optimal frequency and dose of 1VIG by monitoring clinical
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response and 1gG trough levels. 1gG trough levelsideally are >500 mg/dL over theinitial pretreatment level.
b. ldiopathic thrombocytopenic purpura (ITP)
1. Initial therapy for acute ITP: 0.8to 1 g/kg IV in one or two doses.
2. Seep. 292.
c. Kawasaki disease
1. Dose: 2 g/kg 1V asasingle dose over 10 to 12 hours, or 400 mg/kg daily on four consecutive days. Should be started within
first 10 days of illness.
2. Treatment should include aspirin. See pp. 166-168.
d. Pediatric human immunodeficiency virus (HIV) infection.
1. Dose: 400 mg/kg every 28 days.
2. May beindicated in HIV-positive children with humoral immunodeficiency, including patients with the following:

a

b
C.
d

e.
f.

Hypogammagl obulinemia.

. Recurrent serious bacterial infections.

Failure to form antibodies to common antigens.

. High risk for measles, defined as absence of detectable antibody after two doses of vaccine and living in high-

prevalence area.
HIV -associated thrombocytopenia (dose: 500 to 1000 mg/kg/day for 3 to 5 days).
Chronic bronchiectasis (dose: 600 mg/kg per month).

e. Bone marrow transplantation: May reduce incidence of infection and death; does not decrease incidence of graft-versus-host disease

(GVHD).

f. Parvovirus B19 infection: Treatment of chronic parvovirus B19 infection in an immunodeficient patient appears to be effective and
should be considered.
C. INTRAMUSCULAR IMMUNE GLOBULIN (IMIG)
1. Availability: As 15% to 18% solution.

2. Indications

a. Hepatitis A prophylaxis (see p. 326).
b. Measles prophylaxis (see p. 334).



3. Precautions. IMIG preparations should never be given intravenously because they contain 1gG aggregates, which may cause

anaphylactoid reactions.
D. SPECIFIC IMMUNE GLOBULINS

1. Hyperimmune globulins: Prepared from donors known to have high antibody titers to antigens from specific sources. Examples. Those
used in infectious diseases include hepatitis B (HBIG), rabies (RIG), tetanus (T1G), varicella-zoster (VZIG), cytomegalovirus (CMV-
IVIG), respiratory syncytial virusimmune globulin (RSV-1VIG), and RhO (D) immune globulin (RhO[D]IVIG).

2. Monoclonal antibody preparations include palivizumab (Synagis), which is a humanized monoclonal antibody against RSV (see
Formulary for dosage information).
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E. ADVERSE REACTIONS
1. IVIG and IMIG (systemic symptomsoccur in 1% to 15% of patients): High fever, hemodynamic changes (hypertension, hypotension,
tachycardia), hypersensitivity reactions (urticaria, bronchospasm, anaphylaxis).
2. IVIG
a. May cause less serious systemic reactions (headache, myalgia, fever, chills, nausea, and vomiting), often related to infusion rate.
Decreasing the rate of infusion can alleviate symptoms. Prophylaxis with antihistamines, antipyretics, and/or IV hydrocortisone can
prevent or reduce symptomes.
b. Aseptic meningitis.
c. Acuterenal failure.
3. IMIG: May cause local discomfort, bleeding, or acrodynia with repeated use.
4. Immune globulin and all other blood products containing IgA: Relatively contraindicated in patients with complete IgA deficiency
because they may rarely develop anti-1gA antibodies, which can cause anaphylaxis. Because systemic reactions are very rare, routine
screening for IgA deficiency is not recommended. Specific brands of IVIG with very low levels of IgA are available.

TABLE 14-1-- INDICATIONS FOR PRIMARY IMMUNODEFICIENCY EVALUATION

Indications

Family history Positive for early unexplained death, sepsis, recurrent infections, or
specific immunodeficiency diagnoses

Frequency of infection Elevated frequency of documented infections including pneumonia,
sepsis, osteomyelitis, meningitis

Chronicity of infection Persistent sinusitis and otitis media, bronchiectasis, recurrent abscesses



Severity of infection

Sepsis or meningitis, especialy if recurrent or severe

Complication of infection

Present (e.g., mastoiditis complicating otitis media)

Site of infection

Unusual sites (e.g., liver or brain abscess)

Infecting organism

Opportunistic, recurrent, or unusual pathogens (e.g., Aspergillus, Serratia,

Nocardia, Burkholderia cepacia)

Response to therapy

Poor response or recurring infection after antimicrobial discontinuation

Other signs

Failure to thrive, dermatitis, recurrent diarrhea, history of autoimmune

disease

Modified from Zitelli BJ, Davis HW. Atlas of pediatric physical diagnosis. Philadelphia: Mosby; 1997.

TABLE 14-2 -- EVALUATION OF A SUSPECTED IMMUNODEFICIENCY

Suspected Abnormality

Clinical Findings

Initial Tests

More Advanced Tests

Antibody (e.g., X-linked
agammaglobulinemia, IgA
deficiency)

Sinopulmonary and systemic
infections (pyogenic bacteria)

Immunoglobulin levels (1gG, IgM,
1gA)

B-cell enumeration

Enteric infections (enterovirus,
other viruses, Giardia sp.)

Antibody titersto protein antigens
(diphtheria, tetanus)

Immunofixation

Autoimmune disease (ITP,
hemolytic anemia, IBD)

Antibody titers to polysaccharide
antigens (=2-yr-old child) before
and after immunization
(pneumococcal polysaccharide
vaccine)

IgG subclass levels

Cell-mediated immunity (e.g.,
DiGeorge syndrome)

Pneumonia (pyogenic bacteria,
fungi, Pneumocystis carinii, viruses)

Total lymphocyte counts

T-cell enumeration and subsets
(CD3, CD4, CDS8)

Gastroenteritis (viruses, Giardia sp.
Cryptosporidium sp.)

HIV ELISA/Western blot

Invitro T-cell proliferation to
mitogens, antigens, or allogeneic
cells

Dermatitis/mucositis (fungi)

Delayed-type hypersensitivity skin
test (Candida sp., tetanus toxoid,
mumps, Trichophyton sp.)

Chest radiograph for thymic
hypoplasia

FISH 22 for DiGeorge syndrome



Antibody and cell-mediated
immunity (e.g., severe combined
Immunodeficiency, ataxia
telangiectasia, Wiskott-Aldrich
syndrome, common variable
immunodeficiency, hyper-lgM
syndrome)

See above

See above

See above

ADA assay

Alpha-fetoprotein

Platelet count/size

Phagocytosis (chronic
granulomatous disease, leukocyte
adhesion deficiency, Chediak-
Higashi syndrome)

Cutaneous infections, abscesses,
lymphadenitis (staphylococci,
enteric bacteria, fungi,
mycobacteria), poor wound healing

WBC/neutrophil count and
morphology

Nitroblue tetrazolium (NBT) test
Chemotactic assay
Phagocytic and bacterial assay

disease (Iupus, glomerulonephritis),
angioedema, pyogenic infection,
encapsulated bacterial infections (i.
e., Neisseria sp.)

Spleen Bacteremia/hematogenous infection | Peripheral blood smear for Howell- | Technetium-99 spleen scan
(pneumococcus, other streptococci, |Jolly bodies
Neisseria sp.) Hemoglobin electrophoresis
(HbSS)
Complement Bacteria sepsis, autoimmune CH50 (total hemolytic complement) |Alternative pathway assays

Individual component assays

From Rosen FS, Cooper MD, Wedgewood R. N Engl J Med 1995; 333(7):431-440 and Shyur D, Hill HR. J Pediatr 1996; 129(1):8-24.

