ANSWERS  Board Review Week of October 19, 2009 – FLUIDS AND ELECTROLYTE METABOLISM

1.  Question 121 (2009)
You are evaluating a 1-year-old girl who was admitted to the pediatric intensive care unit following 3 days of diarrhea and decreased oral intake. Her heart rate is 160 beats/min, respiratory rate is 30 breaths/min, blood pressure is 70/40 mm Hg, and she has weak peripheral pulses. An arterial blood gas evaluation on room air reveals pH of 7.08, Paco2 of 25 mm Hg, Pao2 of 100 mm Hg, and HCO3 of 5.0 mEq/L (5.0 mmol/L). Initial electrolyte values are: sodium of 130.0 mEq/L (130.0 mmol/l), potassium of 4.0 mEq/L (4.0 mmol/L), chloride of 95.0 mEq/L (95.0 mmol/L), bicarbonate of 6.0 mEq/L (6.0 mmol/L), and glucose of 100.0 mg/dL (5.6 mmol/L).

Of the following, the MOST appropriate initial therapy is

a) 5 mcg/kg per minute dopamine infusion

b) 1 mEq/kg intravenous potassium chloride

c) 1 mEq/kg intravenous sodium bicarbonate

d) 20 mL/kg intravenous 0.9% sodium chloride

e) 1 unit/kg intravenous insulin
ANSWER:  D

The child described in the vignette demonstrates severe metabolic acidosis, normally defined as a pH of less than 7.10 or serum bicarbonate concentration of less than 8.0 mEq/L (8.0 mmol/L), with partial respiratory compensation. Severe metabolic acidosis is a medical emergency that requires urgent intervention via an organized approach. Because this patient's respiratory drive, oxygenation, and ventilation are adequate, therapy to correct the metabolic acidosis and its underlying cause should be the first priority.

Volume repletion using isotonic fluids (such as normal saline) at an initial dose of 20 mL/kg is the first-line therapy to correct metabolic acidosis. Administration of 1 mEq/kg sodium bicarbonate to raise the pH to above 7.2 may be indicated to correct the adverse effects of severe acidemia, such as decreased myocardial contractility, increased pulmonary vascular resistance, sensitization to cardiac arrhythmias, and decreased responsiveness to catecholamine administration, but volume administration remains the initial therapy of choice. Adequate ventilation is imperative before administering sodium bicarbonate to ensure that the additionally generated carbon dioxide is eliminated and not retained, which would decrease cellular pH further. Children who have severe shock may require vasopressor (eg, dopamine) administration if they do not respond to initial volume resuscitation.

Because metabolic acidosis produces an extracellular shift of potassium and subsequent increase in serum potassium concentration, administration of potassium should be deferred until adequate urine output is assured and correction of the underlying acidosis has begun. Insulin is the cornerstone of treatment of the metabolic acidosis seen in diabetic ketoacidosis, but the child in the vignette has no evidence of diabetes mellitus.

2.    Question 137 (2009)
You are evaluating a 2-week-old breastfed infant who is 15% below his birthweight and has been lethargic and fed poorly over the past 4 days. You administer a normal saline fluid bolus. Laboratory results include: 

· Blood glucose of 126.0 mg/dl (7.0 mmol/L) 

· Serum sodium of 170.0 mEq/L (170.0 mmol/L) 

· Serum potassium of 5.0 mEq/L (5.0 mmol/L) 

· Blood urea nitrogen of 31.0 mg/dL (11.1 mmol/L) 

· Serum creatinine of 2.9 mg/dL (256.4 mcmol/L) 

Of the following, the MOST appropriate initial fluid for correction is a solution containing 5% dextrose and

Given the items in the following ordered format:

a) 0.20 NaCl (%), 40 KCl (mEq/L), Duration of Infusion(hr) 12 to 24

b) 0.45 NaCl (%), 0 KCl (mEq/L), Duration of Infusion(hr) 48 to 72

c) 0.45 NaCl (%), 40 KCl (mEq/L), Duration of Infusion(hr) 12 to 24

d) 0.9 NaCl (%), 0 KCl (mEq/L), Duration of Infusion(hr)  12 to 24

e) 0.9 NaCl (%), 40 KCl (mEq/L), Duration of Infusion(hr) 48 to 72

ANSWER:  B

Hypernatremia (serum sodium concentration greater than 145.0 mEq/L [145.0 mmol/L]) is common in hospitalized children. Hypernatremia results from excessive sodium administration (incorrectly mixed formula, sodium bicarbonate, hypertonic saline) or a deficit of water in relation to sodium. Such a deficit may occur from decreased water intake (inadequate breastfeeding, fluid restriction, lack of access to fluids), fluid losses (nephrogenic and central diabetes insipidus, increased insensible losses), or fluid losses in greater proportion than sodium losses (diarrhea, vomiting, diuretic use, burns).

