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Preface


This book serves as a tribute to medical education and mentoring in all its forms. It spans a cycle of mentoring that began for me more than 40 years ago. It underscores the value of the mentoring process from that time to today.


More than 40 years ago, as a medical student, I relied on the masterful work of Frank Netter. In every sense he seemed like a helpful sage mentor. Learning from other standard textbooks was certainly possible, but the Netter drawings took me by the hand, opened my mind to anatomy, physiology, pathogenesis, and clinical signs and symptoms in a very personal way. Gray’s Anatomy Textbook had all the detail, but studying it felt almost austere, untouchable. Frank Netter was warm and welcoming the way any good mentor establishes a positive learning environment. Dr. Netter and those who followed him taught entire generations of physicians through the 1960s, 1970s, and 1980s. The old adage that a picture is worth a thousand words was multiplied many times over by a Netter illustration. When offered the opportunity to co-edit this book, which might help to recirculate the Netter illustrations, it was my immediate reaction to sign on. Our hope was that these illustrations would be available to touch the lives of the next generations of pediatric trainees.


However, this volume had other mentoring dimensions as well. First was the opportunity to work with three outstanding chief residents, Todd Florin, MD, the co-editor, and Paul Aronson, MD, and Heidi Werner, MD, the two associate editors. Having worked with them over three years of pediatric residency at The Children’s Hospital of Philadelphia and during one additional year as chief residents, the choice to continue our collaboration was a mentor’s dream. It was a chance to produce something of enduring value as a team. Although all of our careers have moved forward in new directions, this was a chance to hold on to a certain chemistry we shared. This is the first major textbook that will bear their names, but you will hear their names often in the future, as I am certain they will be leaders in pediatrics. This may be their first book, but I assure you it will not be their last.


When formulating our concepts of the book, we decided to make it a mentoring project in itself. All of the chapters were written by more-junior faculty, fellows, and residents. Each was supervised by a section editor who helped these young but talented authors get their chapters written, edited, and into print. For some authors this represents their first major publication. For many there were lessons learned along the way. For all there was a chance to build a relationship with a more senior section editor. To these section editors we owe a great debt of gratitude.


With all the technologic advances in medicine and our deepening understanding of the basis of diseases and therapeutics, we are all still benefiting from the time-worn traditions of medicine. Netter’s Pediatrics showed us the way. Senior faculty working one on one with more-junior people. Mentoring — the apprenticeship model — still at the heart of our academic process.


Our hope is that this volume will aid you in the care of children. We hope these words and drawings will bring the subject matter alive and help you derive as much practice knowledge and pleasure from using Netter’s Pediatrics as we experienced in bringing it to you.




Stephen Ludwig, MD, Philadelphia, 2011
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Section I


Care of the Acutely Ill Child










1 Resuscitation




David Chao, Frances Nadel





Cardiopulmonary resuscitation (CPR) is the series of emergency interventions provided to a person who appears dead or in respiratory extremis, with the goal of restoring vital functions through optimization of cardiac output and tissue oxygen delivery. The two main components are external cardiac massage (chest compressions) and assisted respirations.


Most children who require CPR do not survive. Those who do survive often have significant neurologic deficits from the hypoxia and ischemia associated with the cardiopulmonary arrest. However, some children do return to their premorbid function. This may be related to recognition and treatment of impending cardiorespiratory failure, early bystander CPR, or rapid correction of the life-threatening event. It is difficult to predict which patients will have a return of spontaneous circulation and ultimately survive. Therefore, high-quality CPR should be begun immediately while more information is gathered to guide therapy.


The incidence of out-of-hospital cardiopulmonary arrest is difficult to ascertain from the current literature. However, data from multicenter registries support many widely held beliefs about pediatric out-of-hospital arrests. The incidence of non-traumatic, out-of-hospital cardiac arrest is highest for infants (children younger than 1 year of age). The most common cause in this age group is sudden infant death syndrome (SIDS). The presenting rhythm is usually asystole, and survival to discharge is rare (≈3%). For all other pediatric age groups, trauma is the leading cause of death. Although asystole is the most common arrest rhythm, ventricular tachycardia (VT) and ventricular fibrillation (VF) do occur and are more common in older children, especially adolescents. Survival in patients with ventricular dysrhythmias is higher than in patients with cardiopulmonary arrest associated with rhythms that are not responsive to cardioversion or defibrillation, such as asystole and pulseless electrical activity (PEA). For nontraumatic arrests, survival even for older children remains low, about 9% in those older than 1 year of age.






Etiology and Pathogenesis


Cardiopulmonary arrest may result from many causes. Sepsis, respiratory infection, pulmonary conditions, drowning, SIDS, and injuries can lead to respiratory failure or shock. Without effective intervention, cardiopulmonary failure (inadequate perfusion and ineffective or absent respiration) ensues. Most pediatric arrests occur after an initial respiratory arrest (rather than circulatory failure) and if prolonged result in terminal rhythms of bradycardia; PEA; and, finally, asystole. Patients in asystole likely have experienced a significant hypoxic–ischemic insult.









Clinical Presentation


The signs and symptoms of children requiring immediate resuscitation are typically the result of failure of the delivery of two vital substrates—oxygen and glucose—to end organs (Table 1-1). Recognition of these manifestations through a physical examination that focuses on airway, gas exchange, and cardiovascular stability allows for rapid resuscitation of those who have failure of substrate delivery and identification of those at risk for failure.


Table 1-1 Signs of a Life-Threatening Condition






	Airway

	Complete or severe airway obstruction






	Breathing

	Apnea, significant work of breathing, bradypnea






	Circulation

	Absence of detectable pulses, poor perfusion, hypotension, bradycardia






	Disability

	Unresponsiveness, depressed consciousness






	Exposure

	Significant hypothermia, significant bleeding, petechiae or purpura consistent with septic shock, abdominal distension consistent with acute abdomen







Adapted from American Academy of Pediatrics and American Heart Association: Pediatric Advanced Life Support. Dallas, TX, American Heart Association Publication, 2006.









Initial Assessment


Evaluation of a critically ill or injured child should begin with a general assessment. Physical examination clues help the provider determine the extent of illness or injury (i.e., whether the condition is life threatening or not) and identify systems that require closer attention during the remainder of the assessment. The Pediatric Assessment Triangle of the Pediatric Advanced Life Support (PALS) course outlines the following components of the general assessment:



Appearance: muscle tone, interaction, consolability, look or gaze, speech or cry



Work of breathing: increased work of breathing, decreased or absent respiratory effort, or abnormal sounds



Circulation: abnormal skin color or bleeding


The initial assessment can be done without laying hands on the patient and should take no more than several seconds. If the patient’s condition is life threatening, additional support should be recruited immediately. After these rapid initial impressions, the clinician should aim to perform a swift yet careful primary assessment.









Primary Assessement


The primary assessment evaluates and addresses vital functions in a systematic way with priority to systems that are most crucial for sustaining life. Conveniently, the components of the primary assessment can be remembered as the “ABCDEs”—airway, breathing, circulation, disability, and exposure and environment. If a life-threatening abnormality is identified at any point, the aberration should be addressed before moving on in the assessment.


With the publication of new guidelines for cardiopulmonary resuscitation in 2010, it has been recommended that the standard sequence of “ABC” be switched to “CAB” for patients who need cardiopulmonary resuscitation. This recommendation is based on the recognition that most cardiopulmonary arrests occur in adults and that even in children and adolescents sudden arrest is more likely to be due to a cardiac arrhythmia. Prompt institution of cardiac compressions to provide artificial circulation is important to ensure the best possible outcome for individual patients. This is especially important in out-of-hospital settings where early initiation of bystander CPR has been shown to be one of the strongest predictors of survival and good neurologic outcome. In medical settings the approach to resuscitation may be individualized based on the clinical scenario. Close attention to securing the airway and providing artificial ventilation remain important but in the setting of cardiopulmonary arrest chest compressions should not be delayed.






Airway


The patient’s airway is the first priority. There are fundamental differences between the airway of a child and that of an adult. The pediatric airway (Figure 1-1) is more anterior than the adult airway, requiring less manipulation to bring the oral, pharyngeal, and tracheal axes into alignment. In addition, the head-to-body proportion is larger in infants than in adults, and thus extreme hyperextension of the neck may exacerbate airway obstruction in younger children. The pediatric airway is narrower, and the tongue is relatively large compared with the jaw, increasing the risk of airway obstruction. The pediatric larynx is located more anteriorly and cephalad than the adult larynx.





[image: image]

Figure 1-1 Pediatric and adult airway anatomy.




The provider should assess airway patency using the “look, listen, and feel” approach. The provider should look at the chest wall and listen to the mouth and nose to detect whether there is evidence of air movement. Findings suggesting airway obstruction include increased respiratory effort with retractions, abnormal inspiratory sounds, or episodes during which no airway or breath sounds are produced despite respiratory effort. If a child is speaking, crying, or otherwise verbalizing, the airway is intact. Attention should be paid to the quality of the sounds. A hoarse or high-pitched cry should alert the provider to the possibility of airway compromise without complete obstruction. Finally, the provider should feel for air movement using a hand or cheek close to the patient’s mouth.


The most effective maneuvers for opening an obstructed pediatric airway are the head tilt–chin lift or jaw thrust techniques (Figure 1-2). In the head tilt–chin lift maneuver, the head is tilted back slightly (without overextending), and the chin is lifted gently with one finger on the bony prominence to avoid placing pressure on the soft tissues of the neck. A roll or towel may be placed under the shoulders to maintain the position.





[image: image]

Figure 1-2 Head tilt–chin lift and jaw thrust maneuvers.




If there is a risk of a neck injury, it is critical to stabilize the cervical spine during evaluation of the airway and avoid extending the neck. Manual cervical spine stabilization is accomplished by holding the head in the midline position while applying gentle cephalad traction. A cervical collar may be applied, taking care to size the collar appropriately. It is important to remember that neither manual nor collared stabilization provides true immobilization.


The jaw thrust maneuver should be attempted in these cases by lifting the jaw forward with the provider’s third or fourth fingers (or both) “hooked” under the angles of the mandible while avoiding compression of the soft tissues. The goal is to pull the mandibular block of tissue forward so that the lower central incisors are anterior to the upper central incisors.


At any point, if it is determined that the patient is unable to independently maintain the patency of his or her airway, the provider should open the airway to maintain adequate ventilation and protection from the aspiration of stomach contents. Simple suctioning should be attempted first because it may relieve an airway obstructed by secretions or foreign materials. Bag–valve–mask (BVM) ventilation (see below) may provide an open airway if a good mask seal is achieved and airway positioning is maintained.


In an unconscious patient, an oropharyngeal airway can be used to help stent the mandibular block of tissue away from the posterior hypopharynx (Figure 1-3). A nasopharyngeal (NP) airway is another option. NP airways are well tolerated in unconscious and semiconscious patients and may even be used in conscious individuals with upper airway obstruction. NP airways should be used with caution when midface trauma is suspected because of the risk of inserting the airway through fractured bone into intracranial structures. Laryngeal mask airways (LMAs) are supraglottic airway devices that are being increasingly used in resuscitation settings to help bypass the soft tissues of the anterior oropharynx and to deliver oxygen directly to the proximal trachea.
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Figure 1-3 Oral and nasopharyngeal airways.




When the patency of the airway cannot be maintained by other means, endotracheal intubation offers a relatively stable artificial airway. The following formula is used to determine the appropriate size (inner diameter) for an uncuffed endotracheal tube (ETT): (Age in years/4) + 4. Cuffed ETTs are being used with increasing frequency in children. The appropriate size can be determined using the above formula and then subtracting 0.5 (mm) from the result. One should have tubes one size larger and smaller at the ready in case this estimate is not quite appropriate for the individual patient. An appropriately sized laryngoscope blade should be chosen; the two most common types are Miller (straight) and Macintosh (curved) blades.


Pharmacologic agents (premedications such as atropine and lidocaine, sedatives, and paralytics) may be used to increase patient comfort, improve patient safety, and increase the chances of successful intubation. These are not necessary when the patient presents in cardiopulmonary arrest. In other settings, premedications should be selected based on the clinical scenario and prepared to be given. All equipment should be checked before sedative or neuromuscular blocking agents are administered to the patient. A useful mnemonic for preparing materials for intubation is “SOAP ME” for suction, oxygen, airway equipment, pharmacy or personnel, and monitoring equipment. After medications have been given, it is important to preoxygenate the patient using 100% oxygen via facemask.


Direct laryngoscopy can be accomplished by positioning the patient’s head and then using the right thumb and index finger to “scissor” open the mouth. The laryngoscope blade is inserted under direct vision toward the right corner of the mouth over the tongue and over the epiglottis (if using a straight blade) or into the vallecula (if using a curved blade). The tongue should be “swept” toward the left side the mouth while the laryngoscope handle is pulled upward at a 45-degree angle, taking care not to damage the teeth or gums (Figure 1-4). Suctioning may be needed to clear secretions to visualize the vocal cords, which should fall into the direct line of sight. The provider should maintain his or her view of the larynx and insert the ETT while watching it pass through the vocal cords. The tube should be placed so that the second of the distal vocal cord markers is at the level of the vocal cords. A projection for how deep to place the tube (centimeter mark at the teeth) can be calculated using the following formulas: [(Age in years/2) + 12] or [3 × (External diameter of the ETT)].
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Figure 1-4 Endotracheal intubation.




Confirmation of proper insertion of the ETT can be accomplished in several ways. Primary confirmation should always be confirmed by the detection of exhaled carbon dioxide (CO2) through the use of a colorimetric CO2 detector or use of inline capnography. Capnography has the added advantage of showing exhaled levels of CO2. In patients in cardiopulmonary arrest, exhaled CO2 may not be present even with proper tube placement. Listening for symmetric breath sounds in bilateral lung fields, observing symmetric chest wall rise, and maintaining a good oxygen saturation are all secondary signs of good tube placement. Visualizing mist in the ETT with expiration is helpful but may occur with misplacement of the tube into the esophagus as well. When time permits, a chest radiograph should be obtained to confirm placement, including depth of the ETT. The tip of the tube should be approximately 1 cm above the carina.









Breathing


After the airway has been stabilized, assessment of ventilation and gas exchange should be initiated. Observation of chest wall movement can provide clues regarding adequacy of respiratory effort. In infants, adequate chest wall movement is characterized by uniform expansion of the lower chest and upper abdomen. In older children and adolescents, observation should focus on upper chest expansion. Auscultation over the trachea assesses central airway patency. Breath sounds should then be auscultated over the upper lung fields while focusing on adequacy of air movement and symmetry of breath sounds. Adequate gas exchange can be assessed using pulse oximetry, capnography, and blood gases. Because hypoxia is the major means of pediatric cardiac arrest, supplemental oxygen should be given to all critically ill patients to maximize oxygen delivery.


If the patient’s efforts at ventilation or oxygenation are compromised, assisted ventilation should be initiated. BVM ventilation (Figure 1-5) is a skill at which all physicians working in acute-care settings should become adept. Masks of various sizes should be available, and the smallest mask that completely covers the mouth and nose should be selected. Airway patency is maximized when the patient’s head is placed in the “sniffing position,” with the neck slightly flexed while the head is rotated into extension.
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Figure 1-5 Maintaining airway patency and securing the mask in bag–valve–mask ventilation.




When using the chin lift maneuver, the provider’s nondominant hand should be used to hold the mask in place by forming a “C” around the connector with the thumb and index fingers while the remaining fingers maintain the chin lift along the angle of the mandible. If the jaw thrust is used, the mask should be secured with the thumb and index fingers of both hands with the remaining third or fourth fingers maintaining the jaw thrust at the angles of the mandible. Downward pressure on the mask should be used to provide countertraction against the upward force generated by the jaw maneuver, maintaining an adequate seal of the mask against the face. The provider should concentrate on trying to “lift” the jaw up to the mask. With either maneuver, the mask should fit snugly on the face, and the provider should assess for an adequate seal (attempting to minimize air leaks), which is the most important aspect of effective BVM ventilation.


After an adequate seal has been achieved, ventilation can be accomplished by administering positive pressure via the resuscitation bag. A two-person technique is preferred, with one person holding the mask in place and the other providing breaths. The amount of positive pressure generated should be dictated by the adequacy of chest wall excursion—the patient’s chest wall movements should be similar to normal deep respirations. The recommended number of respirations depends on age—infants and children should receive 15 to 20 breaths/min (≈1 breath every 3-5 seconds), and adolescents should receive 10 to 12 breaths/min (≈1 breath every 5-6 seconds).


Although BVM ventilation is a safe procedure, there are potential complications. Equipment failure is a common and avoidable complication that may lead to inadequate oxygenation and ventilation. Oxygen sources and the patency of connections should be checked routinely as well as when problems arise. Other complications of BVM ventilation include cervical cord damage in cases of traumatic injury, hyperventilation, pneumonitis associated with reflux and aspiration of stomach contents, pneumothorax, and gastrointestinal tract distension.









Circulation


The goals of the circulatory assessment are to evaluate cardiovascular function and end-organ perfusion. Cardiovascular dysfunction can be reflected by changes in skin color, temperature, heart rate, heart rhythm, blood pressure, pulses, and capillary refill time. End-organ dysfunction can be reflected by changes in brain perfusion (manifesting as altered mental status), skin perfusion, and renal perfusion (manifesting as decreased urine output).


Heart rate should be appropriate for the child’s age (Table 1-2) but may be affected by clinical conditions other than poor circulation (e.g., fever, dehydration, pain). Normal blood pressure is also age dependent (Table 1-3) and can also be affected by associated clinical conditions. In children, compensatory mechanisms (tachycardia, increased stroke volume, and vasoconstriction) may cause blood pressure to be preserved even though there is inadequate tissue perfusion. This is termed compensated shock (see Chapter 2). However, hypotension should be treated as shock until proven otherwise in critically ill or injured children because it represents a state in which compensatory mechanisms have failed (uncompensated shock). It is important to measure blood pressure using a properly sized cuff.




Table 1-2 Normal Heart Rates by Age
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Table 1-3 Definition of Hypotension by Systolic Blood Pressure and Age






	Age

	Systolic Blood Pressure (mm Hg)






	Term neonates (0-28 days)

	<60






	Infants (1-12 months)

	<70






	Children (1-10 years)

	<70 + (Age in years × 2)






	Children (>10 years)

	<90







BP, blood pressure


Adapted from American Academy of Pediatrics and American Heart Association: Pediatric Advanced Life Support. Dallas, TX, American Heart Association Publication, 2006.


Assessment of perfusion should include palpation of both central (most commonly femoral) and peripheral (radial and dorsalis pedis) pulses. In infants, the brachial pulse is checked. Weak central pulses portend impending circulatory failure. A discrepancy between central and peripheral pulses may suggest worsening shock but may be caused by appropriate vasoconstriction in a cold environment. Prolonged capillary refill times may also be seen during times of inadequate perfusion. However, both ambient temperature and the patient’s body temperature may cause prolonged capillary refill to be a nonspecific finding.


Compromised circulation may be the result of a number of different factors, including blood loss, dehydration, neurologic injury, and infection. Ideally, during the primary assessment, providers obtain vascular access. Large-bore intravenous (IV) lines are preferable; however, it may be difficult to establish venous access in a critically ill child who has compromised perfusion. The intraosseous (IO) route is a quick and reliable technique. Newer IO devices have been developed (including spring-loaded needles and battery-powered handheld drills), which may be easier to use, especially in larger children. Fluid resuscitation is indicated in states of circulatory compromise. The goal is to prevent cardiopulmonary arrest, which is the cessation of blood circulation resulting from ineffective or absent cardiac activity.


Cardiac arrest is associated with the following arrest rhythms (Figure 1-6): asystole, PEA, VF, and pulseless VT. Asystole is characterized by the absence of discernible electrical activity (“flatline”). PEA is a condition in which the patient has no palpable pulse despite showing electrical activity on cardiac monitoring (but excludes VF, VT, and asystole). VT is characterized by organized, wide QRS (>0.08 sec) complexes. Pulseless VT must be distinguished from VT with a pulse because they are treated differently. VF is a form of pulseless arrest that is characterized by chaotic, disorganized electrical activity on cardiac monitoring with an absence of coordinated contractions. For all of these rhythms, it is important to provide supplemental oxygen (100%) and to initiate CPR immediately.
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Figure 1-6 Arrest rhythms.




CPR (Figure 1-7) is indicated for the management of cardiopulmonary arrest. Studies have consistently shown that CPR, when performed correctly, saves lives. The mantra “push hard, push fast, minimize interruptions, allow full chest recoil, and do not overventilate” should guide the provider’s efforts.
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Figure 1-7 External chest compressions.




Recommendations for compression to breath ratios are summarized. In newborns, a ratio of 3 : 1 is recommended. In infants and children, the compression to ventilation ratio is different depending on whether there is a single rescuer or two rescuers performing CPR. A single rescuer should give 30 compressions for every 2 breaths, whereas 2 rescuers should perform CPR using the ratio of 15 compressions for every 2 breaths. In both scenarios, the goal is to provide at least 100 compressions per minute. After an artificial airway has been placed, continuous compressions at a rate of at least 100 compressions/min with ventilations at a rate of about 8 to 10 breaths/min (1 breath every 6-8 sec) should be performed. Resuscitation of the newly born infant is discussed in Chapter 106.


Synchronized cardioversion is indicated for VT accompanied by a pulse. The initial dose is 0.5 to 1 J/kg. If ineffective, an additional dose of 2 J/kg should be administered. Defibrillation is indicated for VT without a pulse and VF. If using a manual defibrillator, the initial dose is 2 J/kg, and an automated external defibrillator (AED) may be used for patients older than 1 year of age.


Although a full discussion of resuscitation medications is beyond the scope of this chapter, it is important to be familiar with the most important pharmacologic agents used during resuscitation. Epinephrine, an adrenergic agent with both α- and β-agonist properties, is used to promote vasoconstriction, which is important in increasing aortic diastolic pressure and coronary perfusion pressure. It also increases automaticity of cardiac muscle and makes cardiac muscle more susceptible to the effects of cardioversion and defibrillation. It is used as a first-line agent in pulseless arrest with nonshockable rhythms (i.e., asystole and PEA) and symptomatic bradycardia (heart rate <60 beats/min with poor perfusion despite CPR). It is also used for VF and pulseless VT that do not respond to defibrillation. Although the dose and concentration used are route dependent (0.01 mg/kg of 1 : 10000 IV or IO and 0.1mg/kg of 1 : 1000 via ETT), the appropriate volume to give is easily remembered as 0.1 mL/kg. CPR should be continued for at least one full cycle (2 minutes) of compressions after any intervention and until medications for the treatment of cardiorespiratory arrest have taken effect. After the return of spontaneous circulation, it is important that meticulous attention be paid to post-resuscitation care including glucose monitoring and control, fluid resuscitation, and support of cardiovascular stability through vasoactive medications.









Disability


Disability assessment focuses on evaluation of the two main components of the central nervous system, the cerebral cortex and the brainstem. A number of scales are used to assess neurologic function. The AVPU Pediatric Response Scale is quick and simple to apply in critical situations. Level of consciousness is described as:



A: alert (child is awake, active, and appropriately responsive)



V: voice (child responds to voice)



P: pain (child responds only to painful stimulus)



U: unresponsive (child does not respond to any stimulus)


A more detailed assessment for older children and adolescents, the Glasgow Coma Scale, is the most widely used method (Figure 1-8). The patient’s best responses in each of the categories (eye opening, verbal response, motor response) are added to produce a score out of 15. A change of 2 points reflects a clinically significant change in neurologic status. This scale is modified when used in infants and younger children.
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Figure 1-8 Glasgow Coma Scale.




The pupils should also be examined during this part of the assessment to help assess brainstem function. Normally, the pupils constrict in response to light and dilate in dark environments. An abnormal size of pupils, failure of pupils to react to light, and asymmetry of pupil size are all abnormalities that should be noted during the primary assessment.


An additional “D” that is included for a noninjured, critical patient is a “D-stick” (fingerstick glucose measurement) because many medical conditions leading to critical illness are characterized or accompanied by disturbances in blood sugar. For the treatment of hypoglycemia, the appropriate dose of dextrose to administer as an IV bolus is 0.5 to 1 g/kg, which is equivalent to 5 to 10 mL/kg of D10W (dextrose 10% in water).









Exposure


Complete exposure by undressing an injured or ill child should ideally be accomplished simultaneously by ancillary staff while the other components of the primary survey are addressed. Complete exposure is important to facilitate a comprehensive physical examination as part of the secondary survey. Another important “E” is “environment.” The provider should take care to institute warming measures for the exposed child if clinically indicated, and the environment should be free of contaminants that may exacerbate the child’s clinical condition (e.g., a child who experienced inhalation injury should be taken out of the smoky environment).












