Block 8: Nephrology Board Review: Q&A

1.  A 6-year-old boy presents with cola-colored urine. His mother reports that he had a sore throat 10 days ago. On physical examination, his blood pressure is 136/88 mm Hg, and he has mild swelling of the face and lower extremities.

Of the following, the MOST likely laboratory finding is

A. low C3 complement value

B. normal urinalysis results

C. positive antineutrophil cytoplasmic antibody titer

D. positive antinuclear antibody titer

E. positive urine culture

Preferred Response: A

The findings of cola-colored urine, swelling, and hypertension described for the boy in the vignette suggest the diagnosis of acute glomerulonephritis. The “sore throat” 10 days earlier makes acute poststreptococcal glomerulonephritis (APSGN) the most likely diagnosis. The initial assessment of a child in whom APSGN is suspected must include measurement of blood pressure and serum creatinine to assess disease severity. Both severe hypertension and renal failure can occur as part of a rapidly progressive glomerulonephritis. After initial assessment, the most important diagnostic test is measurement of complement component 3 (C3) to confirm the presence of hypocomplementemia, which occurs in more than 90% of cases.

ASPGN is an immune complex-mediated glomerulonephritis that follows an infection by a nephritogenic strain of group A beta-hemolytic Streptococcus of the pharynx or skin. The interval between pharyngitis and the development of APSGN is approximately 1 to 2 weeks. In contrast, the latency period between a skin infection and ASPGN is 3 to 6 weeks. Most patients who have nephritis have a subclinical infection, which is estimated to occur four to five times more frequently than overt disease. APSGN in children is characterized by hematuria (100%), proteinuria (80%), edema (90%), hypertension (70%), and azotemia (33%). Thus, the urinalysis will not be normal. In addition, gross hematuria occurs in approximately 40% of children who have overt disease.

As noted previously, the characteristic laboratory feature of ASPGN is hypocomplementemia, which typically features depressed C3 and normal C4 values. The differential diagnosis of hypocomplementemic glomerulonephritis consists of membranoproliferative glomerulonephritis (MPGN) in a child who has disease limited to the kidney and systemic lupus erythematosus in a child who has multisystem disease. Rarer causes of hypocomplementemic glomerulonephritis include subacute bacterial endocarditis, shunt nephritis (in patients who have ventriculoatrial shunts), and essential mixed cryoglobulinemia.

Treatment of ASPGN is typically supportive and aims to reverse the sodium and fluid retention through the use of diuretics accompanied by restriction of sodium and fluid. Vasodilators also may be used for patients who have severe hypertension. Antibiotics can reduce the risk of transmission of the nephritogenic strain of streptococci to close contacts.

The key follow-up test is a repeat measurement of C3, which usually normalizes within 8 weeks. Patients in whom depression of C3 persists after 12 weeks may require a renal biopsy to rule out MPGN. The prognosis of ASPGN is excellent. Gross hematuria and hypertension usually resolve within a few weeks and proteinuria within a few months. Microscopic hematuria may persist for 1 to 3 years.

A normal urinalysis result is inconsistent with any form of glomerulonephritis, and would, therefore, be highly unlikely in a child who has hypertension and cola-colored urine. A positive urine culture would be unexpected in this clinical scenario. Patients who have hemorrhagic cystitis typically have bright red blood in the urine, often accompanied by clots. Other pertinent parts to the history that are absent in this scenario would be symptoms of dysuria, abdominal pain, frequency, urgency, and possibly fever.

Small vessel vasculitides such as Wegener granulomatosis, microscopic polyangiitis, and Churg Strauss disease are less common causes of glomerulonephritis and, therefore, antineutrophil cytoplasmic antibody testing is unlikely to be revealing. Another, less likely diagnostic possibility for the child in the vignette is lupus nephritis. However, anti-nuclear antibody should be measured in the setting of acute nephritis to exclude this possibility.
2.  A 14-year-old boy presents for a sports physical examination prior to participating in football. He is required to undergo a urinalysis as part of the evaluation. His temperature is 37.1°C, heart rate is 74 beats/min, respiratory rate is 14 breaths/min, and blood pressure is 114/68 mm Hg. Findings on his physical examination are unremarkable. His urinalysis demonstrates a urine specific gravity of 1.025, pH of 6.5, 3+ protein, and no blood. Microscopy findings are negative. 

Of the following, the MOST appropriate next step is to

A. collect a first-morning urine specimen to measure protein and creatinine concentrations

B. measure serum albumin concentration and obtain renal function studies

C. obtain a 24-hour urine collection to measure protein and creatinine concentrations

D. quantitate the proteinuria with a random urine collection to measure protein and creatinine concentrations

E. repeat the urinalysis in 1 year because of the lack of coexisting hematuria

Preferred Response: A

The adolescent described in the vignette has asymptomatic, isolated proteinuria without any signs or symptoms of a systemic disease. Furthermore, he has a normal blood pressure and lacks any associated hematuria. These pertinent negative features suggest that he is unlikely to have severe renal disease.

Proteinuria typically is detected on urinalysis by the urine dipstick, which screens for albuminuria. The reaction of urinary albumin tetrabromphenol blue impregnated within the dipstick test results in a color change to green. The result can be false-negative if the urine is dilute (urine specific gravity <1.015) or false-positive if the urine is alkaline or highly concentrated (urine specific gravity >1.030). Finally, the dipstick test does not detect other low-molecular weight proteins such as beta2-microglobulin.

The most likely diagnosis for an adolescent who has asymptomatic, isolated proteinuria is postural or orthostatic proteinuria, which occurs in 2% to 5% of children of this age and is believed to have an excellent prognosis. The amount of urinary protein excreted in the supine position is normal, but that excreted in the upright position may be as much as tenfold higher than normal. The mechanism is unclear but appears to be a subtle glomerular defect that is exacerbated by a tendency for protein filtration in the upright position. The upright position is believed to cause venous pooling in the legs, followed by renal vein congestion and increased efferent arteriolar resistance and the subsequent tendency to protein filtration. If orthostatic proteinuria is confirmed, an annual urinalysis is recommended to monitor for progression of proteinuria. If proteinuria has resolved at the next annual visit, further follow-up is not required.

A random urine sample in the clinical setting can be used to diagnose orthostatic proteinuria by documenting elevated urinary protein excretion. Serologic testing, renal function tests, serum albumin concentrations, and quantitative measurement of urine protein excretion usually are not performed until orthostatic proteinuria has been excluded. Because of the efficacy of easily obtained random urine samples, 24-hour urine collections are not recommended for the evaluation of proteinuria in the pediatric patient. 
Finally, patients who have nonorthostatic proteinuria should be followed relatively closely, with a repeat urine check in 1 to 2 months to monitor for the development of hematuria or worsening of proteinuria, which signals progression of the underlying disorder that may warrant a renal biopsy.
3.  A 6-year-old boy presents to an urgent care center with the complaint of bright red blood and clots in the urine. There is no history of trauma, and the boy has no dysuria, frequency, urgency, abdominal pain, or back pain. On physical examination, his temperature is 98.6°F (37°C), heart rate is 76 beats/min, respiratory rate is 14 breaths/min, and blood pressure is 110/68 mm Hg. He has no abdominal tenderness, flank tenderness, or edema. Urinalysis reveals a specific gravity of 1.025, pH of 6.5, 3+ blood, trace protein, and negative leukocyte esterase and nitrite. Microscopy shows more than 100 red blood cells/high-power field (HPF), less than 5 white blood cells/HPF, and no casts. Electrolyte values are normal, blood urea nitrogen is 14.0 mg/dL (5.0 mmol/L), and creatinine is 0.5 mg/dL (44.2 mcmol/L).

Of the following, the MOST appropriate next test is

A. antinuclear antibody titer

B. complement component 3 (C3) measurement

C. computed tomography scan of the abdomen

D. renal biopsy

E. renal/bladder ultrasonography

Preferred Response: E

A good first step in the evaluation of gross hematuria in a child who is otherwise well is to characterize the urine color to aid in localizing the lesion to a particular anatomic region. Patients who have cola- or tea-colored urine often have painless hematuria without clots, as is seen classically in glomerulonephritis. Bright red urine (often with clots), as described for the boy in the vignette, may have an underlying nonglomerular renal cause, a lower urinary tract cause (ureter or bladder), or rarely be due to a hematologic disorder.