Treatment of hypernatremia is directed at correction of both the serum sodium concentration and the circulatory volume. Initially, some children may require isotonic fluid boluses to restore circulation. It is important to note that children who have hypernatremia often appear less dehydrated than they actually are due to preservation of the extracellular volume.

The following equation can be used to estimate the free water deficit:
Water deficit (mL)= 4 mL x ideal body weight (kg) x desired change in serum sodium concentration

Hypernatremia, especially if chronic, should be corrected slowly, with a desired goal of decreasing the serum sodium by 0.5 mEq/L per hour to avoid cerebral edema. Severe hypernatremia (serum sodium =170.0 mEq/L [170.0 mmol/L]), as described for the child in the vignette, should be corrected over 48 to 72 hours. Fluid administration generally consists of ¼ to ½ normal saline solutions. Symptoms of overcorrection, such as changes in mental status or onset of seizures, suggest the development of cerebral edema and should be treated with hypertonic saline and slowing of the sodium correction. In general, potassium administration should be withheld in cases of severe hypernatremic dehydration until adequate urine output is assured.

3.  Question 243 (2009)
A 5-month-old boy is brought to the emergency department by his mother because of decreased activity and vomiting for 1 day. She reports occasional foul-smelling stools but no recent changes in stool pattern. There has been no fever. As a neonate, the boy had difficulty gaining weight and prolonged jaundice, but he has not required hospitalization. Physical examination reveals an ill-appearing child who has mild dehydration, a heart rate of 120 beats/min, and otherwise normal vital signs. He appears somewhat cachectic, and his weight is at the 3rd percentile. Laboratory values include a normal complete blood count and urinalysis, sodium of 134.0 mEq/L (134.0 mmol/L), chloride of 86.0 mEq/L (86.0 mmol/L), potassium of 3.8 mEq/L (3.8 mmol/L), and carbon dioxide of 31.0 mEq/L (31.0 mmol/L). Blood urea nitrogen and creatinine values are within normal limits.

Of the following, the MOST likely diagnosis is

a) Bartter syndrome

b) congenital adrenal hyperplasia

c) cystic fibrosis

d) Fanconi syndrome

e) hypertrophic pyloric stenosis

ANSWER:  C

Cystic fibrosis is an autosomal recessive disorder affecting many children and adolescents. It is caused by a defect in a chloride channel, the cystic fibrosis transmembrane conductance regulator (CFTR), on the apical membranes of the linings of the airways, intestinal tract, vas deferens, biliary tree, pancreatic ducts, and sweat ducts. The result is ineffective secretion of fluids from affected areas and an increased sodium and chloride sweat concentration, the latter being the basis for diagnostic testing. Affected children have varying degrees of mucoid airway obstruction, with secondary bacterial infections, failure to thrive, intestinal obstruction, pancreatic and biliary dysfunction, and infertility. Hypochloremic metabolic alkalosis with dehydration, as described for the boy in the vignette, is a common feature because of the high salt loss from the sweat glands. Foul-smelling stools, prolonged jaundice, and poor weight gain are additional features of the disease. Therefore, the boy in the vignette should undergo testing for cystic fibrosis (eg, sweat chloride testing and genetics testing).

Bartter syndrome results from a defect in chloride reabsorption in the loop of Henle. Clinical features include failure to thrive, polyuria, and vomiting. Hypochloremia and metabolic alkalosis can occur, but hypokalemia, which can be severe, is usual and due to urinary potassium wasting. Infants who have the salt-losing form of congenital adrenal hyperplasia also may present with vomiting and failure to thrive, but typical electrolyte abnormalities are hyponatremia, hypochloremia, and hyperkalemia. Fanconi syndrome is characterized by abnormal proximal renal tubule function. Excessive bicarbonaturia causes metabolic acidosis with hyperchloremia, and hypokalemia may be seen. Clinical features in infancy can be similar to those of the previously described diseases, with failure to thrive, vomiting, and polyuria being common. Infants who have hypertrophic pyloric stenosis often have hypochloremic metabolic alkalosis, but this condition is seen in younger infants and is the result of substantial vomiting of a long duration.

4.  Question 30 (2008)
You are asked to evaluate a 3,500-g term infant who was found to have unilateral renal agenesis on prenatal ultrasonography. Laboratory tests reveal a sodium concentration of 140 mEq/L (140 mmol/L), potassium of 4.1 mEq/L (4.1 mmol/L), chloride of 110 mEq/L (110 mmol/L), and bicarbonate of 19 mEq/L (19 mmol/L).