V. IMMUNOLOGIC REFERENCE VALUES

A. SERUM IgG, IGM, IgA, AND IgE LEVEL S ( Table 14-3)
B. LYMPHOCYTE ENUMERATION ( Table 14-4)
C. SERUM |gG SUBCLASSLEVELS( Table 14-5)
D. SERUM COMPLEMENT LEVELS( Table 14-6 )

ADA, Adenosine deaminase; ELISA, enzyme-linked immunosorbent assay; FISH, fluorescent in situ hybridization; HIV, human immunodeficiency
virus; IBD, inflammatory bowel disease; I TP, idiopathic thrombocytopenic purpura; WBC, white blood cell.
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TABLE 14-3-- SERUM IgG, IgM, IgA , AND IgE LEVEL S’
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Age 19G (mg/dL) IgM (mg/dL) IgA (mg/dL) IgE (1U/ml)

Cord blood (term) 1121 (636-1606) 13 (6.3-25) 2.3 (1.4-3.6) 0.22 (0.04-1.28)

1 mo 503 (251-906) 45 (20-87) 13 (1.3-53)

6wk 0.69 (0.08-6.12)

2 mo 365 (206-601) 46 (17-105) 15 (2.8-47)

3mo 334 (176-581) 49 (24-89) 17 (4.6-46) 0.82 (0.18-3.76)
4mo 343 (196-558) 55 (27-101) 23 (4.4-73)

5mo 403 (172-814) 62 (33-108) 31 (8.1-84)

6 mo 407 (215-704) 62 (35-102) 25 (8.1-68) 2.68 (0.44-16.3)
7-9mo 475 (217-904) 80 (34-126) 36 (11-90) 2.36 (0.76-7.31)
10-12 mo 594 (294-1069) 82 (41-149) 40 (16-84)

1yr 679 (345-1213) 93 (43-173) 44 (14-106) 3.49 (0.80-15.2)
2yr 685 (424-1051) 95 (48-168) 47 (14-123) 3.03 (0.31-29.5)
3yr 728 (441-1135) 104 (47-200) 66 (22-159) 1.80 (0.19-16.9)
4-5 yr 780 (463-1236) 99 (43-196) 68 (25-154) 8.58 (1.07-68.9) '
6-8 yr 915 (633-1280) 107 (48-207) 90 (33-202) 12.89 (1.03-161.3)*
9-10 yr 1007 (608-1572) 121 (52-242) 113 (45-236) 23.6 (0.98-570.6)

14 yr

20.07 (2.06-195.2)



Adult 994 (639-1349) 156 (56-352) 171 (70-312) 13.2 (1.53-114)

From Kjellman NM, Johansson SG, Roth A. Clin Allergy 1976; 6:51-59; Jolliff CR et al. Clin Chem 1982; 28:126-128; and Zetter strém O, Johansson
G. Allergy 1981; 36(8):537-547.

* Numbers in parentheses are the 95% confidence intervals (Cls). %
T IgE datafor 4 yr.

*|gE datafor 7 yr.

§ |gE datafor 10 yr.

TABLE 14-4 -- NUMBERSOF T CELLSAND B CELLS’

* Absolute counts (x 109/L).

T Normal values (5th to 95th percentile).

T Norma values (25th to 75th percentil€). Values in parentheses 5th to 95th percentile for adult data

CD3 (total T cells) CD8 (T-suppressor/
Age (%) " CDA4 (T-helper) (%) ™ |cytotoxic) (%) ' CD4/CD8 Ratio " CD19 (B célls) (%) *
Neonatal 0.6-5.0 (28-76) 0.4-3.5 (17-52) 0.2-1.9 (10-41) 1.0-2.6 0.04-1.1 (5-22)
1 wk-2 mo 2.3-7.0 (60-85) 1.7-5.3 (41-68) 0.4-1.7 (9-23) 1.3-6.3 0.6-1.9 (4-26)
2-5mo 2.3-6.5 (48-75) 1.5-5.0 (33-58) 0.5-1.6 (11-25) 1.7-3.9 0.6-3.0 (14-39)
5-9mo 2.4-6.9 (50-77) 1.4-5.1 (33-58) 0.6-2.2 (13-26) 1.6-3.8 0.7-2.5 (13-35)
9-15mo 1.6-6.7 (54-76) 1.0-4.6 (31-54) 0.4-2.1 (12-28) 1.3-39 0.6-2.7 (15-39)
15-24 mo 1.4-8.0 (39-73) 0.9-5.5 (25-50) 0.4-2.3 (11-32) 0.9-3.7 0.6-3.1 (17-41)
2-5yr 0.9-4.5 (43-76) 0.5-2.4 (23-48) 0.3-1.6 (14-33) 0.9-29 0.2-2.1 (14-44)
5-10yr 0.7-4.2 (55-78) 0.3-2.0 (27-53) 0.3-1.8 (19-34) 0.9-2.6 0.2-1.6 (10-31)
10-16 yr 0.8-3.5 (52-78) 0.4-2.1 (25-48) 0.2-1.2 (9-35) 0.9-34 0.2-0.6 (8-24)
Adult 0.7-2.1 (55-83) 0.3-1.4 (28-57) 0.2-0.9 (10-39) 1.0-3.6 0.1-0.5 (6-19)
From Comans-Bitter WM et al. J Pediatr 1996; 130(3):388-393.



TABLE 14-5-- SERUM 119G SUBCLASSLEVELS’

* Numbers in parentheses are the 95% Cls.
T 10% of individuals appear to have absent IgG4 levels.

TABLE 14-6 -- SERUM COMPLEMENT LEVELS’

Age (yr) 1gG1 (mg/dL) 1gG2 (mg/dL) 1gG3 (mg/dL) 1gG4 (mg/dL) *
0-1 340 (190-620) 59 (30-140) 39 (9-62) 19 (6-63)
1-2 410 (230-710) 68 (30-170) 34 (11-98) 13 (4-43)
2-3 480 (280-830) 98 (40-240) 28 (6-130) 18 (3-120)
3-4 530 (350-790) 120 (50-260) 30 (9-98) 32 (5-180)
4-6 540 (360-810) 140 (60-310) 39 (9-160) 39 (9-160)
6-8 560 (280-1120) 150 (30-630) 48 (40-250) 81 (11-620)
8-10 690 (280-1740) 210 (80-550) 85 (22-320) 42 (10-170)
10-13 590 (270-1290) 240 (110-550) 58 (13-250) 60 (7-530)
13-adult 540 (280-1020) 210 (60-790) 58 (14-240) 60 (11-330)
From Schur PH. Ann Allergy 1987; 58:89-96, 99.