Patients who have bright red urine with clots need to be evaluated for possible structural causes for hematuria. Such nonglomerular renal causes include a ruptured cyst in cases of cystic kidney disease (as in autosomal dominant and recessive forms of polycystic kidney disease), a renal mass (Wilms tumor), or a renal stone (nephrolithiasis or urolithiasis). Additional causes include renal vein thrombosis, papillary necrosis, or hypercalciuria. Hematologic disorders such as sickle trait/disease or a bleeding disorder (von Willebrand disease) can result in a similar clinical picture and should be considered in the investigation. Lower urinary tract causes include hemorrhagic cystitis, bladder calculi, or rarely, a tumor of the lower urinary tract (hemangioma of the bladder or rhabdomyosarcoma of the bladder). 
The evaluation for possible cysts, stones, or tumors in all children who have gross hematuria involves renal/bladder ultrasonography to look for a structural abnormality. In rare cases, additional testing is required, such as an abdominal computed tomography (CT) scan to look for renal calculi if the clinical suspicion is high and the ultrasonography result is negative.  However, routine use of the CT scan is strongly discouraged due to long-term concerns about the ionizing radiation exposure (estimated to be equivalent to the radiation dose of 250 two-view chest radiographs).

Patients who have cola-colored urine require monitoring of blood pressure and renal function while looking for an underlying cause for the suspected glomerulonephritis. The best single diagnostic test in the evaluation of acute glomerulonephritis is measurement of complement component 3 (C3).  Additional testing usually performed at the outset includes measurement of C4, antinuclear antibody, antidouble-stranded DNA antibody, and serum albumin. These tests help the clinician to categorize the glomerulonephritis into hypocomplementemic or normo-complementemic types and narrow the differential diagnosis accordingly. 
A renal biopsy usually is considered in patients who have acute glomerulonephritis accompanied by a rising serum creatinine value or in cases of normocomplementemic glomerulonephritis or suspected lupus nephritis. Because the patient in the vignette is unlikely to have glomerulonephritis, he does not require testing for C3 or ANA or a renal biopsy.
4.  An 8-year-old boy presents with gross hematuria associated with intermittent right-sided flank pain. There is no history of dysuria, urgency, frequency, or trauma. Physical examination reveals a temperature of 98.6°F (37°C), heart rate of 76 beats/min, respiratory rate of 20 breaths/min, blood pressure of 106/66 mm Hg, and no abdominal or costovertebral angle tenderness. Urinalysis shows a specific gravity of 1.025, pH of 6, 3+ blood, and trace protein.  Microscopy documents 20 to 50 red blood cells/high-power field. Renal ultrasonography reveals a normal bladder with mild hydronephrosis on the right and an echogenic focus with shadowing in the right kidney.

Of the following, the MOST likely additional expected laboratory feature contributing to this patient’s condition is

A. a positive urine culture

B. elevated urinary calcium excretion

C. elevated urinary citrate excretion

D. hypercalcemia

E. metabolic alkalosis

Preferred Response: B

The renal colic (intermittent flank pain) and gross hematuria combined with red blood cells in the urine and hydronephrosis with a shadowing echogenic focus in the kidney described for the patient in the vignette represent urolithiasis. Children who have urolithiasis require treatment for the stone via either surgical extraction or extracorporeal shock wave lithotripsy under the guidance of a pediatric urologist. The pediatrician needs to recognize the underlying risk factors for stone development to aid in the prevention of a recurrence.

Urolithiasis in the pediatric patient usually involves the ureters and upper urinary tract, with a few patients exhibiting stones within the bladder. The most common types of renal stones in decreasing order of occurrence are calcium oxalate, calcium phosphate, mixed (calcium oxalate and calcium phosphate), struvite (magnesium ammonium phosphate), cystine, and uric acid.

The evaluation for urolithiasis often begins with a 24-hour urine collection to look at urine volume and measure creatinine as reference points to ensure adequate fluid intake and adequate 24- hour urine collection. In addition, the 24-hour urine collection is aimed at measuring promoters of stone formation (calcium, oxalate, uric acid, and cystine) and inhibitors of stone formation (magnesium and citrate). The most common metabolic abnormality in a child who has stones is hypercalciuria. If hypercalciuria is present, the child should have serum calcium, phosphorus, ionized calcium, intact parathyroid hormone, and vitamin D (25-hydoxyvitamin D3 and 1,25-dihydoxyvitamin D3) measured.

A child who has a renal stone also might have a urinary tract infection (UTI). Some urinary pathogens that produce urease (especially Proteus sp) can lead to an environment favorable to struvite stone formation. Also, even calcium-containing stones can obstruct urine flow and result in the development of a UTI. However, a UTI is not likely in a patient who has no dysuria, urgency, or frequency, such as the boy in the vignette. Risk factors for the development of renal stones include hypercalciuria, hyperoxaluria, decreased urinary magnesium, and decreased urinary citrate.

Although hypercalciuria is commonly associated with renal stones, hypercalcemia is not a typical finding. One condition associated with hypercalciuria and renal stones is renal tubular acidosis. Metabolic alkalosis is seen when calcium phosphate stones are formed, but it is far less likely than hypercalciuria to be a risk factor for stone formation for the patient in the vignette.

5.  Voiding cystourethrography in a 9-month-old boy who has new-onset febrile urinary tract infection reveals grade II vesicoureteral reflux (VUR). The parents ask you about their son’s prognosis.

Of the following, you are MOST likely to explain that

A. approximately 80% of children who have newly diagnosed febrile urinary tract infections have VUR when tested

B. once VUR is established, no follow-up radiologic testing is indicated

C. males have a worse prognosis than females

D. referral to urology for ureteral reimplantation is warranted

E. unilateral grade II reflux has a high likelihood of resolution within 5 years of the diagnosis

Preferred Response: E

A child who has a febrile urinary tract infection (UTI) has a 30% to 50% likelihood of having underlying vesicoureteral reflux (VUR). VUR is the reflux of urine from the bladder into the ureter and possibly kidney across the ureterovesical junction (UVJ). It may be caused by anatomic abnormalities of the UVJ or bladder (eg neurogenic bladder) or bladder outlet dysfunction (eg posterior urethral valves). VUR is estimated to occur 10 times more frequently in Caucasians than in African-Americans. Males and females are nearly equally affected, and their prognosis is similar.

There appears to be a strong familial association for VUR, with approximately 30% of siblings of an index case also having VUR when studied by voiding cystourethrography (VCUG). Despite this association, screening of asymptomatic siblings of affected children is controversial because VCUG is an invasive procedure and the benefit of identifying and treating (with prophylactic antibiotics) a child who is well and lacks symptoms is uncertain. At present, there is no consensus of opinion, although the trend is not to study asymptomatic older siblings who are toilet trained; some recommend that asymptomatic siblings younger than 1 year of age undergo VCUG.

The American Academy of Pediatrics recommends performing ultrasonography and VCUG in all children after their first febrile UTI. The present standard of care for patients who have VUR is to receive prophylactic antibiotics until the reflux has resolved. Patients typically undergo a follow-up VCUG every 12 to 18 months; the time between VCUG studies is somewhat dependent on the age of the patient and the severity of reflux.

An international classification system for VUR has grades ranging from mild (grade I) to severe (grade V). A nonsurgical approach is recommended for children who have grades I to III reflux; spontaneous resolution occurred in 80% of cases within 5 years of the diagnosis in one study. Grade IV reflux also often is managed nonsurgically. Grade V reflux traditionally has been managed surgically. A newer technique that involves endoscopic subureteral injection of dextranomer/hyaluronic acid may offer an alternative to conventional ureteral reimplantation surgery. Long-term data for this technique are not yet available.

6.  A 7-year-old boy who has a history of seizures presents with headaches and increased confusion. His complex partial seizures are being treated with carbamazepine. Physical examination reveals a weight of 34 kg (50th percentile), with all other findings within normal limits, including results of the neurologic examination and fundoscopy. Laboratory tests reveal:

• Sodium, 126 mEq/L (126 mmol/L)

• Potassium, 4.6 mEq/L (4.6 mmol/L)

• Chloride, 90 mEq/L (90 mmol/L)

• Bicarbonate, 24 mEq/L (24 mmol/L)

• Blood urea nitrogen, 14.0 mg/dL (5.0 mmol/L)

• Creatinine, 0.7 mg/dL (61.9 mcmol/L)

Urinalysis shows a specific gravity of 1.030; pH of 5.5; and negative findings for blood, protein, ketones, nitrite, and leukocyte esterase.