Of the following, the serum bicarbonate value can be explained BEST by

a) a normal value for age

b) an inborn error of metabolism

c) renal compensation for primary respiratory alkalosis

d) renal tubular acidosis

e) stool losses of bicarbonate resulting in metabolic acidosis

ANSWER:  A

Normal bicarbonate values vary with age in the pediatric patient. The greatest variation in values occurs in newborns and infants. Additional variation is seen between preterm and term infants, with normal values as low as 17 mEq/L (17 mmol/L) in preterm infants and 19 to 21 mEq/L (19 to 21 mmol/L) in term infants. The typical adult normal values of 24 to 26 mEq/L (24 to 26 mmol/L) occur in children older than 12 months of age. Thus, the value reported for the infant in the vignette is normal for age.

The age-related variation in bicarbonate values is believed to be caused by an altered renal threshold for bicarbonate reabsorption by the nephron. The proximal tubule accounts for approximately 90% of bicarbonate reabsorption; the remaining 10% occurs in the thick ascending limb of the loop of Henle and the outer medullary collecting tubule. 

Inborn errors of metabolism, renal compensation for primary respiratory alkalosis, renal tubular acidosis (RTA), and bicarbonate stool losses resulting in metabolic acidosis depress serum bicarbonate concentrations. If concentrations are low, a blood gas (capillary or arterial) is essential to establish the presence of acidosis and discern whether it is metabolic or respiratory. Metabolic acidosis is present in inborn errors of metabolism and RTA and following stool bicarbonate losses, as seen in diarrhea. Inborn errors of metabolism classically are accompanied by an increased anion gap. Acidosis from RTA and diarrhea is associated with a normal anion gap.

FOR NEXT 4 QUESTIONS, PLEASE REFER TO ARTICLE:  http://pedsinreview.aappublications.org/cgi/reprint/25/10/350

5.  Question 9 (PIR 2004)
An 8-month-old Caucasian infant presents with a history of failure to gain weight for the past 4 months.  The infant was born after a term uncomplicated pregnancy. His birthweight was 3.5 kg. He always has been a poor eater and tends to spit up formula frequently after feeding. Physical examination documents the weight below the 3rd percentile, height at the 5th percentile, and head circumference at the 25th percentile. Vital signs include: respiratory rate of 32 breaths/min, heart rate of 110 beats/min, and blood pressure of 80/45 mm Hg. Other than poor subcutaneous fat, no abnormalities are noted. Laboratory studies reveal: hemoglobin, 11 g/dL (110 g/L); sodium, 136 mEq/L (136 mmol/L); potassium, 4.0 mEq/L (4.0 mmol/L); chloride, 112 mEq/L (112 mmol/L); and bicarbonate, 14 mEq/L (14 mmol/L). Venous blood pH is 7.24 and PCO2 is 26 mm Hg. Blood urea nitrogen and serum creatinine concentrations are normal. Urinalysis shows a pH of 7.0, specific gravity of 1.015, and no protein or glucose. 

Of the following, the most likely diagnosis is
a) Cystic fibrosis

b) Gastroesophageal reflux

c) Obstructive uropathy

d) Organice academia

e) Renal tubular acidosis

ANSWER:  E
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Metabolic acidosis may be caused by several mechanisms, including increased acid production, increased acid intake, decreased renal acid excretion, or increased bicarbonate loss from the gastrointestinal tract or the kidney. As a result of respiratory compensation, by the means of increased ventilation, each 1 mEq/L (1 mmol/L) reduction in plasma bicarbonate concentration results in a 1.2-mm Hg fall in the PCO2. This response begins rapidly, usually within 1 hour, and is complete within 24 hours. The patient in the case study has the expected low PCO2 that indicates a compensated metabolic acidosis. In the absence of an associated respiratory disorder, the patient’s tachypnea is explained adequately by the respiratory compensation. The conditions that cause a

metabolic acidosis (Table 1) are divided into normal anion gap acidosis and elevated anion gap acidosis.
Diarrhea is the leading cause of such an acidosis among children. Surgical procedures that expose

urine to ileal mucosa result in chloride-bicarbonate exchange, as does the use of cationic exchange

resins such as cholestyramine. Both conditions result in an increased gastrointestinal loss of bicarbonate. Renal tubular acidosis (RTA) also is associated with a normal gap metabolic acidosis. In type II (proximal) RTA and with the use of carbonic anhydrase inhibitors such as acetazolamide,

reabsorption of filtered bicarbonate is impaired. Distal (type I) RTA is characterized by a defect in

distal acid secretion resulting in decreased urinary levels of acid and ammonium. The urine net charge [(urine Na + urine K) - (urine Cl)] can be used to identify a type II RTA. Because ammonium (an unmeasured cation) accompanies chloride, the concentration of chloride should be greater than the sum of the sodium and potassium, and the net charge should be negative. A positive net charge indicates impaired ammonium secretion and, therefore, impaired distal acidification. The use of