Secondary Assessment


After completion of the primary assessment, including addressing any abnormalities discovered during the course of evaluation, the provider should initiate the secondary survey, which includes a focused history and physical examination. The SAMPLE mnemonic is helpful in addressing the important parts of the focused history: signs and symptoms, allergies, medications, past medical history, last meal, and events leading to current condition. Questions should be directed toward attempting to determine factors that may help to explain impaired respiratory, circulatory, or neurologic function. A focused physical examination is best approached in a head-to-toe fashion.









Future Directions


Outcomes from pediatric resuscitation have improved incrementally over the past several decades. Research has brought about advances in our understanding of the pathophysiology and management of cardiopulmonary arrest and its consequences. Current areas of research include therapeutic hypothermia, oxygen toxicity and reperfusion injury, the molecular genetics behind causes of cardiopulmonary arrest, and genetic polymorphisms and their implications in response to therapy. Pre- and postconditioning of the myocardium and brain epithelium, emergency preservation and resuscitation (EPR), postresuscitation myocardial support, mechanical circulatory support, quality CPR, and the epidemiology of CPR are also subjects of significant inquiry. The once dismal prognosis of critically ill and injured children continues to improve as discoveries of promising therapeutic advances are made in pre- and postresuscitation care.
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2 Shock




Kari R. Posner, Aaron Donoghue





Shock is an acute clinical syndrome of circulatory dysfunction in which there is failure to deliver sufficient oxygen and substrate to meet metabolic demand. All practitioners who care for children must understand and identify shock promptly to initiate an effective treatment plan. This, in turn, can help prevent the progression and poor outcomes that characterize the natural clinical course of shock. The goal is to prevent end-organ damage; failure of multiple organ systems; and, ultimately, death.






Etiology and Pathogenesis


Normal circulatory function is maintained by the interplay between the heart and blood flow with the purpose of delivering oxygen and nutrients to the tissues. Cardiac output is calculated by multiplying the stroke volume (volume of blood ejected by the left ventricle in a single beat) by the heart rate (ejection cycles per minute). Stroke volume is dependent on the filling volume of the ventricle (preload), resistance against which the heart is pumping blood (afterload), and myocardial contractility. During childhood, the heart rate is faster, and the stroke volume is smaller than during adulthood. In children, increasing the heart rate is the primary means to increase the cardiac output.


Shock develops as the result of conditions that cause decreased intravascular volume, abnormal distribution of intravascular volume, or impaired cardiovascular function. Children effectively compensate for circulatory insufficiency by increasing their heart rate, systemic vascular resistance (SVR), and venous tone. Children can therefore maintain normal blood pressures despite significantly compromised tissue perfusion. Thus, in pediatric patients, it is especially important to recognize that hypotension is not part of the definition of shock.


The clinical manifestations of shock can be directly related to the abnormalities seen on the tissue, cellular, and biochemical levels. Microcirculatory dysfunction; tissue ischemia; and release of biochemical, vasoactive, and inflammatory mediators are all part of the spectrum of pathophysiologic aberrations seen in shock. Poor perfusion of vital organs results in impaired function. For example, inadequate perfusion of the brain and kidneys results in depressed mental status and decreased urine output, respectively. As poorly perfused cells switch to anaerobic metabolism to generate energy, lactic acid accumulates resulting in a metabolic acidosis that further interferes with cell function. Hypoperfusion also initiates inflammatory events, such as the activation of neutrophils and release of cytokines, that cause cell damage and microischemia.


The prevalence of causes of shock varies by patient age, as well as region of the world. Hypovolemic shock from diarrheal illness is the leading cause of pediatric mortality worldwide, but is very rare in the United States. Congenital lesions (including heart disease) and complications of prematurity are most common in neonates and infants. Malignant neoplasms (for whom infectious complications are prevalent), infectious causes, and unintentional injuries are more common in older children and young adolescents. Injury, homicide, and suicide become more prevalent in older adolescents.






Compensated (Early) Shock


In compensated shock, homeostatic mechanisms have temporarily balanced metabolic supply and demand. In this state, the systolic blood pressure is normal in the presence of inadequate tissue perfusion. The earliest symptoms of shock result from an effort to maintain cardiac output and perfusion of vital organs (heart, brain, and kidneys). The body’s initial mechanism to maintain cardiac output and compensate for low stroke volume is to increase heart rate (tachycardia). Other compensatory mechanisms include increasing SVR, cardiac contractility, and venous tone. As shock continues, the early compensatory mechanisms fail to meet the metabolic demands of the tissues, and uncompensated shock ensues. Here, as the microcirculation is affected, the child shows signs of brain, kidney, and cardiovascular compromise.









Uncompensated (Late) Shock


Uncompensated shock occurs when attempts to maintain blood pressure and perfusion are no longer successful, resulting in hypotension. When hypotension develops, the child’s condition may deteriorate rapidly to cardiovascular collapse and subsequent cardiac arrest. Eventually, the child in uncompensated shock develops multiple organ dysfunction syndrome (MODS) secondary to ongoing shock and exaggerated inflammatory responses. Irreversible shock implies irreversible damage to vital organs resulting in death, regardless of therapy.












Classification of Shock






Hypovolemic Shock


The most common type of shock in children is hypovolemic shock. Hypovolemia is defined as a decrease in circulating blood volume. The most common cause of hypovolemic shock is fluid loss associated with diarrhea and vomiting. Other causes include blood losses (e.g., trauma and gastrointestinal disorders), plasma losses (peritonitis, hypoproteinemia, burns), and water losses (osmotic diuresis, heatstroke). In hypovolemic shock, preload is decreased, SVR may be increased as a compensatory mechanism, and cardiac contractility is typically normal or may be increased.









Distributive Shock


Distributive shock is the result of abnormal distribution of blood volume (i.e., poor flow to the splanchnic circulation with excessive flow to the skin) caused by vasodilatation from changes in vasomotor tone and peripheral pooling of blood, resulting in inadequate tissue perfusion. SVR can be low, producing increased blood flow to the skin that keeps the extremities warm (warm shock), as well as a widened pulse pressure and bounding peripheral pulses. Conversely, SVR may be increased, resulting in decreased blood flow to the skin, resulting in cool extremities, with a narrowed pulse pressure and weak pulses (cold shock). Generally, cardiac output is normal or increased. Distributive shock commonly occurs in anaphylaxis; central nervous system or spinal injuries; drug ingestions; and most commonly in children, sepsis.









Cardiogenic Shock


Cardiogenic shock results from myocardial dysfunction and can usually be distinguished from other forms of shock because of associated signs of congestive heart failure (i.e., rales, gallop rhythm, hepatomegaly, jugular venous distension). Pump failure, arrhythmias, and congenital heart disease may all contribute to the inadequate perfusion seen in cardiogenic shock. A patient may exhibit tachycardia, increased SVR, and signs of decreased cardiac output as a result of a decrease in myocardial contractility. Causes of cardiogenic shock in children include viral myocarditis, arrhythmias, drug ingestions, complications of cardiac surgery, trauma, metabolic derangements, and congenital heart disease. Cardiogenic shock can also occur with obstruction of blood flow, as seen with a tension pneumothorax, massive pulmonary embolism, or critical coarctation of the aorta or other obstructive vascular lesions. A patient may also show evidence of both intrinsic cardiac disease and obstruction of blood flow with a cardiac tamponade or ductal-dependent congenital abnormality. It is important to recognize that infants that present with shock caused by a ductal-dependent cardiac lesion require blood flow through the ductus arteriosus to maintain adequate oxygen delivery.









Neurogenic Shock


Neurogenic shock may occur in the setting of pediatric trauma. Spinal cord injury may produce hypotension caused by a loss of sympathetic tone. The classic picture of neurogenic shock is hypotension without tachycardia or cutaneous vasoconstriction. The pulse pressure is usually widened. Patients sustaining spinal injuries often have concurrent torso trauma. Therefore, patients with known or suspected neurogenic shock should be treated initially for hypovolemia.









Septic Shock


Sepsis is defined as the presence of the systemic inflammatory response syndrome (SIRS) caused by a presumed or confirmed infection (Box 2-1). Sepsis may occur because of bacterial, viral, fungal, or parasitic infections. Septic shock is defined as sepsis and cardiovascular dysfunction. Classifying septic shock may be difficult because of the developmental variability in physiologic response to sepsis. A clinical picture consistent with hypovolemic, distributive, or cardiogenic shock may be present in a child with sepsis. Additionally, studies have demonstrated that the cardiovascular pathophysiology of children with sepsis can evolve over time, and the adjustment of hemodynamic therapy is commonly necessary.





Box 2-1


Systemic Inflammatory Response Syndrome Criteria


Must have two of the following criteria, one of which must be abnormal temperature or leukocyte count:



Core temperature of >38.5°C or <36°C



Tachycardia (mean HR >2 standard deviations above normal for age) in absence of external stimuli, chronic drugs or pain, or otherwise unexplained persistent elevation over a 0.5- to 4-hour time period or bradycardia for children younger than 12 months of age (mean HR <10th percentile for age) in the absence of external vagal stimuli, β-adrenergic blocker drugs, congenital heart disease, or otherwise unexplained persistent depression over a 0.5-hour period



Mean respiratory rate >2 standard deviations above normal for age



Leukocyte count elevated or depressed for age or >10% immature neutrophils


HR, heart rate.


Adapted from American Academy of Pediatrics and American Heart Association. Pediatric Advanced Life Support. Dallas, 2006, AHA.















Clinical Manifestations and Evaluation


Shock remains a clinical diagnosis (Figure 2-1). Early recognition of the clinical signs of shock (including familiarity with normal ranges for vital signs by age; see Chapter 1) should lead to directed management. An accurate history should be obtained from the family and, if possible, the child, simultaneously with treatment initiation.





[image: image]

Figure 2-1 Clinical manifestations of shock.




A history of fluid loss, as with a gastrointestinal bleed, gastroenteritis, or diabetic ketoacidosis, is consistent with hypovolemic shock. A detailed trauma history is useful because an injured child may have hypovolemic shock from hemorrhage (i.e., with blunt abdominal trauma), neurogenic shock with spinal cord injury, or obstructive shock from tension pneumothorax. A child who has had fever or is immunocompromised may have features consistent with septic shock. Exposure to an allergen, such as a food or an insect bite, could suggest distributive shock caused by anaphylaxis. A history of ingestion or medications should always be included when speaking to the family because shock may be attributable to toxin exposure. Patients with underlying heart disease may present in cardiogenic shock. Patients with a history of adrenal insufficiency (i.e., chronic steroid therapy, congenital adrenal hyperplasia, or hypopituitarism) can present with adrenal crisis and shock.


A complete physical examination should be performed, including vital signs and pulse oximetry. When a child presents in shock, it is sometimes difficult to obtain an accurate weight, which can be essential for determining fluid requirements and medication doses. If the patient’s weight cannot be measured, one may be estimated using a length-based tape system (e.g., the Broselow tape) or the child’s age.


Children in shock tend to be tachypneic, as well as tachycardic. Blood pressure should be monitored closely. Remember, children with shock may have normal blood pressures. Narrow pulse pressure may occur as a result of a compensatory increase in SVR, as in hypovolemic or cardiogenic shock. Widening of the pulse pressure can be seen as the result of decreased SVR, as can occur with distributive shock. The child’s temperature should also be measured because fever—or in young infants, hypothermia—may suggest septic shock.


When first examining an ill child, one should do a rapid assessment of mental status. Change in the level of consciousness of a child may indicate decreased cerebral oxygenation or perfusion. Signs of diminished perfusion to the brain include confusion, irritability, lethargy, and agitation.


Examining the child’s skin is another way to assess perfusion and the degree of shock. A child with normal cardiorespiratory function should have warm and pink nailbeds, mucous membranes, palms, and soles. As shock progresses and poor perfusion develops, the skin may become cool, pale, or mottled. Capillary refill, although limited by clinician variability as well as ambient temperature and the child’s body temperature, can help to evaluate children in shock. Light pressure is applied to blanch the fingernail bed. The pressure is released, and the amount of time until color returns is measured. Normal is less than 2 seconds; volume depletion or poor perfusion can increase this time to greater than 3 seconds.


The evaluation of a child with poor perfusion and shock should always include an assessment of pulses. This includes the rate, strength, and regularity of the central and peripheral pulses. In healthy children, the carotid, brachial, radial, femoral, dorsalis pedis, and posterior tibial pulses are readily palpable. A rapid pulse is a nonspecific clinical sign of distress. An irregular pulse is a warning of cardiac dysrhythmia. A weak pulse raises the concern for shock and a severe hypovolemic state. An absence of central pulses indicates ineffective or absent cardiac contractions and signifies the need for immediate resuscitative action.


After the initial evaluation of airway, breathing, and circulation (the ABCs), a complete physical examination can help elucidate the type of shock. For example, central cyanosis, a gallop rhythm, crackles on lung examination, hepatomegaly, or heart murmur may indicate an underlying cardiac condition. Children with stridor, wheeze, urticaria, or edema may have anaphylactic shock. Purpura or petechiae can be seen in children with septic shock. Bruises and abrasions can be seen with traumatic injury and may give a clue to underlying hemorrhagic shock.









Management






General Principles


Early recognition of compensated shock is critical to ensuring appropriate and expedient therapy. Initial therapy of shock is universal, regardless of the cause of the shock state, with the goals of optimizing blood oxygen content, improving cardiac output, reducing oxygen demand, and correcting metabolic abnormalities (Figure 2-2). General principles of resuscitation should be applied immediately on presentation to medical care (see Chapter 1). Ultimately, after initial management has commenced, correction of the underlying cause is essential (e.g., stopping blood loss in hemorrhagic shock, antibiotics for shock caused by bacterial infection).
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Figure 2-2 Algorithm for management of pediatric septic shock.


From Brierley J, Carcillo J, Choong K, et al: 2007 American College of Critical Care Medicine clinical practice parameters for hemodynamic support of pediatric and neonatal septic shock. Crit Care Med 37(2):666-688, 2009.





Immediate attention to the ABCs is mandatory. Maintenance of a patent airway with positioning or endotracheal intubation should be performed immediately if airway compromise is present. Hypoxemia should be corrected without delay; all patients with compromised perfusion should receive supplemental oxygen at 100% FiO2 (fraction of inspired oxygen). Insufficient respiratory effort should be addressed with positive-pressure ventilation.


Imminently life-threatening causes of shock should be identified and corrected. For example, a child with upper airway obstruction from anaphylaxis should receive epinephrine. If a child has severe respiratory distress, asymmetric breath sounds, and poor perfusion, a tension pneumothorax might need to be decompressed.


Vascular access is indicated in all cases. If possible, large-bore intravenous (IV) catheters should be inserted in peripheral veins. If an IV line is unable to be placed promptly, intraosseous (IO) cannulation should be performed. IV fluid boluses of 20 mL/kg of isotonic saline should be given rapidly and repeated as needed with reassessment occurring simultaneously. Rapid fluid administration should be actively performed using either a pressure bag or a push–pull system rather than using passive gravity flow for administration. IV fluids should be given with care in cardiogenic shock, so as to not worsen associated pulmonary edema.


Adequate hemoglobin is essential for optimal oxygen carrying capacity. Thus, in cases of hemorrhagic shock, O-negative packed red blood cells should be rapidly administered early in the resuscitation. Even in cases of nontraumatic shock, children who have cyanotic heart disease or neonates may require less fluid and higher hematocrit percentages to ensure adequate oxygen carrying capacity. Life-threatening metabolic abnormalities should be identified and corrected early. Hypoglycemia should be treated with 0.5 to 1 g/kg of IV dextrose. Hypocalcemia (especially decreased ionized calcium) is common in septic shock and can occur as acidosis resolves; it should be corrected with either calcium gluconate or calcium chloride.









Circulatory Support


Depending on the cause, patients in shock may require large volumes of fluid as well as vasoactive medications. Clinical studies of septic shock in children have demonstrated an association between higher volumes of fluid administration and survival. Current guidelines for septic shock recommend up to and over 60 mL/kg in the first 15 to 60 minutes. Every hour that goes by without implementation of this therapy is associated with a 1.5-fold increase in mortality. A retrospective chart review of 90 children with septic shock showed that those who received less than 20 mL/kg of fluid within the first hour had a mortality rate of 73%. Early fluid resuscitation was associated with a threefold reduction in the odds of death.


Vasoactive agents help improve cardiac output through their effects on myocardial contractility, heart rate, and vascular tone. These drugs target at least three types of receptors. The β1-receptors mediate inotropic (contractility), chronotropic (rate), and dromotropic (increased conduction velocity) activity. The β2-receptors mediate vasodilatation and smooth muscle relaxation in blood vessels and bronchial tree. The α-receptors mediate arteriole constriction systemically and bronchial muscle constriction. The dopaminergic receptors mediate smooth muscle relaxation and increase renal blood flow and sodium excretion.


Table 2-1 outlines commonly used vasoactive agents, their targeted receptors, and their hemodynamic effects. Data are varied on the choice of initial agent; current recommendations from the American College of Critical Care Medicine state that dopamine, epinephrine, or norepinephrine may be appropriate first-line therapy for septic shock, provided they are administered through a central venous catheter. Dopamine or low-dose epinephrine may be given via a peripheral vein while central venous access is obtained.




Table 2-1 Vasoactive Medications
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Special Circumstances: Shock in Neonates


Neonatal physiology poses specific challenges regarding the management of shock. As mentioned previously, optimal oxygen-carrying capacity may demand a higher hematocrit in a newborn. Hypoxemia may occur more readily because of the presence of smaller and fewer alveoli, absent collateral channels of ventilation, and poor chest wall compliance; uncorrected hypoxemia may result in bradycardia in neonates. Additionally, myocardial performance is more drastically affected by acidosis and hypocalcemia in neonates. Prompt correction of hypoxemia, acidosis, and hypocalcemia is essential. Neonates are also more prone to hypoglycemia, which should be looked for and treated appropriately.


When faced with a neonate with shock, early consideration should be given to ductal-dependent congenital heart disease. Lesions marked by ductal-dependent systemic blood flow, such as aortic stenosis, hypoplastic left heart syndrome, coarctation of the aorta, and interrupted aortic arch, may present as shock in the neonatal period (see Chapter 44). Infants with these lesions depend on blood flow from the pulmonary artery across the ductus arteriosus into the aorta for perfusion of all or part of the systemic circulation. Although this is deoxygenated blood, the oxygen content is sufficient to meet the metabolic demands of the tissues. Therefore, when the ductus arteriosus closes, circulatory failure and tissue hypoxia occur.


Prostaglandin E1 (PGE1 or alprostadil) is the definitive initial therapy for neonates with ductal-dependent congenital heart disease who have not yet undergone surgical palliation or correction. An infusion at 0.1 µg/kg/min is required to reopen a closing ductus arteriosus. Side effects of prostaglandin include flushing, hypotension, pyrexia, bradycardia, seizures, and apnea. Emergent evaluation by a pediatric cardiologist should be pursued, but initiation of PGE1 therapy should not be delayed pending the evaluation.












Future Directions


Current research in shock in children is predominantly in the realm of septic shock. Goal-directed therapy of septic shock, an established concept in adults, is less well investigated in children and will continue to be an important topic in future investigations. Diagnostic laboratory studies, such as serum lactate and B-type natriuretic peptide levels, may hold promise in early detection and ongoing monitoring of children with shock. Newer noninvasive techniques for cardiac output measurement (e.g., pulse contour waveform analysis, partial carbon dioxide rebreathing) have begun to be used successfully in children and may be applied more broadly in the years to come. Massive transfusion therapy in children with hemorrhagic shock is another area in which advances in therapy for adults are beginning to be investigated in pediatric patients. Additional advanced critical care therapies, such as steroid or thyroid hormone replacement, renal replacement therapy, newer hemodynamic agents (e.g., levosimendan), and extracorporeal circulatory support, have been studied in pediatric patients, but their exact role remains unclear.
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3 Respiratory Distress
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Respiratory distress is defined as an alteration in the normal biomechanical and physiologic mechanisms of respiration. Respiratory distress is manifested by complaints of difficulty breathing and a variety of findings on physical examination showing increased respiratory effort. The degree of these findings can vary from mild to severe. Respiratory distress is one of the most common conditions for which children present for acute care. In contrast to adults, children experience significant morbidity and mortality as a result of respiratory conditions because of their different anatomy and physiology as well as decreased pulmonary reserve. Rapid assessment and appropriate management of children with respiratory distress is imperative, given that patients who cannot be adequately managed in the acute setting may progress to acute cardiopulmonary failure and ultimately death.






Etiology and Pathogenesis


The main function of the respiratory system is to supply sufficient oxygen to meet metabolic demands and to remove carbon dioxide. A variety of processes, including ventilation (gas delivery to and from the lungs), perfusion (amount of venous blood brought to the pulmonary bed), and diffusion (the movement of gases across the alveolar membrane), are involved in tissue oxygenation and carbon dioxide removal. Abnormalities in any one of these mechanisms, including hypoventilation, diffusion impairment, intrapulmonary shunt (when alveoli are perfused but not ventilated), and ventilation/perfusion mismatch (a disparity between gas delivery and pulmonary venous blood delivery), can lead to respiratory failure.


Respiratory distress can either be a manifestation of a primary respiratory problem or a secondary effect resulting from the disruption of another organ system. The pathogenesis and resultant signs and symptoms are directly linked to the underlying cause. In general, causes of respiratory distress may be classified as involving (1) the airway; (2) the lungs, chest wall, or both; (3) the central nervous system (CNS) respiratory drive or control; or (4) the neuromuscular system. Alternatively, the respiratory system may be compromised by dysfunction in other organ systems (i.e., cardiovascular, gastrointestinal, endocrine, hematologic) that affect respiratory function or trigger respiratory compensatory mechanisms.


Observed manifestations of distress reflect attempts by the patient to address the underlying inadequacies of their current respiratory status. Several core principles can explain these manifestations depending on the underlying cause:



1. Inadequate minute ventilation: Hypoxemia or hypercarbia can lead to increased minute ventilation by increasing tidal volume, respiratory rate, or both, as is seen in pneumonia with hypoxemia and resultant tachypnea.



2. Disordered regulatory system: Interference with the normal signal pathways of respiration by either depression (e.g., narcotic overdose) or stimulation of the drive to breathe (e.g., metabolic acidosis).



3. Disorders of mechanical structures: Disruption of the normal physical mechanisms of breathing, as in airway obstruction or muscular disorders.









Clinical Presentation






Initial Assessment


The evaluation of a child with acute respiratory distress includes determining the severity as well as the underlying cause. Given that respiratory distress may range in severity from mild to severe, the clinical presentation can be quite varied. In all cases, the first key to the assessment is to ensure the patency of the airway, adequate breathing, and intact circulation (see Chapter 1). After these basic life support principles have been addressed, the physical examination may proceed.









History


A thorough history, including existing medical problems and recent events leading to the current presentation, provides important clues to the underlying cause (Table 3-1). For example, a patient with a foreign body obstruction or anaphylaxis may have an acute presentation of severe respiratory distress compared with a child with an infectious cause in whom the presentation may be more gradual.


Table 3-1 Focused History for a Patient with Respiratory Distress






	Component

	Comments and Examples






	Onset, duration, and chronicity

	


• Abrupt onset: suggests upper airway conditions such as foreign body, allergy, or irritant exposure



• Gradual onset: more consistent with process such as infection or heart failure









	Alleviating and provoking factors

	


• A child with respiratory distress caused by upper airway obstruction may have some degree of relief by assuming the “sniffing position” to maximize airway patency









	Treatment attempted

	


• A child with wheezing secondary to asthma may respond readily to inhaled bronchodilators, but a child with wheezing caused by foreign body aspiration may continue to show symptoms after treatment









	Respiratory symptoms

	


• Cold symptoms: may indicate viral upper respiratory infection



• Cough: “seal-like” or “barky” cough is commonly heard in patients with croup



• Eliciting descriptions of the difficulty breathing may provide clues to the underlying cause (e.g., supraclavicular or suprasternal retractions point to upper airway obstruction)



• Color change: pallor may indicate anemia; cyanosis is indicative of decreased oxygen content in the blood, as seen in some forms of congenital heart disease and in methemoglobinemia



• Respiratory effort: poor effort may be seen in patients with underlying muscular dystrophies



• Change in voice: whereas muffled or hoarse voice points to upper airway pathology, lower airway disease does not typically change the character of the voice









	Systemic or associated symptoms

	


• Fever: presence suggests an infectious cause



• Hydration status, including intake and output (urine, emesis, diarrhea, excessive perspiration, or high respiratory rate)



• Weight loss or failure to gain weight: may indicate systemic process (e.g., inborn error of metabolism) or the severity of respiratory distress is impairing growth (as seen in congestive heart failure)



• Abdominal pain: may suggest abdominal pathology such as obstruction or appendicitis or may represent referred pain from diaphragmatic irritation (as in basilar pneumonia)









	Past medical history

	


• Underlying disorders may predispose patients to certain conditions: for example, a patient with sickle cell disease and respiratory distress may be exhibiting signs of acute chest syndrome; a patient with known gastroesophageal reflux and coarse lung findings on examination could have an aspiration pneumonia









	Exposures or environmental factors

	


• For example, a patient involved in a fire may not only be affected by thermal injury to the airways but also systemic toxins such as carbon monoxide and cyanide



• A patient with allergy and a potential exposure to the allergen could be showing signs of anaphylaxis









	Trauma

	


• History of trauma suggests diagnoses such as pneumothorax, flail chest, cardiac tamponade, or abdominal injury









	Immunization status

	


• Children with incomplete or lack of immunization against Haemophilus influenzae type B are at increased risk for this form of epiglottitis









	Last oral intake

	


• If advanced airway management becomes necessary (e.g., positive-pressure ventilation), the presence of stomach contents may increase the risk of pulmonary aspiration

















Physical Examination






Vital Signs


Vital signs, including temperature, heart rate, blood pressure, respiratory rate, and pain score, should be promptly obtained in all patients with respiratory distress. Pulse oximetry, although not classically part of the vital signs, should also be noted to detect hypoxia. Tachypnea (rapid breathing) is one of the most consistent findings among children with respiratory distress and may be caused by fever, hypoxemia, hypercarbia, metabolic acidosis, pain, or anxiety (Table 3-2). However, many children with significant respiratory disease may have normal respiratory rates. Bradypnea may also occur in response to hypoxia in younger infants or from respiratory fatigue, CNS depression, or increased intracranial pressure. Pulsus paradoxus, an exaggeration of the normal decrease in blood pressure during inspiration, of greater than 10 mm Hg correlates well with the degree of airway obstruction but is very difficult to assess in children and therefore not routinely measured.