Of the following, the MOST appropriate treatment for the patient’s condition is to

A. administer demeclocycline

B. administer 3% sodium chloride solution to raise the sodium to 130 mEq/L (130 mmol/L)

C. induce a water diuresis with chlorothiazide

D. initiate intravenous fluids with 0.9% sodium chloride

E. restrict free water intake

Preferred Response: E

The child described in the vignette presents with confusion, hyponatremia, and a urinalysis featuring a high specific gravity, all findings consistent with a diagnosis of the syndrome of inappropriate antidiuretic hormone secretion (SIADH). His antiepileptic medication, carbamazepine, is associated with the development of SIADH. 
SIADH results in hyponatremia because ADH is released in response to stimuli (eg, central nervous system disease, pulmonary disease, or medications) instead of the physiologic cues aimed at normalizing serum osmolality (sodium) or plasma volume. The state of hyponatremia is caused by water retention from ADH effect. The transient volume expansion activates atrial natriuretic peptide, leading to urinary sodium losses and restoring the patient to the euvolemic state. This natriuresis also contributes to the hyponatremia seen in SIADH and prevents the development of clinical edema.

The preferred treatment of the child who has SIADH is free water restriction. Other treatments include administration of sodium chloride and furosemide. Thiazide diuretics may decrease serum sodium further due to their effects on the cortical diluting segment. 
For children who fail to respond to fluid restriction, other therapy may be recommended. Demeclocycline and lithium both directly block the effects of ADH on the collecting tubules. Demeclocycline is a tetracycline derivative that is only recommended for children older than 8 years of age. Lithium generally is not recommended because of its adverse effects. The use of 3% sodium chloride generally is indicated only for symptomatic hyponatremia. However, it may be used in the absence of symptoms when the serum sodium is less than 120 mEq/L (120 mmol/L). There is no indication for 0.9% sodium chloride because this patient does not have hypovolemia.
7.  A 4-month-old girl presents with fever. Results of urinalysis include 50 to 100 white blood cells per high-power field and 3+ bacteria. Urine culture is positive for Escherichia coli.  Ultrasonography reveals hydroureteral nephrosis of the left upper pole, and voiding cystourethrography shows a filling defect within the bladder.

Of the following, in addition to a urinary tract infection, the infant is MOST likely to have

A. bladder diverticulum

B. posterior urethral valves

C. ureteral stone

D. ureteropelvic junction obstruction

E. ureterocele

Preferred Response: E

A ureterocele is a cystic dilation of the ureter where it inserts into the bladder. An intravesical ureterocele is contained entirely within the bladder. When a portion of the defect extends beyond the bladder (to the urethra or bladder neck), an extravesical ureterocele is present. Typically, the pelvocaliceal system draining into the ureterocele is obstructed. The incidence of ureteroceles in children is estimated between 1 in 5,000 and 1 in 10,000. Ureteroceles are associated with a duplex collecting system in 80% of children; the remainder are associated with a single collecting system. Ureteroceles are four times more common in females than males and occur almost exclusively in Caucasians.

A ureterocele is associated most commonly with a complete duplication of the renal collecting system (more common in the left kidney) where the involved ureter is linked to that draining the upper pole moiety. This lesion, which extends beyond the ureterovesical junction, results in ureteral obstruction, with hydroureteral nephrosis of the involved renal unit, usually the upper pole, as described for the infant in the vignette. A ureterocele often results in a mass lesion within the bladder that may be seen on bladder ultrasonography or indirectly as a filling defect of the bladder on voiding cystourethrography. The lower pole of the kidney of a duplex collecting system may drain into an orthotopic site and is associated with vesicoureteral reflux (VUR) in approximately 50% of cases. In addition, VUR is seen in approximately 25% of the kidneys contralateral to the duplex kidney that has a ureterocele.

Ureteroceles most commonly are associated with urinary tract infection in infants, although 25% are detected antenatally. Older children present with voiding symptoms or hematuria associated with minimal trauma. Surgical treatment is aimed at relieving the obstruction, preserving the functioning nephron mass, removing nonviable tissue that may result in infection, and treating VUR. Based on patient symptoms, treatments include upper pole nephroureterectomy, endoscopic incision of the ureterocele for relief of obstruction, and clinical observation.

Ureteropelvic junction obstruction, ureteral stones, and posterior urethral valves cause hydronephrosis that involves the entire kidney, not just a portion, as is seen with a ureterocele. In addition, in posterior urethral valves, the hydronephrosis is bilateral. A bladder diverticulum results in an outpouching of the bladder wall without a filling defect in the bladder.
8.   A 4-year-old girl presents with a 10-day history of increased urinary frequency but no associated dysuria or fever. She often voids a few times per hour during the day, but does not awaken at night to void. She typically sleeps 9 hours per night and is dry on awakening each morning. She was toilet trained at 2½ years of age. Her parents report that her older brother recently started school, and she has seemed a bit restless in recent weeks. Findings on her physical examination are unremarkable. A urinalysis shows a specific gravity of 1.020; pH of 6.0; and negative findings for blood, protein, leukocyte esterase, and nitrite. Urine culture results are negative.

Of the following, the MOST appropriate next step in treating this patient is to

A. order voiding cystourethrography

B. place the child on a timed voiding program

C. prescribe a 10-day course of antibiotics

D. reassure the parents that the problem should be short-lived

E. start the child on a laxative to treat any component of constipation

Preferred Response: D

The child described in the vignette has the clinical picture of pollakiuria. This condition of extraordinary urinary frequency typically occurs suddenly in toilet-trained children, causing them to need to void small urine volumes every 5 to 20 minutes without associated dysuria, abdominal pain, or fever. Affected children are typically 4 to 6 years old. Another characteristic feature is marked symptoms during the day that usually resolve completely during sleep and the lack of nocturnal enuresis. The urinary tract is structurally normal, and, therefore, imaging such as ultrasonography and voiding cystourethrography generally is not needed. Because urine cultures are negative, there is no role for antibiotic treatment. Pollakiuria may be triggered by psychosocial stress such as a death in the family or parental divorce. The prognosis is excellent, with anticipated resolution of symptoms within 2 to 6 months.

A more significant type of voiding dysfunction that should be considered in a child who has urinary frequency is due to an unstable (overactive) bladder. Affected children often experience urgency due to uninhibited bladder contractions and frequently have daytime and nighttime enuresis. The presence of nocturnal enuresis distinguishes the child who has an unstable bladder from one who has pollakiuria. Children who have unstable bladders compensate for their uninhibited bladder contractions by learning to contract the external urinary sphincter voluntarily to avoid incontinence, often assuming postures such as squatting, leg crossing, or Vincent curtsy (using the heel to provide pressure at the perineal region). Because this condition is not short-lived and may be associated with urinary tract infections from urinary retention, its prognosis is not as favorable as that of pollakiuria. Therefore, timed voiding is recommended and for those who are unable to void often enough, anticholinergic agents are recommended.

Treatment of constipation is useful in children who have dysfunctional elimination or recurrent urinary tract infections, but it does not appear to have a role in children who have pollakiuria or bladder instability (overactive bladder).
9.  A mother brings in her 4-year-old son because his eyelids are swollen. On physical examination, the boy has normal growth parameters, normal blood pressure, bilateral periorbital edema, and pitting pretibial edema. Laboratory findings include normal electrolyte concentrations, blood urea nitrogen of 14 mg/dL (5 mmol/L), creatinine of 0.3 mg/dL (26.5 mcmol/L), albumin of 1.9 g/dL (19 g/L), and normal C3 and C4 complement values. Urinalysis reveals a specific gravity of 1.030, pH of 6.5, 4+ protein, and 1+ blood, and microscopy demonstrates 5 to 10 red blood cells/high-power field. Antinuclear antibody test results are negative, and serologic tests are negative for hepatitis B surface antigen, negative for hepatitis C, and nonreactive for human immunodeficiency virus. A purified protein derivative test is nonreactive after 48 hours.

Of the following, the MOST appropriate treatment for this patient is:

A. diphenhydramine

B. furosemide

C. low-sodium diet

D. prednisone

E. protein-rich diet

Preferred Response: D

The boy described in the vignette has new-onset nephrotic syndrome (NS). The first important step is to establish the diagnosis based on the presence of severe proteinuria, hypoalbuminemia, and edema. Next, the practitioner must note the child’s blood pressure (BP) and assess renal function by measuring a serum creatinine because mild degrees of BP elevation and mild azotemia are consistent with NS, but marked elevations of BP or creatinine are not. In addition, approximately 20% of children presenting with new-onset NS have microscopic hematuria; gross hematuria should not be present.

The next phase of the evaluation involves screening for secondary causes of NS. Typically, a serologic evaluation includes measurement of complement components (C3 and C4), antinuclear antibody, anti-double-stranded DNA, hepatitis B surface antigen and core antibody, hepatitis C antibody, and human immunodeficiency virus antibody. A complete blood count is obtained to look for hematologic abnormalities associated with NS, such as leukemia/lymphoma or sickle cell disease. A purified protein derivative test is placed to look for occult tuberculosis infection prior to starting treatment. 
If no secondary cause of the NS is identified by these tests, the treatment of choice is oral prednisone beginning at 60 mg/m2 per day in divided doses (maximum dose, 40 mg twice per day). The duration of daily therapy is 4 to 6 weeks, after which time the dose is reduced to 40 mg/m2 (maximum daily dose, 60 mg) on alternate days for 4 to 6 weeks. Recent studies suggest that a longer course (6 weeks daily followed by 6 weeks alternate-day) results in a higher sustained remission rate than a shorter course (4 weeks daily followed by 4 weeks alternate-day).