potassium-sparing agents may reduce distal proton secretion. Treatment of patients who have cirrhosis with spironolactone has caused metabolic acidosis, which resolves with discontinuation of the spironolactone.
6.  Question 10 (PIR 2004)
A 2-year-old girl is brought to the emergency department after being found unconscious in the basement.  On physical examination, she is unresponsive to tactile and verbal stimuli except for withdrawal to pain. Pupils are equal and reactive. Respirations are 30 breaths/min and deep, heart rate is 130 beats/min, axillary temperature is 98.2°F (36.8°C), and blood pressure is 90/60 mm Hg. Laboratory studies show: serum sodium, 138 mEq/L (138 mmol/L); potassium, 3.8 mEq/L (3.8 mmol/L); chloride, 94 mEq/L (94 mmol/L); bicarbonate, 10 mEq/L (10 mmol/L); blood urea nitrogen, 14 mg/dL (5 mmol/L); blood glucose, 72 mg/dL (4 mmol/L); serum osmolality, 330 mOsm/kg (330 mmol/kg); venous blood pH, 7.15; and PCO2, 16 mm Hg. 
Of the following, the most likely diagnosis is

a) carbon monoxide poisoning

b) diabetic ketoacidosis

c) encephalitis

d) ethylene glycol ingestion

e) salicylate poisoning

ANSWER:  D

Overdoses of ibuprofen (a nonsteroidal anti-inflammatory agent and a weak acid) and toluene inhalations have been associated with a high anion gap metabolic acidosis. Ethylene glycol (antifreeze), methanol (wood alcohol), and paraldehyde produce acidic byproducts that cause a metabolic acidosis. These substances produce an osmolar gap in addition to an anion gap. Serum osmolality is approximated by the formula: Calculated serum osmolality=2 x [Na]+ glucose/18 + BUN/2.8. Unmeasured solutes such as ethylene glycol and methanol are not included in this formula and would account for an osmolar gap (osmolal gap = measured osmolality - calculated osmolality).

Exogenous osmolal substances such as sulfates and phosphates result in a normal osmolal gap of 10 mOsm/L. The osmolal gap must be used cautiously because a normal gap has an inadequate negative predictive value. Massive ingestion of creams containing propylene glycol, such as silver sulfadiazine, may cause an increased anion gap metabolic acidosis. The inability to excrete hydrogen ions in acute or chronic renal failure results in an elevated anion gap metabolic acidosis.

When the glomerular filtration rate falls below 25 mL/min per 1.73 m2, insufficient excretion of ammonium and acids prevents bicarbonate regeneration.  Remember:  MUDPILES!
*Anion gap = 138 – 94 – 10 = 34

*Calculated serum osmolality = (2x 138 + [72/18] + [14/2.8]) = 285
*Osmolar gap = 330 – 285 = 45
7.  Question 11  (PIR 2004)
A 6-week-old male infant presents with vomiting and poor weight gain for the last 2 weeks. The

vomiting is described as forceful, and it occurs after every feeding. Physical examination reveals poor subcutaneous fat. You palpate a 2 x 2 cm round mass to the right of the midline in the upper abdominal region. Laboratory studies show: serum sodium, 128 mEq/L (128 mmol/L); potassium, 3.2 mEq/L (3.2 mmol/L); chloride, 86 mEq/L (86 mmol/L); bicarbonate, 34 mEq/L (34 mmol/L); and calcium, 8.2 mg/dL (8.2 mmol/L). Venous blood pH is 7.55.  Measurement of urine electrolytes document sodium, 12 mEq/L (12 mmol/L) and chloride, 8 mEq/L (8 mmol/L). 
Administration of which of the following is most likely to correct alkalosis in this child?
a) angiotensin-converting enzyme inhibitors

b) calcium chloride

c) hydrochlorothiazide

d) hydrocortisone

e) sodium and potassium chloride

ANSWER:  E

For diagnostic and therapeutic reasons, the conditions that cause metabolic alkalosis are divided into chloride-responsive and –unresponsive groups (Table 4). A low urine chloride

level (<10 mEq/L [10 mmol/ L]) characterizes the chloride responsive group. Loop and thiazide

diuretics can prompt a metabolic alkalosis by causing hypovolemia and stimulating secondary hyperaldosteronism, increasing distal urine flow, and generating hypokalemia. The alkalosis is maintained by chloride and volume depletion. A classic example of a sustained metabolic alkalosis in

pediatrics is pyloric stenosis in which repeated emesis of gastric acid causes a functional addition of new bicarbonate, while chloride is lost with gastric hydrochloric acid in the emesis. The kidneys respond with a bicarbonate diuresis associated with increased Na and K losses, resulting in hypokalemia and volume depletion, which maintain the alkalosis. The previously mentioned scenario