Table 3-2 Definition of Tachypnea by Age






	Age

	Breaths per Minute






	Younger than 2 months

	>60






	2-12 months

	>50






	1-5 years

	>40






	Older than 5 years

	>20














Respiratory Examination


The respiratory examination can give many clues as to the cause of respiratory distress because the clinical manifestations may be indicative of the location of the disease process within the upper or lower respiratory tract (or both) (Figure 3-1). Initially, observe the general appearance of the patient, specifically for depth, rhythm, and symmetry of respirations; color; increased work of breathing; perfusion; and mental status. Patients with complete upper airway obstruction have aphonia, which is no audible speech, cry, or cough secondary to lack of effective air movement caused by a foreign body, angioedema, or epiglottitis. The presence of nasal flaring indicates dyspnea or upper airway obstruction. Facial edema and urticaria may signify anaphylaxis. The patient may show signs of acute or chronic hypoxemia in the form of cyanosis or clubbing, respectively (Figure 3-2). Cyanosis is not evident until more than 5 g/dL of hemoglobin is desaturated, which correlates with an oxygen saturation of less than 70% to 75%. Cyanosis is a late finding in children with hypoxemia and is seen in children with low cardiac output as well as low arterial oxygen saturation. Cyanosis in the presence of normal oxygen saturation may be indicative of methemoglobinemia.
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Figure 3-1 Physical examination findings in respiratory distress.
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Figure 3-2 Physical examination findings demonstrating hypoxemia.




Sounds noted on auscultation are useful in localizing the source of respiratory distress. Stertor, a sound from the upper airways resembling snoring, may indicate a degree of adenotonsillar hypertrophy, nasal congestion, or neuromuscular weakness. Hoarseness points to laryngeal or vocal cord dysfunction. A barky cough results from subglottic or tracheal obstruction. Stridor indicates abnormal turbulent air flow through a partially obstructed extrathoracic airway and can occur in both phases of respiration; if occurring during inspiration, the obstruction is most likely in the glottic or subglottic region; if in the expiratory phase, the sound is generated from the carina or below; if present in both phases (biphasic), the trachea may be involved (see Chapter 36). Grunting is a means by which patients generate intrinsic end-expiratory pressure against a closed glottis; in children, this is a sign of hypoxia that may indicate lower airway disease such as pneumonia. Grunting may also be associated with pain or an intraabdominal process. Retractions, the inward collapse of the chest wall, are caused by high negative intrathoracic pressure with increased respiratory effort and are more obvious in children because of the high compliance of the chest wall. Supraclavicular and suprasternal retractions occur in patients with upper airway obstruction; intercostal retractions signify lower tract disease or obstruction. Subcostal retractions may be seen with either upper or lower airway obstruction. Thoracoabdominal dissociation, or paradoxical breathing in which the chest collapses on inspiration while the abdomen is protruding, is a sign of respiratory failure from weakness or fatigue. Wheezing is classically a sign of lower airway obstruction and usually occurs during expiration (see Chapter 37). It may be associated with underlying medical conditions such as asthma, bronchiolitis, congestive heart failure, and congenital malformations. Inspiratory wheezing may indicate upper airway extrathoracic obstruction secondary to a foreign body, edema, or a fixed intrathoracic obstruction. Crackles (or rales) indicate fluid in the small- to medium-sized airways and may be heard in pneumonia, bronchiolitis, or myocarditis with heart failure. Rhonchi (coarse rales) involve secretions in the larger bronchi. A friction rub is heard when the pleura are inflamed and may be heard in patients with pneumonia or lung abscess and with pleural effusions or empyema. Bronchophony, egophony, and whispered pectoriloquy, which may be difficult to elicit in pediatric patients, occur because of consolidations in or around the lung, as seen in patients with pneumonia or pleural effusion.


Palpation and percussion of the neck or chest may also reveal crepitus suggestive of subcutaneous emphysema secondary to an air leak, such as in a pneumothorax. Whereas hyperresonance on percussion suggests air trapping, dullness suggests consolidation, a mass, or pleural fluid.












Differential Diagnosis


The differential diagnosis of respiratory distress can be summarized by organ system (Box 3-1).





Box 3-1


Differential Diagnosis of Respiratory Distress*


Respiratory System


Upper airway (nasopharynx, oropharynx, larynx, trachea, bronchi)






• Anatomic: craniofacial abnormalities, choanal atresia, tonsillar hypertrophy, macroglossia, midface hypoplasia, micrognathia, laryngomalacia, tracheomalacia, hemangioma, webs, cysts, laryngoceles, laryngotracheal cleft, papilloma, subglottic stenosis, vocal cord paralysis, tracheal stenosis, fistula, bronchomalacia, bronchogenic cyst



• Infectious: nasal congestion, Ludwig’s angina, peritonsillar abscess, tonsillitis, croup, epiglottitis, retropharyngeal abscess, tracheitis, bronchitis



• Environmental or traumatic: chemical or thermal burn, aspiration of foreign body




• Mass, including malignancy



• Inflammatory: angioneurotic edema, anaphylaxis


Lower airway (bronchioles, acini, interstitium)



• Inflammatory: asthma, allergy, angioneurotic edema, meconium aspiration, near drowning, submersion, gastroesophageal reflux, aspiration



• Infectious: bronchiolitis, pneumonia (bacterial, viral, atypical bacterial, Chlamydia, pertussis, fungal, Pneumocystis spp.), abscess



• Congenital malformation: congenital emphysema; cystic adenomatoid malformation; sequestration; pulmonary agenesis, aplasia, or hypoplasia; pulmonary cyst



• Environmental or traumatic: chemical or thermal burn, smoke, carbon monoxide, cyanide, hydrocarbon, near drowning, drug-induced pulmonary fibrosis, bronchopulmonary traumatic disruption, pulmonary contusion, high-altitude pulmonary edema



• Other: persistent fetal circulation, transient tachypnea of the newborn, respiratory distress syndrome, bronchiectasis, interstitial lung disease, bronchopulmonary dysplasia, cystic fibrosis, pulmonary edema, hemorrhage, embolism, atelectasis, mass


Chest wall and intrathoracic



• Pneumothorax, tension pneumothorax



• Pneumomediastinum



• Pleural effusion



• Empyema



• Chylothorax



• Hemothorax



• Diaphragmatic hernia



• Cyst, mass



• Spinal deformity (kyphoscoliosis)



• Pectus excavatum or carinatum



• Rib fracture, flail chest


Central Nervous System



• Structural abnormality: agenesis, hydrocephalus, mass, arteriovenous malformation



• Infectious: meningitis, encephalitis, abscess, poliomyelitis



• Dysfunction or immaturity: apnea, hypoventilation, hyperventilation



• Inherited degenerative disease: spinal muscular atrophy



• Intoxication or toxins: alcohol, barbiturates, benzodiazepines, opiates, tetanus



• Seizure



• Trauma: hemorrhage, birth asphyxia, spinal cord injury, anoxic encephalopathy



• Other: transverse myelitis, acute paralysis, myopathy


Peripheral Nervous System



• Phrenic nerve injury



• Environmental or toxins: tick paralysis, heavy metal poisoning, organophosphates, botulism, snakebite



• Metabolic: inborn errors of metabolism, carnitine deficiency, porphyria



• Inflammatory: dermatomyositis, polymyositis



• Other: Guillain-Barré syndrome, multiple sclerosis, myasthenia gravis, muscular or myotonic dystrophy, muscle fatigue


Cardiovascular System



• Structural: congenital heart disease, pericardial effusion, pericardial tamponade, aortic dissection or rupture, mass, coronary artery dilation or aneurysm, pneumopericardium, great vessel anomalies



• Other: arrhythmia, myocarditis, myocardial ischemia or infarction, congestive heart failure


Gastrointestinal System



• Appendicitis



• Necrotizing enterocolitis



• Mass (including hepatomegaly, splenomegaly)



• Ascites



• Obstruction



• Perforation, laceration



• Hematoma



• Contusion



• Esophageal foreign body


Hematologic System



• Acute chest syndrome



• Anemia



• Polycythemia



• Methemoglobinemia


Metabolic and Endocrine



• Acidosis: exercise, fever, hypothermia, dehydration, sepsis, shock, inborn errors of metabolism, liver disease, renal disease, diabetic ketoacidosis, salicylates



• Electrolyte disturbances: hypo- or hyperkalemia, hypo- or hypercalcemia, hypophosphatemia, hypo- or hypermagnesemia



• Hypo- or hyperglycemia



• Mitochondrial disorders leading to disruption of oxygen metabolism




* Common causes are italicized; life-threatening causes are in bold.





Reprinted with permission from Weiner DL: Synopsis of Pediatric Emergency Medicine, ed 4. Philadelphia, Lippincott Williams & Wilkins, 2002, pp 221-227.















Evaluation and Management






Algorithm


An algorithmic approach that merges history and physical examination findings is helpful in eliciting the underlying cause of respiratory distress while also providing guidance for further testing (Figures 3-3 and 3-4).
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Figure 3-3 Approach to the child with respiratory distress.
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Figure 3-4 Approach to the child with respiratory distress (continued).











Initial Management


The emergent evaluation of children with respiratory distress must first identify the respiratory status of the patient by ensuring the patency of the airway, breathing, and circulation (see Chapter 1) before proceeding. Patients in severe respiratory distress and impending respiratory failure should be evaluated immediately for the life-threatening causes of respiratory distress, which include complete or rapidly progressing partial airway obstruction, as in foreign body or epiglottitis, tension pneumothorax, and cardiac tamponade (Table 3-2 and Figure 3-4). Children with respiratory failure secondary to inadequate oxygenation or ventilation may exhibit pallor or central cyanosis; altered mental status; decreased chest wall movement; or marked tachypnea, bradypnea, or apnea.


Abnormal vital signs should also be noted given that several simple interventions can promptly lessen the degree of the patient’s distress. For example, for a patient with a fever that may be contributing to respiratory distress, antipyretics are indicated. For a patient who has tachycardia caused by dehydration that is contributing to respiratory distress, an intravenous bolus of isotonic fluid can provide intravascular volume repletion and normalization of the tachycardia. Increased respiratory rate and hypoxia on pulse oximetry may indicate a need for supplemental oxygen.


A patient with respiratory distress of any degree may have an obstruction in the airway that should be managed with measures such as repositioning to maximize the patency of the airway, suctioning of excessive secretions, and inspection for a foreign body. Physical examination findings such as drooling, stridor, change in cry or voice, and dysphagia likely signify an upper airway condition. The presence of fever in these children indicates an infectious cause such as epiglottitis, croup, tracheitis, retropharyngeal abscess, or peritonsillar abscess. Absence of fever favors alternate diagnoses, such as vocal cord dysfunction or angioedema secondary to anaphylaxis.


If signs such as crackles or wheezing are present by auscultation, respiratory distress is likely attributable to a process located in the lung parenchyma (e.g., pneumonia) or larger lower airways (e.g., asthma). As with upper airway disease, the presence of fever favors infectious causes.


Simple tachypnea without other lung findings may still indicate infectious causes (i.e., pneumonia, empyema, or sepsis), anatomic abnormalities (i.e., pneumothorax or congenital heart disease), or even underlying metabolic and CNS causes that interfere with the normal mechanisms of respiration.









Diagnostic Studies






Radiographs


In the younger age groups, the physical examination, including the respiratory examination, may not clearly elucidate the underlying disease process. Radiographs may be helpful in these cases and in other instances to corroborate physical examination findings. A child who exhibits a barking cough suspicious for laryngotracheobronchitis (more commonly known as croup) may have the pathognomonic “steeple sign,” the radiographic projection of the narrowing of the subglottic trachea on a neck radiograph. Croup is usually a diagnosis made only on clinical grounds, but radiographs may be helpful when the diagnosis is in question or the presentation is unusual. In a child who exhibits fever, drooling, and is sitting upright in the “sniffing position” (neck flexed and head mildly extended), a lateral neck radiograph may show prevertebral widening classically seen in retropharyngeal abscess. Chest radiographs, both anteroposterior and lateral projections, are also helpful in evaluating for heart size, which may signify an underlying cardiac anomaly; consolidations in the lung fields, which may represent infection, atelectasis, or effusion; and inadequate lung expansion, which may be present with pneumothorax, foreign body, or poor external muscle strength.


If the history and physical examination indicate an obstructive component, neck radiographs or lateral decubitus chest radiographs can aid in the diagnosis. Lateral and anteroposterior radiographs of the neck are useful for the diagnosis of retropharyngeal abscess, epiglottitis, foreign body aspiration, or tracheitis in stable children. Abdominal radiographs may reveal intestinal obstruction or perforation causing respiratory distress from abdominal competition. Other advanced imaging studies to consider based on the clinical situation include barium swallow, airway fluoroscopy, computed tomography, and magnetic resonance imaging. A ventilation-perfusion scan or pulmonary angiography of the chest may also be helpful in the diagnosis of entities such as pulmonary embolus.









Blood Tests


Blood tests may also be useful to guide further therapy. A blood gas analysis, ideally an arterial sample, will reflect oxygenation, ventilation, and acid–base status, all of which may be amenable to immediate treatment (Figure 3-5). A venous blood gas analysis can provide some information about ventilation but is less useful in assessing oxygenation. Blood chemistry analysis that includes electrolytes and total carbon dioxide may provide evidence of a metabolic acidosis that could be contributing to the patient’s respiratory distress. Other tests such as carboxyhemoglobin or methemoglobin levels may be useful if the clinical history and physical examination raise suspicion. A complete blood count can indicate an elevated white blood cell count that may support a diagnosis of infection or may show anemia or polycythemia, both of which may lead to tachypnea. A toxicology screen may be useful in a child with altered mental status, respiratory depression (opiate overdose), or unexplained tachypnea (metabolic acidosis). Specimens should be sent for microbiologic culture as deemed necessary.
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Figure 3-5 Arterial puncture for blood gas analysis.
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4 Diabetic Ketoacidosis




Jennifer A. Danzig, Mirna M. Farah





Diabetes is a chronic disease defined by hyperglycemia caused by insulin deficiency. (Chapter 71 provides a detailed discussion of diabetes mellitus.). This may be the result of a lack of insulin production, as in type 1 diabetes mellitus (T1DM) or the body’s ineffective use of the insulin it produces, as in type 2 diabetes mellitus. The most common form of diabetes in children is T1DM.


The World Health Organization and International Diabetes Foundation have established the diagnosis of diabetes as meeting any of the following criteria: (1) fasting (≥8 hours) plasma glucose above 126 mg/dL; (2) plasma glucose above 200 mg/dL 2 hours after a glucose load as given by an oral glucose tolerance test; (3) any random plasma glucose above 200 mg/dL along with the presence of symptoms of diabetes, including increased thirst and urination or unexplained weight loss, or (4) a hemoglobin A1C ≥6.5%.


Diabetes is one of the most common chronic diseases in the United States. Approximately 8.0% of the U.S. population meets criteria for diabetes. It is estimated that about 150,000 people in the United States younger than 20 years of age have diabetes; about one in every 500 children and adolescents has T1DM. There is a bimodal distribution of age at onset, with a peak age at presentation around age 5 years and another at early puberty.


This chapter focuses on the care of acutely ill children with T1DM presenting with diabetic ketoacidosis (DKA), a complication of T1DM in which hyperglycemia, dehydration, electrolyte derangement, ketonemia, and acidemia result from absolute insulin deficiency. DKA can be the presenting manifestation of T1DM in up to 25% of children; it is also seen in children with known T1DM secondary to failure of or noncompliance with insulin therapy.






Etiology and Pathogenesis


T1DM is the result of an inflammatory process within the pancreas. It is thought that children inherit a susceptibility to the disease through specific genes. There is then a triggering event, such as a viral infection, that is either directly toxic to pancreatic β-cells or triggers a widespread generalized immune response. Affected individuals tend to become symptomatic when 90% of β-cell mass is destroyed and carbohydrate intolerance occurs.


DKA is a result of insulin deficiency. Insulin is a hormone that responds to an increase in serum glucose via receptor-mediated utilization. This includes stimulation of glucose uptake from the blood by peripheral tissues; glycogen synthesis in the liver; and inhibition of processes that increase serum glucose, such as gluconeogenesis and glycogenolysis (Figure 4-1). In the absence of insulin, blood glucose levels increase. There is inability to store glucose that is absorbed through the gut, and because of the absence of insulin’s suppression of these pathways, production of new glucose via gluconeogenesis continues. This process is perpetuated by increased production of hormones that increase blood glucose, including glucagon, cortisol, and catecholamines. As blood glucose increases, osmotic diuresis occurs, resulting in urinary losses of electrolytes. Because the body cannot use the glucose that has been supplied, it responds as if in the fasting state. Fat is then broken down into free fatty acids to be used as fuel. Free fatty acids are converted to ketoacids, including β-hydroxybutyrate and acetoacetate, leading to metabolic acidosis (Figure 4-2).
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Figure 4-1 Insulin action.
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Figure 4-2 Ketoacidosis.




The presenting signs and symptoms of DKA reflect this progression. Initially, hyperglycemia and hyperosmolarity cause osmotic diuresis leading to polyuria and compensatory polydipsia. Progressive insulin deficiency leads to catabolism of protein and fat stores, resulting in weight loss and fatigue. As production of counterregulatory hormones increases, ketosis worsens, leading to acute symptoms of nausea, vomiting, and abdominal pain. Progressive dehydration can lead to lethargy and confusion. Ongoing metabolic acidosis stimulates respiratory compensation via hyperpnea, leading to deep, sighing breaths known as Kussmaul respirations.









Clinical Presentation


Patients with DKA typically present with acute symptoms of nausea and vomiting. In patients presenting with T1DM for the first time, there may be a history of polyuria, polydipsia, enuresis, or weight loss. As ketosis progresses, patients may become obtunded and unable to provide a history. Therefore, a glucose measurement should be obtained quickly in any patient who presents with altered mental status. (Hypoglycemia may also be manifested as altered mental status.) Ketosis may also result in presence of a fruity breath, which can help direct the diagnosis. On physical examination, patients generally show signs related to the degree of dehydration from chronic hyperglycemia and osmotic diuresis. This may include tachycardia, presence of dry mucous membranes, and delayed capillary refill. DKA should be suspected in patients with signs of dehydration who maintain a high urine output. Abdominal examination often reveals diffuse tenderness. It is important to document a detailed neurologic examination at presentation because patients who present with normal mental status may have an acute change in status with therapy. DKA leads to physical examination findings affecting many systems (Table 4-1).


Table 4-1 Physical Exam Findings in Diabetic Ketoacidosis






	Physical Examination Component

	Findings

	Interpretation






	General

	Can range from alert and interactive to obtunded based on the degree of dehydration and acidosis

	Obtain a glucose measurement immediately on any patient presenting with altered mental status






	HEENT

	Dry mucous membranes, blurred vision, presence of fruity odor to breath

	Ketosis tends to result in fruity odor to breath






	Cardiovascular

	Tachycardia

	Indicative of dehydration






	Lungs

	Kussmaul respirations

	Deep, sighing breaths used as respiratory compensation for metabolic acidosis
Lungs are clear to auscultation, indicating the absence of an underlying lung pathology






	Abdomen

	Diffuse abdominal tenderness

	Ileus may result from ketosis and can mislead the diagnosis toward an acute abdominal process






	Extremities

	Delayed capillary refill, decreased skin turgor

	Indicative of dehydration






	Intake and output

	Increased

	Indicative of thirst and increased fluid intake caused by osmotic diuresis







HEENT, head, ears, eyes, nose, and throat.






Differential Diagnosis


The diagnosis of DKA can be difficult because of the presenting signs and symptoms, which are similar to those of other acute illnesses. The history of polyuria and polydipsia are also signs of urinary tract infection or diabetes insipidus. The weight loss and abdominal pain may be indicative of anorexia or inflammatory bowel disease. Abdominal pain can also be a symptom of appendicitis or other acute surgical problems in the abdomen. Vomiting may be a symptom of gastroenteritis. The presence of hyperpnea may be concerning for pneumonia or an asthma exacerbation. In patients who are obtunded, DKA may be confused with head trauma or central nervous system infection. Laboratory testing can be both misleading and helpful in terms of narrowing the differential diagnosis. Elevation of stress hormones, including epinephrine and cortisol, in DKA may lead to leukocytosis, suggestive of infection. In addition, infection may be a precipitating factor in development of DKA, and patients may manifest with a chief complaint related to the underlying infectious process. The best way to narrow the differential diagnosis is by rapidly obtaining serum glucose, electrolytes, blood pH, and urinalysis. DKA is defined as blood glucose above 240 mg/dL with the presence of ketones in the urine or blood and pH below 7.3.












Evaluation and Management


The management of patients with DKA focuses on correction of the dehydration, electrolyte loss, acidosis, and hyperglycemia. This requires frequent monitoring and admission to the hospital.






Dehydration


Management begins with an initial bolus of isotonic crystalloid fluid (hypotonic fluids should be avoided), usually 10 to 20 mL/kg of normal saline given over 1 hour. Initial fluid therapy is aimed at correcting the cardiovascular compensation for the degree of dehydration. Patients who present in shock may need more rapid fluid resuscitation. However, care must be taken not to administer too much fluid initially because of the risk of potentially fatal cerebral edema (see Complications). In general, the vital signs and clinical status should be reassessed between boluses of 10 mL/kg to avoid fluid overload. The goal is to gradually replace the fluid deficit over 36 to 48 hours.









Electrolyte Loss


DKA results in electrolyte loss, specifically related to sodium, potassium, and phosphate. Sodium deficit at presentation is attributable to hyperosmolarity resulting from hyperglycemia and osmotic shift of water into the intravascular space, resulting in dilutional hyponatremia. Serum sodium is reduced by 1.6 mEq/L for each 100-mg/dL increase in glucose; thus, it is important to calculate the sodium concentration corrected for hyperglycemia with the formula:
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It is important to follow the serum sodium as treatment continues; an increase in sodium does not indicate a worsening of the hypertonic state. In contrast, a failure of the sodium value to increase may indicate overly rapid rehydration and increase the risk for complications, namely cerebral edema. All children with DKA are total body potassium depleted but the initial serum potassium concentration may be low, normal, or elevated. Treatment of hyperglycemia with insulin and acidosis correction will move potassium intracellularly, resulting in hypokalemia. Therefore, except in cases of extreme elevation of serum potassium concentration (e.g., >5mEq/dL) or when patients are anuric, potassium should be added to rehydration fluids regardless of the initial serum potassium concentration. The initial concentration of potassium added to intravenous (IV) fluids should be 40 mmol/L if the initial serum potassium is in the “normal” range. The concentration of potassium should then be adjusted based on frequent reassessments of serum potassium. Generally, half of the potassium is given as potassium chloride, and half is given as potassium phosphate. The phosphate loss in DKA results in reduction in 2,3-diphosphoglycerate, which is important in the affinity of hemoglobin for oxygen. As a result, less oxygen is available to the tissues, resulting in increased anaerobic metabolism, production of lactic acid, and worsening metabolic acidosis. It is important to recognize that phosphate administration may result in hypocalcemia, so serum calcium concentration should be monitored simultaneously. It is recommended to follow electrolyte values every 2 hours during initial treatment for DKA.









