ANSWERS Board Review Quiz – September 2009

CRITICAL/EMERGENCY CARE AND PHARMACOLOGY

1. Question 41 (2009)
You are evaluating a 20-month-old boy who has a rectal temperature of 106°F (41.1°C) and a history of coughing. His mother reports that the child has had a decrease in activity and eating over the past 2 days. On physical examination, the boy appears moderately ill but is alert and easily interacts with you. He occasionally grunts, has a heart rate of 140 beats/min, and has a respiratory rate of 55 breaths/min. His neck is supple, he is circumcised, and he has no evidence of otitis media.

Of the following, the BEST initial test in the evaluation of this child is

a) chest radiography

b) C-reactive protein measurement
c) erythrocyte sedimentation rate
d) lumbar puncture
e) urinalysis
ANSWER:  A

Physical examination, a detailed history, and direct observation can help the clinician recognize up to 90% of children who have a serious illness. Carefully selected laboratory and diagnostic tests can enhance the detection of invasive bacterial infections in children who have fever. Infants younger than 3 months of age who present with a fever are at high risk of invasive bacterial infection due to their still-developing immune system. Specific high-risk factors, including a history of prematurity, evidence of an abnormally elevated or depressed white blood cell count, a focal source of infection such as otitis media or soft-tissue infection, or abnormal chest findings on radiography are associated with serious bacterial infection in almost 25% of cases. Infants younger than 3 months of age who do not have such high-risk factors still have a nearly 3% incidence of a serious bacterial infection. Infants between the ages of 3 months and 3 years remain at risk for serious bacterial infections, with reports of a 3% incidence of bacteremia associated with a temperature of 102.2°F (39.0°C) and 7% with a temperature of 104.0°F (40.0°C). A temperature higher than 105.8°F (41.0°C) frequently is associated with invasive bacterial infection.

The child described in the vignette has both an elevated temperature and signs and symptoms suggestive of a primary respiratory infection that make chest radiography the best initial diagnostic test. A lumbar puncture can be deferred because of the patient's age and appropriate interaction with the examiner. The patient's age, sex, and circumcised status make a urinary tract infection unlikely; as a result, urinalysis also could be deferred pending results of chest radiography. Positive urinalysis can be suggestive of a urinary tract infection, but a urine culture remains the definitive test when a urinary tract infection is suspected. Elevated erythrocyte sedimentation rates and C-reactive protein measurements are indicative of the presence of acute inflammatory processes, but they are nonspecific findings. Their elevation in young children who have fever may be useful in guiding the clinician toward additional studies in selected children.
2.  Question 73 (2009)
An 18-month-old boy fell into a swimming pool 12 hours ago. He had no heart rate when he was pulled from the pool, and cardiopulmonary resuscitation (CPR) was initiated at the scene. The CPR was continued for 30 minutes until spontaneous circulation was restored in the emergency department. He is now in the pediatric intensive care unit, receiving mechanical ventilation with maximal intensive care support. Over the past several hours, his blood pressure has increased, he has developed persistent bradycardia, and he exhibits no movement in response to stimulation. He has not received any neuromuscular blockers or sedation. In addition, his pupils are dilated bilaterally and do not respond to light. Bedside electroencephalography demonstrates generalized burst suppression with loss of reactivity to external stimuli.

In discussion with his parents, you inform them that these recent changes are MOST likely a result of

a) agitation
b) increasing intracranial pressure
c) myocardial failure
d) ongoing seizure activity
e) physiologic response to the ventilator
ANSWER:  B

Hypoxic-ischemic injury, which occurs after periods of impaired perfusion, such as with cardiopulmonary arrest, produces a broad spectrum of organ failure. Unfortunately, the brain is one of the organs most vulnerable to decreased oxygen and nutrient delivery, and hypoxic-ischemic central nervous system (CNS) injury is common following asphyxia. Irreversible CNS injury may occur after as little as 3 to 5 minutes of interrupted blood flow or oxygen delivery. Both ischemia and hypoxia trigger numerous pathophysiologic processes that result in cellular injury, cell death, and subsequent development of cerebral edema that compromises blood flow to adjacent areas of the brain. These areas are initially either potentially recoverable or uninjured but at risk due to impaired perfusion.