Age C3 (mg/dL) C4 (mg/dL)
Cord blood (term) 83 (57-116) 13 (6.6-23)
1 mo 83 (53-124) 14 (7.0-25)
2mo 96 (59-149) 15 (7.4-28)
3mo 94 (64-131) 16 (8.7-27)
4 mo 107 (62-175) 19 (8.3-38)
5mo 107 (64-167) 18 (7.1-36)
6 mo 115 (74-171) 21 (8.6-42)




7-9 mo 113 (75-166) 20 (9.5-37)
10-12 mo 126 (73-180) 22 (12-39)
lyr 129 (84-174) 23 (12-40)
2yr 120 (81-170) 19 (9.2-34)
3yr 117 (77-171) 20 (9.7-36)
4-5yr 121 (86-166) 21 (13-32)
6-8 yr 118 (88-155) 20 (12-32)
9-10yr 134 (89-195) 22 (10-40)
Adult 125 (83-177) 28 (15-45)
Modified from Jolliff CR et al. Clin Chem 1982; 28:126-128.

* Numbers in parentheses are the 95% confidence intervals (Cls).

References
1. American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. Elk Grove Village, Ill: The Academy; 2000.

2. Thampakkul S, Ballow M. Replacement with intravenous immune serum globulin therapy in patients with antibody immune deficiency. Immunol Clin North Am 2001; 21(1):165.

315

Chapter 15 - IMMUNOPROPHYLAXIS

Irene Moff MD




I. SOURCES OF INFORMATION

A. PRINTED SOURCES
American Academy of Pediatrics. 2000 Red Book: Report of the Committee on Infectious Diseases, 25th ed. Elk Grove Village, Ill: The
Academy, 2000.
Updated Recommended Childhood V accination Schedule is published each January in Pediatrics and Morbidity and Mortality Weekly Report.
Current issues of Morbidity and Mortality Weekly Report.
V accine package inserts.

B. ELECTRONIC/TELEPHONE SOURCES
State health departments.
The voice information system from the Centers for Disease Control and Prevention (CDC) can provide telephone consultation and send printed
material on vaccines. Phone number: (800) 232-SHOT.
The CDC: http://www.cdc.gov.
The American Academy of Pediatrics (AAP): http://www.aap.org.
The Vaccine Adverse Event Reporting System (VAERS) provides a mechanism for reporting health effects that occur after immunization that
may be related to the vaccine. To submit areport or for questions, call 1-800-822-7967 or access their web page at http://www.vaers.org.
General vaccine information and safety: http://www.vaccinesafety.edu and http://www.immunize.org.

[I. IMMUNIZATION SCHEDULES

A. RECOMMENDED CHILDHOOD IMMUNIZATION SCHEDULE
(Fig. 15-1)
B. CATCH-UPIMMUNIZATION SCHEDULES
1. Lapsed immunizations. Resume immunization schedule asif the usual interval had elapsed. Repeating doses is not indicated.
2. Catch-up immunization schedules: See Tables 15-1 and 15-2..
a. Haemophilusinfluenzae type b (Hib): See p. 325.
b. Pneumococcus conjugate vaccine (PCV7): See Table 15-3.

C. MINIMUM AGE FOR INITIAL VACCINATION AND MINIMUM INTERVAL S BETWEEN DOSES OF VARIOUS VACCINES
(Table15-4)
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Figure 15-1 Recommended childhood immunization schedule, United States, 2002. Dark bars indicate vaccines to be given if previous recommended doses were missed or given earlier



than the recommended minimum age. Most recent recommendations can be found on the CDC or AAP websites (see p. 315). (Modified from the CDC Advisory committee on
I mmuni zation Practices, www.cdc.gov/nip/acip.)
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TABLE 15-1 -- RECOMMENDED IMMUNIZATION SCHEDULESFOR CHILDREN <7 YEARSNOT IMMUNIZED IN THE FIRST

YEAR OF LIFE
Recommended Time/Age | mmunizations Comments
First visit DTaP, Hib, HBV, MMR, IPV, PCV7 Hib and PCV7 not needed if immunocompetent
child =5 yr

May combine DTaP and Hib after 15 mo

Interval after first visit

*1 mo DTaP, HBV, Var
*2 Mo DTaP, Hib, IPV, PCV7 Second dose of Hib indicated only if 1st dose
given at <15 mo
Second dose of PCV7 indicated if child <2 yr
>8 mo DTaP, HBV, IPV IPV and HBV are not given if third doses

previoudly given

4-6 yr (at or before school entry)

DTaP, IPV, MMR

DTaP not necessary if fourth dose given after
fourth birthday. IPV not necessary if third dose
given after fourth birthday.

Modified from American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. EIk Grove Village, Ill: The

Academy; 2000.

TABLE 15-2 -- RECOMMENDED IMMUNIZATION SCHEDULESFOR CHILDREN 7-12 YEARSNOT IMMUNIZED IN THE FIRST

YEAR OF LIFE

Recommended Time/Age

| mmunizations

Comments



First visit

HBV, MMR, Td, IPV

Interval after first visit

*2 Mo

HBV, MMR, Var, Td, IPV

*8-14 mo

HBV, Td, IPV

IPV, HBV not needed if third doses given earlier

Nore: Varicellavaccine can be administered to susceptible children any time after 12 mo of age. Unimmunized children who lack areliable history of
chickenpox should be immunized before their thirteenth birthday. Children >12 yr require two doses of varicella vaccine.

Academy; 2000.

Modified from American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. Elk Grove Village, 11l The

TABLE 15-3-- CATCH-UP IMMUNIZATION SCHEDULE FOR PCV7IN PREVIOUSLY UNVACCINATED CHILDREN

Ageat First Dose

Primary Series

Booster Dose’

2-6 mo

3 doses, 6-8 wk apart

1 dose at 12-15 mo of age

7-11 mo 2 doses, 6-8 wk apart 1 dose at 12-15 mo of age
12-23 mo 2 doses, 6-8 wk apart
>24 mo 1 dose

Modified from American Academy of Pediatrics Committee on Infectious Diseases. Pediatrics 2000; 106(2):362-366.

*Booster doses to be given at least 6 to 8 weeks after the final dose of the primary series.
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TABLE 154 -- MINIMUM AGE FOR INITIAL VACCINATION AND MINIMUM INTERVAL BETWEEN VACCINE DOSES, BY TYPE

OF VACCINE

Vaccine

Minimum Agefor First

Minimum Interval from Doseto Dose

Dose? 1to 22

2to0 32 3to4



DTaP® 6 wk 1mo 1mo 6 mo
Hib (primary series)

*HbOC 6 wk 1 mo 1 mo 2moe©
*PRP-T 6 wk 1mo 1 mo 2 mo°
*PRP-OMP 6 wk 1mo 2mo° —
PCV7 6 wk 1 mo¢ 1 mo¢ 2 mo¢
[PV 6 wk 1 mo 1 mo 1 moe
MMR 12 mof 1mo — —
HBV Birth 1 mo 2 mo¢ —
Varicela 12 mo 1 mo" — —

Modified from Atkinson W et al: Epidemiology and prevention of vaccine-preventable diseases: the pink book, 6th ed. Atlanta: National Immunization
Program, Centers for Disease Control and Prevention; 2000.

a These minimum acceptable ages and intervals may not correspond with the optimal recommended ages and intervals for vaccination. See Fig. 15-1.

b The total number of doses of diphtheria and tetanus toxoids should not exceed six each before the seventh birthday. If the fourth dose is given after the fourth birthday, the fifth (booster) dose is not needed.