Acidosis


In DKA, production of ketoacids and bicarbonate loss results in acidosis. With correction of DKA, there is replacement of intravascular fluids and improvement in peripheral perfusion, which help to improve acidosis. In addition, with the administration of insulin (see below), ketoacids are metabolized to produce bicarbonate and replace bicarbonate losses. The administration of bicarbonate has been shown to worsen cerebral edema and may cause exacerbation of hypokalemia; thus, it is not recommended in the acute management of DKA. If it is believed that bicarbonate is necessary (e.g., in cases of extreme acidosis, i.e., blood pH <7.0), it should be given in small doses and over a slow infusion. Even with pH below 7.0, bicarbonate is not recommended in most cases.









Hyperglycemia


Because DKA results from insulin deficiency, insulin administration is critical to correction. Insulin treatment generally begins after the first hour of therapy, when the fluid bolus is complete. Insulin is generally given as a continuous infusion at a rate of 0.1 U/kg/h. Hyperglycemia will be corrected by insulin faster than the acidosis, and ketosis will resolve. Therefore, as the serum glucose decreases, it is necessary to administer some dextrose along with the insulin infusion until the acidosis resolves and the ketones begin to clear. Generally, addition of dextrose-containing solutions begins when the glucose has reached 300 mg/dL. Some institutions have adopted the use of a “two-bag system” in which fluids of identical electrolyte content and the presence or absence of dextrose are infused simultaneously (i.e., one bag of normal saline without dextrose and one bag with 10% dextrose in normal saline). With this method, the amount of dextrose provided can be gently titrated based on hourly assessment of serum glucose, with the target blood glucose range between 100 and 200 mg/dL. This helps to ensure a gradual decline in serum glucose, with a goal of decreasing by 50 to 100 mg/dL/h.









Monitoring


Patients with DKA should be followed closely to avoid and detect complications. Patients should not be allowed to eat or drink by mouth until the acidosis has resolved. Serum glucose should be tested every hour. Blood pH (via venous blood gas) and electrolytes need to be followed at least every 2 hours until major abnormalities are corrected. Urinalysis is also checked with each void to monitor for clearance of urine ketones. Continuous electrocardiographic monitoring is recommended for patients receiving high concentrations of potassium.









Complications


Cerebral edema is the complication most associated with morbidity and mortality in DKA, occurring in approximately 1% of patients. The cause is not clearly identified, but current hypotheses include cerebral hypoperfusion during DKA treatment and rapid fluid shifts caused by rapid changes in osmolarity. Risk factors at presentation include pH below 7.0, age younger than 3 years, low pCO2, high blood urea nitrogen, treatment with bicarbonate, lack of increase in serum sodium during treatment, corrected serum sodium above 155 mEq/L, and glucose above 1000 mg/dL. The symptoms include headache, new findings on neurologic examination (abnormal response to pain, posturing, cranial nerve palsy), a sudden decline in mental status, and hypertension. Cerebral edema is a clinical diagnosis, and if it is suspected, treatment should begin rapidly with infusion of IV mannitol at 0.25 to 1.0 g/kg, elevation of the head of the bed, and reduction in the rate of IV fluids by one-third. When stabilized, an emergent cranial computed tomography should be performed.









Resolution


When pH and bicarbonate have normalized, ketones have decreased, and the patient feels well enough to begin to maintain hydration by mouth, treatment can be switched to a regimen of subcutaneous insulin. Because the half-life of IV insulin is several minutes, a subcutaneous insulin injection should be given before the insulin infusion is stopped. Management after DKA resolves is discussed in Chapter 71.


When the patient is beyond the acute stage of illness, it is important to determine what caused the patient to develop DKA. Some patients present with diabetes for the first time and have families that are unfamiliar with the signs and symptoms of DKA. For these patients, it important to provide education about diabetes management and to develop a good relationship with an endocrinologist for follow-up. For some patients, acute illnesses can increase the need for insulin that is not met by the current maintenance regimen. In these instances, identification and treatment of the underlying illness is necessary.


In patients with known T1DM, it is important to determine if DKA is the result of noncompliance with the demanding insulin regimen of several injections per day or with failure of insulin pump therapy (see Figure 71-2). Insulin pump therapy is designed to deliver subcutaneous insulin continuously with bolus dosing on demand. In these patients, it is important to emphasize compliance and education with current equipment.












Future Directions


Although efforts to prevent or reverse T1DM have not met good results thus far, there have been significant developments in the management of patients with diabetes. Advances in glucose monitoring and ease of insulin delivery have made living with T1DM easier and less painful than in the past. While awaiting the next development in diabetes management, patients should be empowered to optimize control while living with a chronic disease.
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5 The Acute Abdomen




Dana Aronson Schinasi, Sandra Schwab





Abdominal pain is a chief complaint frequently encountered in the pediatric office, urgent care, and emergency department settings. Although typically minor and self-limited, acute abdominal pain may also signify a medical or surgical process requiring immediate treatment. The clinician’s role is to identify patients who have serious or potentially life-threatening conditions, such as acute appendicitis, bowel obstruction, or peritonitis. The most difficult challenge lies in making a timely diagnosis so treatment can be initiated and potential morbidity prevented.


In this chapter, a clinical guideline is presented for the evaluation and management of children with acute abdominal pain. Appendicitis is the most common surgical emergency in children and adolescents and deserves special mention. Key features of its pathophysiology, clinical presentation, evaluation, and management are highlighted throughout this chapter.






Etiology and Pathogenesis


Abdominal pain falls into three clinical categories: visceral, parietal (somatic), and referred pain. A general understanding of these is helpful in determining the cause of abdominal pain.


Visceral pain is poorly localized and is often described as dull and aching. It is caused by stretching, distension, or ischemia of the viscera. Parietal (somatic) pain is well localized, discrete, and often described as sharp and intense in character. Pain is stimulated by stretching, inflammation, or ischemia of the parietal peritoneum. The pattern of pain in appendicitis has features of both visceral and parietal pain. Initially, the pain is visceral in nature: vague, poorly localized, and periumbilical. As the peritoneum becomes inflamed over the ensuing 12 to 48 hours, the pain migrates to and localizes in the right lower quadrant (RLQ).


Referred pain is often perceived at sites distant from the affected organ and may be described either as sharp and localized or as a vague aching sensation (Figure 5-1). Examples include irritation of the parietal pleura of the lung perceived as abdominal wall pain and inflammation of the gallbladder perceived as scapular pain.
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Figure 5-1 Visceral referred pain.




It is helpful to classify the cause of acute abdominal pain by age (Table 5-1). There are many potential causes of abdominal pain, including infectious, anatomic, traumatic, inflammatory, functional, and oncologic.




Table 5-1 Medical and Surgical Causes of Acute Abdominal Pain*
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Clinical Presentation






Differential Diagnosis


The differential diagnosis for abdominal pain in children is very broad, and it can be approached in different ways (Figure 5-2). Certain conditions occur more commonly at specific ages and therefore it may be useful to classify causes of acute abdominal pain based on age. Pain may also be classified as surgical or medical (Table 5-1).
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Figure 5-2 The acute abdomen.




Across all ages, gastroenteritis and appendicitis are the most common medical and surgical causes of acute abdominal pain, respectively. Malrotation with midgut volvulus is the single most devastating abdominal surgical emergency of childhood (see Chapter 109).


Life-threatening causes of abdominal pain include those related to trauma, intestinal obstruction, and peritoneal irritation. Examples of processes that present with intestinal obstruction are intussusception, midgut volvulus, and extrinsic obstruction caused by adhesions from prior surgery. Peritoneal irritation may be secondary to inflammation or perforated viscus; examples include necrotizing enterocolitis in a neonate, acute appendicitis, and ruptured ectopic pregnancy.


Abdominal pain can also be classified based on the location of the pain. A classic approach is by dividing the abdomen into four quadrants (Figure 5-3). This can help the practitioner direct the workup to rule in or out the most common diagnoses based on the location of symptoms. For example, hepatic and gallbladder disease usually present with right upper quadrant pain (see Chapter 115). Appendicitis classically presents with migration of pain to the RLQ. Gastritis or peptic ulcer disease may present with left upper quadrant pain (see Chapter 108).
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Figure 5-3 Quadrants of the abdomen.











History


The initial evaluation of acute abdominal pain is particularly challenging in pediatrics because children often cannot describe, articulate, or localize their symptoms. This is often exacerbated by anxiety, making it harder for the clinician to examine and identify positive findings.









Pain Character


Acute abdominal pain caused by a medical or surgical emergency typically increases in intensity over time, may awaken the child at night, and likely interferes with activity. In addition to the age of patient and the location of the pain, other important features of the history include the onset, frequency and duration, pattern, associated symptoms, and pertinent medical history.


Infants and young children can seldom localize their pain, and parents often describe an inconsolable child who lies with his or her legs drawn up to the chest. Asking the parents if they think the child is in pain can be helpful to distinguish pain from fussiness or irritability. Pain that is intermittent, with paroxysms of cramping inconsolable pain alternating with return to normal state, is characteristic of intussusception (Figure 5-4). Peritoneal irritation is suggested by pain that is worse with movements that change the tension of the abdominal wall, such as a bumpy car ride or walking. Pain that improves after vomiting or a bowel movement reflects a small bowel or large bowel cause, respectively.
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Figure 5-4 Intussusception.




The pain of acute appendicitis is progressive in character without intermittent relief. The initial pain of early evolving appendicitis is classically periumbilical. As the inflammatory process progresses to affect the surrounding abdominal wall structures, the pain shifts to the RLQ (Figure 5-5). This progression is very helpful if obtained on history. Patients may describe a sudden temporary decrease in pain, which often coincides with perforation and temporary relief of intraluminal pressure.
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Figure 5-5 Acute appendicitis.











Associated Symptoms


Certain infectious processes are associated with abdominal pain: fever, headache, and sore throat suggest streptococcal pharyngitis (see Chapter 35); dysuria and vomiting may be attributable to a urinary tract infection (see Chapter 93); tachypnea and cough point to a lower lobar pneumonia (see Chapter 91). An associated rash may suggest a vasculitis such as Henoch-Schönlein purpura as the cause of the abdominal pain (see Chapter 28). Whereas nonbloody diarrhea suggests gastroenteritis, bloody diarrhea could also signal hemolytic uremic syndrome, inflammatory bowel disease, or bacterial enteritis. Abdominal pain that is accompanied by vomiting but without diarrhea should prompt a more careful evaluation for potentially life-threatening conditions such as intussusception, midgut volvulus, adhesive small bowel obstruction, or pancreatitis.


Appendicitis is classically accompanied by anorexia before the onset of pain, although this is not always the case. Fever is variable, and vomiting usually occurs after the pain has migrated to the RLQ. Diarrhea is occasionally seen with appendicitis, often caused by pelvic irritation after perforation. The diagnosis of appendicitis can be difficult in children because classic symptoms are often not present, especially in infants and very young children.









Pertinent Medical History


Certain chronic medical conditions are associated with abdominal complications. Patients with sickle cell disease are predisposed to cholecystitis, splenic sequestration, and abdominal vaso-occlusive crises (see Chapter 53). Patients with diabetic ketoacidosis often present with accompanying abdominal pain (see Chapter 4). Patients with Hirschsprung’s disease are at risk for enterocolitis and toxic megacolon, and those with nephrotic syndrome may develop primary bacterial peritonitis. Patients with a history of abdominal surgery are predisposed to adhesions, which may cause obstruction.









Physical Examination


Clinicians can gain considerable information from the patient’s general appearance even as observed from afar. A child in severe pain may prefer to be curled up in a position that shortens the rectus muscles and protects the abdomen. Patients with peritonitis often appear acutely ill and prefer to lie still. Intussusception should always be considered in a young child with altered mental status. Clinicians should pay attention to vital signs, specifically for the presence of fever, tachycardia, or hypotension. Signs of poor perfusion may be seen with peritonitis or hypovolemia.


The abdominal examination is optimally performed when the child is quiet, calm, and cooperative. Clinician should consider examining young patients in the parent’s lap, if possible. Start in the area away from reported pain. Evaluate for distension and the presence or absence of bowel sounds. Palpate while paying close attention to presence of masses or focal tenderness. A mass may be indicative of neoplasm, intussusception, or stool. Reproducible focal tenderness points to an intraabdominal inflammatory process. Patients with peritoneal irritation present with percussion pain, involuntary guarding, or rebound tenderness. Rebound is elicited by deep palpation followed by a sudden release. Pay attention to the child’s face when attempting these maneuvers because they may not always be able to express localization. The rectal examination is sometimes useful in helping to narrow the differential diagnosis: note the presence of hard stool in the rectal vault (constipation), blood (intussusception, inflammatory bowel disease, infection, milk-protein allergy), or an inflamed retrocecal appendix.


Signs on examination that suggest an acute surgical cause include marked abdominal distension, severe tenderness, rigidity, involuntary guarding, and rebound tenderness. Classic presentations of acute surgical conditions include a neonate with bilious vomiting (midgut volvulus), colicky abdominal pain (intussusception), and RLQ pain (appendicitis). Surgical subspecialists should be alerted early when a surgical cause is suspected. A delay in the diagnosis of appendicitis is associated with rupture and associated complications, especially in young children younger the age of 2 years. A delay in diagnosis increases risk of perforation and postoperative complications to as high as 39%.


Overall, the cause is less likely to be serious in an otherwise healthy child who has a nonfocal examination, is without obvious discomfort to deep palpation, and is without constitutional or extraabdominal findings.












Evaluation and Management


The clinician’s first priority is to stabilize patients who are critically ill, focusing on identifying and addressing abnormalities in airway, breathing, and circulation. Next, the clinician must identify potential acutely life-threatening processes requiring emergent surgical intervention (Table 5-1). Typically, these are distinguished based on the patient’s history and physical examination, as discussed previously. Laboratory testing and imaging studies may be useful adjuncts in identifying the diagnosis.






Laboratory Testing


Testing should be tailored to the pertinent findings during the history and physical exam in order to come to a timely diagnosis. In most children older than 5 years of age with abdominal pain, tests are needed only to confirm a diagnosis that is suspected clinically. Radiographic studies can be useful and diagnostic in many instances.


In the presence of clinical evidence of obstruction, peritonitis, or a mass, a complete blood count (CBC) with differential is indicated to evaluate for anemia or thrombocytopenia. When the diagnosis is uncertain, a CBC can help point towards or away from an inflammatory process. Note that in acute appendicitis before rupture, white blood cell count may only be minimally elevated or even normal. C-reactive protein (CRP) has gained favor as an early inflammatory marker, and many investigators are exploring its clinical utility in the pediatric emergency department.


A urinalysis to evaluate hydration status and the presence of infection is useful. Serum electrolytes should also be obtained in ill patients to assess fluid and electrolyte balance, as well as acidosis. However, checking routine serum electrolytes is not necessary in the face of acute gastroenteritis. Additional laboratory tests that may be helpful are hepatic function panel, amylase, lipase, and inflammatory markers.


A qualitative urine pregnancy test must always be sent in any postpubertal female patient with abdominal pain.









Imaging Studies


Imaging studies should be performed when the history and physical examination reveal focal findings or suggest concerning diagnoses.


Abdominal plain films are useful in evaluating for obstruction (air-fluid levels, distended bowel), mass, or perforation (free air). An optimal radiographic study requires supine and upright views to evaluate the bowel gas pattern and movement of intestinal loops. Although the results are most often normal, radiographic signs of appendicitis include a sentinel loop (localized bowel obstruction), an appendicolith, or obliteration of the psoas shadow.


Any child with suspected midgut volvulus (i.e., report of bilious vomiting in an infant) needs an emergent contrast study to clarify the rotational status of his or her small intestine. Failure to diagnose and surgically correct midgut volvulus in a timely manner can lead to infarction of the entire small intestine. Infarction is a preventable catastrophe that may result in long-term total parenteral nutrition dependence and potentially death.


Ultrasonography (US) is the imaging modality of choice for evaluation of the biliary tree and suspected urolithiasis and in the diagnosis of ovarian or testicular pathology, such as torsion or tubo-ovarian abscess. Additionally, US aids in diagnosis of intussusception, pyloric stenosis and appendicitis. Advantages are that it is safe, noninvasive, and does not use radiation; however, the ability to obtain results often depends on the skill of the technician. The sensitivity and specificity of US for diagnosing appendicitis are greater than 90%. Signs of appendicitis on US include a noncompressible tubular structure in RLQ, wall thickness larger than 2 mm, overall diameter larger than 6 mm, free fluid in the RLQ, thickening of the mesentery, and localized tenderness with compression.


Because of the risks of radiation, especially in children, computed tomography (CT) should be reserved to rule in or out significant pathology. CT with contrast is most useful when considering a wide variety of diagnoses, such as intraabdominal mass, pancreatitis, intraabdominal abscess, and appendicitis. Noncontrast CT is indicated in the evaluation of urolithiasis when US is inconclusive. The sensitivity and specificity of CT for diagnosing appendicitis are greater than 90% and 85% to 90%, respectively. The signs of appendicitis on CT include wall thickness larger than 2 mm, appendicolith, abscess or phlegmon, free fluid greater than expected for age, thickening of the mesentery, and fat stranding.









Management


In a critically ill patient with acute abdominal pain or when a potentially life-threatening process is identified, the clinician’s role is to simultaneously stabilize the patient, perform the necessary diagnostic steps to identify the underlying cause, and initiate a treatment plan. Supportive care, such as monitoring and intravenous fluids, should be provided. Patients with severe pain should receive effective analgesia. The classic teaching of withholding opiates from patients with abdominal pain for fear of complicating the diagnostic process has fallen out of favor and is not supported by recent studies. Antibiotics should be administered when indicated because they have been shown to delay progression of certain disease processes.


Patients who are stable, do not appear acutely ill, and for whom a definitive diagnosis is not reached upon initial evaluation may benefit from hospitalization for continued monitoring and serial abdominal examinations. Repeat examination may identify evolving clinical features.


Patients who are well appearing with a reassuring history and examination may be discharged with appropriate follow-up.












Future Directions


Improvements in timely diagnosis and decreased complications have been made in patients presenting with abdominal pain. One area of ongoing research and development is the use of advanced radiologic imaging. Investigation of reliable modalities that do not use radiation, such as US and magnetic resonance imaging, are especially appealing to practitioners dealing with pediatric patients. Other areas of investigation include use of laboratory markers, such as CRP or lactate, to identify patients with acute abdominal pathology.
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6 Drowning




Halden F. Scott, Kyle Nelson





Drowning is defined as a process of respiratory impairment from submersion or immersion in a liquid. Although complicated terminology to define drowning has been used in the past, the 2002 World Congress on Drowning established this universal definition, and recommends against the use of other terms, including “near drowning” and “dry drowning.”


Pediatric drowning is the second leading cause of accidental childhood death in the United States, surpassed only by motor vehicle collisions. It is most common in young toddlers and adolescents, and boys are more likely to drown in all age groups. Toddlers are most likely to drown in small, household water sources such as bathtubs and buckets. Inadequate adult supervision is often responsible, although children have usually been out of sight for less than 5 minutes. Toddlers have large heads relative to their bodies, making them more likely to fall forward into buckets or tubs and less able to right themselves (Figure 6-1). Adolescents are more likely to drown during recreational activities such as boating and in natural bodies of water. Alcohol use contributes to up to 50% of teenage drownings. Pediatric drownings carry high morbidity and mortality; 30% to 50% of drowning victims die, and 10% survive with severe neurologic impairment.
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Figure 6-1 Toddlers have high centers of gravity.








Etiology and Pathogenesis


Hypoxemia is the driving force of the process of drowning, initially caused by apnea and then caused by aspiration. After submersion, drowning victims typically hold their breath and struggle. Small amounts of water are aspirated, and involuntary laryngospasm and hypoxia ensue. With continued hypoxia, the vocal cords relax, and larger amounts of water are aspirated. Even greater amounts of water are swallowed than aspirated, and vomiting is common. The cascade of pulmonary damage from drowning can occur with aspiration of as little as 1 to 3 mL/kg of water.


The effects of aspiration and continued submersion are many (Figure 6-2). Within the alveoli, water prevents diffusion of oxygen across the capillary/alveolar membrane. The capillary endothelium becomes increasingly permeable, resulting in pulmonary edema. Aspiration of gastric contents contributes to lung injury. As pulmonary edema and intrapulmonary shunt progress, hypoxia, hypercarbia, and acidosis ensue. These metabolic disturbances decrease myocardial contractility, increase systemic vascular resistance, and contribute to arrhythmias. If submersion continues long enough, drowning will progress to cardiac arrest. Clinically, there is little difference between fresh and salt-water drownings; however, there are some putative pathophysiologic differences. Whereas fresh water is particularly destructive to surfactant, salt water causes osmotic forces to draw additional fluid into the alveoli. Electrolyte disturbances are rare; however, ingestion of large amounts of fresh water can cause hyponatremia, and salt water ingestion can cause hypernatremia. Ingestion of large quantities of fresh water in the setting of hypoxemia may lead to hemolysis, although this is also a rare event.
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Figure 6-2 Pathophysiology of drowning.




Hypothermia is often present and causes peripheral vasoconstriction, which preserves blood flow to the central organs. Increased core blood flow triggers central volume receptors to perceive greater blood volume and thus produce less antidiuretic hormone, resulting in diuresis and volume depletion.









Clinical Presentation


The duration of submersion and hypoxia will determine the clinical presentation and outcome in drowning victims. Submersions less than 5 minutes are associated with intact survival, but submersions more than 25 minutes have almost universally poor outcomes. Many victims are rescued from the water in cardiac arrest, and immediate, effective cardiopulmonary resuscitation (CPR) can improve survival rates and neurologic outcome. After pulses are restored, signs of shock may be present, including hypotension, diminished peripheral pulses, altered level of consciousness, acidosis, and decreased urine output. Patients may appear cold, cyanotic, and unresponsive. More mildly affected patients may have isolated pulmonary findings such as wheezes, crackles, cough, or hypoxia. Neurologic findings range from an alert child to any amount of central nervous system compromise, including coma with flexor or extensor posturing.


Many studies have evaluated factors associated with good outcomes, and better prediction is possible with parameters measured later in the hospital course than at initial presentation or in the field. There have been reports of pediatric survivors with good outcomes despite ominous predictors such as submersion over 1 hour. Thus, all patients should receive aggressive initial resuscitation in the field and emergency department (ED), regardless of circumstances surrounding the drowning. After initial resuscitation, failure to exhibit reflexes or response to external stimuli within the first 24 hours of care predicts a poor neurologic outcome.


Unusually good outcomes have occurred in cold-water drownings in children. It is believed that sudden exposure of the face to icy water triggers a protective “diving reflex” that causes apnea, bradycardia, and vasoconstriction. The resultant decreased metabolic demands seem to improve the chances of neurologic recovery compared with warm-water drownings of similar duration. An alternative theory is that rapid cerebral cooling leads to decreased cerebral metabolic demand and is responsible for these outcomes. Ultimately, these good outcomes are relatively rare, and the reasons for them remain unclear.


It is important to consider potential coexistent injuries and risk factors for drowning. Drowning may be associated with other trauma, including head injury, blunt abdominal trauma, and spinal injury (Figure 6-3). Seizures, cardiac arrhythmias, hypoglycemia, and intoxication can all contribute to a drowning event.
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Figure 6-3 Injury to the cervical spine during drowning.











Evaluation and Management


Unresponsive patients should be evaluated according to Basic Life Support guidelines and receive CPR as indicated at the scene (see Chapter 1). The Heimlich maneuver and attempts to drain water from the lungs should be avoided. Further cooling of the patient should be prevented by removing wet clothing and insulating the patient with dry blankets. Prehospital care and ED providers should evaluate the patient’s airway and ventilatory efforts, provide oxygen, and consider intubation. Unresponsive and hypoxic patients most likely require intubation because vomiting is common, and lung injury will probably continue to worsen. If cervical spine (c-spine) injury is a possibility, resuscitation should occur with c-spine immobilization throughout. Gastric decompression is an important step in early resuscitation. Use of a nasogastric or orogastric tube to remove stomach contents decreases vomiting and aids in ventilation by allowing easier distension of the lungs.


Initial laboratory studies should include an arterial blood gas analysis, chest radiograph, complete blood count, electrolytes, and urinalysis. Attention should be paid to reversing hypoxemia and metabolic acidosis. Shock is common after initial resuscitation of drowning victims. Myocardial dysfunction caused by hypoxia, acidosis, hypothermia, and volume loss contribute to decreased perfusion. Both volume resuscitation and inotropic support may be required. Dobutamine is an inotrope recommended for drowning patients if cardiovascular support is required.


