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 × Chapter 32. Diagnosis of Medical Renal Diseases - Flavio G. Vincenti, MD,  William J.C. Amend, Jr., MD
MEDICAL RENAL DISEASEOVERVIEW
Introduction
Medical renal diseases are those that involve principally the parenchyma of the kidneys. Hematuria, proteinuria, pyuria, oliguria, polyuria, pain, renal insufficiency with azotemia, acidosis, anemia, electrolyte abnormalities, and hypertension may occur in a wide variety of disorders affecting any portion of the parenchyma of the kidney, the blood vessels, or the excretory tract.

A complete medical history and physical examination, a thorough examination of the urine, and blood and urine chemistry examinations as indicated are essential initial steps in the workup of any patient.

History  Examination
A. Family History
The family history may reveal disease of genetic origin, for example, tubular metabolic anomalies, polycystic kidneys, unusual types of nephritis, or vascular or coagulation defects that may be essential clues to the diagnosis.

B. Past History
The past personal history should cover infections, injuries, and exposure to toxic agents, anticoagulants, or drugs that may produce toxic or sensitivity reactions. A history of diabetes, hypertensive disease, or autoimmune disease may be obtained. The inquiry may also elicit symptoms of uremia, debilitation, and the vascular complications of chronic renal disease, but often the patient is asymptomatic and presents with abnormal laboratory findings.

Physical Examination
Pallor, edema, hypertension, retinopathy, or stigmas of congenital and hereditary disease may be detected.

Laboratory Findings
A. Urinalysis
Examination of the urine is the essential part of the investigation.

1. Proteinuria Proteinuria of any significant degree (2-4+) is suggestive of medical renal disease (parenchymal involvement). Formed elements present in the urine additionally establish the diagnosis. Significant proteinuria occurs in immune-mediated glomerular diseases or disorders with glomerular involvement such as diabetes mellitus, myeloma, or amyloidosis. Interstitial nephritis, polycystic kidneys, and other tubular disorders are not associated with significant proteinuria.

2. Erythrocyte casts Red blood cell casts point to glomerulonephritis. If red blood cell (erythrocyte) casts are not present, microscopic hematuria may or may not be of glomerular origin. Phase contrast microscope study may reveal dysmorphic changes in the erythrocytes present in the urine in patients with parenchymal renal disorders.

3. Fatty casts and oval fat bodies Tubular cells showing fatty changes occur in degenerative diseases of the kidney (nephrosis, glomerulonephritis, autoimmune disease, amyloidosis, and damage due to toxins such as lead or mercury).

4. Granular casts These types of casts result from degeneration of cellular casts. They are nondiagnostic of a specific renal disorder but do reflect an inflammatory condition in the kidneys.

B. Other Findings
Abnormal urinary chemical constituents may be the only indication of a metabolic disorder involving the kidneys. These disorders include diabetes mellitus, renal glycosuria, aminoacidurias (including cystinuria), oxaluria, gout, hyperparathyroidism, hemoglobinuria, and myoglobinuria.

Examination of the Kidneys  Urinary Tract
Roentgenographic, sonographic, and radioisotopic studies provide information about the size, structure, blood supply, and function of the kidneys.

Renal Biopsy
Renal biopsy is a valuable diagnostic procedure. The technique has become well established, providing sufficient tissue for light and electron microscopy and for immunofluorescence examination. Contraindications for percutaneous kidney biopsy may include the anatomic presence of only 1 kidney, severe malfunction of one kidney even though function is adequate in the other, bleeding diathesis, and an uncooperative patient.

Clinical indications for renal biopsy, in addition to the necessity for establishing a diagnosis, include the need to determine prognosis, to follow progression of a lesion and response to treatment, to confirm the presence of a generalized disease (autoimmune disorder, amyloidosis, sarcoidosis), and to diagnose renal dysfunction in a transplanted kidney. Ultrasound or computed tomography (CT) guidance provides a more effective biopsy result. More recently, laparoscopic approach has been used by some urologists.

GLOMERULONEPHRITIS
Introduction
The clinical manifestations of glomerular renal disease are apt to consist only of varying degrees of hematuria, excretion of characteristic formed elements in the urine, proteinuria, and renal insufficiency and its complications. Excluding diabetes, purported immunologic renal diseases are the most common cause of proteinuria and the nephrotic syndrome.

Alterations in glomerular architecture as observed in tissue examined by light microscopy alone can be minimal, nonspecific, and difficult to interpret. For these reasons, specific diagnoses of renal disease require targeted immune fluorescent techniques for demonstrating a variety of antigens, antibodies, and complement fractions. Electron microscopy has complemented these immunologic methods. Tissue analysis can be assisted by blood tests of immunoglobulins (Ig), complement, and other mediators of inflammation.