¢ The booster dose of Hib vaccine recommended after the primary vaccination series should be administered no earlier than 12 mo of age.

d See Table 15-3 for recommendations of number of doses at different ages.

e |f the third dose is given after the fourth birthday, the fourth (booster) dose is not needed.

f Although the age for measles vaccination may be as young as 6 mo in outbreak areas where cases are occurring in children <1 yr of age, children initialy vaccinated before the first birthday should be revaccinated at 12-15 mo of age, and an additional dose of vaccine should be administered
at the time of school entry or according to local policy. Doses of MMR or other measles-containing vaccine should be separated by at least 1 mo.

9 Thisfinal dose is recommended at |east 4 mo after the first dose and no earlier than 6 mo of age.

h A second dose of varicellaisindicated only in children 213 yr.

. IMMUNIZATION GUIDELINES

A. VACCINE INFORMED CONSENT
Vaccine information statements (V1Ss) can be obtained from local health departments, the CDC, the AAP, and vaccine manufacturers. For
vaccines that do not currently have VISs, the CDC produces “important information” statements.
B. VACCINE ADMINISTRATION
1. Volume/dose: Unless otherwise specified, all pediatric immunization doses are 0.5 mL.
2. Preferred sites of administration of intramuscular (IM) and subcutaneous (SC) vaccines follow:
a. Lessthan 18 months old: Anterolateral thigh.
b. Toddlers: Anterolateral thigh or deltoid (deltoid preferred if large enough).
c. Adolescents and young adults: Deltoid.
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3. Route
a. IM: Deep into muscle to avoid tissue damage from adjuvants, usually with a 22-to 25-gauge needle, - tofrac78;-to 1-inch long in
infants and toddlers and 1 to 2 inches long in adolescents and young adults.
b. SC: Into pinched skinfold with a 23-to 25-gauge needle «- tofrac58;-to ¥zinch long.

4. Simultaneous administration: Routine childhood vaccines, including live viral vaccines, are safe and effective when administered
simultaneoudly at different sites, generally 1 to 2 inches apart. Otherwise, the interval between administration of live viral vaccines should
be >1 month.

C. MISCONCEPTIONS REGARDING VACCINE ADMINISTRATION
Vaccines may be given despite the presence of the following:

Mild acuteillness, regardless of fever.
L ow-grade fever.
Convalescent phase of illness.
Recent exposur e to infectious disease.
Mild to moder ate local reaction to previous dose of vaccine (soreness, redness, swelling).
Current antimicrobial therapy.
Prematurity(see aso pp. 320-321).
Malnutrition.
Allergy to penicillin or other antibiotic (except anaphylactic reaction to neomycin or streptomycin).
Pregnancy of mother or another household contact (except varicellavaccine may be deferred if there is a pregnant, varicella-susceptible
household contact).

11. Breast-feeding.

12. Unimmunized household contact.
D. EGG ALLERGIES

1. Meadesmumps/rubella (MM R) vaccine can be given to children with egg allergieswithout prior skin testing (see p. 333 for details).

2. Skin testing with yellow fever vaccine isrecommended before administration in children with a history of immediate
hyper sensitivity reaction (e.g., anaphylaxis or generalized urticaria) to eggs.

3. Immediate hyper sensitivity reaction to eggsis a contraindication to influenza vaccine. Less severe or local manifestations of allergy
to egg are not contraindications to influenza vaccine.

CLOWoo~NoOr~wWNPE
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V. IMMUNOPROPHYLAXIS GUIDELINES FOR SPECIAL HOSTS

A. IMMUNOCOMPROMISED HOSTS
1. Congenital immunodeficiency disorders
a. Live bacterial and live viral vaccines are generally contraindicated. See the AAP s Red Book for details regarding individual



immunodeficiencies.
b. Inactivated vaccines should be given according to the routine schedule. Immune response may vary and may be inadequate.
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c. Immunoglobulin (1G) therapy may be indicated.
d. Household contacts. Immunize according to the routine childhood immunization schedule. A yearly influenzavaccineis
recommended.
2. Known or suspected human immunodeficiency virus (HIV) disease
a. Inactivated vaccines should be given according to the routine immunization schedule (see Fig. 15-1).
b. MMR vaccine should be given to asymptomatic or mildly symptomatic patients with CD4+ T-lymphocyte counts >15%. Immunize
at 12 months of age; administer the second dose as soon as 1 month later to ensure early seroconversion.
c. Varicellavaccine should be considered in asymptomatic or mildly symptomatic patients with CD4+ T-lymphocyte counts >25%.
Give two doses 3 months apart.
d. 23-valent pneumococcal polysaccharide vaccine (23PS) is recommended at 2 and 5 years, in addition to the routine PCV 7 vaccines.
e. Influenza: Immunize al patients at the start of the influenza season as early as 6 months of age and yearly thereafter.
3. Oncology patients: See Table 15-5.
4. Functional or anatomic asplenia (including sickle cell disease)
a. Penicillin prophylaxis. See Chapter 13, p. 291.
b. Pneumococcal vaccine

1. Children <5 years at diagnosis. Table 15-6 .

2. Children >5 years at diagnosis. Immunization with asingle dose of PCV7 or 23PS is acceptable. If both vaccines are given,
their administration should be separated by 6 to 8 weeks. A second dose of 23PS may be given in 5 years. Data are insufficient
for the most effective combination of the pneumococcal vaccinesin older children.

c. Meningococcal vaccine at 2 years of age or at diagnosisif >2 years old.
d. Ensurethat Hib seriesis completed; children =5 years who never received Hib immunization should receive one dose.
e. Children >2 years undergoing el ective splenectomy should receive one or both of the pneumococcal vaccines and the meningococcal
vaccine at least 2 weeks before surgery to ensure optimal immune response. Children <2 years should receive PCV 7 before surgery.
B. CORTICOSTEROID ADMINISTRATION
Only livevira and live bacterial vaccines are potentially contraindicated (see Table 15-7 for details).
C. PATIENTSTREATED WITH IG OR OTHER BLOOD PRODUCTS
See AAP' s Red Book for suggested intervals between immunoglobulin or blood product administration and MMR or varicellaimmunization.
D. PRETERM INFANTS
I mmuni ze according to chronologic age using regular vaccine dosage.
1. HepatitisB virus (HBV): Initiation of HBV vaccine may be delayed for
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infants of hepatitis B surface antigen (HBSAQg)—negative mothers until the child is>2 kg or 2 months of age, whichever is earlier.
2. Influenza: Give each fall to children >6 months with chronic lung disease. Household contacts should also receive influenza vaccine.

E. PREGNANCY

Live virus vaccines are generally contraindicated during pregnancy. Influenza vaccine should be given to all women who will be >14 weeks
gestation during the influenza season. Influenza vaccine is considered safe at any stage of pregnancy. Pregnant women not immunized, or
incompletely immunized against tetanus should receive Td to prevent neonatal tetanus. Pregnant women not immunized, or incompletely
immunized against polio should receive the inactivated poliomyelitis vaccine (IPV). When indicated, hepatitis A virus (HAV) and HBV vaccines
may be given to pregnant women. Pneumococcal vaccines should be deferred during pregnancy, although 23PS has been administered safely.
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TABLE 15-5--IMMUNIZATION FOR ONCOLOGY PATIENTS’

Vaccine Indications and Comments

DTaP Indicated for incompletely immunized children <7 yr, even during active chemotherapy
Td Indicated 1 yr after completion of therapy in children =7 yr

Hib Indicated for incompletely immunized children if <7 yr

HBV Indicated for incompletely immunized children

23PS Indicated for asplenic patients

PCV7 Indicated for incompletely immunized children <5 yr

M eningococcus

Consider in asplenic patients

PV

Indicated for incompletely immunized children; 1PV also recommended for al household contacts requiring
immuni zation to reduce the risk of vaccine-associated polio

MMR

Contraindicated until child isin remission and finished with all chemotherapy for 3-6 mo; may need to reimmunize
after chemotherapy if titers have fallen below protective levels



Influenza Defer in active chemotherapy; may give as early as 3-4 wk after remission and off chemotherapy if during influenza
season; peripheral granulocyte and lymphocyte counts should be >1000/mms ; should aso be given to household
contacts of children with cancer

Varicella Consider immunizing children who have remained in remission and have finished chemotherapy for >1 yr; with

absolute lymphocyte count of >700/mms and platelet count of >100,000/mms within 24 hr of immunization; check titers
of previously immunized children to verify protective levels of antibodies

See CDC: MMWR 2000; 49(No. RR-10): 1-147 for vaccine schedule.