can occur with any type of repetitive emesis, including self-induced surreptitious vomiting. Pediatricians also should be aware that newborns of mothers who have bulimia have alkalosis, reflecting their mother’s serum pH. Congenital chloridorrhea is a rare cause of metabolic alkalosis

that causes infants to have a watery diarrhea that contains an excessive amount of chloride.
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8.  Question 12  (PIR 2004)
A 12-year-old girl who has steroid-dependent asthma presents with increasing respiratory difficulty for 12 hours. On physical examination, her respiratory rate is 30 breaths/min, heart rate is 160 beats/min, and blood pressure is 80/50 mm Hg. She is unable to speak a full sentence and has severe suprasternal retractions. Her extremities are cool, and capillary refill is poor. Chest auscultation reveals bilateral inspiratory/expiratory wheezing with decreased air entry over the right hemithorax. Arterial blood gases while receiving oxygen via a face mask reveal: pH, 7.1; PCO2, 50 mm Hg; PCO2, 50 mm Hg, and HCO3, 15 mEq/L (15 mmol/L). 
Which of the following best describes this child’s acid-base disorder?
a) combined metabolic and respiratory acidosis

b) metabolic acidosis with compensated respiratory alkalosis

c) metabolic acidosis without respiratory compensation

d) respiratory acidosis with compensated metabolic alkalosis

e) respiratory acidosis without metabolic compensation

ANSWER:  A

The arterial PCO2 usually is maintained between 39 and 41 mm Hg. Ventilation is controlled by respiratory centers in the pons and medulla. When carbon dioxide production is increased, changes in ventilation result in only small changes in PCO2. Respiratory acidosis or alkalosis results from a primary increase or decrease in blood PCO2 and may coexist with other acid-base disorders. A respiratory acidosis may result from increased carbon dioxide production, alveolar hypoventilation,

abnormal ventilatory drive, or abnormalities of the chest wall and respiratory muscles (Table 6). With respiratory acidosis, cell buffering begins within minutes; renal compensation requires 3 to 5 days for completion. In respiratory acidosis, for every 10-mm Hg elevation in the Pco2, the serum bicarbonate increases 1 mEq/L (1 mmol/L) in the acute setting and 3.5 mEq/L (3.5 mmol/L) in the chronic setting. The improvement in renal compensation in the chronic setting is due to renal acid

and ammonium secretion.
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9.  Question 23 (2007)
You are supervising a pediatric resident in her continuity clinic. She is evaluating a 4-week-old male infant who has had projectile vomiting after feeding for the past week. After reviewing the patient's electrolyte levels, she obtains an electrocardiogram (ECG) and asks you to help interpret it (Item Q23A). The ECG reveals flat T waves. 
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Of the following, the MOST likely electrolyte abnormality suggested by the electrocardiographic findings is

a) hypercalcemia

b) hyperkalemia
c) hypernatremia
d) hypocalcemia
e) hypokalemia
ANSWER:  E

Hypokalemia generally is defined as a serum potassium concentration of less than 3.5 mEq/L (3.5 mmol/L) in infants and children. Potassium is an intracellular cation that is vital in maintaining the normal transmembrane charge in cells. Hypokalemia may be precipitated by gastrointestinal loss from vomiting or diarrhea, especially when there is inadequate oral intake. Other primary causes include aldosterone excess or renal tubular disorders. Abnormalities of potassium homeostasis can affect cardiac conduction and often are observed with defined changes in surface electrocardiography. 

The typical electrocardiographic findings seen in a child who has hypokalemia include ST segment depression, flattening of the T waves, and the appearance of a U wave (Item C23A), as seen for the infant in the vignette. Generally, there are broadened T and U waves, and rarely the QT interval can be prolonged, which places the patient at greater risk for the development of ventricular dysrhythmias. However, arrhythmias with hypokalemia are unusual unless the patient is receiving digoxin, whose arrhythmogenic effects are potentiated by hypokalemia. 

Hyperkalemia most commonly is due to renal failure, adrenal insufficiency, or an iatrogenic overdose. As levels exceed 5.5 mEq/L (5.5 mmol/L), the T waves on the electrocardiogram may become tall and peaked (Item C23B). Prolonged conduction delay also may develop as potassium concentrations increase. Hypercalcemia may be due to a variety of causes and typically shortens the QT interval by shortening the ST segment. Hypercalcemia also may affect the sinus node, causing sinus slowing or sinus arrest. Hypocalcemia, in contrast, prolongs the ST segment, thereby prolonging the QT interval. Hypernatremia is not associated with electrocardiographic abnormalities.