The 2 important humoral mechanisms leading to deposition of antibodies within the glomerulus are based on the location of the antigen, whether fixed within the kidney or present in soluble form in circulation. The fixed antigens are either a natural structural element of the glomerulus or foreign materials that have been trapped within the glomerulus for a variety of immunologic or physiochemical reasons. The best examples of the fixed natural antigens are those associated with the glomerular basement membrane (GBM). These antigens are evenly distributed in the GBM and cause characteristic linear IgG deposition, as determined in immunofluorescence studies. This process represents 5% of cases of immune-mediated glomerular disease and is referred to as anti-GBM disease. However, most patients with glomerular immune deposits have discontinuous immune aggregates caused by antibody binding to native renal cell antigens or to antigens trapped within the glomerulus. In addition, immune complexes formed in the circulation can deposit and accumulate in the GBM and the mesangium.

A group of immune-mediated nephritides characterized by necrotizing and crescentic architecture and rapid progression are referred to as pauci-immune glomerular nephritides because, while antibodies may contribute to the pathogenesis of the disease, they are rarely demonstrated within the glomeruli. These are known as antineutrophil cytoplasmic antibody (ANCA) diseases. Circulating antibodies against myeloperoxidase, MPO (P-ANCA) and proteinase 3, PR3 (C-ANCA) have been noted in microscopic angiitis and Wegener's granulomatosis, respectively.

Cellular immune processes are likely to be stimulated and contribute in different ways in various other forms of glomerulonephritides.

The current classification of glomerulonephritis is based on the mechanism, the presence, and the localization of immune aggregates in the glomeruli.

Immunologic Mechanisms Likely
A. Subepithelial Immune Deposits
1. Glomerulonephritis associated with postinfectious glomerulonephritis such as poststreptococcal glomerulonephritis

2. Membranous nephropathy idiopathic or secondary to other causes such as systemic lupus erythematosus, cancer, gold penicillamine

B. Subendothelial Immune Deposits
1. Glomerulonephritis associated with systemic lupus erythematosus, type I idiopathic membranoproliferative glomerulonephritis (MPGN), glomerulonephritis associated with hepatitis C infection, bacterial endocarditis, and shunt nephritis

C. Mesangial Immune Deposits
1. IgA nephropathy, Schonlein-Henoch purpura

D. Anti-GBM Disease
1. Diffuse linear deposition of Ig

Immunologic Mechanisms Not Clearly Established
1. Minimal change nephropathy

2. Focal glomerulosclerosis

3. Hemolytic-uremic syndrome and thrombotic thrombocytopenic purpura

4. ANCA-associated disease: Wegener's granulomatosis and small-vessel vasculitis

5. Type II MPGN (dense deposit disease)

Poststreptococcal Glomerulonephritis
A. Essentials of Diagnosis
 History of streptococcal infection

 Mild generalized edema, mild hypertension, retinal hemorrhages

 Gross hematuria; protein, erythrocyte casts, granular and hyaline casts, white blood cells (leukocytes), and renal epithelial cells in urine

 Elevated antistreptolysin O titer, hypocomplementemia

B. General Considerations
Poststreptococcal glomerulonephritis is a disease affecting both kidneys. In most cases recovery from the acute stage is complete, but progressive involvement may destroy renal tissue, leading to renal insufficiency. Acute glomerulonephritis is most common in children aged 3-10 years. By far the most common cause is an antecedent infection of the pharynx and tonsils or of the skin with group A beta-hemolytic streptococci, certain strains of which are nephritogenic. Nephritis occurs in 10-15% of children and young adults who have clinically evident infection with a nephritogenic strain. In children under age 6, pyoderma (impetigo) is the most common antecedent; in older children and young adults, pharyngitis is a common antecedent. Occasionally, nephritis may follow infection due to other agents, hence the more general term postinfectious glomerulonephritis.

The pathogenesis of the glomerular lesion has been further elucidated by the use of new immunologic techniques (immunofluorescence) and electron microscopy. A likely sequel to infection is injury to the mesangial cells in the intercapillary space. The glomerulus may then become more easily damaged by antigen-antibody complexes developing from the immune response to the infection. Complement is deposited in association with IgG or alone in a granular pattern on the epithelial side of the basement membrane.