Hypothermia was once universally treated with active rewarming; however, emerging evidence suggests that maintaining cooler temperatures may be protective. Ice water drownings have better outcomes than expected, and hypothermia after cardiac arrest in adults may improve neurologic outcome. Thus, the decision to aggressively rewarm should be made carefully. All patients with a core temperature below 28°C with coagulopathy, hypotension, or arrhythmia should be actively rewarmed. A target temperature of 32° to 34°C is recommended for comatose drowning patients. Active rewarming may use external heating blankets and lamps, and internal rewarming may include warm intravenous fluids, warm bladder irrigation, and even cardiac bypass or extracorporeal membranous oxygenation (ECMO) for the most unstable patients. Passive rewarming should be used to keep all patients from becoming cooler. Hyperthermia is detrimental for all patients and should be avoided in patients who are being actively rewarmed. Continuous temperature monitoring with special hypothermia thermometers (which can read lower temperatures than routine thermometers) is recommended.


Lung injury rapidly evolves in the initial hours after drowning, and the patient may require prolonged mechanical ventilation and possibly nonconventional ventilatory modalities or ECMO. Decreased lung compliance, edema, surfactant deficiency, and alveolar damage can progress to acute respiratory distress syndrome (ARDS). Although ARDS is commonly managed with permissive hypercapnia, in a drowning patient with suspected brain injury, normocapnia preserves cerebral perfusion, making ventilatory strategies more challenging. Diuretics have not been shown to be helpful in treating pulmonary edema from drowning and may even be harmful in patients who are volume depleted. Fluid status and renal function should be carefully monitored. Pneumonia can occur and should be treated if clinically apparent; however, prophylactic antibiotics are not recommended except for drowning in grossly contaminated water such as sewage. Aeromonas is an organism that has been associated with severe pneumonia after drowning.


Although primary hypoxic injury to the brain cannot be reversed, prevention of secondary neurologic injury is a goal of acute postresuscitative care. This involves careful monitoring of all body systems to maintain normotension, normoglycemia, and normocapnia and to prevent hypoxia. Seizures are common and should be promptly controlled with anticonvulsants. Monitoring of intracranial pressure or placement of a ventriculostomy drain has not been shown to improve outcomes in drowning victims. Long-term sequelae of hypoxic-ischemic brain injury from drowning may range from mild cognitive difficulties to seizures to persistent vegetative states. Some children may develop reactive airway disease as well.


After acute resuscitation and management of airway, breathing, and circulation, evaluation for concomitant injury and the underlying cause of drowning should occur. Circumstances surrounding the event help guide this workup, and evaluation of a patient with a suspected traumatic mechanism should follow the approach to the trauma patient (see Chapter 8). A history of high-impact trauma such as diving, striking an object, or being in a motorized boat increases the likelihood of requiring computed tomography scans to evaluate for c-spine, intraabdominal, or head injuries. The serum glucose level should be checked both to detect causative hypoglycemia and to preserve normoglycemia. Hypoxic-ischemic injury to the liver and kidneys may present as coagulation abnormalities and acute tubular necrosis.


Seizures are the most common underlying medical cause of drowning. Arrhythmias should also be considered. An electrocardiogram should be evaluated in an otherwise healthy person who drowns without a traumatic mechanism or apparent cause. A congenitally prolonged QT interval can lead to arrhythmia and loss of consciousness with subsequent drowning in the water. Cold-water exposure, exercise, and breath holding appear to trigger arrhythmia in patients with congenital long QT syndrome. If it is suspected, family members should also be evaluated. Urine and blood testing for drugs of abuse may be considered in adolescents. Child abuse sometimes leads to drowning, and a careful history and physical examination should be performed to evaluate for other signs that this might be a possibility.


Many drowning victims have no symptoms. Patients with Glasgow Coma Scale scores greater than 13 who remain asymptomatic for 6 to 8 hours may be considered for discharge. Some advocate routine chest radiography in such patients before discharge. Even mild symptoms during the first 6 hours should prompt hospitalization because lung disease can continue to progress. Any patient with a submersion lasting more than 1 minute with apnea or cyanosis should be admitted for observation.






Prevention


Although U.S. drowning rates have declined over the past 20 years, more than 80% of drownings are thought to be preventable. Improved prevention efforts, particularly fencing laws for home pools, are credited with the declining drowning rate. Close adult supervision of toddlers can protect against drowning in young children. Adults should be within touching distance of young children who are near any form of water. Pools should be enclosed with fencing on all sides, isolating pools from the house with a self-closing, latching gate. Fencing legislation has decreased drowning deaths by 50% to 70%. Because most children drown in their home pools, parents who own pools should be educated in CPR. Continued attention to public instruction in CPR is critical. Effective bystander CPR can improve outcomes in drowning victims.


Adolescents should be educated about water safety and the increased dangers of intoxication during water recreation. Use of personal flotation devices reduces drowning deaths during water-based recreation. Swimming lessons have not been shown to reduce the risk of drowning on a population-based level, and overestimation of one’s swimming ability can contribute to drownings, particularly in adolescents.


Certain medical conditions warrant specific precautions. Children and adults with seizure disorders should take showers, not baths, because of the risk of drowning if they have a seizure while bathing. All children with neurologic impairments should be supervised closely while swimming.












Future Directions


Data on the use of therapeutic hypothermia continue to be gathered, with trials beginning in pediatric patients. This information may guide the resuscitation of comatose pediatric drowning patients in the future and improve our understanding of the optimal target temperature for rewarming. Neuromonitoring techniques such as near-infrared spectroscopy are being refined and may also aid in improved postresuscitative care and prognostication. Surfactant therapy has not been proven beneficial in ARDS; however, several case reports exist on its use in pediatric drowning, and it may be an area of future investigation.








Suggested Readings





 Bierens JJ, editor. Handbook on Drowning. The Netherlands: Springer, 2004. Available at http://www.drowning.nl


 Bierens JJ, Knape JT, Gelissen HP. Drowning. Curr Opin Crit Care. 2002;8:578-586.


 Layon AJ, Modell JH. Drowning: update 2009. Anesthesiology. 2009;110:1390-1401.


 Meyer RJ, Theodorou AA, Berg RA. Childhood drowning. Pediatr Rev. 2006;27:163-169.


 Moon RE, Long RJ. Drowning and near-drowning. Emerg Med. 2002;14:377-386.


 Thompson DO, Rivara F. Pool fencing for preventing drowning in children. The Cochrane Collection Web Site Available at http://www2.cochrane.org/reviews/en/ab001047.html, 2011.


 Watson RS, Cummings P, Quan L, et al. Cervical spine injuries among submersion victims. J Trauma. 2001;51:658-662.


 Zuckerbraun NS, Saladino RA. Pediatric drowning: current management strategies for immediate care. Clin Pediatr Emerg Med. 2008;6:49-56.
















7 Burns




Todd A. Florin, Jill Posner





Burns and fire-related injuries account for significant morbidity and mortality in the pediatric population. In children younger than 18 years of age, fires and burns are the third leading cause of death from unintentional injury in the United States. Approximately one-third of all burns occur in children and adolescents younger than 20 years of age. Boys and children younger than 5 years of age are at highest risk of burn injuries. Burns may be thermal (resulting from flame, scald, steam, or contact), electrical, or chemical in cause (Figure 7-1). In children younger than 5 years of age, scalds resulting from bathing injuries or hot liquid spills account for the majority of burns. Fire and flames are the leading causes of burns in children older than 5 years of age. Electrical burns are seen primarily in adolescents. Child abuse accounts for up to 20% of burns in children and thus needs to be considered in all cases of pediatric burns, particularly in those with inconsistent mechanisms or specific patterns of injury (see Chapter 12). Carbon monoxide poisoning can occur with smoke inhalation and is responsible for many early deaths related to fire.
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Figure 7-1 Causes and clinical types of burns.




Significant advances in burn treatment have occurred over the past 50 years. Of those children younger than 16 years of age with burns of more than 80% of body surface area (BSA), mortality rate has declined to just below 25%. This is largely a result of aggressive prehospital, emergency, and inpatient hospital care in addition to the development of specialized burn centers. Many burn injuries are preventable using relatively simple measures. Lowering the temperature of water heaters from 130° to 120°F increases the time to causing a full-thickness burn from less than 30 seconds to 10 minutes. Smoke detectors in homes can alert occupants to potential thermal dangers in the home. Flame-retardant children’s sleepwear has decreased the incidence of full-thickness burns caused by flames or fire.






Etiology and Pathogenesis


The clinical effects of burn injuries result from the loss of integrity of the skin and its vital functions. The skin serves to protect the body from infection, controls heat loss, and plays a vital role in fluid regulation. The epidermis prevents water loss and has a protective fatty acid layer that kills many infectious organisms. The deeper dermis contains sweat glands and vessels that regulate evaporative and radiant heat loss. Therefore, burns may result in infection, extensive fluid loss and disorders of thermoregulation.


Three zones of injury typically occur with a burn: hyperemia, stasis, and coagulation necrosis. Hyperemia is the result of vasodilatation secondary to inflammatory mediators without direct cell injury. Stasis occurs in the dermis and is characterized by vasoconstriction and thrombosis that results in reversible cell injury. Coagulation necrosis results in an irreversible surface injury known as an eschar.


Larger burns may produce systemic effects (Figure 7-2). Bacterial colonization of burned tissue may result in infection caused by disruption of the protective epidermal barrier and the inability of immune system elements and antibiotic agents to penetrate burned tissue. Capillary permeability is increased by the release of osmotically active substances into the interstitial space and the release of vasoactive mediators into the systemic circulation. Edema with resulting intravascular hypovolemia results in both injured and noninjured tissues. Circulating factors reduce myocardial function, thus decreasing cardiac output. Direct heat damage and a microangiopathic hemolytic process result in acute hemolysis of erythrocytes. All of these acute processes may result in renal failure, liver dysfunction, mental status changes, and hypoxia. After the initial injury, a hypermetabolic and immunosuppressive state may ensue, resulting in malnutrition, infection, and multisystem organ failure.





[image: image]

Figure 7-2 Metabolic and systemic effects of burns.











Clinical Presentation


The diagnosis of a burn injury is typically evident from the patient’s history and clinical presentation. The differential diagnosis includes erythroderma, toxic epidermal necrolysis, and staphylococcal scalded skin syndrome; however, these are quickly distinguished from burns based on history and presentation. Certain patterns of injury are classic for an intentional burn as a result of child abuse (Figure 7-3). Scald injuries of the buttocks and thighs accompanied by perineal or foot injury that spares the flexion creases is classic for intentional injury with defensive posturing. Symmetric burns of the hands or feet with clear lines of immersion are classic for forced submersion injuries. Small, round, deep burns are suggestive of intentional cigarette burns. Any deep wound with some geometric pattern may suggest a contact burn, such as an iron. Suspicion should be raised for abuse in any case with a nonspecific history, a mechanism that is inconsistent with the clinical presentation, delayed presentation, or a classic injury pattern.
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Figure 7-3 Child abuse: burn injuries.




Burns are traditionally classified by the depth of skin injury (Figure 7-4). Superficial burns, formerly known as first-degree burns, involve the epidermis only and present with pain and redness over the affected areas without significant edema or blistering. These burns resolve in 3 to 5 days without residual scarring. Of note, superficial burns are not included in burn surface area (BSA) calculations.
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Figure 7-4 Classification of burns.




Partial-thickness burns, formerly known as second-degree burns, are divided into superficial and deep based on the depth of extension through the dermis. Superficial partial-thickness burns extend through the epidermis and the top half of the dermis. Blistering and weeping is usually present along with pink-red color because of the extensive dermal capillary network, edema caused by increased capillary permeability, and severe pain caused by the exposed sensory nerve receptors in the dermis. These burns typically heal in 2 to 3 weeks without scarring because epithelial regenerative cells are intact. Deep partial-thickness burns extend deep into the dermis. These are typically less tender than superficial burns as a result of fewer exposed viable sensory nerve receptors. Deep partial-thickness burns are also paler and dryer compared with superficial injuries and may have a speckled appearance resulting from thrombosed vessels. Blisters may be present. These burns may take several weeks to heal, often with scar formation, necessitating skin grafting.


Full-thickness, or third-degree, burns involve total destruction of the epidermis and dermis revealing the subcutaneous fat. These wounds are insensate because the dermal cutaneous nerves are destroyed. Pain is typically caused by surrounding partial-thickness burns. These wounds appear white, leathery, charred, or translucent, with vessels showing through the wound. These burns cannot reepithelialize and only heal from the periphery. As a result, most full-thickness burns require skin grafting.


To adequately determine the extent of burn injury, the surface area and burn depth must be assessed. This is essential for guiding therapy, disposition, and prognosis. In adults and children older than age 15 years, the “rule of nines” is used to assess BSA—9% for the head and neck and each upper extremity and 18% for the trunk, back, and each lower extremity (Figure 7-1). The rule of nines cannot be used for children younger than age 15 years because of their proportionally larger head and different body proportions. Specialized charts that estimate burn area based on age can be used to estimate BSA for younger children. A rough estimate may be provided using the child’s palm, which represents approximately 1% of BSA.


Electrical burns result from electrical current passing through the body and generating thermal energy that damages tissues. Most injuries in younger children are low voltage (<120 V) as a result of toddlers chewing on plugs or electrical cords. These may result in deep burns with eschar formation at the corners of the mouth. These may scar and contract, and delayed labial artery bleeding may occur weeks after the injury when the eschar separates. High-voltage injuries (>500 V) may occur in adolescent boys because of risk-taking behaviors. These injuries may appear insignificant on the surface; however, deep and internal injuries may be extensive. Patients are at risk for cardiac arrhythmia, muscle destruction, renal failure, and compartment syndrome. Typically, BSA calculations are inadequate in severe electrical burns because much of the damage is internal.


Chemical burns may occur from skin contact with acidic or alkaline substances. Acids, such as household toilet cleaners, cause tissue protein coagulation necrosis, thus limiting the depth of injury. Alkaline agents, such as lye, bleach, and detergents, may result in a deep liquefaction necrotic injury. Edema resulting from these burns may cause full-thickness injuries to appear more superficial. Ingestion of acid or alkaline agents may result in esophageal injury, and splash injuries to the eye may result in blindness.









Evaluation and Management


As with any trauma patient, airway, breathing, and circulation should be assessed first in all patients with burns. If these are all stable; the burn is minor (superficial or superficial partial thickness); and the burn does not involve the face, hands, feet, or perineum, the burn may be handled with basic first aid measures. Early cooling of the wound is accomplished by running cool water over the area within the first 30 minutes to stop thermal damage and prevent edema. Ice, grease, butter, and ointments should be avoided. The approach to intact blisters is controversial because blister fluid is thought to have both protective and damaging properties. If a blister is large, likely to rupture, or painful, clinicians generally rupture the blister. A clean bandage and topical antibiotics should be used to cover these minor burns.


If burns are significant (i.e., involve extensive BSA, deep partial-thickness or full-thickness burns involving face, hands, feet, or perineum), a physician should promptly evaluate them. As already noted, the physician should first assess the patient’s airway, breathing, and circulation. Inhalation of hot gases as a result of house fires may lead to airway edema, which may obstruct the airway. Therefore, early intubation should be considered in patients with facial burns, singed facial hairs, hoarseness, or any other signs or symptoms consistent with potential airway damage. All severely burned children should receive 100% oxygen. There should be a low threshold for considering lower airway injury if the mechanism is consistent with smoke or steam inhalation. Rapid assessment of circulation is paramount because burn shock may occur in patients with burns over 20% of BSA. The patient should receive appropriate vascular access, and fluid resuscitation should be initiated early. Evidence has suggested that adequate initial fluid resuscitation improves outcomes for these patients. Because of the extravasation of water and sodium through abnormally permeable capillaries in the first 24 hours after injury, initial fluid resuscitation should occur with isotonic crystalloid solutions, such as lactated Ringer’s solution. The Parkland formula (4 mL/kg per percent of total affected BSA) can be used to estimate fluid requirements. Half of the required fluid is given in the first 8 hours after the burn, and the remaining fluid is given over the next 16 hours. Careful monitoring of perfusion, blood pressure, and urine output is important in detecting the development of shock.


In all serious burns, the physician must be aware of the risk of burn sepsis. Antiseptic techniques should be scrupulous to diminish pathogen colonization of burned areas. Topical antibiotics should also be used to reduce bacterial colonization. In general, prophylactic broad-spectrum antibiotics should be avoided because they do not significantly reduce the risk of infection and do increase the likelihood of developing resistant organisms.


The burn wounds should be covered loosely with clean sheets until they are ready to be assessed and treated to protect the wounds and minimize pain. The wounds should be cleaned with large volumes of sterile warm saline, and loose tissue should be debrided gently with sterile gauze. Temporary skin substitutes, such as Biobrane, may help to reduce pain, facilitate healing, and decrease the length of hospitalization. These dressings consist of a silicone outer layer that acts as a protective epidermal barrier and an inner surface consisting of collagen peptides that bind to wound surface fibrin and facilitate reepithelialization. Topical antibiotics, such as silver sulfadiazine, bacitracin, or mafenide acetate, should be used for larger and more contaminated burns. Escharotomy should be considered in all full-thickness burns that have the potential to threaten circulation to an extremity. Surgical excision and skin grafting should be considered in deep partial-thickness and full-thickness burns (Figure 7-5). Pain control should be attended to promptly in patients with partial-thickness burns, with morphine being the drug of choice for severe burns and acetaminophen or ibuprofen for use with minor burns.
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Figure 7-5 Excision and grafting for burns.




Appropriate disposition of these patients is essential to optimize treatment outcome. Specialized burn centers have been developed that have the resources to provide aggressive medical, psychological, and rehabilitative care to children with significant burns. The American Burn Association has developed criteria for referral of patients to burn centers (Box 7-1). Appropriate and timely treatment and disposition can potentially improve the outcomes and quality of life of children with burn injuries.





Box 7-1


American Burn Association Criteria for Referral to a Burn Center






1. Partial-thickness burns of >10% of the total body surface area



2. Burns that involve the face, hands, feet, genitalia, perineum, or major joints



3. Third-degree burns in any age group



4. Electrical burns, including lightning injury



5. Chemical burns



6. Inhalation injury



7. Burn injury in patients with preexisting medical disorders that could complicate management, prolong recovery, or affect mortality



8. Any patients with burns and concomitant trauma (e.g., fractures) in which the burn injury poses the greatest risk of morbidity or mortality



9. Burned children in hospitals without qualified personnel or equipment for the care of children



10. Burn injury in patients who will require special social, emotional, or rehabilitative intervention


Excerpted from Committee on Trauma, American College of Surgeons: Guidelines for the Operation of Burn Centers, Resources for Optimal Care of the Injured Patient, 2006, pp 79-86.
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8 Injury and Trauma




Sage Myers, James M. Callahan





Injury is one of the most important public health threats to children in the United States. Trauma causes more deaths in children and adolescents than all other causes combined. The care of injured children is a vitally important and specialized skill. Differences between child and adult anatomy and physiology make injury patterns and responses to injury unique to the pediatric age group.


Effective trauma resuscitation and treatment require the rapid acquisition and communication of large amounts of information about patients’ respiratory and cardiovascular stability as well as the extent of their injuries. It is common practice to follow a structured examination technique and management strategy during the evaluation of trauma patients, such as that taught in Advanced Trauma Life Support (ATLS) courses. Use of these principles helps to minimize secondary injury in pediatric trauma victims and ensures the best possible outcomes in these patients.






Etiology and Pathogenesis


Injury is the leading cause of death from ages 1 to 19 years in the United States. In addition, injury causes 30% of all deaths in children younger than 1 year of age. Eighty percent of all deaths related to trauma occur at the scene of the injury or in the emergency department (ED). This highlights the need for effective prevention strategies and the importance of appropriate prehospital and ED care for pediatric trauma victims.


The most common causes of injuries and resultant injury patterns are age specific. In infants (younger than 1 year of age), a high percentage of injuries are nonaccidental in nature, and it is important to maintain a high index of suspicion for possible inflicted injuries (see Chapter 12). Falls are the most common cause of injury in children from 1 to 14 years of age. Motor vehicle collisions and motor vehicle–pedestrian incidents are the most common causes of fatal injuries in children ages 1 to 18 years. Drowning (see Chapter 6) is the second most common cause of fatalities in younger children, and firearm-related deaths are the next most common cause in adolescents ages 15 to 18 years.


In children and adolescents presenting to trauma centers because of injury, a head injury is part of the presenting findings in 60% of patients. Different patterns of injury are evident in children of various ages and can often be predicted by the mechanism of injury and the size and age of the patient. For example, when struck by motor vehicles, younger and smaller children may primarily sustain head injuries. Older toddlers and young school-aged children may sustain injuries consistent with Waddell triad’s (closed head injury, intraabdominal injury, midshaft femur fracture), and adolescents may sustain primarily extremity injuries. The clinical presentation of pediatric trauma victims varies depending on the mechanism and severity of their injuries. Evaluation and management are aimed at assessing the nature and severity of the patient’s injuries while beginning stabilization and deciding on the needed course of therapy.









Evaluation and Management






Primary Survey (see Chapter 1)


The primary survey is structured to generate information vital to the immediate treatment of life-threatening issues. It is often referred to as the ABCs (airway, breathing, and circulation) but is better thought of as ABCDE (airway, breathing, circulation, disability, and exposure and environment), which is delineated below. Children who have sustained injuries are at risk of secondary injuries caused by hypoxia, hypercarbia, and poor perfusion. Recognition and correction of these conditions are the goals of this rapid portion of their assessment.






Airway


Initial evaluation of the airway is of utmost importance. A child who can phonate normally has a patent airway. In an unconscious patient, inspection for foreign body in the pharynx and for midface or mandibular injuries, which could compromise airway patency, should occur, as well as observation of obvious stridor or stertor with respiratory effort. Hoarseness or crepitus over the tracheal cartilage should raise concern for laryngeal fracture. After these areas have been examined, the physician should quickly move to secure an airway if necessary or move on to the assessment of ventilatory efficacy.


Readers are directed to Chapter 1 for complete information about airway evaluation and management. However, it is important to reiterate here the need for inline stabilization of the cervical spine (c-spine) during this assessment and treatment, especially if intubation is attempted. The collar should be opened or removed before direct laryngoscopy because it can impede successful visualization of the larynx. An assistant should hold the patient in the midclavicular line with the ears firmly between the lower arms to eliminate movement of the c-spine during intubation.









Breathing


Evaluation of effective ventilatory effort occurs after the airway evaluation. The chest wall excursion should be observed for symmetric chest rise. Visual inspection, including of the axillae and back, should identify open wounds. The clinicians should evaluate for symmetry and adequacy of breath sounds by auscultating the chest. Asymmetric chest rise or asymmetric breath sounds suggest the possibility of pneumothorax, hemothorax, flail chest, or an open chest wound.


Asymmetry in breath sounds may signify pneumothorax or hemothorax. This is important to note on the initial examination even when it appears clinically insignificant because a simple pneumothorax can be quickly converted to a tension pneumothorax when a patient is ventilated with positive pressure by bag–valve–mask (BVM) or endotracheal ventilation. Also, children are especially sensitive to the development of tension pneumothorax because of their relatively compliant and mobile mediastinum. Radiographs can be used to determine the presence and amount of air or blood in the pleural space. In a more clinically stable patient, a small simple pneumothorax may be treated noninvasively with inpatient monitoring, oxygen therapy, and serial chest radiography. Larger pneumothoraces or hemothoraces should be managed with chest tube drainage.


An absence of breath sounds, especially in conjunction with hypotension, should alert the clinician to possible tension pneumothorax. Tracheal deviation to the opposite side and hyperresonance of the chest to percussion may be less obvious in pediatric patients, and the more mobile mediastinum in this age group may produce vascular collapse in a more rapid fashion. Needle decompression can be immediately undertaken in such circumstances, with the introduction of a large-bore over-the-needle catheter (e.g., a 14-gauge intravenous [IV] catheter) into the second intercostal space in the midclavicular line. Needle decompression necessitates the subsequent placement of a chest tube. Massive hemothorax can present in a similar fashion, although the chest should be dull to percussion, and severe hypotension often predominates because of the significant blood loss (Figure 8-1).
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Figure 8-1 Tension pneumothorax.




Open chest wounds create loss of the usual negative pressure upon inspiration that is needed to inflate the lung. If the chest wall defect is large compared with the airway, air will preferentially be brought into the defect as opposed to the airway, significantly impairing effective ventilation. An occlusive dressing should be placed over sucking chest wounds, closed on three sides, to allow for air to escape during exhalation but preventing air from entering during inspiration.









Circulation


After the respiratory assessment, hemodynamic status should be evaluated by auscultation of heart sounds; palpation of central pulses (femoral or brachial), paying attention to both the rate and quality; and rapid evaluation of skin color, capillary refill, and level of consciousness. Any obvious area of external hemorrhage should be identified and addressed with pressure dressings; whip stitching; or in the case of massive scalp wounds, stapling to control bleeding.


Complete details on hypoperfusion and shock may be found in Chapter 2. In patients who have sustained significant traumatic injuries, IV access should be secured as quickly as possible with two large-bore IV catheters placed in large peripheral veins. If peripheral access attempts are unsuccessful in a patient showing signs of shock, clinicians should proceed quickly to obtain interosseous (IO) access. IO lines should not be placed distal to any obvious fractures.