Although a low-sodium diet is recommended for children who have new-onset NS, it is adjunctive, not definitive therapy. Diuretics such as furosemide are not recommended in patients who have NS due to an increased risk of thrombosis. A protein-rich diet has no role in the treatment of NS because the hypoalbuminemia is due to glomerular losses, not malnutrition.

Although allergies can cause periorbital swelling and may be treated with an  such as diphenydramine, patients typically exhibit other symptoms, such as rhinitis, sneezing, or conjunctival injection. If uncertainty exists as to the cause of periorbital swelling and there is concern about possible NS, performance of a urinalysis to detect proteinuria may be useful.

10.  An 18-month-old female presents with failure to thrive, polydipsia, and photophobia. Her weight is 8 kg and height is 70 cm (both <5th percentile). On physical examination, she appears pale and small for stated age, and she closes her eyes when you attempt to perform ophthalmoscopy.  She has tacky mucous membranes and capillary refill of 2 to 3 seconds. Pertinent findings on laboratory evaluation include:

• Sodium, 135 mEq/L (135 mmol/L)

• Potassium, 2.3 mEq/L (2.3 mmol/L)

• Chloride, 109 mEq/L (109 mmol/L)

• Bicarbonate, 14 mEq/L (14 mmol/L)

• Blood urea nitrogen, 15 mg/dL (5.4 mmol/L)

• Creatinine, 0.3 mg/dL (26.5 mcmol/L)

• Calcium, 8.4 mg/dL (2.1 mmol/L)

• Phosphorus, 2.1 mg/dL (0.68 mmol/L)

• Magnesium, 1.4 mg/dL (0.56 mmol/L)

• Hemoglobin, 10.5 g/dL (105 g/L)

• Glucose, 102 mg/dL (5.7 mmol/L)

Of the following, the BEST test to establish the diagnosis is

A. a sweat chloride test

B. intact parathyroid hormone measurement

C. ophthalmologic examination

D. urine ammonia measurement

E. urine chloride measurement

Preferred Response: C

The child described in the vignette has failure to thrive; symptoms of polyuria and photophobia; signs of apparent mild dehydration; and laboratory findings that include hypokalemia, metabolic acidosis, and hypophosphatemia. Such electrolyte disturbances are characteristic of Fanconi syndrome, a proximal tubulopathy that results in urinary losses of sodium, potassium, bicarbonate, phosphate, amino acids, protein, and glucose.

Although the differential diagnosis for the causes of Fanconi syndrome in the pediatric patient is extensive, the condition often is due to a metabolic disturbance. Causes of Fanconi syndrome include inherited diseases such as glycogen storage disease, hereditary fructose intolerance, tyrosinemia, cytochrome c oxidase deficiency, galactosemia, Lowe syndrome, Wilson disease, Dent disease, and cystinosis. Acquired causes include heavy metal poisoning, ifosfamide, cisplatin, gentamicin, and ingestion of outdated tetracycline.

The most common cause of Fanconi syndrome in pediatrics is nephropathic cystinosis.  Cystinosis is a lysosomal storage disorder that affects all cells in the body. Cystine normally is a product of protein degradation that is transported out of the lysosome. In cystinosis, cystine accumulates within lysosomes, resulting in cellular dysfunction. 
This autosomal recessive disorder has an estimated incidence of 1 in 100,000 to 200,000 live births, which translates into approximately 15 new cases diagnosed each year in the United States. The CTNS gene, which is located on chromosome 17p13, encodes for cystinosin, a transporter protein responsible for transporting cystine out of the lysosome.

Polyuria, polydipsia, growth failure, rickets, and electrolyte abnormalities manifest in the second half of the first postnatal year in approximately 95% of children who have cystinosis.  Cystine accumulation within the proximal tubular cells may result in impaired energy generation and a subsequent defect in solute reabsorption. Cystine accumulation within the cornea results in intense photophobia, as described for the child in the vignette. Patients who have cystinosis also may develop hypothyroidism.  Cystinosis may be suspected when cystine crystals are visible within the cornea during slitlamp ophthalmologic examination. The diagnosis is confirmed by the finding of an elevated white blood cell cystine concentration. 
Treatment includes replacement of electrolyte losses and oral cysteamine therapy. Cysteamine is directed at the transport defect in cystinosis and has been shown to prolong renal survival from 10 years in untreated patients to 23 years when instituted prior to 3 years of age.

The practitioner evaluating a child who is failing to thrive should consider electrolyte measurement and renal function tests when no obvious nutritional cause is present. Polyuria, polydipsia, and nocturnal fluid intake (the child awakens from sleep to drink fluid) are suggestive of diabetes insipidus, but specific electrolyte abnormalities can indicate the possibility of Fanconi syndrome.

The patient in the vignette is exhibiting failure to thrive, but the electrolyte panel, which includes a normal chloride value and metabolic acidosis, is inconsistent with that of a patient who has cystic fibrosis (CF). Patients who have CF typically have excessive loss of chloride in their sweat that results in hypochloremia and metabolic alkalosis. Patients who have primary hyperparathyroidism have low phosphorus and slightly low bicarbonate values, but have hypercalcemia. This patient’s normal calcium concentration and hypokalemia are inconsistent with an abnormality of parathyroid hormone secretion. Urine ammonia measurement can be useful in patients who have distal renal tubular acidosis, which is associated with normal anion gap metabolic acidosis, but few of the other electrolyte abnormalities reported for this patient.

Urine chloride measurement is useful for those who have Bartter syndrome and Gitelman syndrome, which could explain the hypokalemia and hypomagnesemia, but these conditions are associated with hypochloremic metabolic alkalosis, which is not present in the patient in the vignette.

11.  The parents of a 3-year-old boy who has polyuria and polydipsia ask if anything can be done for their child’s symptoms and what the prognosis is for toilet training. After confirming a normal serum glucose value and a negative urine culture, you arrange for a water deprivation test at the hospital. 
The test begins at 9 am, and assessments are made hourly. At 0900, the patient weighs 14.1 kg, the serum osmolality is 290 mOsm/kg H2O, and the urine osmolality is 120 mOsm/kg H2O. The measurements made over the course of the test are summarized below. Per protocol, the patient is given no food or fluids intravenously or orally. Aqueous vasopressin is administered subcutaneously at 1101, immediately after the 1100 laboratory samples are taken.  After 4 hours, the test is stopped, and the patient is allowed to drink to prevent hypovolemia.
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Of the following, the MOST likely diagnosis is

A. central diabetes insipidus

B. nephrogenic diabetes insipidus

C. no abnormalities in urinary concentrating ability

D. primary (psychogenic) polydipsia

E. inconclusive results necessitating repeat testing

Preferred Response: B

When a child presents with polyuria and polydipsia, it is imperative for the clinician to exclude diabetes mellitus. Once excluded by a normal glucose value, as occurred in the vignette, the clinician should test for normal urinary concentrating ability, which usually is measured on a first morning urine specimen, making it difficult to obtain in the incontinent child. In this situation, a water deprivation test may be necessary to assess urinary concentrating ability appropriately.

The test is conducted in the hospital due to the risks of dehydration in the patient who has diabetes insipidus (DI) and cannot concentrate urine adequately. Younger children who are not yet toilet trained require a urinary catheter to monitor urine output and allow for urine osmolar testing.  In a healthy person, the water deprivation test results in weight loss, increased serum osmolality, and progressive increase in urine osmolality. The effective urinary concentrating ability demonstrates normal antidiuretic hormone (ADH) production and normal renal response to hypovolemia. 
In contrast, when the 4-hour test was administered to the boy in the vignette, he lost weight, developed a progressive increase in serum osmolality, but maintained a fixed urine osmolality. These findings are consistent with DI. A trial of aqueous vasopressin (VP) was given in an effort to differentiate between central DI (VP-responsive) and nephrogenic DI (VP-unresponsive).

The patient's lack of response to VP indicates that he has nephrogenic DI (NDI).  NDI is an X-linked disorder in 90% of cases and is caused by mutations in the V2R gene (located on the X chromosome), which encodes for the arginine vasopressin type 2 receptor (V2R) that is expressed on the basolateral membrane of the collecting tubules. When circulating antidiuretic hormone is presented to the V2 receptor, water channels (aquaporin-2 [AQP2]) translocate to the luminal surface of the collecting tubule, resulting in water reabsorption. Ten percent of NDI cases are autosomal recessive and caused by mutations in the AQP2 gene.