Gross examination of the involved kidney shows only punctate hemorrhages throughout the cortex. Microscopically, the primary alteration is in the glomeruli, which show proliferation and swelling of the mesangial and endothelial cells of the capillary tuft. The proliferation of capsular epithelium occurs and around the tuft there are collections of leukocytes, erythrocytes, and exudate. Edema of the interstitial tissue and cloudy swelling of the tubular epithelium are common. When severe, typical histologic findings in glomerulitis are enlarging crescents that become hyalinized and converted into scar tissue and obstruct the circulation through the glomerulus. Degenerative changes occur in the tubules, with fatty degeneration, necrosis, and ultimately scarring of the nephron.

C. Clinical Findings
1. Symptoms and signs Often the disease is mild, and there may be no reason to suspect renal involvement unless the urine is examined. In severe cases, about 2 weeks after the acute streptococcal infection, the patient has headache, malaise, mild fever, puffiness around the eyes and face, flank pain, and oliguria. Hematuria is usually noted as "bloody" or, if the urine is acid, as "brown" or "coffee colored." There may be moderate tachycardia, dyspnea, and moderate to marked elevation of blood pressure. Tenderness in the costovertebral angle is common.

2. Laboratory findings The diagnosis is confirmed by examination of the urine, which may be grossly bloody or coffee colored (acid hematin) or may show only microscopic hematuria. In addition, the urine contains protein (1-3+) and casts. Hyaline and granular casts are commonly found in large numbers, but the classic sign of glomerulitis, occasionally noted, is the erythrocyte cast. The erythrocyte cast is usually of small caliber, is intensely orange or red, and may show the mosaic pattern of the packed erythrocytes held together by the clot of fibrin and plasma protein.

With the impairment of renal function (decrease in glomerular filtration rate and blood flow) and with oliguria, plasma or serum urea nitrogen and creatinine become elevated, the levels varying with the severity of the renal lesion. A mild normochromic anemia may result from fluid retention and dilution. Infection of the throat with nephritogenic streptococci is frequently followed by increasing antistreptolysin O titers in the serum, whereas high titers are usually not demonstrable following skin infections. Serum complement levels are usually low.

Confirmation of diagnosis is made by examination of the urine, although the history and clinical findings in typical cases leave little doubt. The finding of erythrocytes in a cast is proof that erythrocytes were present in the renal tubules and did not arise from elsewhere in the genitourinary tract.

3. Treatment There is no specific treatment. Eradication of infection, prevention of overhydration and hypertension, and prompt treatment of complications such as hypertensive encephalopathy and heart failure require careful management.

4. Prognosis Most patients with the acute disease recover completely; 5-20% show progressive renal damage. This damage may be evident only years after the immune injury. If oliguria, heart failure, or hypertensive encephalopathy is severe, death may occur during the acute attack. Even with severe acute disease, however, recovery is the rule, particularly in children.

IgA Nephropathy
Primary hematuria (idiopathic benign and recurrent hematuria, Berger's disease) is now known to be an immune complex glomerulopathy in which deposition of IgA occurs in a granular pattern in the mesangium of the glomerulus. The associated light microscope findings are variable and range from normal to extensive crescentic glomerulonephritis.

Recurrent macroscopic and microscopic hematuria and mild proteinuria are usually the only manifestations of renal disease. Most patients with IgA nephropathy are between the ages of 16 and 35 years at the time of diagnosis. The disease occurs much more frequently in males than females and is the most common cause of glomerulonephritis in Asians. While most patients continue to have episodes of gross hematuria or microscopic hematuria, the renal function is likely to remain stable. However, approximately 30% of patients will have progressive renal dysfunction and develop end-stage renal disease. Clinical features that indicate a poor prognosis include male sex, older age at onset of disease, the presence of nephrotic-range proteinuria, hypertension, or renal dysfunction at presentation.

There is no satisfactory therapy for IgA nephropathy. The role of immunosuppressive drugs such as steroids and cytotoxic agents is not clear, and there have been few rigorously performed controlled trials. A more intriguing approach is the use of omega-3 fatty acids (fish oils) to delay progression of the renal disease. A large prospective randomized placebo-controlled trial in patients with IgA nephropathy using 12 g of omega-3 fatty acids has shown that fish oils probably can reduce the deterioration of renal function and the number of patients in whom end-stage renal disease develops.

Rapidly Progressive Glomerulonephritis
This condition has several pulmonary-renal diseases. The patient usually gives a history of recent hemoptysis and often of malaise, anorexia, and headache. A severe acute glomerulonephritis may be accompanied by diffuse hemorrhagic inflammation of the lungs. The urine shows gross or microscopic hematuria, and laboratory findings of severely suppressed renal function are usually evident. Biopsy shows glomerular crescents, glomerular adhesions, and inflammatory infiltration interstitially. Electron microscope examination shows an increase in basement membrane material and deposition of fibrin beneath the capillary endothelium. In cases of anti-GBM disease, circulating antibody against GBM can be identified. IgG, C3, and, often, other components of the classic complement pathway can be demonstrated as linear deposits on the basement membranes of the glomeruli and the lung. This was formerly called Goodpasture's disease.