Shock in a trauma patient should be presumed to be attributable to hypovolemia secondary to hemorrhage. Because most pediatric trauma victims have sustained blunt trauma, hemorrhage may be attributable to internal injuries such as splenic or hepatic lacerations and not readily visualized. However, other causes of traumatic shock must be considered, especially in patients with shock unresponsive to fluid resuscitation or with hemodynamic collapse. Chief among these causes are tension pneumothorax, tension hemothorax, and cardiac tamponade.


Cardiac tamponade is more common with penetrating chest wounds but can be caused by rupture of the myocardium with blunt traumatic force. As with tension pneumothorax, patients with cardiac tamponade present with tachycardia, hypotension, and distended jugular veins. However, with tamponade, there is no tracheal deviation. Pulsus paradoxus, which is exaggeration of the normal decrease in blood pressure with spontaneous inspiration, may be present in association with tamponade. Rapid bedside ultrasonography can help make the diagnosis, but if unavailable or if the patient is hemodynamically unstable, pericardiocentesis can be used to diagnose and treat tamponade (Figure 8-2).
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Figure 8-2 Cardiac tamponade and pericardiocentesis.




Finally, hypotension in the pediatric trauma patient can, rarely, be caused by spinal cord injury. This should be suspected in a patient with an appropriate injury mechanism who is observed to have bradycardia, or a lack of appropriate tachycardia, in the face of hypotension.


The rapid installation of IV fluids is standard first-line therapy for shock. Boluses of 20 mL/kg of 0.9% saline solution or lactated Ringer’s solution should be given rapidly. If there is no response after 40 mL/kg is administered, then blood products should be given. In a child with decompensated shock caused by trauma, O-negative packed red blood cells (PRBCs) should be pushed rapidly until type-specific or crossmatched blood is available. In patients who require massive transfusion, fresh whole blood or fresh-frozen plasma and platelets in addition to PRBCs should be considered. If shock is not rapidly reversed with transfusion therapy, identification of the source of hemorrhage must be achieved, and operative management to halt the hemorrhage must be immediately undertaken.









Disability


After the patient’s hemodynamic status has been stabilized, the neurologic status is evaluated. The symmetry, size, and briskness of pupillary response should be documented along with the level of responsiveness. Numerical scales, such as the Glasgow Coma Scale (GCS, see Figure 1-8), are used to generate structured assessments of the level of responsiveness. This allows for comparisons in mental status evaluations over time, comparisons of assessments performed by different clinicians, and improved communication among providers. The GCS has been adapted for use in preverbal patients as well. A more straightforward, although somewhat less nuanced, system for rapid neurologic evaluation is the AVPU (awake, verbal, pain, unresponsive) system. Abnormalities in the pupillary response or level of consciousness should increase concern for intracranial injuries and alert the team to prepare for possible interventions such as intubation for airway protection or to improve ventilation, mannitol, or hypertonic saline administration for increased intracranial pressure (ICP) or emergent neurosurgical intervention.


In patients who are alert and can cooperate with the examination, the patient’s strength and sensation should be assessed in all four extremities. Tenderness and deformities of the cervical, thoracic, and lumbar spine should also be assessed. In preverbal children, this assessment can be challenging. Observation of spontaneous movement, watching how the patient reaches for objects, and the patient’s response to touch or painful stimulus should be assessed. The spine should be palpated, but it is difficult to ascertain tenderness in these children.









Exposure and Environment


The final step in the primary survey is to ensure that all clothing has been removed from the patient so that all areas of the body can be visually inspected for injury. In this step, the patient’s core temperature should be evaluated with the understanding that trauma patients are often cold because of the environment and significant blood loss. Rewarming should be undertaken, as well as the prevention of heat loss now that the patient is fully exposed. Children, especially, lose a significant amount of heat through their skin because of their relatively large body surface area. The ambient temperature of the resuscitation area should be kept warm, and when inspection for injury is completed, warm blankets should be used to cover the patient to prevent heat loss.


Some sources have suggested adding “Family” as the final part of the primary survey in the care of injured children to prompt providers to remember to inform family members quickly about the child’s status and injuries as well as to consider allowing family members to be present for the resuscitation. Family presence at resuscitation has not been shown to hinder care and has been shown to increase family satisfaction. When family members are present for resuscitation efforts, a trained health care associate (nurse, social worker, or chaplain) must be assigned to be with and communicate to the family members to help them understand the efforts that are being undertaken.












Secondary Survey


The goal of the secondary survey is to detail all likely injuries with a head-to-toe evaluation of the patient. It is best if this is done in an ordered way to avoid inadvertently leaving out body areas.






Head


The initial evaluation of the head involves inspection for evidence of injury to the skull, as well as assessment of level of consciousness and neurologic status, which may indicate underlying brain injuries. Locations of all hematomas, lacerations, abrasions, depressions, and areas of tenderness should be documented. Because the middle meningeal artery runs through the temporal bone, hematomas or other signs of injury in the temporal region raise concerns for the possibility of an underlying epidural hematoma as a result of tearing of this artery. Epidural hematomas (Figure 8-3) are often described as presenting with a lucid interval followed by a rapid deterioration in mental status when the volume of blood filling the epidural space reaches the threshold to cause significant mass effect. On computed tomography (CT), epidural hematomas are seen as a convex fluid collection between the skull and brain. Significant epidural hematomas represent a neurosurgical emergency because evacuation of the growing hematoma before herniation can be lifesaving.
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Figure 8-3 Epidural hematoma.




Subdural hematomas are a second, more common intracranial hemorrhage. They may be seen without significant external signs of trauma. Subdural hematomas (Figure 8-4) are usually caused by tearing of small bridging veins from the surface of the cortex to the inner layer of the dura mater. These injuries are often caused by high-force, rapid flexion and extension of the head. CT will show concave fluid collections between the skull and brain. Although subdural hematomas are less likely to lead to the rapid onset of significant symptoms than are epidural hematomas, they are more often associated with significant underlying brain damage because of the mechanism of injury. In infants and toddlers, it is important to remember that subdural hematomas can be associated with nonaccidental injury from shaking the child or as part of the shake and impact syndrome (see Chapter 12).
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Figure 8-4 Subdural hematoma.




Both epidural hematomas and subdural hematomas can become large enough to lead to significant increases in ICP (see Chapter 10). When ICP increases, herniation of brain tissue across the tentorium or downward through the foramen magnum may occur. Bradycardia, hypertension, and irregular respirations (Cushing’s triad) indicate impeding herniation. Transtentorial herniation is heralded by a decreased level of consciousness and asymmetric pupillary responses. Rapid therapy, including brief periods of hyperventilation and IV administration of 0.25 to 1.0 g/kg of mannitol or 5 mL/kg of 3% sodium chloride solution may temporize the situation until more definitive therapy, such as surgical evacuation of a hematoma or drainage of cerebrospinal fluid (CSF) through an intraventricular catheter, can occur.


Most children with significant head injuries caused by blunt trauma do not have surgically correctable lesions (e.g., epidural or subdural hematomas). Instead, diffuse axonal injury, which is characterized by diffuse edema and small, punctate hemorrhages on CT, is more common. All children with a decreased level of consciousness or other neurologic abnormalities after head injury should undergo CT to define their injuries and help to plan their immediate and subsequent care.


The care of children and adolescents with severe head injuries requires meticulous attention to the ABCs. Hypoxia, hypercarbia, and poor perfusion (shock) can all lead to secondary injuries in children who have sustained significant neurologic injury. In the face of increased ICP, cerebral perfusion pressure (CPP = Mean arterial pressure – Intracranial pressure) will be further compromised in patients who are allowed to remain in shock.


If mean arterial pressure (MAP) decreases, perfusion to areas of injury decreases, and injuries may be worsened. Therefore, attempts to manage ICP may be counterproductive unless CPP is preserved through the maintenance of MAP with appropriate volume resuscitation.


Most children who sustain head injuries have seemingly mild injuries and look well on initial presentation. In these children, the relatively low risk of underlying significant intracranial injuries must be weighed against the radiation involved in imaging the brain and the possible risk of malignancies in the future associated with this imaging. A decision rule based on a large, multicenter, prospective study has identified historical and physical findings associated with intracranial injuries on CT scans in children (Box 8-1). CT scans are rarely indicated in the absence of any of these findings in children.





Box 8-1


Factors Associated with Positive Findings on Computed Tomography Scans in Children with Seemingly Mild Head Injuries


Children younger than 2 years old



• Altered mental status



• Occiptal, parietal, or temporal scalp hematomas



• Loss of consciousness >5 sec



• Severe mechanism of injury



• Palpable or possible skull fracture



• Not acting normally per parent


Children 2 years old or older



• Altered mental status



• Level of consciousness



• History of vomiting



• Severe mechanism of injury



• Signs of basilar skull fracture



• Severe headache


Adapted from Kuppermann N, Holmes JF, Dayan PS, et al: Identification of children at very low risk of clinically-important brain injuries after head trauma: a prospective cohort study. Lancet 374:1160-1170, 2009.





Linear, nondisplaced skull fractures are the most common type of skull fracture in children, rarely require intervention, and are associated with a relatively good prognosis. Skull fractures that are diastatic or which extend into preexisting suture lines are more likely to require correction to prevent future development of leptomeningeal cysts at these sites. Skull fractures with significant depression causing risk to underlying brain tissue may also require surgical correction.


Basilar skull fractures require special evaluation and treatment because they raise concern for other injuries associated with the significant forces needed to produce them, as well as their unique location, which may lead to significant complications, including late intracranial hemorrhages, carotid artery dissections, and intracranial infections. Basilar skull fractures should be suspected when any of the following are present: “raccoon eyes” caused by periorbital ecchymoses; Battle sign or postauricular ecchymoses; hemotympanum; clear rhinorrhea or clear otorrhea caused by CSF leakage from the nose or ear, respectively; or cranial nerve VII or VIII dysfunction (Figure 8-5). Neurosurgical input should be obtained early in management.
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Figure 8-5 Basilar skull fracture: physical findings.




Children with concussion after head trauma can have significant symptoms and prolonged recovery despite normal head imaging. Concussion—or more accurately, mild traumatic brain injury—is defined as a brief alteration in brain function with or without loss of consciousness caused by a blow or jolt to the head. Children and adolescents with concussions may have significant and long-lasting symptomatology, including headaches, dizziness, amnesia, confusion, difficulty concentrating, nausea, and vomiting. Older grading systems based on the initial signs and symptoms of injury are not predictive of subsequent outcomes and are no longer used by most experts.


The International Conference on Concussion in Sport has suggested that measures of recovery must be included in the determination of injury severity as well as in determining when someone who has sustained a concussion is ready to resume activities such as work and school attendance and return to sports participation. To limit the duration of symptoms in children after concussions, rest (including the concept of cognitive rest) should be encouraged and strict return-to-activity guidelines should be followed. This involves a gradual increase in both physical and mental activities.


Facial and eye injuries should be considered in all children with head injury. A thorough examination, including assessment of the stability of the facial bones and oral structures and a thorough examination of the eye and extraocular movements, must be completed. Injuries to the facial bones, including the maxilla and mandible, may lead to airway compromise, secondary infections, and cosmetic deformities if not recognized promptly and treated appropriately.


In alert patients, examination of the eye must include the assessment of the patient’s visual acuity and inspection of the globe, including the cornea, anterior chamber, and fundus, for signs of injury. Any concern for penetrating trauma to the globe or a hyphema or other serious injuries necessitates emergent evaluation by an ophthalmologist. In children in whom the extraocular movements are decreased, facial CT scans should be performed to assess for orbital fractures and possible entrapment of the extraocular muscles or other processes affecting the ophthalmic nerve.









Neck and Spine


Any child who has sustained a severe head injury should be assumed to have a c-spine injury and remain in spinal immobilization until there is clear clinical or radiologic evidence that there is no spinal injury. Plain radiographs and CT scans may aid in this evaluation, but in patients with a decreased level of consciousness, magnetic resonance imaging may be required. As long as immobilization is maintained, this can be delayed until the child has been stabilized and other major traumatic injuries have been addressed. In awake patients, clinical signs of spine injuries include posterior midline tenderness and limitation of motion. Even in patients with a normal level of consciousness, clinical clearance of the c-spine is especially difficult in patients who are preverbal and young children who are uncooperative because of fear, anxiety, or pain associated with other injuries. It is important to remember that children are at risk of spinal cord injury without radiologic abnormalities (SCIWORA) because of the relative ligamentous laxity found in their c-spines. Therefore, normal radiographs may not completely rule out injury to the spinal cord itself, and MRI may be necessary for complete diagnosis. Detailed discussion of spinal injuries can be found in Chapter 24.


Evaluation of the anterior neck should involve palpation to ensure that the trachea is in a midline position. Deviation should raise concern for tension pneumothorax or hemothorax. Blunt trauma to the anterior neck, hyperextension of the neck, or blunt trauma to the chest with forced exhalation against a possible closed glottis may cause laryngeal injury. Signs of laryngeal injury include a change in voice, dysphagia, odynophagia, hemoptysis, stridor, crepitus along the anterior neck, and obscuration of the cartilaginous landmarks.


In a patient with suspected laryngeal injury who requires intubation, consideration must be given to the possible complication of converting a partial tracheal laceration to a complete transaction or the creation of a false track when performing direct laryngoscopic intubation. As with prolonged BVM ventilation, laryngeal mask airways can also carry the risk of expanding subcutaneous and mediastinal free air. Preparation for possible surgical airway placement and the use of flexible fiberoptics for intubation may decrease these risks.


Evaluation of the neck should also involve inspection for signs of penetrating injury. The neck is often divided into three zones (Figure 8-6) according to the collection of structures at risk of injury, with zone I covering the area between the thoracic inlet and the cricoid cartilage, zone II covering the cricoid cartilage to the angle of the mandible, and zone III above the angle of the mandible. Injuries to zones I and II may be associated with pneumothorax or hemothorax. Injuries in zone II are the easiest to explore surgically but also the most likely to involve major vascular structures and therefore are often brought directly to the operating room for exploration if they extend through the platysma. If clinically stable, zone I and III injuries are often evaluated with diagnostic imaging to determine appropriate management before surgical exploration.
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Figure 8-6 Zones of the neck.




Finally, although not always apparent in the initial evaluation, clinicians must have a high index of suspicion for injuries to the carotid artery, including carotid artery dissection, pseudoaneurysm, and thrombosis. Symptom onset, including stroke, may be delayed from the time of trauma. Ultrasonography, CT angiography, magnetic resonance angiography, and conventional angiography have all been used for diagnosis.









Chest


The evaluation of the chest should involve the familiar initial steps of inspection for external signs of trauma; palpation for deformities, crepitus, and tenderness; and auscultation of breath sounds. Children may sustain significant lung injury, including pulmonary contusions and pneumothorax (see above) without rib fractures because of their compliant rib cages. Therefore, external signs of trauma may be limited despite significant internal injuries.


Injuries to the chest wall, including the ribs, may occur. Flail chest should be suspected in any child with asymmetric chest rise, significant tenderness and crepitus on palpation of the ribs, and a high-velocity mechanism. Flail chest occurs when a segment of the chest wall becomes discontinuous with the rest of the thorax, usually requiring two or more ribs to be broken in two or more places to create this “floating” chest segment. Splinting because of pain from this injury can cause significant impairment of appropriate respiration, and the injury to the underlying lung tissue can further impair oxygenation and ventilation. Pain control and close monitoring for respiratory decompensation are required.


Simple rib fractures create significant pain and require appropriate analgesia but should heal completely without other intervention. However, splinting from inadequately controlled pain may lead to atelectasis and worsen any coexisting pulmonary issues. Fractures of ribs 1 to 3 require significant force and should alert the clinician to be aware of the possibility of other high-impact injuries.


Injuries to the chest may also involve mediastinal structures. Blunt cardiac injury may result in myocardial contusion, myocardial rupture, or chordae rupture with valvular insufficiency. Patients with myocardial rupture should present with cardiac tamponade. Patients with myocardial contusion will likely present with chest pain and tachycardia. Cardiac arrhythmias, evaluated with a 12-lead electrocardiogram, may also occur.


Although rare, aortic disruption may occur in blunt injuries, especially those associated with a rapid deceleration. Patients with aortic injuries who survive to the hospital tend to have incomplete lacerations, often located near the ligamentum arteriosum. Although initially hemodynamically stable, these incomplete lacerations carry a high risk of further acute deterioration if there is rupture of the contained hematoma. Such injuries should be considered when an appropriate mechanism exists; widened mediastinum, obliteration of the aortic knob, or deviation of the trachea or deviation of the nasogastric tube to the right (without other cause) may be present on plain radiographs of the chest. The presence of an apical cap, fractures of the first or second rib, and left-sided hemothorax are also concerning for aortic injuries. Transesophageal echocardiography and CT angiography are commonly used for diagnosis.


Esophageal injury is rare, with injury from penetrating trauma being more common than with blunt mechanisms. The presence of subcutaneous air or mediastinal air on a chest radiograph should increase suspicion for an esophageal injury, and its presence should be confirmed with contrast esophagography.


Finally, consideration should be given to the possibility of diaphragmatic rupture, especially in patients with sudden compressive forces to the abdomen such as may be seen with a lap belt in a motor vehicle collision. Protrusion of abdominal contents into the chest may lead to progressive respiratory distress. However, many traumatic diaphragmatic hernias remain asymptomatic, and diagnosis can be difficult. Placement of a nasogastric tube can assist with diagnosis before imaging. Chest radiographs and chest CT scans can be used for diagnosis, but sensitivity is not perfect. Therefore, diagnosis often occurs at a time remote from the injury. Indications on chest radiographs that should increase suspicion include elevation or blurring of the hemidiaphragm, a gastric tube in the chest, and obscuration of the hemidiaphragm by an abnormal gas shadow.









Abdomen


Abdominal injury is relatively common in children as a result of the large size of their abdomens relative to the rest of their bodies. In addition, their abdominal organs are less protected by their rib cages and abdominal musculature. The abdomen should be examined for tenderness, rigidity, and distension. CT scan is the initial imaging modality of choice in evaluating abdominal injuries in children. The sensitivity of focused assessment sonography in trauma (FAST) examination is operator dependent. To date, there have been mixed results in studies of efficacy in pediatric trauma victims; therefore, FAST is not routinely recommended for children. Direct peritoneal lavage is rarely used in the pediatric population.


The spleen is the most commonly injured abdominal organ (Figure 8-7). Patients with splenic lacerations may present with left upper quadrant pain that radiates to the left shoulder with or without signs of peritoneal irritation. The liver is also commonly injured in children sustaining trauma (Figure 8-8). Liver lacerations may present with right upper quadrant tenderness that may radiate to the right shoulder after blunt trauma. Hemodynamically stable children with spleen or liver lacerations can be conservatively managed with bed rest and close monitoring of vital signs and hematocrit levels. Children with unstable vital signs that do not improve with aggressive volume resuscitation may require operative intervention or embolization of bleeding vessels by an interventional radiologist experienced in the treatment of children with significant injuries. Children who have sustained significant splenic injuries, especially those who undergo splenectomy, are at increased risk of overwhelming sepsis with encapsulated bacteria (e.g., Streptococcus pneumoniae). Pneumococcal vaccination and consideration of long-term antibiotic prophylaxis (e.g., daily oral penicillin) should be considered based on the child’s age and clinical situation.
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Figure 8-7 Splenic laceration.
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Figure 8-8 Liver trauma.




Although the kidneys are more protected than other abdominal organs, renal injury should be suspected in children with injury to the flank or back, significant back pain, or gross hematuria (Figure 8-9). Urinalysis can be used as screening for more subtle injury, and CT or renal ultrasonography can be used to confirm and detail injuries.





[image: image]

Figure 8-9 Renal trauma.




Injury to the bowel is difficult to diagnosis, requiring a high degree of suspicion. Possible injuries to the intestines include perforation, hematomas, and mesenteric injuries. The initial CT scan may show pneumoperitoneum or extravasation of contrast, but often it is normal or shows nondescript bowel wall edema. Persistent abdominal pain, tenderness, or vomiting may be the only symptoms. Injuries to the abdomen by handlebars have been shown to lead to a significant risk of bowel and pancreas injury. Also, motor vehicle collisions during which children are restrained with inappropriately positioned seatbelts riding above the pelvis can lead to the significant abdominal injury triad of the “seatbelt sign” (abdominal wall contusion caused by the seatbelt), bowel injury, and Chance fracture (compression or flexion-distraction fracture of the lumbar spine). Bowel injuries often require surgical intervention to fully evaluate the extent of the injury and to allow for repair. Late diagnosis of bowel injuries may be associated with the development of peritonitis.









Pelvis


The pelvis should be evaluated for tenderness to palpation and stability. Determination that the pelvis is unstable on clinical examination correlates with open-book fractures of the pelvis. These injuries should be treated with placement of a pelvic splint to decrease the volume of the pelvis and the likelihood of severe hemorrhage. Lateral compression pelvic fractures, in contrast, are less often associated with significant blood loss and more frequently associated with injury to the bladder and urethra. Importantly, pelvic fractures are associated with other high-impact abdominal and retroperitoneal injuries that should be considered in the full evaluation of such patients.









Extremities and Neurologic Status


The final steps in the secondary survey include a rapid but complete evaluation of the extremities and evaluation for focal neurologic deficits. This is usually accomplished by palpation of the full extent of each extremity noting tenderness, lacerations, and deformity. Tenderness to palpation or observed deformity should prompt radiologic evaluation. Further discussion of common pediatric fractures can be found in Chapter 22. Neurologic evaluation is often accomplished in conjunction with the extremity evaluation, briefly testing strength and sensation of each extremity, with cooperation acting as a quick evaluation of mental status. Focal deficits raise concern for intracranial or spinal cord injury depending on the location and extent. Appropriate imaging of the head and spine should follow from the clinical examination, as appropriate.









Radiation


Many of the injuries discussed are definitively diagnosed using radiographs or CT scans. These imaging modalities are often necessary for the appropriate treatment of injured children. However, the use of ionizing radiation must be balanced with the risk of possible long-term iatrogenic injury caused by radiation exposure. Children, especially infants and toddlers, are particularly at risk for the development of secondary cancers caused by radiation because of the increased years of life after radiation and the increased susceptibility to the carcinogenicity of ionizing radiation. Therefore, ionizing radiation for diagnosis should be limited to instances in which there is either a significant clinical suspicion or the possibility of high-morbidity injuries. When imaging is necessary, pediatric radiation dose protocols that abide by the ALARA (as low as reasonably achievable) principles should be used.















Prevention


The majority of pediatric injuries occur in or around motor vehicles, in organized sports, and at home. Significant prevention efforts should be targeted at these locations. In the car, children should be restrained in a rear-facing car safety seat until they are 2 years of age or until they reach the highest weight or height specified by the manufacturer of their carseat. Children should remain in rear-facing seats until they can no longer fit in them. Children who are 2 years of age or older, or those younger than 2 years who have outgrown the rear-facing weight and height limits of their carseat should be restrained forward facing in an appropriate five-point restraint safety seat up to the highest weight or height specified by the manufacturer of the carseat. All children whose weight or height is above the forward-facing limit for their car safety seat should use a belt-positioning booster seat until the vehicle lap-and-shoulder seat belt fits properly, typically when they have reached 4 feet 9 inches in height and are between 8 and 12 years of age. The lap portion of the belt should fit low across the hips and pelvis, and the shoulder portion should fit across the middle of the shoulder and chest.


In sports, specific safety equipment should be provided and appropriately used to protect areas of likely injury for a given sport. For bicycle, skateboard, and scooter use, helmets should be worn at all times, and the use of wrist guards should be encouraged. In organized sports, appropriate supervision and the enactment and enforcement of rules that promote safe play should be mandatory. Safe areas to ride bicycles, fields for playing sports, and places for pedestrians to walk are all important.


At home, specific safety-proofing for a child’s given developmental stage should be encouraged. For example, cabinet-locking devices should be placed on any cabinets holding potential toxins, including cleaning products and medications. Safety gates should be placed on all stairs and doorways to potentially harmful areas of the house. Increased vigilance of children around streets and training of older children in street safety may also decrease the likelihood of injury. Appropriate fences on all four sides with locking gates should isolate swimming pools and hot tubs. Children should never swim alone, and toddlers should always wear life preservers when in or around water even if they have taken swimming lessons.


Injury prevention strategies such as these have led to a greater than 30% reduction in “accidental” deaths in children in the United States in the past 30 years. Times when parents seek medical care for their children for minor injuries can be thought of as “teachable moments” when injury prevention techniques can be discussed with families in the hopes of increasing or maintaining compliance in the future.
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9 Poisoning




Melissa Desai, Fred Henretig





Poisoning is one of the most common medical emergencies in young children and adolescents. Children are exposed to toxic substances more than any other age group. According to the American Association of Poison Control Centers (AAPCC), there were almost 2.5 million total human exposures in 2007, of which 65% were in children younger than 21 years old. Of these exposures, approximately 10% to 15% were intentional and include suicide attempts, and 80% to 85% of them were unintentional and occurred through exploratory behavior, environmental exposure, or neonatal exposure.