Alternative clinical possibilities in the setting of polyuria and polydipsia include primary (psychogenic) polydipsia, a diagnosis that is excluded readily by a water deprivation test.  Affected patients have normal ADH production and normal tubular response. Accordingly, when the plasma osmolality reaches 295 mOsm/kg H2O, the urine osmolality exceeds 800 mOsm/kg H2O. Results of the water deprivation test for the boy in the vignette are conclusive, demonstrating an abnormality in urinary concentrating ability that failed to respond to volume depletion (excluding primary polydipsia) and aqueous vasopressin (excluding central DI).

12.  You are evaluating a 17-year-old boy whom you have known since early childhood. He is complaining of headaches over the past 2 weeks. He has a history of asthma, which has been well controlled, and he is an otherwise healthy member of the varsity football team at school. He has had a significant weight gain of 30 lb (13.5 kg) since his visit to you 1 year ago. He denies using illicit or prescription drugs. On physical examination, he appears very muscular and has a blood pressure of 180/120 mm Hg. You repeat the measurement using a leg cuff to ensure adequate cuff size and obtain the same result.

Of the following, the BEST management plan is

A. angiotensin-converting enzyme inhibition as an outpatient

B. beta blocker therapy as an outpatient

C. diuretic therapy as an inpatient

D. repeat blood pressure measurement in 1 to 2 weeks

E. vasodilator therapy as an inpatient

Preferred Response: E

Hypertension is a major cause of morbidity and mortality in adults, and growing data suggest that it is becoming a greater clinical problem in the pediatric population, particularly adolescents.  Although yet to be defined clearly, the lifelong risks for the child who has hypertension or a prehypertensive state are likely to be substantial. Blood pressure is affected by height, weight, sex, and race. A complete medical history, particularly family history and medications (including over-the-counter supplements), and a thorough physical examination are essential to early and accurate diagnosis of hypertension and assessment of its secondary causes, comorbidities, and potential complications.

Measurement of the blood pressure is a salient component of the yearly health supervision visit for children beginning at 3 years of age. When the patient is calm and relaxed, blood pressure should be measured in the right arm with the patient seated and the arm resting at the level of the heart. The stethoscope should be placed about 2 cm superior to the cubital fossa, just over the brachial artery. It is extremely important to use the proper size cuff for each patient.

The bladder of the cuff (not the cuff material) is the most important determinant of cuff size. The bladder width should cover 60% to 70% of the upper arm length. The cuff bladder length should cover 80% to 100% of the circumference of the arm to ensure complete compression of the brachial artery during cuff inflation. A cuff that is too small will result in a falsely elevated reading.  A cuff that appears too large will not affect the measurement adversely. Most errors in blood pressure measurement occur in obese or highly muscularized patients when a cuff is used that is too small.

Severe hypertension and hypertensive crisis should be managed aggressively. The latter typically results from the ingestion of drugs that cause hypertension, injury, or disease of the kidney or previously unrecognized, progressive hypertension. Symptoms of severe hypertension may include headache, changes in vision, epistaxis, seizure, pulmonary edema with congestive heart failure, and those that may arise from renal failure.

The patient described in the vignette has a significantly elevated blood pressure that involves marked and reproducible systolic and diastolic hypertension. The best management plan is to monitor his blood pressure while the cause is ascertained and treatment begun, which involves admission to the hospital and initial treatment with an intravenous antihypertensive agent. The goal of such therapy is to reduce the blood pressure by 25% or less over the first 8 hours and gradually normalize it over the next 48 hours to avoid complications (eg, cerebrovascular accident).

The choice of chronic antihypertensive therapy depends, in part, on the cause of the hypertension, but for immediate short-term management, vasodilators (eg, calcium channel blockers, hydralazine, nitroprusside) are useful. These agents reduce the afterload against which the left ventricle pumps, thereby reducing its work and oxygen consumption. Alternatively, short-acting beta blockers could be used in the acute setting. When using beta blockers, however, the clinician must bear in mind their potential complications, including exacerbation of underlying asthma. Of importance, pharmacologic management of severe hypertension and hypertensive crisis should use medications that can be titrated to effect readily and have a fast onset of action. Diuretics, particularly the thiazide class, often are used as first-line antihypertensive agents for those who have mild or moderate hypertension that can be controlled on an outpatient basis. These may be used in combination with other agents, including but not limited to angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, if adequate control is not obtained with a single agent. The significant hypertension reported for the boy in the vignette requires immediate action; repeating the blood pressure measurement in 1 to 2 weeks is not appropriate.
13.  You are treating a child who has suffered a splenic injury and is being transfused with large volumes of packed red blood cells for severe anemia. He weighs 10 kg and has received 4 units thus far.

Of the following, the finding on electrocardiography that is MOST likely to represent a serious complication of his therapy is

A. atrial flutter

B. delta waves

C. prominent U waves

D. supraventricular tachycardia

E. tall-peaked T waves

Preferred Response: E

Administration of fluids and blood products can be essential for resuscitation of the trauma patient but may lead to potentially dangerous electrolyte imbalances. Recognition of these abnormalities, which may be subtle, can be important and even lifesaving. When large volumes of blood are transfused, as reported for the child in the vignette, hyperkalemia may occur, which is believed to be the result of extravasation of potassium from the red blood cells that have been irradiated and stored over time. Hyperkalemia can be associated with paresthesias, weakness, and tingling, although cardiac toxicity typically precedes such symptoms. 
Severe cardiac rhythym changes may begin abruptly. The classic electrocardiographic sign of hyperkalemia is tall, peaked T waves, particularly as the serum potassium concentration approaches or exceeds 5.0 to 6.0 mEq/L (5.0 to 6.0 mmol/L). As hyperkalemia progresses, other changes in the ECG, such as widening of the QRS complex, may be noted. The rhythm changes that occur as a result of hyperkalemia, including ventricular arrhythmias, may develop abruptly, leading to sudden changes in the patient's clinical condition.

Another potential electrolyte complication of fluid and blood administration is hypocalcemia, which results from the citrate-containing anticoagulants that bind free calcium. Hypocalcemia may manifest on ECG as a prolonged QT interval, which tends to widen as the ionized calcium concentrations decrease.

Atrial flutter, a primary disease of the atrial tissue, would not be expected in the patient described in the vignette. The delta wave refers to the ECG finding of pre-excitation, seen in conditions such as the Wolff-Parkinson-White syndrome that have an associated "bypass" tract allowing for excitement of the His-Purkinje system without passage through the atrioventricular node.  The U wave may be seen in hypokalemia, particularly as concentrations decrease below 2.7 mEq/L, or hypercalcemia (calcium concentrations exceeding 12.0 mg/dL), which would not be expected in the patient described in the vignette.  Hypercalcemia also may lead to a diminished QT interval, and with more severe hypercalcemia, second- or third-degree heart block may develop. Supraventricular tachycardia would not be expected to occur as a result of a large-volume transfusion process.

14.  A 6-year-old girl is experiencing daytime and nighttime enuresis of 1 month’s duration. She achieved daytime continence at age 3 and has been dry at night since age 4. She has no history of fever, but does have some dysuria. The physical examination is remarkable only for suprapubic tenderness. Urinalysis demonstrates a specific gravity of 1.015, pH of 6.5, 1+ blood, trace protein, 3+ leukocyte esterase, and positive for nitrite. Microscopy reveals 2 to 5 red blood cells/high-power field (HPF), 20 to 50 white blood cells/HPF, and 3+ bacteria. Results of a urine culture are pending.
Of the following, the MOST appropriate empiric treatment for this patient is

A. amoxicillin

B. cefixime

C. cephalexin

D. ciprofloxacin

E. trimethoprim-sulfamethoxazole

Preferred Response: E

The child described in the vignette has dysuria, incontinence, and suprapubic tenderness, but she is otherwise well and has no fever or systemic symptoms. Based on the urinary findings of positive leukocyte esterase and nitrite with pyuria on microscopy, she most likely has a lower urinary tract infection (UTI) or cystitis.