The boy described in the vignette is exhibiting evidence of increased intracranial pressure due to significant global hypoxic-ischemic injury. His hypertension and bradycardia represent the Cushing reflex (the raising of systemic arterial pressure to increase cerebral perfusion with associated stimulation of the carotid bodies and subsequent bradycardia). Cushing triad (systemic arterial hypertension, bradycardia, and depressed or irregular respirations) is a late sign of increased intracranial pressure that often develops just prior to cerebral herniation. The lack of spontaneous movements and dilated, unresponsive pupils described for the boy are consistent with severe CNS injury and a poor outcome.

Agitation or pain due to underlying injuries, ventilator asynchrony, or anxiety can produce hypertension, but this typically is associated with tachycardia and increased motor movements. Myocardial hypoxic-ischemic injury normally is manifested by decreased ventricular function and hypotension. Although patients who have hypoxic-ischemic injuries are at risk for the development of seizures, the electroencephalographic findings in this patient are consistent with a severe hypoxic-ischemic encephalopathy and portend a poor prognosis. Abnormal motor movements or vital signs in combination with neurologic examination results that are not consistent with a known cause should prompt the consideration of seizure and subsequent evaluation and treatment.
3.  Question 165 (2006)
A 1 year old boy who has suffered intracranial bleeding as a result of a fall is being treated for increased intracranial pressure in the intensive care unit.  He has had several episodes of bradycardia and decreased blood pressure.  Laboratory studies reveal a sodium concentration of 126 mEq/dL (126 mmol/L) and potassium concentration of 5 mEq/dL (5 mmol/L).  These laboratory results raise your concern about the possibility of syndrome of inappropriate secretion of antidiuretic hormone (SIADH) or primary adrenal insufficiency.  You obtain a specimen to measure serum cortisol and ACTH, but the results will not return until tomorrow.  

Of the following, the urine electrolyte findings that indicate primary adrenal insufficiency BEST are

a) Urine Sodium 70, Urine Potassium 5
b) Urine Sodium 5, Urine Potassium 60
c) Urine Sodium 40, Urine Potassium 40
d) Urine Sodium 80, Urine Potassium 40
e) Urine Sodium 40, Urine Potassium 90
ANSWER:  A

Primary adrenal insufficiency is a deficiency of both cortisol and aldosterone.  Aldosterone acts on the renal tubule to enhance the reabsorption of sodium and the excretion of potassium.  In the absence of aldosterone, urine sodium is lost and potassium is retained.  The syndrome of inappropriate secretion of antidiuretic hormone (SIADH) leads to variable excretion of sodium and potassium, but always in the form of a relatively concentrated urine.  With SIADH, the urine osmolality is concentrated inappropriately.  In contrast, cortisol and aldosterone deficiency lead to the production of relatively dilute urine.  Because cortisol and aldosterone deficiency cause decreased vascular volume, vasopressin is elevated when adrenal insufficiency is prolonged, but the tubule does not respond by retaining sodium.

Elevated sodium and minimal potassium concentrations in the urine are consistent with primary adrenal insufficiency or aldosterone deficiency.  Excretion of potassium in more or less equimolar or greater amounts than sodium is not possible in the absence of a mineralocorticoid such as aldosterone.  Nonetheless, it can be difficult to differentiate between adrenal insufficiency and SIADH in the intensive care setting.  Sometimes a trial of treatment with hydrocortisone permits clarification of the underlying pathophysiology.  

The treatment of cortisol insufficiency is a rapid intravenous infusion of hydrocortisone or, if not available, a synthetic glucocorticoid.  If the patient responds with an increase in heart rate and improved blood pressure, sodium repletion with normal saline should cause a rapid reversal of the abnormal clinical and laboratory electrolyte findings.  If ACTH deficiency alone is present (secondary adrenal insufficiency), aldosterone will not be absent, and the patient’s response to hydrocortisone infusion should be complete.  Loss of electrolytes in the urine is caused by the release of vasopressin because of decreased intravascular volume.  There is no potassium retention.

Fluid restriction is the treatment of choice for isolated SIADH.  On rare occasions, infusion of saline with furosemide is required to return serum sodium concentrations to normal.  A clinical decision based on urine electrolyte levels and the response to intravenous hydrocortisone is mandated to develop an appropriate treatment regimen.