10.  Question 52 (2007)
A 12-month-old boy comes to the emergency department with a 3-day history of intractable vomiting and watery diarrhea. His mother reports decreased urine output for the past 24 hours. His heart rate is 180 beats/min, and his blood pressure is 85/40 mm Hg. He is lethargic but responds to stimulation. His mucous membranes are very dry, his skin turgor is decreased, and his capillary refill is 3 seconds. The remainder of his physical examination findings are unremarkable.

Of the following, the laboratory data that are MOST consistent with this patient's clinical presentation are

a) Serum Sodium:High; Serum Osmolality:High; Urine Sodium:Low; Urine Osmolality:Low

b) Serum Sodium:Low; Serum Osmolality:Low; Urine Sodium:Low; Urine Osmolality:High
c) Serum Sodium:Low; Serum Osmolality:Low; Urine Sodium:High; Urine Osmolality:High
d) Serum Sodium:Low; Serum Osmolality:Normal; Urine Sodium:High; Urine Osmolality:High
e) Serum Sodium:Normal; Serum Osmolality:Normal; Urine Sodium: Low; Urine Osmolality:Low
ANSWER:  B

Diarrhea due to acute gastroenteritis usually causes a proportional water and sodium loss, resulting in isonatremic dehydration. Hyponatremic dehydration also may be seen in acute gastroenteritis, especially if the only fluids tolerated are low-sodium fluids, such as water or juice. The clinical signs of both hyponatremic and isonatremic dehydration are due to decreased extracellular fluid, primarily from the intravascular compartment. The signs include decreased skin turgor, delayed capillary refill, decreased tear production and urine output, sunken eyes and anterior fontanelle, and tachycardia. Hypotension is a late finding, indicating decompensated shock. Because the child described in the vignette displays these clinical signs, isonatremia or hyponatremia is likely. With hypernatremic dehydration, intravascular volume is relatively preserved, despite an overall body water loss, so the degree of dehydration may be underestimated. 

Hyponatremia resulting from gastroenteritis is associated with a low serum osmolality. In contrast, "factitious" hyponatremia may occur with high osmolar states such as hyperglycemia or hyperlipidemia. In a healthy child who has gastroenteritis, renal sodium-preserving and concentrating mechanisms remain intact, resulting in low urinary sodium concentrations and high urine osmolality, respectively. The findings of hyponatremia with normal-to-high urine sodium and urine osmolality values should alert the clinician to the possibility of the syndrome of inappropriate antidiuretic hormone secretion, which is not likely in the child in the vignette.

11.  Question 53
A 2-year-old boy presents with a history of vomiting and diarrhea for several days. Physical examination reveals lethargy, poor oral intake, tachycardia, dry mucous membranes, and poor skin turgor. He refuses to take oral fluids, so you decide to begin intravenous fluid administration.

Of the following, the BEST next step in fluid management is to

a) administer a bolus of hypotonic fluids at 20 mL/kg

b) administer a bolus of isotonic fluid at 20 mL/kg
c) administer a bolus of 3% saline at 10 mL/kg
d) administer 5% dextrose and 0.25 normal saline with 20 mEq potassium chloride at maintenance rate
e) await laboratory results before starting fluid therapy
ANSWER:  B

The child described in the vignette appears to be moderately to severely dehydrated, and his refusal to drink is somewhat ominous and implies depleted intravascular volume. 

Initial therapy of a severely dehydrated child includes intravenous administration of isotonic fluids (generally normal saline) at 20 mL/kg, with prompt re-evaluation after 30 minutes to 1 hour. Initial therapy for mild-to-moderate dehydration may be accomplished at least as effectively, if not more so, with oral rehydration, but it is labor-intensive, requiring one-to-one parent or nursing presence with the patient. After the initial intravenous fluid bolus, additional bolus fluid administration may be required. Careful follow-up and clinical assessment is needed after each bolus to determine if clinical improvement in hydration status has occurred and to prevent volume overload. Fluid therapy may need to be altered if there are signs of renal, cardiac, or respiratory impairment. 

Urine output, physical examination results, and improved alertness and willingness to drink guide further fluid therapy. If the child is more awake and willing to drink after an intravenous bolus, subsequent therapy may include replacement of a calculated fluid deficit of 5% to 10% via oral rehydration (50 to 100 mL/kg over 4 hours) or by continued administration of intravenous fluid. 

In the past, oral rehydration involved isotonic fluids, and intravenous rehydration and maintenance fluids often have been hypotonic, but some suggest that more hypotonic oral fluids are better tolerated and that isotonic saline be continued as maintenance intravenous fluid in some cases. 

Children who require intravenous rehydration should have serum electrolyte concentrations determined; a contraction alkalosis may be followed by a reperfusion acidosis that transiently worsens despite clinical improvement. Mildly dehydrated children who are managed with oral rehydration generally do not require measurement of serum electrolytes. 