Cystitis is treated with empiric outpatient oral antibiotic therapy directed at the most likely urinary pathogens until the urine culture and antibiotic susceptibilities are available.  Approximately 90% of UTIs are caused by Escherichia coli. Because E coli are usually sensitive to trimethoprim-sulfamethoxazole (TMP-SMX), it is an excellent agent for initial treatment of cystitis. In some regions of the country, bacterial resistance to this agent may be increasing, but it still is considered the best first-line agent because it may be more effective than beta-lactam antibiotics (eg, amoxicillin) in treating UTI, is inexpensive and readily available, and allows the clinician to reserve more broad-spectrum antibiotics for treatment failures. 
Due to high resistance rates, amoxicillin should not be used as first-line empiric treatment for cystitis.  Broader-spectrum antibiotics such as first-generation (cephalexin) and third-generation (cefixime) cephalosporins or fluoroquinolones (ciprofloxacin) should be reserved for second-line treatment unless the child has recurrent UTI and a history of resistance or allergy to TMP-SMX.

The standard duration of treatment is 7 to 14 days. A recent meta-analysis supported the use of a short course (2 to 4 days) of antibiotics, which compared favorably with a standard course (7 to 14 days) in terms of treatment failures and recurrence of lower UTI. Single-dose antibiotic regimens have been used in adults, but pediatric studies demonstrate an increased number of treatment failures and UTI recurrences compared with standard 7- to 14-day treatment regimens.

15.   A 3-year-old girl presents with a 2-day history of vomiting and diarrhea. Her mother explains that although the girl has difficulty keeping down fluids, she has managed to take sips of water and eat popsicles. On physical examination, her temperature is 37.0°C, heart rate is 140 beats/min, respiratory rate is 14 breaths/min, blood pressure is 106/60 mm Hg, and weight is 15 kg. She has dry mucous membranes and a capillary refill of 3 seconds. Laboratory evaluation reveals:

• Sodium, 131 mEq/L (131 mmol/L)

• Potassium, 3.5 mEq/L (3.5 mmol/L)

• Chloride, 94 mEq/L (94 mmol/L)

• Bicarbonate, 16 mEq/L (16 mmol/L)

• Glucose, 70.0 mg/dL (3.9 mmol/L)

• Blood urea nitrogen, 44.0 mg/dL (15.7 mmol/L)

• Creatinine, 1.1 mg/dL (97.2 mcmol/L)

Urinalysis reveals a specific gravity of 1.030, pH of 5.5, 3+ ketones, and no blood or protein.

Of the following, the MOST appropriate intravenous fluid order for immediate management is

A. 5% dextrose at 10 mL/hour + urine output replacement

B. 5% dextrose + 0.225% sodium chloride at 50 mL/hr

C. 5% dextrose + 0.33% sodium chloride + 20 mEq/kg potassium chloride at 50 mL/hr

D. 0.225% sodium chloride at a volume of 300 mL over 1 hour

E. 0.9% sodium chloride at a volume of 300 mL over 1 hour

Preferred Response: E

The child described in the vignette has an antecedent gastrointestinal illness and exhibits signs of volume depletion, including tachycardia, the absence of moist mucous membranes, and delayed capillary refill. Furthermore, laboratory evaluation demonstrates hyponatremia, increased anion gap metabolic acidosis, and azotemia (elevated blood urea nitrogen and creatinine values). The patient’s urinalysis demonstrates concentrated urine with ketonuria, but no blood or protein.

In general, results of this patient’s clinical and laboratory evaluation are consistent with hypovolemia and prerenal failure. Prerenal failure is seen in the setting of decreased effective circulating blood volume, as can occur with dehydration, congestive heart failure, and sepsis.

The essentially negative urinalysis for this patient strongly suggests prerenal failure. The ability of her kidneys to generate highly concentrated urine is reassuring regarding the viability of renal tubules. In contrast, children who have acute tubular necrosis tend to have isosthenuria (urine specific gravity = 1.010) and, therefore, are unable to concentrate the urine because of tubular injury. Further supportive evidence of tubular injury includes hematuria or proteinuria, which can occur when the urothelium is disrupted.

Fluid management of children who have prerenal failure begins with restoration of the intravascular volume with isotonic saline. Patients who have prerenal failure and depressed effective circulating blood volume have increased activity of the compensatory mechanisms to normalize the blood volume, including the renin-angiotensin-aldosterone system, the sympathetic nervous system, and antidiuretic hormone. These compensatory systems prompt avid sodium and water retention by the nephron, resulting in low urinary sodium excretion (<25 mEq/L) and low fractional excretion of sodium (FENa <1%). This physiologic commitment to restore intravascular volume in the setting of hypovolemia necessitates the prescription of intravenous fluids that are isotonic and devoid of free water. Therefore, the only acceptable fluid to increase intravascular volume is 0.9% sodium chloride, which typically is prescribed at volumes of 20 mL/kg for the pediatric patient. Other fluid options that have less than 0.9% sodium chloride (such as 0.225%, 0.33%, or 0.45%) contain free water and increase the risk for hyponatremia due to high antidiuretic hormone concentrations in the patient.

The fluid prescription of insensible water loss + urine output replacement is ideal for the patient who has intrinsic renal disease and is euvolemic. However, this fluid prescription is inappropriate for the dehydrated patient who has prerenal failure.

16.  A 10-year-old boy has marked fluid intake, frequent urination, and decreased visual acuity. On physical examination, the boy is short (<5th percentile), neurologic evaluation findings are normal, and no edema is present. His electrolyte values are normal. Other laboratory results include:

· Blood urea nitrogen, 36.0 mg/dL (12.9 mmol/L)

· Creatinine, 2.0 mg/dL (176.8 mcmol/L)

· Hemoglobin, 6.5 g/dL (65.0 g/L)

· Urine specific gravity, 1.005

· Urine pH, 6

· Urine protein, 1+

Ophthalmologic evaluation reveals features of retinitis pigmentosa.

Of the following, the MOST likely diagnosis is

A. Alport syndrome

B. diabetic nephropathy

C. juvenile nephronophthisis

D. Lowe syndrome

E. nephropathic cystinosis

Preferred Response: C

The symptoms of polyuria and polydipsia; clinical finding of short stature; and laboratory findings of azotemia, anemia, and proteinuria described for the patient in the vignette point to the diagnosis of juvenile nephronophthisis (NPH). 
This autosomal recessive inherited disorder is characterized by chronic tubulointerstitial disease. NPH begins with tubular dysfunction, which progresses to azotemia and ultimately, end-stage renal disease (ESRD). The clinical presentation includes symptoms consistent with a urinary concentrating defect (polyuria and polydipsia) at 2 to 3 years of age that progresses to more overt symptoms in the next few years. Tubular wasting of sodium can lead to hyponatremia and salt craving. Signs of acidosis, anemia, and azotemia appear next. The median age of onset of ESRD is 13 years. NPH is estimated to account for 5% to 10% of all cases of ESRD in children. 
The diagnosis is based primarily on clinical symptoms; renal ultrasonography usually is not helpful because the finding of mild increased echogenicity of the kidneys is nonspecific. Medullary cysts, which characterize the disease, may be missed on ultrasonography but usually are seen on computed tomography scan. Renal biopsy, which is not always performed, demonstrates tubular damage, with interstitial fibrosis and normal glomeruli. Cysts may be seen in advanced disease.  

NPH may be associated with other disorders, such as the Senior-Loken syndrome, which is seen in 15% of cases. This syndrome involves the eye, with tapetoretinal degeneration, retinitis pigmentosa, and the development of blindness. Other findings include nystagmus, coloboma, and cataracts. NPH also is associated with Joubert syndrome (NPH with aplasia of the cerebellar vermis causing ataxia and retinal coloboma/retinitis pigmentosa), hepatic fibrosis, and skeletal defects (cone-shaped epiphyses).

Four genes have been identified in association with NPH. Most cases of juvenile NPH are related to the NPHP1 gene, which is located on chromosome 2q12.3 and encodes for nephrocystin 1. NPHP2 and NPHP3 encode for proteins for the infantile and adolescent forms of NPH, respectively.

Alport syndrome is an X-linked disorder associated with a defect of the alpha 5 chain of type IV collagen (Col4A5). It manifests with hematuria, high-frequency sensorineural hearing loss, and anterior lenticonus (and occasionally cataracts). Diabetic nephropathy can result in retinal and renal disease, but the patient in the vignette lacks a history of diabetes and has no glycosuria. Lowe syndrome is an X-linked disorder characterized by Fanconi syndrome (glycosuria, metabolic acidosis, aminoaciduria, and hypophosphatemia), mental retardation, and congenital cataracts, but it does not result in azotemia, anemia, or retinal abnormalities.  Nephropathic cystinosis is a lysosomal storage disorder that has an autosomal recessive inheritance pattern and involves the Fanconi syndrome, failure to thrive, and cystine crystal deposition within the cornea, resulting in severe photophobia.