*|mmune reconstitution is slower for oncology patients who have received bone marrow transplants.

TABLE 15-6 -- RECOMMENDATIONS FOR PNEUMOCOCCAL IMMUNIZATION WITH PCV7 OR 23PSVACCINE FOR CHILDREN

AT HIGH RISK OF PNEUMOCOCCAL DISEASE

Age Previous Doses Recommendations

<23 mo None PCV7 asin Table 15-3

24-59 mo 1-3 doses of PCV7 1 booster dose of PCV7 at least 6-8 wk after last dose of PCV7
First dose of 23PS vaccine at 24 mo, at least 6-8 wk after last dose of PCV7
Second dose of 23PS vaccine, 3-5 yr after first dose of 23PS vaccine

24-59 mo 4 doses of PCV7 First dose of 23PS vaccine at 24 mo, at |east 6-8 wk after last dose of PCV7
Second dose of 23PS vaccine, 3-5 yr after first dose of 23PS vaccine

24-59 mo None Two doses of PCV7 6-8 wk apart
First dose of 23PS vaccine, 6-8 wk after last dose of PCV7
Second dose of 23PS vaccine, 3-5 yr after first dose of 23PS vaccine

24-59 mo 1 dose of 23PS Two doses of PCV7, 6-8 wk apart, beginning at least 6-8 wk after last dose of 23PS
vaccine
One dose of 23PS vaccine, 3-5 yr after first dose of 23PS vaccine

Modified from Centers for Disease Control and Prevention. MMWR 2000; 49(No. RR-10):1-147.

TABLE 15-7-- LIVE VIRUSIMMUNIZATION FOR PATIENTS RECEIVING CORTICOSTEROID THERAPY



Steroid Dose Recommended Guidelines

Topica or inhaled therapy or local injection of steroids Live virus vaccines may be given unlessthereis clinical evidence of
immunosuppression; if suppressed, wait 1 mo after cessation of therapy to
givelive vaccines

Physiologic maintenance doses of steroids Live virus vaccines may be given

L ow-dose steroids (<2 mg/kg/day prednisone or equivalent, or <20 mg/ Live virus vaccines may be given

day if >10 kg)

High-dose steroids (=2 mg/kg/day prednisone or equivalent, or 20 mg/day o o _ _

if >10 kg) May give live virus vaccines immediately after cessation of therapy
«sDuration of therapy <14 days Do not give live virus vaccines until therapy has been discontinued for 1
«sDuration of therapy =14 days mo

Children with immunosuppressive disorders receiving steroid therapy Live virus vaccines are contraindicated, except in children with HIV who

are not severely immunocompromised

Modified from American Academy of Pediatrics. 2000 Red book: report of the Committee on Infectious Diseases, 25th ed. Elk Grove Village, Il The
Academy; 2000.
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V. IMMUNOPROPHYLAXIS GUIDELINES FOR SPECIFIC DISEASES

A. DIPHTHERIA/TETANUS/PERTUSSISVACCINESAND TETANUSIMMUNOPROPHYLAXIS

1. Description
a. DTaP: Diphtheria and tetanus toxoids combined with acellular pertussis vaccine; preferred formulation for children <7 years.
b. DT: Diphtheria and tetanus toxoids without pertussis vaccine; use in children <7 years in whom pertussis vaccine is contraindicated.
c. Td: Tetanus toxoid with one third to one sixth the dose of diphtheriatoxoid of other preparations; use in individuals >7 years.
d. DTP: Diphtheria and tetanus toxoids combined with whole-cell pertussis vaccine; no longer marketed in the United States.

2. Indications
a. Routine: See Fig. 15-1..
b. Tetanus prophylaxisin wound management: See Table 15-8..
c. Unimmunized pregnant women: Two doses of Td 4 weeks apart; the second dose should be >2 weeks before delivery.
d. Pregnant women who have not completed a primary series. Give Td as soon as possible.



3. Contraindications
a. General contraindication: Anaphylactic reaction to vaccine or vaccine constituent.
b. Contraindication to pertussis vaccine: Encephalopathy not attributable to another cause within 7 days of a prior dose of pertussis
vaccine. Use DT for remaining doses in series.
4. Precautions
a. General precaution: Moderate or severe acute illness regardless of fever.
b. The following adverse events after a prior dose of pertussis vaccine are considered precautions to subsequent doses.
1. Convulsion, with or without fever within 3 days.
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2. Persistent, inconsolable crying for =3 hours within 48 hours.
3. Collapse or shock-like state (hypotonic-hyporesponsive episode) within 48 hours.
4. Temperature 240.5° C not explained by another cause within 48 hours.
5. Children with neurologic disorders
a. Seizures
1. Poorly controlled or new-onset seizures: Defer pertussisimmunization until seizure disorder iswell controlled and progressive
neurologic disorder is excluded; then use DTaP and antipyretics for 24 hours after immunization.
2. Personal or family history of febrile seizures. Use DTaP and antipyretics for 24 hours after immunization.

b. Known or suspected progressive neurologic disorder: Defer pertussis immunization until diagnosis and treatment are established and
neurologic condition is stable. Progressive disorders may merit permanent deferral of pertussisimmunization. Reconsider pertussis
immunization at each visit. Use DT if pertussis vaccine is permanently deferred.

Note: Children <1 year with neurologic disorders necessitating temporary defer ment of pertussis vaccine should not receive
DT becausetherisk of diphtheria and tetanusislow in thefirst year of life. After thefirst birthday, initiate either DT or
DTaP immunization as clinically indicated previoudly.

6. Side effects

a. Minor side effects within 3 days: Erythema (26% to 39%), swelling (15% to 30%), pain (4% to 11%), fever >38.3° C (3% to 5%),
anorexia (19% to 25%), vomiting (7% to 13%), drowsiness (40% to 47%), fussiness (14% to 19%).

b. Moderate to severe side effects. Anaphylaxis (1/50,000); seizures, persistent crying >3 hours, hypotonic-hyporesponsive episode,
temperature 240.5° C (rare).

7. Administration: DTaP, DT, and Td are all given in adose of 0.5 mL IM.
8. Special considerations
a. Pertussis exposure: Immunize all unimmunized or partially immunized close contacts <7 years.
1. Givefourth dose of DTaP if third dose was given >6 months prior.
2. Give booster dose of DTaP if last dose was given >3 years prior and child is <7 years old.
b. Chemoprophylaxis for all household and other close contacts: Treat with erythromycin to limit secondary transmission regardless of



Immunization status. Estolate preparation may be better tolerated (see Formulary). Azithromycin, clarithromycin, and trimethoprim-
sulfamethoxazole are possible aternatives, but their efficacy is unproven.
Note: Thetotal number of DT and DTaP immunizations should not exceed six by the fourth birthday.
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B. HAEMOPHILUSINFLUENZAE TYPE B IMMUNOPROPHYLAXIS

1.