It is never appropriate to delay fluid resuscitation while awaiting laboratory results because such results do not change initial management of volume depletion. However, interpretation of electrolyte values can guide further management once volume resuscitation is complete. 

It is never appropriate to use hypertonic saline (3% saline) as "initial" fluid resuscitation in the dehydrated patient. Its use is limited to those who have severe hyponatremia unresponsive to isotonic saline boluses or who need concomitant fluid restriction. Ideally, hypertonic saline should be administered in an intensive care unit. 

Because dehydrated patients may have acute renal failure, they are at risk for life-threatening hyperkalemia if potassium is included in their intravenous fluids. Therefore, it is important to assess renal function (urine output) before adding potassium to fluids in the severely dehydrated individual who may have suffered a renal insult.

12.  Question 14 (2006)
A 7 year old boy develops mental status changes 2 days after surgery to remove a craniopharyngioma.  Two days later, he develops hyponatremia (serum sodium of 124 mEq/L [124 mmol/L]), with an elevated serum creatinine (1.2 mg/dL [106.1 mcmol/L]).  His urine output increases from 2.2 mL/kg per hour to 4.8 mL/kg per hour and his weight decreases from 18.8 kg to 18.0 kg.  His serum osmolality is 620 mOsm/L, and his urine osmolality is 345 mOsm/L.  His vital signs include a temperature of 98.9 degrees F (37.2 degrees C), heart rate of 128 beats/min and blood pressure of 80/50 mm Hg.

Of the following, the MOST likely cause of the abnormalities described for this child is

a) adrenal insufficiency

b) cerebral salt wasting

c) diabetes insipidus

d) hemolytic-uremic syndrome

e) syndrome of inappropriate secretion of antidiuretic hormone
ANSWER:  B

The child described in the vignette has features that are typical for volume depletion, as occurs in cerebral salt wasting.  This disorder may be associated with space-occupying lesions such as intracranial tumors.  Adrenal insufficiency results in hyponatremia, but is not a sequela of an intracranial mass.  In diabetes insipidus, the massive losses of water result in hypernatremia, not hyponatremia.  In hemolytic-uremic syndrome, the serum creatinine is elevated, but the urine output is decreasing, not increasing.

Because antidiuretic hormone stimulates reabsorption of water in the kidney, the clinical signs of the syndrome of inappropriate secretion of diuretic hormone (SIADH) are attributable to retention of excess amounts of water.  Thus, a patient who has SIADH usually exhibits signs of volume overload, including high blood pressure, low or normal heart rate, increased weight, and reduced urine output.  Hyponatremia occurs because the excess water dilutes the serum sodium concentration.  The blood urea nitrogen (BUN) value may be very low and the serum creatinine measurement generally is normal.  The urine sodium concentration is either normal or elevated, despite the low serum sodium concentration.  Because the kidney is excreting less water than under normal conditions, the urine specific gravity is very high (generally greater than 1.020) and the urine osmolality is elevated.  Patients who have SIADH have a higher urine versus serum osmolality (generally 1.5 to 2 times the serum osmolality). 
Other biochemical features of SIADH include elevated serum aldosterone (to retain sodium in the kidney) and low plasma renin activity.  The serum uric acid concentration usually is decreased (dilutional effect), and the serum atrial natriuretic peptide concentration is increased.  The latter is an attempt by the heart to correct the volume overload by promoting salt excretion.

13.  Question 29 (2006)
A 3 year old girl has meningitis complicated by the syndrome of inappropriate secretion of antidiuretic hormone (SIADH).  She is transferred to your hospital after 2 days of illness, and you are asked to manage her fluid and electrolyte abnormalities.

Of the following, the MOST appropriate set of management options is

a) Maintenance fluids, no sodium in IVF, consider demeclocycline if no improvement in 12 h

b) 0.2 x maintenance fluids, elevated sodium for age in IVF, start demeclocycline immediately

c) 0.66 x maintenance fluids, normal for age sodium in IVF, consider demeclocycline if no improvement in 12 h

d) 1.5 x maintenance fluids, normal for age sodium in IVF, start demeclocycline immediately

e) 2 x maintenance fluids, no sodium in IVF, start demeclocycline immediately

ANSWER:  C

The syndrome of inappropriate secretion of antidiuretic hormone (SIADH) is characterized by excess retention of water.  Regardless of the cause, all patients exhibit signs of volume overload.  Until the underlying condition causing excess ADH secretion resolves, it is vital to address the volume overload rapidly to avoid pulmonary edema and heart failure.