Large doses of corticosteroids in combination with immunosuppressive therapy may be useful. Plasmapheresis to remove circulating antibody has been reported to be effective in some patients. Transplantation should be delayed until circulating antiglomerular basement antibodies have disappeared.

In contrast, some patients have crescenteric glomerulonephritis but do not show any immune deposits or antibody deposition by immunofluorescence studies. They have pauci-immune idiopathic rapidly progressive glomerulonephritis (RPGN). Many of these patients are serologically ANCA-positive. High-dose prednisone pulse therapy and cytotoxic agents may result in prolonged remission.

NEPHROTIC SYNDROME
Essentials of Diagnosis and General Considerations
 Edema

 Proteinuria >3.5 g/day

 Hypoalbuminemia 3 g/dL

 Hyperlipidemia: cholesterol >300 mg/100 mL

 Lipiduria: free fat, oval fat bodies, fatty casts

Because treatment and prognosis vary with the cause of nephrotic syndrome, renal biopsy is important. Light microscopy, electron microscopy, and immunofluorescence identification of immune mechanisms diagnose most causes of nephrosis.

Glomerular diseases associated with nephrosis include the following:

Minimal Glomerular Lesions
Minimal-change nephropathy (nil disease) accounts for about 20% of cases of nephrosis in adults and 90% in children. No abnormality is visible by examination of biopsy material with the light microscope. With the electron microscope, alterations of the GBM, with effacement of foot processes of the epithelial cells, are evident. There is no evidence of immune disease by immunofluorescence studies. The response to treatment with corticosteroids is good, but for patients who have frequent relapses with steroids or are steroid resistant, a course of cyclophosphamide or chlorambucil may induce a prolonged remission. Patients who do not respond to these agents may show a favorable response with cyclosporine or tacrolimus. Renal function usually remains stable.

Focal Glomerulosclerosis
Focal glomerulosclerosis is the second most common cause of nephrotic syndrome in children and an increasing cause of the nephrotic syndrome in adults. The diagnosis is based on light microscope findings of segmental hyalinosis and sclerosis associated with effacement of the foot processes on electron microscopy. Focal glomerulosclerosis is frequently idiopathic but can be associated with human immunodeficiency virus infection and heroin use. A secondary form of focal glomerulosclerosis without the diffuse changes in foot processes may occur in patients with a solitary kidney, hyperfiltration syndromes, and reflux nephropathy. There are reports of familial variants. The response of the idiopathic form of focal glomerulosclerosis to therapy is suboptimal. Prolonged corticosteroid therapy produces remission in approximately 40% of patients. Over a 10-year period, approximately 50% of patients will have chronic renal failure. Idiopathic focal glomerulosclerosis has a recurrence rate of 25% after transplantation.

Membranous Nephropathy
Examination of biopsy material with the light microscope shows thickening of the glomerular cells but no cellular proliferation. With the electron microscope, irregular lumpy deposits appear between the basement membrane and the epithelial cells, and new basement membrane material protrudes from the GBM as spikes or domes. Immunofluorescence studies show diffuse granular deposits of Ig (especially IgG) and complement (C3 component). As the membrane thickens, glomeruli become sclerosed and hyalinized.

The pathogenesis of most cases of membranous nephropathy in humans is unclear. Several mechanisms have been suggested. They include trapping of circulating immune complexes or binding of an antibody to scattered glomerular antigens (either present already or "planted" after a nonrenal-source antigen lodges in the glomerulus).

There is considerable controversy regarding the effectiveness of therapy with steroids or immunosuppressive agents. Therapy should be most often used in patients at high risk of progressive renal failure with the following criteria: proteinuria >5 g/day, hypertension, and elevated serum creatinine.

Membranoproliferative GlomerulonephritisType I and Type II
In type I MPGN, light microscopy shows thickening of glomerular capillaries, accompanied by mesangial proliferation and obliteration of glomeruli. With the electron microscope, subendothelial deposits and growth of mesangium into capillary walls are demonstrable. Immunofluorescence studies show the presence of the C3 component of complement and, rarely, the presence of Ig. The most common cause of MPGN type I is chronic hepatitis C virus infection. This condition is usually associated with high levels of IgG/IgM. Cryoimmunoglobulins may be present with normal or slightly reduced levels of complement. There is no known effective treatment.