6.
7.

Description: The four licensed vaccines consist of a capsular polysaccharide antigen (PRP) conjugated to acarrier. It is not necessary to
use the same formulation for the entire series. Vaccines do not confer protection against the disease associated with the carrier (e.g., PRP-T
does not protect against tetanus). Routine use of these vaccines has led to a 99% decline in invasive Hib disease in infants and young
children.
a. PRP-OMP: Conjugated to outer membrane protein of Neisseria meningitidis; requires only two dosesin primary series; children
without prior DTaP vaccine may respond better to PRP-OMP than to other formulations.
b. HbOC: Conjugated to mutant diphtheriatoxin.
c. PRP-T: Conjugated to tetanus toxoid.
Indications
a. Routine: SeeFig. 15-1.
b. Children not immunized against Hib before 7 months of age: Give all doses 2 months apart (1 month acceptable to accelerate
immunization). If initiating Hib immunization at 7 to 11 months, give three doses; at 12 to 14 months, give two doses; and at 15 to
59 months, give one dose. Immunization is not necessary for immunocompetent children =60 months.
c. Unimmunized children >15 months with underlying conditions predisposing to invasive Hib disease (e.g., |gG2 deficiency, HIV)
require two doses of vaccine.
d. Children undergoing splenectomy may benefit from an additional dose 7 to 10 days before procedure, even if series was previously
compl eted.
e. Children with invasive Hib disease at age <24 months: Begin Hib immunization 1 month after acute illness and continue as if
previously unimmunized.

NoOTE: Consider immunologic workup for children who contract invasive Hib disease after completing theimmunization series.

3. Contraindication: Anaphylactic reaction to vaccine or vaccine constituent.
4.
5. Sideeffects: Local pain, redness, and swelling in 25% of recipients; frequency of fever and irritability when Hib is given with DTaP are

Precaution: Moderate or severe acute illness regardless of fever.

the same asfor DTaP aone.

Administration: Doseis 0.5 mL IM; PRP-T and HbOC may be given SC in patients with coagulation disorders.

Special considerations. Consider prophylactic rifampin to selected household and child care contacts of children with invasive Hib
disease; see AAP s Red Book for details.

C. HEPATITISA VIRUSIMMUNOPROPHYLAXIS

1.

Description: Hepatitis A (HAV) vaccine is an inactivated adsorbed vaccine; two brands are available, both with pediatric and adult



formulations. It islicensed only for children =2 years.
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2. Indications
a. Children living in regions of elevated hepatitis A rates (consult local public health authority). See Fig. 15-1 for schedule.
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b.
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Travelersto or residents of endemic aress.

After exposureto HAV if future exposureislikely.

Military personnel.

Homosexual or bisexual men.

Users of illicit injection drugs.

Patients with clotting factor disorders.

Patients with chronic liver disease, including HBV or hepatitis C (HCV).

Persons at risk of occupational exposure.

Immunocompromised individuals may be immunized, although efficacy is not established in immunocompromised children.
. Consider usein staff of institutions with ongoing or recurrent outbreaks.

Contr aindication: Anaphylactic reaction to vaccine or vaccine constituent.
Precaution: Moderate or severe acute illness regardless of fever.
Side effects: Local reactions include induration, redness, swelling (18%); headache (12%); fever (6%); fatigue, malaise, anorexia, nausea
(1% to 10%). No serious adverse events have been reported.
Administration: See Table 15-9 for dose and schedule; give IM.
Special considerations
a. Preexposure immunoprophylaxis for travelers

b.

1. HAV vaccineis preferred for travelers =2 years old; asingle dose usually provides adequate immunity if time does not allow
further doses before travel.
2. 1G, given IM, is protective for up to 5 months; see AAP s Red Book for dosing.
Postexposure immunoprophylaxis
1. 1G 0.02 mL/kg IM is 80% to 90% effective in preventing symptomatic infection if given within 2 weeks of exposure.
Maximum dose per siteis 3 mL for infants and small children and 5 mL for large children and adults.
2. Also give HAV vaccineif =2 years old and future exposureis likely.
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Studies suggest that HAV vaccine alone may be effective for postexposure prophylaxis, but data are insufficient to
recommend alone.



D. HEPATITISB VIRUSIMMUNOPROPHYLAXIS
1. Description
a. Hepatitis B immune globulin (HBIG): Prepared from plasma containing high-titer anti-HBsAg antibodies and negative for
antibodiesto HIV and HCV. Dose: Infants, 0.5 mL IM; older children, 0.06 mL/kg IM.
b. HBV vaccine: Adsorbed HBsAg produced recombinantly. Different recombinant vaccines may be used interchangeably.
2. Indications
a. Routine: See Fig. 15-1..
b. Infants of mothers who are HBSAg positive or indeterminate: See Fig. 15-2 .
3. Contraindication: Anaphylactic reaction to vaccine, baker’s yeast, or another vaccine constituent.
4. Precaution: Moderate or severe acute illness regardless of fever.
5. Sideeffects: Pain at injection site or fever >37.7° C in 1% to 6%; immediate hypersensitivity reaction isvery rare.
6. Administration
a. See Table 15-10 for dose; give IM.
b. An alternate two-dose regimen is approved for vaccination of adolescents ages 11 to 15 years. Thedoseis 10 mcg (1 mL) IM given a
minimum of 4 months apart. The adverse effects are similar to the three-dose regimen.
7. Special considerations. See Table 15-11 for HBV prophylaxis after percutaneous exposure to blood.
E. INFLUENZA VACCINE AND CHEMOPROPHYLAXIS
1. Description
a. Inactivated influenza vaccines are produced in embryonated eggs.
b. Vaccines contain three viral strains (usually two type A and one type B), based on expected prevalent influenza strains for the
upcoming winter.
C. Preparations
1. Inactivated whole virus vaccine from intact purified virus particles; should not be used in children <13 years.
2. Split-virus vaccines:Licensed for children >6 months.
a. Subvirion: Inactivated whole virus vaccine with denatured viral lipid membrane.
b. Purified surface antigen vaccine.
3. A nasally administered live, attenuated vaccine is under consideration for licensure by the U.S. Food and Drug Administration
(FDA) at the time of publication and will potentially be available in 2002.
2. Indications
a. High-risk children
1. Asthmaand other chronic pulmonary diseases.
2. Hemodynamically significant cardiac disease.
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Immunosuppressive disorders and therapy.

HIV infection.

Sickle cell anemia and other hemoglobinopathies.
Diseases requiring long-term aspirin therapy.

Chronic renal disease.