Etiology and Pathogenesis


The cause of childhood poisoning can vary dramatically from one case to another, but the most frequent causes are ingestions of readily accessible household products such as cosmetics, hair products, cleaning substances, and analgesics. The most lethal or potentially lethal poisonings, however, are most commonly related to pharmaceuticals, including antimalarials, β-blockers, calcium channel blockers, camphor, antidiarrheals, salicylates, opioids, and tricyclic antidepressants (TCAs).


The mechanism of toxicity varies from one agent to another, yet there are some classic presentations that can be seen with particular ingestions (Table 9-1). Ingestions that can be lethal in small doses are reviewed in more depth here.


Table 9-1 Clinical Manifestations of Selected Toxic Ingestions






	Ingestion

	Clinical Findings






	Acetaminophen

	Nausea, vomiting, anorexia early in course; late findings of jaundice and liver failure






	Antihistamines

	Initially CNS depression but stimulation in higher doses (hyperactivity, tremors, hallucinations, seizures)






	Aspirin

	Tachypnea, respiratory alkalosis, metabolic acidosis, tinnitus, coagulopathy, slurred speech, seizures






	β-Blockers

	Bradycardia, hypotension, coma or convulsions, hypoglycemia, bronchospasm






	Calcium channel blockers

	Bradycardia, hypotension, junctional arrhythmias, hyperglycemia, metabolic acidosis






	Caustics

	Coagulation necrosis (acid) or liquefaction necrosis (alkali), scarring, strictures, burning, dysphagia, glottic edema






	Digoxin

	Nausea, vomiting, visual disturbances, lethargy, electrolyte disturbances, hyperkalemia, prolonged AV dissociation and heart block, arrhythmias






	Disc batteries

	Corrosive when in contact mucosal surfaces






	Ethanol

	Nausea, vomiting, stupor, anorexia; late toxicity: triad of coma, hypothermia, hypoglycemia
Lethal (cardiorespiratory depression) if >400-500 mg/dL (life-threatening hypoglycemia may occur at much lower levels in young children)






	Ethylene glycol

	CNS depression, metabolic acidosis, convulsions and coma, hypocalcemia, renal failure
Laboratory findings: anion gap metabolic acidosis, osmolal gap, urine oxalate crystals






	Hypoglycemic agents

	Hypoglycemia, coma, seizures






	Iron

	Hemorrhagic necrosis of GI mucosa, hypotension, hepatotoxicity, metabolic acidosis, coma, seizure, shock






	Isopropyl alcohol

	Altered mental status, gastritis, hypotension
Laboratory findings: elevated osmolal gap, ketonuria (no metabolic acidosis or hypoglycemia)






	Lead

	Abdominal pain, constipation, anorexia, listlessness, encephalopathy (peripheral neuropathy; rare in children), microcytic anemia






	Methanol

	CNS depression, delayed metabolic acidosis, optic disturbances
Laboratory findings: anion gap metabolic acidosis, osmolal gap






	Tricyclic antidepressants

	Lethargy, disorientation, ataxia, urinary retention, decreased GI motility, coma, seizures
Cardiovascular alterations: sinus tachycardia, widened QRS complex; may progress to hypotension, ventricular dysrhythmias, cardiovascular collapse







AV, atrioventricular; CNS, central nervous systeml; GI, gastrointestinal.


Compiled from Eldridge DL, Van Eyk J, Kornegay C: Pediatric toxicology. Emerg Med Clin North AM 15:283-308, 2007 and Osterhoudt K, Shannon M, Burns Ewald M, Henretig F: Toxicologic emergencies. In Fleisher GR, Ludwig S (eds): Textbook of Pediatric Emergency Medicine, ed 6. Philadelphia, Lippincott Williams & Wilkins, 2010, pp 1171-1223.






Tricyclic Antidepressants


According to the 2007 AAPCC report, antidepressants were the third most common cause of fatalities secondary to poisoning. TCAs, in particular, have a potent anticholinergic effect that can present as mydriasis, urinary retention, and gastroparesis. Death most often occurs from cardiotoxicity, in particular arrhythmias and hypotension. TCAs have a dose-dependent response in that ingestions less than 5 mg/kg are often asymptomatic, but fatalities can be seen with doses of 15 mg/kg and most often with doses greater than 30 mg/kg.









Antimalarials


Although these medications are rarely used in the United States as antiparasitic agents, they are becoming more common in households because some (e.g., hydroxychloroquine) act as second-line antiinflammatory therapy for rheumatoid arthritis and lupus. The toxic effects of antimalarials result from blockage of sodium and potassium channels, which causes subsequent cardiotoxicity, arrhythmia, and hypotension. Respiratory alterations (tachypnea, dyspnea, pulmonary edema, and respiratory failure) as well as central nervous system (CNS) side effects (seizures and coma) are also observed. Chloroquine doses of 5 to 10 mg/kg are therapeutic, but ingestions of 30 to 50 mg/kg can be lethal. Given the dangers of even moderate dose exposures, patients ingesting more than 10 mg/kg should be observed for cardiac dysfunction.









Calcium Channel Blockers and Beta-Adrenergic Blockers


Calcium channel blockers are most often used to treat hypertension, angina, migraines, and glaucoma, and they work by antagonizing L-type voltage-gated calcium channels in vascular smooth muscle and cardiac tissue. By preventing calcium influx into these cells, calcium antagonists cause vasodilatation as well as depression of both myocardial conduction and contractility. In large doses, this can lead to life-threatening bradycardia, heart block, and hypotension. Beta-adrenergic blockers can have similar cardiotoxicity in overdose (Table 9-1).









Camphor


Camphor is a component found in many nasal decongestants and topical anesthetic ointments. It can be toxic by oral ingestion, inhalation, or inappropriate dermal use. If ingested, camphor can cause oropharyngeal irritation, a burning sensation, nausea, and vomiting. It can also have CNS effects of apnea, coma, agitation, anxiety, hallucinations, hyperreflexia, myoclonic jerks, and seizures. Death can occur from doses of greater than 500 mg of camphor and usually results from intractable seizures or respiratory failure.









Salicylates


Aspirin, oil of wintergreen, and Pepto-Bismol all contain various quantities of salicylates. Symptoms of salicylate poisoning include nausea, vomiting, and altered mental status. Additionally there is often a classic laboratory finding of an elevated anion gap metabolic acidosis with a respiratory alkalosis. In severe cases, usually involving doses greater than 150 mg/kg, patients may manifest with agitation, delirium, seizures, pulmonary edema, coma, cardiovascular collapse, or death.









Sulfonylureas


Oral hypoglycemic agents are dangerous because patients may present with a delayed clinical onset of hypoglycemia accompanied with behavior changes, irritability, seizures, weakness, and eventually coma. Toxicity can occur from ingestions of even one or two sulfonylurea pills, and therefore overnight (fasting) observation and glucose monitoring is recommended after ingestion of most sulfonylureas.









Opioids


Opioids are found in analgesics, cough suppressants, and antidiarrheal medications. Ingestions present with a classic triad of respiratory depression, miosis, and CNS depression; death may result from respiratory depression. Children are most commonly exposed to codeine and oxycodone, and medical attention is important for those who ingest codeine in doses greater than 5 mg/kg. Methadone, however, is a longer acting medication and can be toxic in doses as low as 5 mg. Therefore, the AAPCC recommends close observation for opioid-naïve children ingesting more than 5 mg of methadone or any dose of extended-release opioids.









Antidiarrheals


Antidiarrheals often contain opioids (e.g., Lomotil, a combination of diphenoxylate and atropine). The diphenoxylate inhibits gastrointestinal (GI) motility, as can the atropine. The anticholinergic effects of atropine may also cause agitation, tachycardia, dry mucous membranes, facial flushing, and hyperthermia. The expected anticholinergic effect of mydriasis may not be present; rather, miosis may be present from the opioid component. Monitoring for 24 hours after any Lomotil ingestion is recommended because of the risk of delayed or recurrent CNS and respiratory depression (as long as 12-24 hours after ingestion).












Clinical Presentation


Patients with poisonings may present with a wide array of clinical signs and symptoms. Most often, children present with nonspecific signs, including nausea and vomiting, as well as altered mental status. Depending on the exposure, patients may also have burns or rashes, alterations in their respiration, and metabolic changes that are not typically seen in a more common illness. Nevertheless, there are characteristic clinical features, representing in particular altered central and autonomic nervous system findings, which have been termed “toxidromes” (Table 9-2).




Table 9-2 Toxidromes
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Evaluation and Management


As with the management of any patient, the initial focus of a patient with a possible poisoning must begin with the ABCs (airway, breathing, and circulation). The first step is to assess airway patency and reflexes, then breathing (both respiration and ventilation), and finally circulation. For patients with altered mental status, the next step is to determine their disability (e.g., neurologic status using the Glasgow Coma Score) and blood glucose. It is also imperative to place patients on cardiorespiratory monitors so their cardiac and respiratory status can be continually reassessed, as well as obtain frequent vital signs so changes can be detected as early as possible.


After initial stabilization, attention can be turned to discerning what the ingestion may have been; the most fruitful place to turn is a brief and focused history. Some patients may not present with a clear history of poisoning, but rather with an acute illness that does not quite fit with the history. The concern for ingestion should be raised in any child who presents with a suspicious clinical picture, particularly if they are toddlers or adolescents. For observed or highly suspected poisonings, gathering information on the patient with respect to who, what, where, and when the incident or illness onset occurred may lead to uncovering the cause of the poisoning. It is also important to determine a patient’s weight; what medications or chemicals are in the house; the timing of the incident; how much of the toxin was potentially ingested; and where the exposure took place, both in terms of where the patient was at the time and what body part(s) were exposed. Attention must also be paid to a patient’s coexisting medical conditions so they can be appropriately managed as well.


In addition to the history, the physical examination of a patient with a poisoning can be extremely revealing. Close attention to heart rate, respiratory pattern, pupillary response, mental status, abdominal examination, and reflexes can be clues to particular exposures. For example, patients poisoned with stimulants, including cocaine, amphetamines, caffeine, and theophylline, present with mydriasis, tremors, tachycardia, hypertension, tachypnea, hyperthermia, diaphoresis, mania, convulsions, and tachyarrhythmias (Figure 9-1). Poisoning with depressants, on the other hand, including opioids, alcohol, benzodiazepines, and muscle relaxants, can lead to lethargy, decreased responsiveness to verbal and physical stimulation, miosis (especially opioids, barbiturates, and alcohol), bradycardia, hypotension, bradypnea, hypothermia, and coma (see Figure 9-1). Other signs and symptoms characteristic of a particular substance can be characterized as a toxidrome (Table 9-2).
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Figure 9-1 Stimulant and depressant effects.




The laboratory workup should begin with a bedside test for blood glucose, complete blood count, electrolytes, liver function testing, and urinalysis. Studies have shown that urine and serum toxicologic studies are less important emergently but are still often part of a patient’s initial evaluation. Additionally, if agents such as salicylates, acetaminophen, ethanol, methanol, ethylene glycol, digoxin, iron, lithium, or anticonvulsants are suspected, serum drug levels can be helpful for instituting the appropriate therapeutic management of the ingestion. Electrocardiography is essential for patients with arrhythmias or cardiotoxic drug ingestion, and chest radiography may be helpful in patients who have or are at risk of developing aspiration or pulmonary edema.


Treatment of a poisoning is fourfold: patient stabilization, minimizing toxin exposure and absorption, enhancing elimination (when possible), and managing the sequelae of the exposure. There are several methods of minimizing topical and inhaled toxin exposure, including irrigation of exposed eyes, removal of soiled clothing followed by washing of the skin and hair, and movement of the patient to fresh air, as appropriate. Ingested poison absorption may be mitigated by gastric decontamination, but this has raised many controversies with respect to the efficacy and safety of the various decontamination methods. The current recommendations are outlined below.






Activated Charcoal


When necessary, activated charcoal has been shown to be the most effective method of gastric decontamination if administered in a timely manner. A single dose of activated charcoal has its greatest benefit if administered within 1 hour of an ingestion, but it can be useful even several hours later in some situations (e.g., anticholinergic, salicylate, or opioid ingestion with delayed gastric emptying or intestinal motility or significant overdoses of delayed-release medications). Charcoal decontamination should be considered if the toxin is known to adsorb to charcoal, if the patient is at risk for significant toxicity, and if the patient has an intact GI tract. The complications are negligible compared with the other methods of gastric emptying, but aspiration has occurred rarely and can be fatal. Charcoal is not useful for iron, other heavy metals, lithium, alcohols, and cyanide ingestions because these compounds do not bind to charcoal.









Gastric Lavage


Lavage is not routinely used for decontamination because of variable results, lack of evidence with respect to improved outcomes, and significant adverse effects associated with its use. It should be considered when a life-threatening amount of poison has been ingested and if activated charcoal would not provide for sufficient decontamination, as might be the case with large iron or lithium ingestions. To do a lavage, a patient is placed on his or her left side, and a large orogastric tube is placed into the stomach. Fluid is aspirated back, and small aliquots of approximately 15 mL/kg (maximum, 250 mL) of water are administered and then aspirated back until the aspirate is clear. The most likely complications are aspiration, oxygen desaturation, esophageal irritation, and dysrhythmia.









Whole-Bowel Irrigation


This method of decontamination is not routinely recommended, but it is indicated for toxic ingestions of sustained-release or enteric-coated drugs, metals such as iron and lithium, and drug packets that may have a long absorption time or are not bound by charcoal. The intent of whole-bowel irrigation is to prevent absorption of ingested materials by provoking a liquid stool through administration of a large volume (≥1 L) of a polyethylene glycol electrolyte solution at a fast rate, typically via nasogastric tube. It may be effective if used within 4 hours of enteric-coated aspirin ingestion or even up to 12 to 16 hours after the ingestion of some sustained-release medications.









Dilution


The method of using water or milk to dilute a toxin is useful in situations in which local irritation or corrosion can be life threatening, but not for medication ingestions in which dilution may increase dissolution of the toxin and thereby increase absorption. It is only recommended if it can be initiated within the first few minutes after such exposures and only if there is no evidence of airway compromise.









Ipecac


The American Academy of Pediatrics issued a policy statement in 2004 recommending that ipecac no longer be used for home or health care facility decontamination because of the potential harmful side effects and the fact that positive results are so variable. The findings of various studies have ranged between a 0% to 40% decrease in drug absorption if ipecac is used within 1 hour of an ingestion, but the likelihood of administering ipecac in such a short period of time, especially outside of the home, is unlikely. Even if it can be done, the rare side effects of lethargy, diarrhea, persistent emesis, aspiration, and a delay in additional oral therapies are deemed too risky by most authorities to justify the potential positive results.









Cathartics


Neither saccharide (sorbitol) nor saline (magnesium citrate) cathartics have been proven effective in GI decontamination. Some clinicians use cathartics for decontamination as a single dose in conjunction with activated charcoal, but repeat doses may increase diarrhea, cramping, and hypernatremic dehydration. Nevertheless, its efficacy remains equivocal.


Enhancement of toxin elimination is infrequently effective, but it may be lifesaving in select cases. Urine alkalinization is effective in increasing salicylate excretion. Additionally, hemodialysis is used for life-threatening toxicity caused by salicylates, toxic alcohols, lithium, and theophylline.


Some poisonings are amenable to specific antidotal therapy, which may counter the toxin itself or its dangerous metabolites (Table 9-3). Three treatments in particular—oxygen (for any patient with hypoxia, carbon monoxide exposure, or cyanide toxicity), glucose (for hypoglycemia caused by insulin, oral hypoglycemics, ethanol, and so on), and naloxone (for opioid-induced respiratory depression)—are important and safe enough to consider for emergent use as empiric therapy for altered mental status in suspect cases. The local poison control center is another valuable resource to help ensure adequate patient management regardless of the exposure. All poisonings or suspected poisonings should be reported to the local poison control center (800-222-1222) so they can assist with appropriate treatment and monitoring on a case-by-case basis.


Table 9-3 Antidotes and Management of Selected Toxic Exposures






	Ingestion

	Potential Antidote / Other management






	Acetaminophen

	
N-acetylcysteine, activated charcoal within 4 hours






	Antihistamines

	Activated charcoal or WBI for extended-release formulations, anticonvulsants, physostigmine






	Benzodiazepine

	Flumazenil






	β-adrenergic blockers

	Glucagon, activated charcoal if early after ingestion, WBI for delayed-release formulations, atropine, IVF, pressors






	Calcium channel blockers

	Calcium, activated charcoal if early after ingestion, WBI for delayed-release formulations, atropine, IVF, pressors, insulin/glucose






	Carbon monoxide

	100% oxygen, hyperbaric oxygen






	Caustic agents

	ABCs, steroids for esophageal burns (controversial); in-hospital monitoring for mediastinitis, pneumonitis, and peritonitis






	Cholinesterase inhibitors

	Atropine, pralidoxime






	Cyanide

	ABCs, 100% oxygen, sodium nitrite/sodium thiosulfate or hydroxocobalamin






	Digoxin

	Digoxin immune FAb, activated charcoal, electrolyte management






	Disc batteries

	Removal if in esophagus; if below esophagus, watch for 3 days, and if not out, then consult regarding potential removal






	Ethanol

	Respiratory management, correction of hypoglycemia, temperature control, thiamine (in chronic alcoholism)






	Ethylene glycol and methanol

	Ethanol or 4-methylpyrazole if level >20 mg/dL, sodium bicarbonate, calcium, pyridoxine, thiamine, folate, hemodialysis






	Iron

	Deferoxamine, WBI, hemodynamic support for possible GI bleed, management of acidosis, hypoglycemia, and hypotension






	Isoniazid

	Pyridoxine






	Lead

	Chelation with edetate calcium disodium, 2,4-dimercaptopropanol, succimer, and anticonvulsants as needed






	Methemoglobinemic agents

	Methylene blue






	Opioids

	Naloxone






	Salicylates

	Correct electrolytes, fluid resuscitation, urine alkalinization, hemodialysis






	Sulfonylurea

	Dextrose, octreotide






	TCAs

	Sodium bicarbonate to reduce cardiotoxicity, pressor support prn, activated charcoal







ABCs, airway, breathing, and circulation; GI, gastrointestinal; IVF, intravenous fluids; TCA, tricyclic antidepressant; WBI, whole-bowel irrigation.


Compiled and adapted from Larsen LC, Cummings DM: Oral poisonings: guidelines for initial evaluation and treatment. Am Fam Phys 57(1):85-92, 1998 and Osterhoudt K, Shannon M, Burns Ewald M, Henretig F: Toxicologic emergencies. In Fleisher GR, Ludwig S, Henretig FM (eds): Textbook of Pediatric Emergency Medicine, ed 5. Philadelphia, Lippincott Williams & Wilkins, 2006, pp 951-1007.












Future Directions


Childhood poisonings lead to significant morbidity and mortality each year. If each exposure or possible exposure is called into the local poison control center, public health measures can be focused on the areas that currently lead to the most morbidity and mortality with respect to pediatric poisonings. Efforts can then be aimed at reducing such exposures by instituting safety mechanisms on potentially dangerous substances. One such effective innovation was the creation of child-resistant pill bottle caps, which are difficult for young children to open. Additional interventions need to be made to further reduce exposure to the more common household products, including cosmetics, household cleaners, and personal care products, because these currently make up the majority of pediatric poisonings. Furthermore, there exists quite a bit of gray area around issues such as optimal gastric decontamination or antidote therapy. Additional basic and clinical research, tied in with public health efforts, can work to help minimize the morbidity and mortality that currently surround pediatric poisonings.
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10 Neurologic Emergencies




Stephen G. Flynn, Jeffrey A. Seiden





Pediatricians may encounter neurologic emergencies caused by both primary nervous system dysfunction and secondary systemic illness in children with and without underlying neurologic diseases. True neurologic emergencies include acute seizures, altered level of consciousness (ALOC), increased intracranial pressure (ICP), spinal cord compression, and stroke. This chapter focuses on acute seizures (specifically status epilepticus [SE]), ALOC, and the emergent aspects of increased ICP. A detailed discussion of other neurologic disorders is presented in Section XIII.






Status Epilepticus


A seizure is defined as a transient, involuntary alteration of consciousness, behavior, motor activity, sensation, or autonomic function as a result of hypersynchrony and increased rate of cerebral neural discharges (Figure 10-1). Between 3% and 6% of children have at least one seizure in the first 16 years of life. Many seizures are associated with fever. Seizures can occur in individuals with underlying tendencies to seize (i.e., epilepsy) or secondary to other processes that primarily or secondarily affect the central nervous system. Seizures are discussed in detail in Chapter 74.
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Figure 10-1 Seizures.




SE is the most common medical neurologic emergency of childhood and is defined as a group of seizures in rapid succession without remittance or a continuous prolonged episode. Historically, SE had been defined as a seizure that lasted more than 30 minutes. However, in a recent study, first- and second-line medications were effective in terminating seizures in 86% of cases when the duration was less than 20 minutes at presentation and only 15% of cases when it exceeded 30 minutes. As a result, most experts now define SE as a seizure lasting more than 5 minutes in recognition of the importance of rapid recognition and treatment.






Etiology and Pathogenesis


Common to the pathophysiology of all seizures is the hypersynchrony of neuronal discharges. The inciting cause varies and may include metabolic, anatomic, infectious, and primary neurologic processes (see Chapter 74). Uncovering the cause of SE is essential because it guides subsequent evaluation and management of a patient in SE.









Clinical Presentation






History


A brief, focused history should be obtained in the initial evaluation of a seizing patient with the goal of uncovering the precipitating event(s). Important historical features to obtain include recent head trauma, illnesses, fever, exposure to toxins, and current medications. It is important to know if the patient has epilepsy or has seized before, and if so, what antiseizure medications are prescribed, adherence to this regimen, and recent changes to the treatment regimen. Finally, it is important to know what medications, if any, have been given to stop the current seizure. It is important to know whether the seizure is associated with fever because febrile seizures are unique to children 6 months to 6 years of age and may be evaluated and treated differently than seizures not associated with fever (see Chapter 74).









Physical Examination


Clinically, seizures are divided into those with generalized onset and those with partial (focal or localization related) onset. Generalized seizures usually involve the entire cerebral cortex, and consciousness is lost. In generalized tonic-clonic seizures, the child falls to the ground unresponsive, the eyes deviate, the muscles contract, and there may be incontinence of urine or stool. The body then begins to shake rhythmically in the clonic phase. After the seizure, there is a postictal period of decreased responsiveness; occasionally, there may be weakness or paralysis of an area of the body (Todd’s paralysis). Absence seizures are a type of generalized seizure characterized by brief loss of consciousness, typically without loss of posture or tone and no postictal period. Simple partial seizures typically present with focal motor signs, although sensory, autonomic, and psychic phenomena are possible. Unlike generalized seizures, consciousness is typically not impaired in partial seizures.


Other than seizure type, the physical examination in a child in SE should focus on eliciting the cause of the seizure. Fever may be a sign of infection. Meningismus and a toxic appearance can be suggestive of meningitis. A toxidrome may lead the clinician to look for potential toxic ingestions (see Chapter 9). Significant hypertension implies hypertensive encephalopathy. Although a complete neurologic examination is difficult in a seizing patient, focal neurologic signs can suggest intracranial or spinal lesions. The entire body should be examined for signs of trauma. Dysmorphic features may be associated with nervous system abnormalities.












Differential Diagnosis


There are other paroxysmal events that can mimic seizures in children that must be considered in the differential diagnosis. Breath-holding spells occur in children 6 months to 4 years of age and consist of a period of crying resulting from an inciting event, such as trauma, followed by breath holding and ensuing pallor or cyanosis. The child becomes rigid and may have twitching movements but quickly returns to a full level of alertness. Syncope, a brief loss of consciousness and muscle tone, can be differentiated from seizure by history and physical examination (see Chapter 48). Sleep disorders, such as night terrors, benign myoclonus, and sleep paralysis, can mimic seizures.









Evaluation and Management


The initial management of a child with SE includes assessment and support of the patient’s airway, breathing, and circulation (ABCs). The administration of supplemental oxygen is recommended, and intravenous (IV) access should be established. Initial laboratory testing should include basic electrolytes and a bedside glucose test. Children in SE should be protected from trauma, although objects should not be placed in the patient’s mouth to prevent tongue biting.