17.  A 4-year-old boy presents with periorbital edema. He is receiving no medications, and his family history is negative for renal disease. On physical examination, he is afebrile; his heart rate is 88 beats/min, respiratory rate is 18 breaths/min, and blood pressure is 106/62 mm Hg; and he has periorbital and pitting pretibial edema. Laboratory evaluation shows normal electrolyte values, blood urea nitrogen of 14.0 mg/dL (5.0 mmol/L), creatinine of 0.3 mg/dL (26.5 mcmol/L), and albumin of 1.6 g/dL (16.0 g/L). Urinalysis demonstrates a specific gravity of 1.020; pH of 6.5; 3+ protein; and negative blood, leukocyte esterase, and nitrite.  Microscopy results are normal. Additionally, complement component (C3 and C4) values are normal, and results of serologic testing for antinuclear antibody, hepatitis B and C, and human immunodeficiency virus are negative.

Of the following, you are MOST likely to advise the parents that

A. a renal biopsy is warranted to determine the optimal treatment

B. disease relapse can be expected in fewer than 25% of those achieving remission

C. patients who relapse have a similar prognosis as those who do not respond to steroids

D. remission is expected in more than 75% of patients who receive corticosteroid treatment

E. tacrolimus is the preferred treatment for patients who do not respond to corticosteroids

Preferred Response: D

The boy described in the vignette has signs and symptoms of nephrotic syndrome. Causes of nephrotic syndrome can be subdivided into primary glomerulopathies (eg, minimal change disease, focal segmental glomerulosclerosis, mesangial proliferative glomerulonephritis) and secondary glomerulopathies (eg, lupus nephritis, membranoproliferative glomerulonephritis due to hepatitis C, and human immunodeficiency virus nephropathy).

The initial evaluation of new-onset nephrotic syndrome centers on establishing whether it is due to a primary glomerulopathy and warrants an empiric trial of corticosteroids. Clinical features that suggest secondary glomerulopathy include moderate-to-severe hypertension or gross hematuria. Laboratory markers suggestive of a secondary glomerulopathy include azotemia, hypocomplementemia, a positive antinuclear antibody finding, or a positive serologic test for human immunodeficiency virus or hepatitis B or C.

The normal blood pressure and renal function as well as the absence of hematuria, hypocomplementemia, or a positive serologic test for lupus or viral infection described for the boy in the vignette are consistent with primary glomerulopathy. Accordingly, this child should receive a 4- to 6-week trial of daily corticosteroids because nearly 90% of childhood nephritic syndrome cases are sensitive to steroids. Although 90% of pediatric patients achieve a state of remission with corticosteroids, 50% to 70% experience at least one relapse during their disease course.

Unless clinical or serologic findings raise the possibility of an underlying glomerulonephritis, renal biopsy is not warranted. The steroid response, not renal biopsy findings, is the best predictor of the prognosis for childhood nephrotic syndrome. Steroid-sensitive patients, even those who have a relapsing course, have a better prognosis than steroid-resistant patients. The approximately 10% of patients who are steroid-resistant have a guarded prognosis, with a risk of developing chronic renal failure. Steroid-resistant patients require a renal biopsy to establish histologic information.

In most circumstances, the first-line medication for steroid-resistant nephrotic syndrome is cyclosporine. More recently, another calcineurin inhibitor, tacrolimus, has been used in children who fail to respond to cyclosporine. At present, tacrolimus is considered a second- or third-line treatment for steroid-resistant nephrotic syndrome.

18. An 8-year-old girl who has previously diagnosed Takayasu arteritis presents to the clinic for a routine evaluation. Her vasculitis has been in clinical remission, and she presently is taking no medications. She complains of intermittent headaches. On physical examination, her heart rate is 88 beats/min, and her blood pressure is 160/110 mm Hg. On abdominal examination, you note bruits to the right and left of the midline. Laboratory results include:

• Sodium, 140 mEq/L (140 mmol/L)

• Potassium, 3.2 mEq/L (3.2 mmol/L)

• Chloride, 100 mEq/L (100 mmol/L)

• Bicarbonate, 32 mEq/L (32 mmol/L)

• Blood urea nitrogen, 16 mg/dL (5.7 mmol/L)

• Creatinine, 0.6 mg/dL (53.0 mcmol/L)

Renal ultrasonography reveals kidneys that are slightly small for age but have normal echotexture.

Of the following, the MOST appropriate treatment for this patient is

A. atenolol

B. enalapril

C. furosemide

D. hydrochlorothiazide

E. losartan

Preferred Response: A

The child described in the vignette, who has an underlying large-vessel vasculitis (Takayasu arteritis), presents with marked hypertension associated with bilateral abdominal bruits and a hypokalemic, metabolic alkalosis. This clinical scenario is consistent with bilateral renal artery stenosis.

The usual approach to hypertension in the pediatric patient is to prescribe an agent that will alter at least one of the components of the blood pressure equation: systemic vascular resistance (SVR) or cardiac output (comprised of heart rate and stroke volume). While addressing the mechanism of hypertension, the antihypertensive agent also must avoid undesirable adverse effects. 

Medications that reduce the SVR include: dihydropyridine calcium channel blockers (nifedipine or amlodipine), alpha blockers (prazosin), vasodilators (hydralazine or minoxodil), angiotensin-converting enzyme inhibitors (ACEIs) (enalapril or lisinopril), and angiotensin receptor blockers (ARBs) (losartan). Agents that reduce heart rate include: beta blockers (propranolol or atenolol) and alpha-2 agonists (clonidine). Drugs that reduce the stroke volume include diuretics (thiazides, loop diuretics [furosemide], and spironolactone). ACEIs and ARBs also lower stroke volume through their diuretic effects via reduction of aldosterone concentrations by reducing angiotensin II effects. Beta blockers also have effects on the rennin-angiotensin-aldosterone system (RAAS) due to the presence of beta-1 receptors on the juxtaglomerular apparatus (site of renin production) in the kidney. As such, beta blockers can have some effects on the RAAS, but are generally milder in that regard compared with ACEIs and ARBs.

The treatment of the patient in the vignette (who has bilateral renal artery stenosis) must be approached with caution because of the unique situational need for angiotensin II to provide efferent arteriolar vasoconstriction to maintain glomerular filtration. Therefore, the use of ACEIs and ARBs generally is contraindicated due the possible precipitous drop in renal function and the development of acute renal failure. Accordingly, neither enalapril nor losartan should be used in this patient. Because the mechanism of hypertension is primarily due to the effects of angiotensin II, which is a potent vasoconstrictor, the use of a beta blocker with its milder effects on the RAAS is ideal. Diuretics (either hydrochlorothiazide or furosemide) may have an adjunctive role, but as first-line therapy, they are only marginally effective. A dihydropyridine calcium channel blocker also may be effective, but probably less so than a beta blocker.

19. A 10-year-old girl presents with cola-colored urine and mild swelling of her legs that she initially noticed 12 hours ago. Her mother reports that she had a sore throat 10 days ago, and the change in urine color occurred yesterday evening. There is no history of trauma, and the patient denies flank pain, frequency, urgency, dysuria, or passing clots in the urine. On physical examination, her blood pressure is 144/90 mm Hg, and she has mild swelling of the face and lower extremities.

Of the following, the MOST appropriate next step is

A. echocardiography

B. renal and bladder ultrasonography

C. serum creatinine measurement

D. throat swab for rapid streptococcal antigen

E. urine culture

Preferred Response: C

Children who have acute glomerulonephritis (AGN) typically present with hematuria, proteinuria, and one or more of the following: hypertension, azotemia, and edema. The classic presentation of the "nephritic syndrome" includes painless gross hematuria (cola-colored urine without clots), a history of decreased urine output, hypertension, and facial or pretibial swelling, as described for the girl in the vignette.

The initial laboratory evaluation of a patient who has AGN begins with a urinalysis that includes microscopic examination. The dipstick component demonstrates the presence of blood and protein, and the microscopic component reveals the presence of red blood cells, some white blood cells (as seen with inflammation), and possibly red blood cell casts. Red blood cell casts are seen best on a freshly spun urine specimen, which can be performed by the clinician, but may not be reported by the average laboratory unless specifically requested. If the urinalysis results are consistent with AGN, renal function tests should be obtained along with serum electrolyte measurements. Additional serologic tests should focus on measurement of complement components, antinuclear antibody (ANA), and anti-double-stranded (ds) DNA antibody.

Measurement of complement component 3 (C3) allows classification of the AGN as hypocomplementemic (low C3) or normocomplementemic (normal C3). Children who have hypocomplementemic AGN are presumed to have postinfectious AGN initially. Membranoproliferative glomerulonephritis (MPGN) is also a consideration because two thirds of cases are hypocomplementemic at presentation, sometimes with an accompanying low C4.  Lupus nephritis is also a consideration and is usually associated with positive ANA and anti-ds DNA findings. 
The differential diagnosis for normocomplementemic AGN includes renal-limited diseases such as immunoglobulin A (IgA) glomerulonephritis, MPGN, and Alport syndrome; systemic diseases such as Henoch-Schönlein purpura; and antineutrophil cytoplasmic antibodyassociated diseases such as Wegener granulomatosis and microscopic polyangiitis.