Chronic metabolic disease, including diabetes mellitus.
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b. Close contacts of high-risk children and adults
1. Household contacts.
2. Hedlth care workers.
c. Consider immunization for other high-risk persons
1. Pregnant women who will bein their second or third trimester during influenza season.
2. International travel to areas with influenza outbreaks.
3. Institutional settings, including colleges and other residential facilities.
. Contraindication: Anaphylactic reaction to vaccine, vaccine constituent, chicken, or eggs.
. Precaution: Moderate or severe acute illness regardless of fever.
. Side effects
a. Fever 6 to 24 hours after immunization in children <2 years; rare in children >2 years.
b. Local reactions uncommon in children <13 years; 10% in children =13 years.
c. Side effects and immunogenicity are similar for whole and split-virus vaccinesin children >12 years.
d. Guillain-Barré syndrome (GBS): Influenza immunization has been associated with GBS in approximately 1 per million persons =45
years of age; GBS has not been associated with influenza immunization in children.
. Administration
a. Administer during the fall in preparation for winter influenza season.
b. Dosage and schedule: See Table 15-12; give IM.
. Special considerations
a. Children receiving chemotherapy have poor seroconversion rates until chemotherapy is discontinued for 3 to 4 weeks and absolute
neutrophil and lymphocyte counts are >1000/mm3 .
b. Immunization may be delayed in patients on prolonged high-dose steroids (equivalent to 2 mg/kg/day or >20 mg/day of prednisone)
until dose is decreased, only if time allows before the influenza season.
c. Chemoprophylaxisfor influenza A and B1 .
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1. Amantadine and rimantadine are approved for prophylaxis of influenza A in children 212 months. Amantadine is also
approved for treatment of influenzain children =12 months.

a. Indications
I. High-risk children immunized after influenzais present in the community: Give for 2 weeks after immunization.

ii. Unimmunized individuals providing care to high-risk individuals.
lii. Immunodeficient individuals unlikely to have protective response to vaccine.
iv. Individuals at high risk for influenzainfection with contraindication to vaccine.
b. Chemoprophylaxisis not a substitute for immunization and does not interfere with the immune response to the vaccine.
2. Zanamivir and oseltamivir have recently been approved for treating uncomplicated acute illness caused by influenza.
a. Osdltamivir was recently approved for prophylaxis of influenza A and B in ages =13 years. A new formulation was
approved for treating influenzain children =12 months of age.
b. Zanamivir is approved for usein children =7 years of age. The FDA is currently reviewing its potential as a prophylactic
medication.
F. LYME IMMUNOPROPHYLAXIS
1. Description: Recombinant vaccine against the Borrelia burgdorferi outer surface protein A (rOspA), an antigen expressed by the Lyme
spirochete in the tick midgut. The tick ingests host antibody, killing the organism in the tick and aborting human infection. Note: As of the
time of publication, the L yme vaccine has been removed from the U.S. market.
2. Indications
a. Currently licensed only for persons between 15 and 70 years of age.
b. Highest rates of transmission occur in northeast and north central United States, but risk varies even within townships and counties.
Check with local public health authorities to identify areas of high risk for disease transmission.
c. Consider vaccination in the following persons:
1. Patients >15 years of age who reside, work, or play in high or moderate risk areas during the transmission season (typically
April through July) and who have frequent or prolonged exposure to tick habitats (e.g., woods, thick brush, overgrown grassy
areas).
2. Patients >15 years of age who reside in high to moderate risk areas during the transmission season and who have tick exposure
that is neither frequent nor prolonged. In these cases, the vaccineis of uncertain benefit.
3. Those with a history of previous uncomplicated Lyme arthritis who are at continued risk.
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3. Contraindications



a. TherOspA vaccine is not recommended for the following groups because safety and efficacy have not been established:
1. Children <15 years of age.
2. Pregnant women.
3. Persons with immunodeficiency, musculoskeletal disease (e.g., rheumatoid arthritis, joint pain, diffuse musculoskeletal pain),
second-or third-degree heart block, chronic joint or neurologic illness related to Lyme disease.

b. Persons with treatment-resistant Lyme arthritis should not be vaccinated because this condition is associated with increased
reactivity to the OspA antigen used in the vaccine.

4. Side effects: Pain at the injection site (24%); local redness and swelling (<2%); myalgias, influenza-like illness, fever or chillsin <3%.
5. Administration

a. Doseis 0.5 mL (30 mcg) rOspA IM.

b. Threedosesgiven at 0, 1, and 12 months are recommended. For optimal protection, doses should be timed so that the second and
third doses are given severa weeks before the start of Lyme transmission season (usually in April).

c. Vaccine efficacy: For the LY MErix rOsp-A vaccine, protection against clinical Lyme disease was 49% after two doses and 76%
after three doses. The duration of protective immunity is unknown, but data suggest that boosters beyond the third dose may be
needed.

6. Special considerations

a. Therisk of Lyme diseaseis greatly reduced by the use of tick repellents (e.g., those containing DEET), protective clothing (long-
sleeve shirts and long pants, tucking pant legs into socks), and checking for and removing ticks. Transmission of disease requires 24
to 48 hours of tick attachment.

b. Early detection of Lyme disease is important because timely and correct antibiotic therapy nearly always resultsin a prompt cure.

c. Postexposure antibiotic prophylaxisin children with tick bitesis not recommended.

d. Care providers should be aware that vaccine-induced antibodies to OspA antigen routinely cause falsely positive enzyme-linked
immunosorbent assay (ELISA) results for Lyme disease. Careful interpretation of Western immunoblotting can usually discriminate
between B. burgdorferi infection and rOspA immunization because most patients do not develop anti-OspA antibodies after natural
infection.

G. MEASLESSMUMPSRUBELLA IMMUNOPROPHYLAXIS
1. Description

a. MMR: Combined vaccine composed of live, attenuated viruses. Measl es and mumps vaccines are grown in chick embryo cell

culture; rubellavaccineis prepared in human diploid cell culture.
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b. Monovaent measles, rubella, and measles/rubella (MR) formulations are available.

c. IG: Intramuscular |G and intravenous IG (1GIV) preparations contain similar concentration of measles antibody.
2. Indications

a. Routine: See Fig. 15-1.



b. Screen all women of child-bearing age for susceptibility. People are considered susceptible to rubella unless they have
documentation of one dose of rubella-containing vaccine or serologic evidence of immunity. If susceptible, immunize with one dose
of MMR unless pregnant.

. Contraindications

a. Anaphylactic reaction to prior MMR, MR, or monovalent immuni zation.

b. Anaphylactic neomycin or gelatin allergy.

C. Immunocompromised states: See p. 319.

d. Pregnant women or women considering pregnancy within 3 months.

. Precautions

a. Moderate or severe acute illness regardless of fever.

b. If ahypersensitivity reaction occurs after the first dose of vaccine, consider skin testing or checking antibody titers to determineif a
second dose is needed.

c. Children with a history of thrombocytopenia may develop transient thrombocytopenia after immunization, but the vaccine benefits
outweigh the risks.

d. See AAP' s Red Book for suggested intervals between |G or blood product administration and immuni zation.

. Misconceptions: The following are not contraindications to MMR administration:

a. Anaphylactic reaction to eggs. Consider observing patient for 90 minutes after vaccine administration. Skin testing is not predictive
of hypersensitivity reaction and therefore is not recommended.

b. Allergy to penicillin.

C. Exposureto measles.

d. History of seizures: Thereisasdlightly increased risk of seizure after immunization. Temperature should be followed and treated with
antipyretics.

. Side effects

a. Minor side effects 7 to 12 days after immunization: Fever to 39.4° C lasting 1 to 5 days (5% to 15%); transient rash (5%).

b. Moderate to severe side effects: Febrile seizures (rare); transient thrombocytopenia (1 in 25,000 to 1 in 40,000) 2 to 3 weeks after
immuni zation; encephalitis and encephal opathy (<1 in 1 million).