Children who arrive in the emergency department actively convulsing should be assumed to be in SE and given pharmacologic agents to stop the seizure. If hypoglycemia is present, 0.5 g/kg of IV dextrose should be given using the “rule of 50s” (multiply the volume of fluid in mL/kg by the concentration of dextrose to equal 50, e.g., 2 mL/kg of 25% dextrose in water, 5 mL/kg of 10% dextrose in water). Other electrolyte abnormalities should be addressed as well. Hyponatremia, hypocalcemia, and hypomagnesemia can all result in seizure. Patients with hyponatremia (usually <125 mEq/L) are treated with 3 to 5 mL/kg of 3% saline IV, hypocalcemia with 0.3 mL/kg of 10% calcium gluconate IV, and hypomagnesemia with 50 mg/kg of magnesium sulfate IV.


Benzodiazepines are the first-line anticonvulsant medications for treating children with SE (Table 10-1). IV lorazepam is usually preferred, but if IV access is not available, midazolam can be given via the buccal or intramuscular route or diazepam can be administered rectally. Although these agents have similarly rapid onsets of action, lorazepam lasts much longer than other benzodiazepines (≤12-24 hours). As a result, one must be mindful to administer another agent for long-term seizure control when using other benzodiazepines as a first-line agent. If the patient does not have seizure remittance after benzodiazepine administration, phenytoin (or fosphenytoin) is widely considered the next anticonvulsant agents to use. Although phenobarbital has been used as a second-line agent in SE, phenytoin is preferred because by acting on voltage-gated sodium channels, its mechanism of action is different than lorazepam. Lorazepam and phenobarbital, on the other hand, are both GABA (γ-aminobutyric acid) receptor agonists. Phenobarbital and some newer anticonvulsant medications, such as levetiracetam, are considered third-line agents for SE. Consultation with a pediatric neurologist and/or pediatric intensivist are warranted when treatment beyond benzodiazepines is used.


Table 10-1 Suggested Treatment Algorithm for Status Epilepticus






	Immediately

	


Benzodiazepine:


IV lorazepam (0.1 mg/kg up to 4 mg)



or




PR diazepam (0.5 mg/kg up to 10 mg)



or




IM midazolam (0.2 mg/kg up to 5 mg)



or




Buccal midazolam (0.5 mg/kg up to 10 mg)












	5 minutes

	Repeat benzodiazepine dose






	10 minutes

	IV phenytoin or fosphenytoin (20-30 mg/kg)






	20 minutes

	


Consult neurology or PICU



Consider third-line agents:


Phenobarbital



Valproate



Levetiracetam













IM, Intramuscular; IV, intravenous; PICU, pediatric intensive care unit; PR, per rectum.












Altered Level of Consciousness


Consciousness is the state of being awake and aware of one’s self and surroundings. Alteration of this state may signify severe, life-threatening pathology. The most extreme form of ALOC is coma, in which one has a complete lack of awareness and responsiveness. Lethargy is a depressed state of consciousness resembling deep sleep; the patient can be aroused but quickly returns to this state without stimulation. Obtundation refers to a profoundly decreased response to external stimuli. These terms are somewhat subjective, and several schemas to quantify level of consciousness are used clinically, including the AVPU (awake, verbal, pain, unresponsive) scale (see below under Management) and the Glasgow Coma Score (see Chapter 8).






Etiology and Pathogenesis


ALOC occurs when there is dysfunction of the reticular activating system in the brainstem and pons, which is responsible for wakefulness, or the cerebral hemispheres, which are responsible for awareness. For these structures to function properly, the nervous system needs to be free from abnormal irritation, body temperature needs to be in the normal range, adequate blood flow needs to exist to these areas to bring vital energy-producing substrates, and the body needs to be free of metabolic waste products or toxins. Whenever there is an alteration in one of these factors, ALOC ensues. There are myriad causes for the aforementioned alterations in consciousness. The mnemonic VITAMINS outlines the most prevalent causes (Table 10-2).


Table 10-2 Causes of Altered Level of Consciousness (“VITAMINS”)






	
Vascular

	Stroke, AVM, venous thrombosis






	
Infection

	Meningitis, encephalitis, brain abscess, sepsis






	
Trauma

	Subdural hematoma, epidural hematoma, concussion, cerebral edema, cerebral contusion






	
A lot of toxins

	Opioids, anticholinergics, TCAs, salicylates, anticonvulsants, sedatives






	
Metabolic derangements

	Hypoglycemia, DKA, hyperammonemia, uremia, hypo- or hypernatremia, hypo- or hypercalcemia, hypo- or hypermagnesemia, metabolic acidosis, liver failure






	
Intussusception

	ALOC may predominate early in some cases






	
Neoplasm

	Increased ICP, direct effect of brainstem tumors






	
Seizure

	Status epilepticus, postictal phase







ALOC, altered level of consciousness; AVM, arteriovenous malformation; DKA, diabetic ketoacidosis; ICP, intracranial pressure; TCA, tricyclic antidepressant.









Evaluation and Management


The initial management of ALOC includes assessment and support of the patient’s ABCs. This is followed by a detailed history that may help narrow the differential diagnosis. Questions should focus on the patient’s past medical history (e.g., diabetes mellitus, epilepsy) as well as the circumstances surrounding the onset of symptoms (e.g., head trauma, possible toxin ingestion, presence of fever). Specific questions about physical signs and symptoms such as headache, irritability, vomiting, gait disturbances, and behavioral abnormalities should also be asked.


Subsequent examination of the patient begins with a global neurologic assessment using the AVPU scale or the Glasgow Coma Scale and an evaluation of vital signs, including core temperature. Pupillary response can provide important clues to the underlying cause of ALOC. A unilateral dilated pupil can indicate mass effect and increased ICP, and bilateral enlarged pupils might represent severe global intracranial dysfunction or an ingestion of sympathomimetic or anticholinergic substances. Pinpoint bilateral pupils may result from ingestion of opiates. The patient should next be examined for signs of head trauma such as scalp hematoma, retinal hemorrhage, hemotympanum, cerebrospinal fluid (CSF) otorrhea or rhinorrhea, postauricular hematoma, periorbital hematoma, and other visible signs of head injury. Evaluation for infection, especially in the setting of fever, should include testing for meningeal irritation using Kernig’s (resistance to bent knee extension with the hip in 90 degrees flexion) and Brudzinski’s (involuntary knee and hip flexion with passive neck flexion) signs (Figure 10-2). Other stigmata of infectious causes for ALOC include petechiae or purpura found in patients with meningococcal sepsis.
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Figure 10-2 Kernig’s and Brudzinski’s signs.




Laboratory evaluation of patients with ALOC should be determined based on the most likely causes. A bedside glucose test along with basic electrolytes, blood urea nitrogen, and creatinine can uncover correctable metabolic derangements. Blood gas analysis, complete blood count with differential, and toxicologic screening of blood and urine may also be helpful. An empiric trial of the opioid antagonist naloxone should be considered in patients with unexplained ALOC, especially with associated respiratory depression and miosis, and in toddler or adolescent patients because of their higher risk of poisoning (see Chapter 9). Brain imaging is helpful in revealing possible hemorrhage, malignancy, abscess, hematoma, cerebral edema, and hydrocephalus. A high index of suspicion for nonaccidental trauma must be maintained, especially in infants with ALOC, even in the absence of physical signs of injury. If fever or other signs of CNS infection are present, lumbar puncture is warranted, and empiric antibiotic therapy with a third-generation cephalosporin (e.g., cefotaxime) should be started, with other antibiotics, such as ampicillin or vancomycin, added if indicated by age and clinical situation. Electroencephalography (EEG) may also be necessary to evaluate for nonconvulsive seizures in patients with ALOC. Ultimately, definitive treatment depends on the results of the diagnostic evaluation.












Increased Intracranial Pressure






Etiology and Pathogenesis


Elevated ICP in children is most often a complication of traumatic brain injury. Other common causes include hydrocephalus, brain tumors, and intracranial infections. Prompt recognition and treatment of increased ICP is vital to avoid morbidity and mortality. The intracranial compartment is a fixed internal volume composed of brain parenchyma (80%), CSF (10%), and blood (10%) protected by the skull. ICP is a function of the volume and compliance of each component. The Monro-Kellie doctrine states that because the intracranial compartment is a fixed space, an increase in volume of one compartment requires displacement of other structures, an increase in ICP, or both. Cerebral blood flow must be maintained to provide oxygen and nutrients for metabolic activity. Cerebral perfusion pressure (CPP) is used clinically to define the adequacy of cerebral perfusion. It is defined as:
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Normal CPP in children can be estimated to be around 50 to 60 mm Hg based on normal ICP of less than 20 mm Hg and mean arterial pressure (MAP) greater than 70 to 80 mm Hg. Inadequate CPP caused by systemic hypotension or elevated ICP may result in ischemic brain injury. Therefore, management of increased ICP must take into account the ultimate goal of maintaining CPP.









Clinical Manifestations


Children with increased ICP may present with headache, decreased consciousness secondary to increased pressure in the midbrain reticular formation, or vomiting. Headache is an early symptom and is typically characterized by a progressive increase in frequency and severity, nocturnal awakening, and worsening with Valsalva maneuvers (cough, defecation, micturition). Infants may present with a bulging fontanelle, poor feeding, lethargy, and flat affect. Funduscopic examination may reveal papilledema, but the absence of this finding does not rule out increased ICP, especially if it has developed acutely (Figure 10-3). The presence of retinal hemorrhages should raise suspicion for nonaccidental head trauma (e.g., shaken baby syndrome; see Chapter 12). Infants may have a “sun-setting” appearance of their eyes, split sutures, or a bulging fontanelle. Dilated pupils (unilateral or bilateral) may be present along with cranial nerve palsies (most commonly the third and sixth nerves). Such cranial nerve palsies can cause double vision and head tilt as the patient tries to correct for the visual discrepancy. Hemiparesis, hyperreflexia, and hypertonia are late signs of increased ICP. Development of Cushing’s triad (bradycardia, systemic hypertension, and irregular respirations) is a late indication of impending cerebral herniation, with bradycardia being the earliest feature.
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Figure 10-3 Signs of increased intracranial pressure.











Evaluation and Management


The initial management of a child with suspected increased ICP includes assessment and support of the patient’s ABCs. Endotracheal intubation should be considered if there is concern for loss of airway protective reflexes, severe hypoxia or hypoventilation, or acute cerebral herniation. Hyperventilation (goal PaCO2 of 30-35 mm Hg), which leads to cerebral vasoconstriction and decreased cerebral blood flow, should be performed to acutely decrease ICP in the case of acute herniation. However, overly aggressive hyperventilation may lead to ischemic injury. Especially in cases of head injury and multisystem trauma, MAP must be supported to preserve CPP. After initial hemodynamic stabilization has been achieved, the patient should undergo computed tomography (CT) of the brain, which may reveal an underlying cause for the increased ICP. It is important to remember that ICP can be elevated in the setting of a normal initial CT. In one study, 33% of patients with initially normal head CTs developed CT scan abnormalities within the first few days after closed head injury. Thus, close monitoring in an intensive care unit is necessary for patients with suspected increased ICP.


Pharmacologic therapy may be warranted in the management of suspected increased ICP. Recalling the goal of preserving CPP, one must address both ICP and MAP when deciding on appropriate management strategies. Early neurosurgical consultation is mandatory. Medical management might include the following:



1. Medications that decrease ICP:


a Mannitol: Mannitol establishes an osmotic gradient between plasma and brain parenchyma, leading to a net reduction in brain water content. Because mannitol is an osmotic diuretic, one must be careful to avoid hypovolemia with resultant hypotension, which may lead to an overall decrease in CPP despite improving ICP.



b Hypertonic saline: IV hypertonic saline establishes an osmotic gradient that reduces brain water content, thus decreasing ICP. Hypertonic saline is not a diuretic, so it does not carry the same risk of hypovolemia and hypotension. As a result, many prefer its use over mannitol in cases of traumatic injury.



c Corticosteroids: Corticosteroids may be helpful in decreasing vasogenic edema secondary to their antiinflammatory effects. However, their effects are delayed and have not been proven to be useful in the setting of acute traumatic brain injury. Corticosteroids may be helpful in the initial management of increased ICP resulting from a mass lesion.



d Barbiturate coma: Pentobarbital is used when other drug modalities have failed in ICP reduction. It decreases metabolic rate and demand for CBF, thus lowering ICP. However, cardiac suppression may result and cause hypotension, which needs to be addressed with isotonic fluids and inotropic agents.






2. Rapid correction of hypoxia, hypercarbia, and hypotension: Supplemental oxygen should be administered to increase tissue oxygenation and prevent ischemic injury. Normal saline should be administered to maintain adequate MAP; pressor support may be necessary if IV fluids are not sufficient.



3. Elevation of the head of the bed to 30 degrees: This maneuver lowers ICP by encouraging venous drainage. However, greater degrees of elevation may result in a decrease in CPP.



4. Antipyretics and cooling blankets: Fever increases cerebral metabolism, thereby increasing CBF and increasing ICP.



5. Administration of prophylactic anticonvulsants for patients at high risk of seizure (severe traumatic brain injury, depressed skull fracture, or parenchymal abnormality). Some of these agents, such as IV phenytoin, may result in systemic hypotension, so blood pressure should be carefully monitored during and after their administration.



6. Maintenance of analgesia to blunt response to pain stimuli.




7. Tight control of blood sugar levels: Hyperglycemia has been shown to lead to poorer outcomes in children with increased ICP. Hypoglycemia in infants and children may also result in poorer outcomes as less substrate for metabolic demand is delivered to brain parenchyma already at risk for ischemic injury.
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11 Apparent Life-Threatening Event and Sudden Infant Death Syndrome
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Apparent Life-Threatening Event


Apparent life-threatening events are frightening events often of sudden onset, affecting predominantly young infants. A National Institutes of Health (NIH) consensus conference in September 1986 defined an apparent life-threatening event (ALTE) as “an episode that is frightening to the observer and that is characterized by some combination of apnea (central or occasionally obstructive), color change (usually cyanotic or pallid but occasionally erythematous or plethoric), marked change in muscle tone (usually marked limpness), choking, or gagging. In some cases, the observer fears that the infant has died.”


The community incidence of ALTE has been reported as 2.4 to 9.4 per 1000 live births. It accounts for 0.6% to 1% of emergency department (ED) visits by infants. The median age of infants with ALTE is about 50 days. The incidence is similar in boys and girls.






Etiology and Pathogenesis


The most frequently identified problems associated with an ALTE are digestive (≈50%, most commonly gastroesophageal reflux [GER]), neurologic (30%), respiratory (20%), cardiovascular (5%), metabolic and endocrine (<5%), and diverse other problems (including child abuse). However, up to 50% of cases remain unexplained. The presence of a condition capable of causing ALTE does not equal causation in an individual case. This is particularly true of GER. A study of a cohort of infants with both apnea and GER found that episodes of apnea were seldom associated with GER. However, in instances where they were associated, the predominant sequence of events was obstructive or mixed apnea followed by reflux.









Clinical Presentation


ALTE is a presenting complaint and not a diagnosis. It represents a heterogeneous group of potential underlying disorders. As the NIH definition indicates, it encompasses a broad range of conditions, varying from choking or gagging to obstructive apnea to central apnea.


Because ALTE is a diagnosis based on symptomatology rather than pathophysiology, the differential diagnosis and recommended medical evaluation can be broad. A careful history is often the most helpful part of the evaluation. Determination of whether the infant has been chronically ill or previously well is of utmost importance because a history of previous similar episodes, failure to thrive, poor feeding, and prematurity may provide important clues as to an identifiable cause for the observed symptoms.


A clear description of the event from the caregiver who witnessed the event often contains valuable insight into an underlying cause. Normal infant behaviors such as irregular breathing during REM (rapid eye movement) sleep, periodic breathing, respiratory pauses (5–15 sec), and transient coughing or gagging during feeding may be misinterpreted as abnormal behavior. It is important to carefully use the history and physical examination to distinguish these normal behaviors from underlying pathology.


Infection, gastrointestinal pathology, toxic ingestion, metabolic decompensation, and trauma (both accidental and nonaccidental) are among some of the serious conditions that may initially be identified as an ALTE. Chronic conditions may also present initially as an ALTE (Box 11-1).





Box 11-1


Conditions That May Present Initially as Apparent Life-Threatening Event






• Infections: sepsis, meningitis, encephalitis, urinary tract infection, respiratory tract infections (most notably RSV and pertussis)



• Gastrointestinal: volvulus, intussusception, gastroesophageal reflux, swallowing incoordination



• Toxic exposure: unintentional or intentional ingestion, carbon monoxide poisoning



• Metabolic decompensation: inborn errors of metabolism, endocrinopathies or electrolyte imbalances



• Trauma (accidental or nonaccidental): suffocation, aspiration, inflicted injury



• Cardiac: arrhythmias, cardiomyopathies



• Respiratory: abnormalities of respiratory control, upper airway obstruction, vocal cord dysfunction, laryngotracheomalacia, vascular ring



• Neurologic: central hypoventilation syndrome, seizure or apnea associated with Chiari or other hindbrain malformation



• Genetic: congenital anomalies


RSV, respiratory syncytial virus.












Evaluation and Management


Diagnostic evaluation and the need for laboratory or radiographic studies should be directed by a thorough history and physical examination. The importance of a detailed history and examination was highlighted in a 2005 study that found the diagnosis of ALTE was suggested or made by historical or physical examination findings in approximately 70% of cases.


Both the caretaker who witnessed the episode and any emergency personnel or first responders involved in the case should be interviewed. Key historical elements include:



• State immediately preceding the event: Was the child asleep, awake or crying?



• Position: Was the infant prone, supine, in a car seat, or being held by the caregiver?



• Relationship to feeding: How many hours or minutes had elapsed since the last feeding? Is there any history of emesis, gagging or choking?



• Respiratory effort: Did the infant seem to be struggling to breathe or choking? Was there an increased or decreased respiratory effort? Was there complete cessation of breathing, and if so, for how long?



• Color: Did the child appear cyanotic, pallid, grey, red, or purple?



• Tone: Did the infant appear limp, rigid, or demonstrate tonic or clonic movements?



• Noise: Did the infant cough or have stridor? Was there crying or gasping? Did the infant make any sound at all?



• Eyes: Were the infant’s eyes open or closed? Did they appear to be dazed, staring, rolling, or bulging?



• How long did the event last: Seconds versus minutes? Witnessing an ALTE is frightening to the observer because the infant’s life may be perceived to be in danger. Thus, seconds may seem like minutes. It is often helpful to count out the seconds or minutes to provide a reference point for comparison.



• Did the event require intervention: Did the infant spontaneously return to his or her behavioral baseline? Was gentle or vigorous physical stimulation required? Were rescue breaths given? Did the infant receive cardiopulmonary resuscitation (CPR) by the caregiver or medical personnel?


A careful physical examination should pay particular attention to any abnormalities identified when obtaining the history. Growth parameters, including height, weight, and head circumference should be obtained and compared with age- and gender-appropriate standards. A comprehensive set of vital signs, including body temperature, heart rate, respiratory rate, and pulse oximetry should be obtained. During both the history and physical examination, it is also important to observe the interaction between the caregiver and the infant, as nonaccidental trauma is part of the differential diagnosis.


There is no consensus statement on what laboratory or radiographic studies to obtain for infants presenting with ALTE. Thus, further diagnostic testing should be based on the information obtained during the initial history and physical examination. A retrospective study of ED evaluation of infants presenting with ALTE showed that of the 81% of the patients who underwent some diagnostic test in the ED, fewer than 3% had a positive result. Infants presenting with ALTE do not routinely require evaluation for serious bacterial infections. In well-appearing infants, blood culture and cerebrospinal fluid studies may not be needed. This evaluation may, however, be considered if there are clear signs of infection and should include viral studies.


Multichannel polysomnography may be helpful in infants with recurring ALTEs or infants who experience a particularly severe episode without an identifiable cause or explanation. This test typically spans the course of 12 to 24 hours and includes:



1. Measurement of thoracic and abdominal wall movement to evaluate for the presence of obstructive apnea



2. Electrocardiography to evaluate for the presence of arrhythmia and heart rate (especially bradycardia) in the presence of apneic events



3. Pulse oximetry



4. Airflow sensors (thermistors that sense alterations in heat exchange and end-tidal CO2 monitoring)



5. When indicated by history:


a Esophageal pH monitoring to evaluate for GER



b EEG to evaluate the sleep–wake state of the infant and for underlying signs of seizure activity





Polysomnography may assist in identifying the underlying cause of an ALTE; however, it cannot predict the risk of future ALTE episodes or of sudden infant death syndrome (SIDS).


Infants with an ALTE have historically been considered a high-risk group for sudden subsequent death with most reports recommending a mandatory period of inpatient observation. More recent studies have, however, found the natural history of an ALTE to be more benign and have questioned its association with SIDS. In a recent prospective study that enrolled 300 infants with ALTE, no infant died during hospital stay or within 72 hours of discharge. None was diagnosed with serious bacterial infection (bacterial meningitis, bacteremia, or urinary tract infection). Only 12% of infants in this cohort had a significant intervention warranting hospital admission, thus questioning the need for mandatory admission for all infants presenting to EDs with ALTE. Criteria predicting an admission that was truly warranted were prematurity, absence of history of choking, color change to blue, and abnormal examination findings in the ED. Inpatient observation with cardiorespiratory monitoring should also be considered in cases in which concern for continued physiologic compromise exists or if the event is so distressing to the caregiver that a brief period of observation in the ED is not sufficient to alleviate his or her fears. Specific medical or surgical treatment should be reserved for infants with an identifiable cause. In all cases of ALTE episodes requiring hospital admission, the caregivers should receive appropriate training in infant CPR.






Home Apnea Monitoring


According to the 2007 American Academy of Pediatrics (AAP) Policy Statement on Home Apnea Monitoring, home cardiorespiratory monitoring should not be prescribed to prevent SIDS in healthy term infants with or without a history of ALTE. However, cardiorespiratory monitoring may be warranted for premature infants who are at high risk of recurrent episodes of apnea, bradycardia, and hypoxemia after hospital discharge. The current recommendation is to limit the use of home monitoring in this population to approximately 43 weeks postmenstrual age or after the cessation of extreme episodes, whichever comes last. Additionally, home monitoring may be warranted for infants who are technology dependent, have unstable airways, or have chronic lung disease. In all of these cases, parents should be advised that home cardiorespiratory monitoring has not been proven to prevent sudden unexpected deaths in infants.












Future Directions


More research is needed to define the pathophysiology of ALTE. Larger, multicenter, prospective studies are needed to better define the characteristics of the very small subgroup of infants with ALTEs who may have an associated serious bacterial or viral infection (such as enteroviral meningitis), so that invasive testing can be better targeted. In addition, larger studies are needed to validate history and examination findings that predict significant intervention during hospital stay, and thus warrant admission to the hospital.












Sudden Infant Death Syndrome


SIDS is defined as the sudden death of an infant younger than 1 year of age during sleep whose cause remains unexplained despite a complete investigation, including history, examination, autopsy, and death scene investigation. Babies with SIDS appear to be healthy before death. Because most SIDS deaths occur while the infants are sleeping, the disorder is also referred to as “crib death” or “cot death.”


SIDS is the leading cause of infant mortality between 1 month and 1 year of age in the United States. In a study by the National Institute of Child Health and Development, the median age for SIDS deaths was 11 weeks; the peak incidence was between 2 and 4 months, and 90% occurred before 6 months of age. The SIDS rate in industrialized countries varies from 0.1 to 0.8 per 1000 infants. Preterm infants are at a higher risk for SIDS than term infants, with the postmenstrual age of peak vulnerability for SIDS occurring 4 to 6 weeks earlier among preterm than term infants. The risk of SIDS is also higher among African American and American Indian babies, in infants born to women who smoked during pregnancy, infants born to very young women, and in male infants.






Etiology and Pathogenesis


The most recent research suggests that SIDS is a polygenic, multifactorial condition inclusive of genetic, environmental, behavioral, and sociocultural factors. Well-established extrinsic risk factors for SIDS include prone sleep positioning; use of pillows, soft mattresses, or blankets in cribs; sleeping on sofas or other soft furniture in which the infant could become wedged; bed sharing; high ambient temperature in the sleeping environment; and prenatal and postnatal exposure to tobacco (Figure 11-1).
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Figure 11-1 Risk factors for SIDS.




For many years, an ATLE was believed to be the predecessor of SIDS. This led to the widespread use of home apnea monitors in an attempt to prevent SIDS. However, studies such as the Collaborative Home Infant Monitoring Evaluation (CHIME) have demonstrated that ALTE neither precedes nor predicts SIDS. This has led to a change in focus from home apnea monitoring to the proven efficacy of the prevention methods outlined below.
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Two-handed technique

Three fingers are used to gently pull the mandible
up into the mask using a gentle jaw thrust rather
than pushing the mask down into the face.

One-handed technique
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Awake Rate  Mean Rate
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Newborn to 85-205 140 80-160
3 months
3monthsto 100190 130 75-160
2 years
2 years to 60-140 80 60-90
10 years
>10 years 60-100 75 5000

Adapted from American Academy of Pediatrics and American Heart
Association: Pediatric Advanced Life Support. Dallas, TX, American
Heart Association Publication. 2006.
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