The most important management step is to reduce the amount of fluids prescribed to the patient.  Each patient should receive about one half to two thirds of the usual (“maintenance”) fluids for age daily.  For some patients who have signs of pulmonary edema or impending heart failure, complete avoidance of fluids may be necessary for a period of time.  Giving maintenance or in excess of maintenance fluids is absolutely contraindicated in SIADH.  Because most patients have hyponatremia due to the dilutional effect was water and excess losses of sodium through the kidney, the composition of the fluids should be either iso-osmolar or hyperosmolar.  Occasionally, patients who have moderate-to-severe hyponatremia (sodium <125 mEq/L [125 mmol/L]) may require normal saline.  Additionally, patients who have severe hyponatremia (serum sodium concentrations <120 mEq/L [120 mmol/L]) and signs of cerebral edema (eg, seizures or somnolence) may require a small volume of 3% saline.
Close monitoring of vital signs is required for patients who have SIADH.  Because they typically exhibit high blood pressure, it is important to measure the blood pressure at least every 4 hours and weight the patient twice each day.  Close monitoring of intake and output is imperative.  The goal of therapy is to achieve negative balance of fluids.

Clinical and biochemical resolution of SIADH may take several days, and occasionally the condition worsens before resolution.  The use of diuretics (eg, furosemide) to promote water excretion may be helpful, but because these medications also block sodium reabsorption in the kidney, the hyponatremia may not improve with this treatment.  Patients who have severe, persistent hyponatremia (sodium < 120 mEq/L [120 mmol/L]) or worsening cardiac or central nervous system status may benefit from drugs designed to block ADH secretion in the kidney, such as demeclocycline.  However, this medication has variable efficacy and should be used only in the most severe cases that do not respond to conventional therapy.

14.  Question 5 (2006)
An obese 14 year old boy who has been receiving a course of prednisone for asthma is brought to the emergency department comatose and responding only to pain.  His mother states that he has been drinking juice and carbonated beverages to quench his thirst.  This morning he became increasingly lethargic, refused fluids and finally became unresponsive.  On physical examination, his blood pressure is 120/50 mm Hg, pulse is 100 beats/min, and respiratory rate is 20 breaths/min.  His lungs are free of wheezes, with good air exchange.  He appears 10% dehydrated.  Initial laboratory studies reveal:

-glucose, 1200 mg/dL

-sodium 128 mEq/L

-chloride 90 mEq/L

-potassium 4.3 mEq/L

-bicarbonate 15 mEq/L

-BUN 32 mg/dL

-serum osmolality 334 mOsm/kg H2O

Of the following, the MOST appropriate general plan for fluid therapy in this patient is to replace the

a) fluid deficit over 24 hours with one half of the deficit in the first 8 hours

b) fluid deficit over 36 to 48 hours

c) fluid deficit over 36 to 48 hours and administer NaHCO3 to correct the acidosis

d) sodium deficit initially with NaHCO3 and 0.9% NaCl

e) sodium deficit initially with 3% NaCl

ANSWER:  B

The boy described in the vignette has presented with hyperosmolar coma due to diabetes.  He has minimal ketosis and a very high blood glucose concentration.  His insulin resistance is caused by obesity and glucocorticoid therapy.  This is a common presentation for children and adolescents who have type 2 diabetes, maintain some insulin release, but have insulin resistance.

He is at risk for the development of symptomatic cerebral edema.  The objective of treatment is to restore the patient slowly to a euglycemic normo-osmolar state without inducing cerebral edema.  Management of such children is no different from that of children who have classic hyperglycemic ketoacidosis.  Initial volume expansion with relatively isotonic fluids (0.9% NaCl) followed by continued slow rehydration over 36 to 48 hours is the most rational approach to fluid restoration.  Case-control studies of cerebral edema in diabetic ketoacidosis have suggested that treatment with bicarbonate is associated with a greater chance of cerebral edema.  Aggressive fluid replacement (eg, replacement of half the deficit in the first 8 hours) is believed to be associated clinically with an increased risk of cerebral edema.  However, symptomatic cerebral edema may develop even with conservative fluid replacement.

Infusion of 3% saline would intensify the hyperosmolality; the relatively lower sodium concentration seen in the patient is a physiologic adaptation to severe hyperglycemia.  Intracellular water is drawn osmotically into the extracellular space in response to the hyperglycemia.  For each 100 mg of glucose above 100 mg/dL (5.5 mmol/L), the sodium should be lowered about 1.7 mEq (1.7 mmol) or occasionally, slightly more.  If the patient regulates osmolality and sodium normally, the sodium should increase as the glucose decreases during the course of rehydration and treatment with insulin.  Because of his hyperglycemia, the patient described in the vignette has pseudohyponatremia.  Therefore, there is no need to use 3% saline for replacement because as his hyperglycemia is corrected, his serum sodium concentration should increase.
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