. Administration

a. Doseis0.5mL SC.

b. Immunize >2 weeks before planned administration of 1G.

c. Purified protein derivative (PPD) testing may be done on the day of
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Immunization; otherwise postpone PPD 4 to 6 weeks because of suppression of response.
. Special considerations
a. Measles postexposure immunoprophylaxis.



1. Persons are susceptible to measles unless they have documentation of physician-diagnosed measles, have laboratory evidence
of immunity, or had two doses of measl es-containing vaccine after 12 months of age.
Vaccine prevents or modifies disease if given within 72 hours of exposure.
Immune globulin (IG) prevents or modifies disease if given within 6 days of exposure. Dosageis as follows:
a. Standard dose |G for children and pregnant women: 0.25 mL/kg (maximum dose 15 mL) IM.
b. High-dose IG for immunocompromised children: 0.5 mL/kg (maximum dose 15 mL) IM. Not required if IGIV received
within 3 weeks before exposure.
4. Household contacts

a. Vaccine should be given to those with one prior dose of vaccine (do not require 1G).

b. If contact is=5 months old and unimmunized, or <5 months old and mother is susceptible, |G should be given at time of
exposure and measles vaccine should be given 5 months later. Two doses of measles-containing vaccine are still
required after 12 months of age.

5. Community outbreak: Vaccine should be given to susceptible contacts =6 months old.
6. Immunocompromised individuals should receive | G.
7. Susceptible pregnant women should receive | G.
b. Rubella postexposure immunoprophylaxis: |G may modify rubella disease but does not prevent congenital rubella syndrome;
therefore it is not recommended for exposed pregnant women.
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H. MENINGOCOCCUSIMMUNOPROPHYLAXIS

1.

2.

No osw

Description: Quadrivalent serogroup-specific vaccine made from purified capsular polysaccharide antigen from groups A, C, Y, and W-
135. Immunogenicity of serogroup antigens varies with age of child. No vaccine is available for group B because of poor immunogenicity.
Indications
a. High-risk children >2 years of age include the following:
1. Functional or anatomic asplenia.
2. Termina complement or properdin deficiencies.
b. Possible adjunct to postexposure chemoprophylaxisin an outbreak setting.
c. Consider in college freshmen, particularly those living in dormitories or residence halls.
d. Travelersto endemic or hyperendemic areas.
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Contraindication: Anaphylactic reaction to vaccine or vaccine constituent.

Precaution: Moderate or severe acute illness regardless of fever.

Side effect: Localized erythemafor 1 to 2 days occurs infrequently.

Administration: Doseis 0.5 mL SC.

Postexposur e chemoprophylaxis. Antibiotics should be given to exposed household, child care, and nursery school contacts within 24
hours of primary case diagnosis. Individuals with potential contact with oral secretions of infected patient should also receive



chemoprophylaxis.
a. Rifampin isthe drug of choice (see Chapter 26 for dosage information).
b. Ciprofloxacin (500 mg single dose) may be given to persons >18 years.
c. Ceftriaxone (125 mg single dose in children <12 years, 250 mg single dose in children >12 years) may be more efficacious than
rifampin in reducing nasal carriage when exposed to group A meningococci.
. PNEUMOCOCCUSIMMUNOPROPHYLAXIS
1. Description
a. PCV7: Pneumococcal conjugate vaccine includes seven purified capsular polysaccharides of Streptococcus pneumoniae, each
coupled to avariant of diphtheriatoxin. Serotypes are 4, 9V, 14, 19F, 23F, 18C, and 6B, which account for over 80% of bacteremia
and meningitis and over 60% of acute otitis media (AOM) among children <6 years old.
b. 23PS: Purified capsular polysaccharide includes antigen from 23 serotypes of S. pneumoniae. 23PS is not approved for usein
children <2 years.
c. Nine-valent and 11-valent conjugate vaccines may become available in the near future.
2. Indications
a. Routine: See Fig. 15-1..
b. See Table 15-3 for catch-up schedule for previously unvaccinated children ages 7 to 24 months.
c. See Table 15-6 for an immunization schedule of high-risk children ages 24 to 59 months, including those with the following
conditions:
Sickle cell disease, functional or anatomic asplenia.
HIV infection.
Congenital immune deficiency.
Chronic renal insufficiency, including nephrotic syndrome.
Immunosuppression, including malignant neoplasms, leukemias, lymphomas, and Hodgkin’' s disease, and solid organ
transplantation (guidelines for the use of pneumococcal vaccines for children who have received bone marrow transplants are
currently undergoing revision).
Chronic cardiac disease.
Chronic pulmonary disease (including asthma treated with high-dose oral corticosteroid therapy).
Cerebrospinal fluid (CSF) leaks.
Diabetes mellitus.
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d. Consider immunization in the following children:
1. All children ages 24 to 35 months.
2. Children ages 36 to 59 months attending out-of-home care.



3. Children ages 36 to 59 months who are of American Indian, Alaska Native, or African American descent.
Contraindication: Anaphylactic reaction to vaccine or vaccine constituent.
Precautions
a. Moderate or severe acute illness regardless of fever.
b. Generally defer during pregnancy because effect on the fetus is unknown; consider in mothers at high risk of severe pneumococcal
disease.
5. Side effects: Pain and erythema at injection site (common); fever, fussiness, drowsiness, decreased appetite (less common); severe
systemic reactions such as anaphylaxis (rare).
6. Administration
a Doseof PCV7is0.5mL IM.
b. Dose of 23PSis0.5mL IM or SC.
c. Concurrent administration of PCV7 and 23PS vaccines is not recommended. Either vaccine may be given concurrently with other
vaccines in a separate syringe at a separate injection site.
d. Give vaccine 2 weeks or more before elective splenectomy, chemotherapy, radiotherapy, or immunosuppressive therapy; or give 3
months after chemotherapy or radiotherapy.
7. Special considerations
a. Passive immunoprophylaxis with IGIV is recommended for some children with congenital or acquired immune deficiencies.
b. Seefunctional or anatomic asplenia, p. 320.
J. POLIOMYELITISIMMUNOPROPHYLAXIS
1. Description
a. IPV: Trivalent enhanced-potency vaccine of formalin-inactivated poliovirus types 1, 2, and 3 grown in human diploid or Vero cells.
b. OPV: No longer available in the United States. Children who have received the appropriate number of doses of OPV in other
countries should be considered adequately immunized.
2. Indications
a. Routine: SeeFig. 15-1.
b. Unimmunized or partially immunized individuals who are at imminent risk of exposure to poliovirus (dose interval may be 4 weeks).
Contraindications: Anaphylaxisto vaccine, vaccine constituent, streptomycin, polymyxin B, or neomycin.
Precautions
a. Moderate or severe acute illness, regardless of fever.
b. Although there is no convincing evidence of adverse effects, immunization during pregnancy should be avoided for reasons of
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theoretical risk.
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5. Side effects: No serious side effects have been associated with use of the IPV vaccine.
6. Administration: Doseis0.5 mL SC.



K. RABIESIMMUNOPROPHYLAXIS ( Table 15-13)

1. Description
a. Human diploid cell vaccine (HDCV): Inactivated rabies virus grown in human diploid cell culture.
b. Rhesus