It is essential that the clinician assess renal function. If the serum creatinine value is elevated, a nephrology consultation should be sought immediately to ensure that the child does not have a rapidly progressive glomerulonephritis that warrants renal biopsy and urgent treatment. 
Management also should focus on control of the hypertension, which usually can be accomplished by restriction of fluid and sodium intake. Fluids should be restricted to one half to two thirds maintenance. A vasodilator also may be warranted. Hospitalization sometimes is required to manage the hypertension or monitor the renal function in those who have azotemia.  Although hypoalbuminemia may be present, albumin infusions generally are not required, and if considered, should be provided only with the input of a pediatric nephrologist because of concerns about potential development of pulmonary edema with albumin infusion.

The role of echocardiography is to assess for left ventricular hypertrophy (LVH) caused by hypertension. Its use in the clinical setting of AGN is limited because LVH is very unlikely in acute hypertension. Renal ultrasonography is helpful in the child who has gross or microscopic hematuria when looking for a renal cyst, stone, or mass. In the setting of AGN, its use is limited.

A throat swab for streptococcal antigen may help determine if the patient has group A Streptococcus within the pharynx, but the pathogen may not be present in someone who has acute poststreptococcal GN at presentation or in those who have other causes of AGN. Urine culture is helpful to rule out a urinary tract infection, but this patient’s lack of urinary symptoms in the presence of "cola-colored urine" without clots make an infectious cause unlikely.

[image: image2.emf]
20.  A mother brings in her 4-year-old daughter because of decreased energy following a 3-day history of diarrhea without vomiting. On physical examination, the girl’s temperature is 100.2°F (37.9°C), heart rate is 130 beats/min, respiratory rate is 18 breaths/min, and blood pressure is 122/84 mm Hg. She has pale conjunctivae, a hyperdynamic precordium, and mild pretibial edema. Laboratory evaluation reveals:

· Sodium, 133.0 mEq/L (133.0 mmol/L)

· Potassium, 5.2 mEq/L (5.2 mmol/L)

· Chloride, 100.0 mEq/L (100.0 mmol/L)

· Bicarbonate, 16.0 mEq/L (16.0 mmol/L)

· Albumin, 2.5 g/dL (25.0 g/L)

· Blood urea nitrogen, 40.0 mg/dL (14.3 mmol/L)

· Creatinine, 1.4 mg/dL (123.8 mcmol/L)

· Hemoglobin, 6.1 g/dL (610.0 g/L)

· White blood cell count, 21.5x103/mcL (21.5x109/L)

· Platelet count, 90.0x103/mcL (90.0x109/L)

Of the following, the MOST likely additional laboratory abnormality is

A. a low reticulocyte count

B. elevated lactate dehydrogenase concentration

C. elevated parathyroid hormone concentration

D. positive Coombs test

E. prolonged prothrombin time

Preferred Response: B

The diarrheal prodrome, tachycardia, hyperdynamic precordium, anemia, thrombocytopenia, and elevated creatinine value described for the girl in the vignette suggests the diagnosis of hemolytic-uremic syndrome (HUS). HUS is a microangiopathic process often linked to Shiga toxin-producing enterohemorrhagic Escherichia coli, which results in the triad of microangiopathic hemolytic anemia, thrombocytopenia, and acute renal failure (ARF). HUS is categorized as a thrombotic microangiopathy that has a predilection for arterioles and capillaries, especially those involving the renal circulation.

When HUS is preceded by diarrhea (90% of cases), it is designated D(+). The diarrheal prodrome may be bloody or nonbloody and is associated most commonly with enterohemorrhagic E coli, with serotype O157:H7 being the most common in the United States.  This Shiga toxin-producing E coli often is acquired by ingesting undercooked hamburger, unpasteurized apple cider, or other contaminated foods. Patients who have this organism in their gastrointestinal tracts can develop diarrhea (bloody or nonbloody) alone or HUS. Interestingly, only 5% to 8% of children who have hemorrhagic colitis from a Shiga toxin-producing enterohemorrhagic E coli actually develop HUS, which suggests that virulence and host factors likely play a role in who develops HUS. 
Those who exhibit HUS develop endothelial cell injury and small vessel thromboses involving the glomerular capillary, arteriolar, and interlobular arteries. The resultant ischemic injury affects the glomeruli and tubules, leading to ARF. The endothelial injury results in von Willebrand factor release, platelet adhesion, and microthrombi formation. This thrombotic microangiopathic process leads to a hemolytic anemia and thromobocytopenia.

Children who have D(+) HUS may have symptoms mimicking those of ulcerative colitis or an acute abdomen. To detect HUS in its early stages, it is important to monitor hemoglobin, platelet count, and serum creatinine as well as urinalysis in a child who has severe colitis. Because oliguria due to dehydration is common in children who have severe diarrhea, the diagnosis of ARF due to HUS can be delayed. When HUS is suspected, a peripheral blood smear should be obtained. A smear that shows evidence of fragmented red blood cells (schistocytes), low platelet number, and reticulocytosis is diagnostic. Of note, the reticulocyte count may not be markedly elevated in severe renal dysfunction due to impaired erythropoietin production. Leukocytosis is common, with higher white blood cell counts associated with a worse renal prognosis. In addition, due to the severity of the hemolysis, other laboratory abnormalities include elevated lactate dehydrogenase and low haptoglobin values.

The Coombs test is negative because this is not an antibody-mediated process. The prothrombin and partial thromboplastin times are normal because HUS is not a consumptive coagulopathy. The parathyroid hormone concentration would not be expected to be elevated in the setting of acute renal failure; this is a manifestation of renal osteodystrophy seen in severe forms of chronic kidney disease.

Treatment of HUS is largely supportive, including intravenous volume expansion in those who do not have oliguria and dialysis in those who have oligoanuria. Of note, empiric antibiotics should be avoided in children who have bloody diarrhea because if the diarrhea is due to enterohemorrhagic E coli, antibiotic therapy is associated with an increased risk of developing HUS.

21.  During the routine examination of a 1-day-old term infant, you palpate an abdominal mass. His growth parameters and blood pressure are within normal limits.

Of the following, the MOST likely explanation for the mass is

A. bowel duplication

B. multicystic dysplastic kidney

C. neuroblastoma

D. renal vein thrombosis

E. Wilms tumor

Preferred Response: B

A palpable abdominal mass in the newborn usually is related to the kidney. The most common lesions responsible are multicystic dysplastic kidney (MCDK) and hydronephrosis due to ureteropelvic junction (UPJ) obstruction.  Anomalies such as MCDK are detected either on in utero ultrasonography or postnatally as an abdominal mass. On ultrasonography, the lesion is associated with large renal cysts that are noncommunicating. 
An MCDK is a nonfunctioning nephron unit; a patient who has a unilateral MCDK and a normal contralateral kidney is considered to have a single kidney. The incidence of MCDK is estimated at 1 in 4,000 live births. An additional important aspect of MCDK is that vesicoureteral reflux (VUR) occurs in approximately 30% of cases into the functioning, contralateral kidney. Also, approximately 15% of contralateral kidneys may have a component of obstruction. 
The standard approach to an infant in whom a unilateral MCDK is diagnosed begins with the institution of prophylactic antibiotics (based on the 30% risk of VUR in the contralateral kidney). Voiding cystourethrography and a diuretic renal scan (DRS) should be obtained. The DRS generally demonstrates normal uptake by the “healthy” contralateral kidney and absence of uptake in the region of the nonfunctioning MCDK.

If not diagnosed by in utero ultrasonography, hydronephrosis may present as an abdominal mass in the newborn period. The most common cause is UPJ obstruction. More rarely, it is caused by ureterovesical junction (UVJ) obstruction, single-system ureterocele, or VUR. The approach to a patient in whom hydronephrosis is suspected begins with renal/bladder ultrasonography to confirm the hydronephrosis and screen for other lesions while assessing the contralateral kidney.   Prophylactic antibiotics are recommended, followed by voiding cysto-urethrography to look for VUR and a technetium-99m mercaptoacetyltriglycerine (MAG-3) radioisotope scan with furosemide to screen for UPJ or UVJ obstruction.

Less common causes of an abdominal mass in a newborn include gastrointestinal abnormalities (eg, bowel duplication), neuroblastoma, renal vein thrombosis, and Wilms tumor (rare in this age group).