Type II MPGN is characterized by dense deposits visible by electron microscopy and lack of findings by immunofluorescence studies. Treatment is unsatisfactory, and there is a high rate of recurrence after kidney transplantation.

Miscellaneous Diseases
Many medical illnesses that are metabolic, autoimmune, or infectious, as well as neoplastic diseases and reactions to drugs and other toxic substances can produce glomerular disease. These include diabetic glomerulopathy, systemic lupus erythematosus, ANCA-positive renal disease (including Wegener's granulomatosis), amyloid disease, multiple myeloma, lymphomas, carcinomas, syphilis, reaction to toxins, reaction to drugs (eg, trimethadione), and exposure to heavy metals.

A rare glomerular illness has been recently described with nephrotic syndrome: fibrillary and immunotactoid glomerular nephritis. The lesions of fibrillary glomerulonephritis are characterized by randomly oriented fibril deposits 10-30 nm in diameter located within the mesangium and capillary wall. Immunotactoid glomerulopathy is characterized by deposits of microtubular structures of 18-19 nm and has been associated with lymphoproliferative disorders. In contrast to amyloid, the deposits in both diseases are Congo red-negative. Treatment is generally unsatisfactory.

Clinical Findings in Nephrosis
A. Symptoms and Signs
Edema may appear insidiously and increase slowly or can appear suddenly and accumulate rapidly. Symptoms other than those related to the mechanical effects of edema are not remarkable.

On physical examination, massive peripheral edema is apparent. Signs of hydrothorax and ascites are common. Pallor is often accentuated by the edema, and striae commonly appear.

B. Laboratory Findings
The urine contains large amounts of protein, 4-10 g/24 h or more. There is a good correlation between the urine protein to creatinine ratio (from a "spot" AM urine) and the 24-hour. proteinuria. For example, a ratio in excess of 3:1 in the spot urine usually correlates to a 24-hour proteinuria of 3 g. The sediment contains casts, including the characteristic fatty and waxy varieties; renal tubular cells, some of which contain fatty droplets (oval fat bodies); and variable numbers of erythrocytes. A mild normochromic anemia is common, but anemia may be more severe if renal damage is great. Nitrogen retention varies with the severity of impairment of renal function. The plasma is often lipemic, and the blood cholesterol is usually greatly elevated. Plasma protein is greatly reduced. The albumin fraction may fall to less than 2 g/dL. Serum complement is usually low in active disease. The serum electrolyte concentrations are often normal, although the serum sodium may be slightly low; total serum calcium may be low, in keeping with the degree of hypoalbuminemia and decrease in the protein-bound calcium moiety. During edema-forming periods, urinary sodium excretion is very low and urinary aldosterone excretion is elevated. If renal insufficiency (see preceding discussion) is present, the blood and urine findings are usually altered accordingly.

Renal biopsy is often essential to establish the diagnosis between the various conditions and to indicate prognosis.

C. Differential Diagnosis
The nephrotic syndrome (nephrosis) may be associated with a variety of primary renal diseases or may be secondary to a systemic process: collagen-vascular diseases (eg, disseminated lupus erythematosus, polyarteritis), diabetic nephropathy, amyloid disease, thrombosis of the renal vein, myxedema, multiple myeloma, malaria, syphilis, reaction to toxins or heavy metals, reactions to drugs, and constrictive pericarditis.

D. Treatment
An adequate diet with restricted sodium intake (0.5-1 g/d) and prompt treatment of intercurrent infection are the basis of therapy. Diuretics may be given but are often only partially effective. Salt-free albumin and other oncotic agents are of little help, and their effects are transient. The corticosteroids have been shown to be of value in treating nephrotic syndrome when the underlying disease is of minimal changefocal segmental glomerulosclerosis, systemic lupus erythematosus, or proliferative and crescentic glomerulonephritis. Steroids are often less effective in the treatment of membranous disease and membranoproliferative lesions of the glomerulus.

Alkylating agents, azathioprine, mycophenolate mofetil, cyclosporine, and tacrolimus, have been used in the treatment of nephrotic syndrome. Encouraging early results have been reported in children and adults with proliferative or membranous lesions and with systemic lupus erythematosus. It is not known what percentage of patients can be expected to benefit from these drugs.

Both corticosteroids and cytotoxic agents are commonly associated with serious side effects. At present, this form of therapy should be employed only in patients in whom the disease has proved refractory to well-established treatment regimens.

Reduction in proteinuria and improvement in nephrotic edema have been reported using low-protein diets and angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs). Most recently, studies have shown some improvements with lipid-lowering drugs.

E. Prognosis
The course and prognosis depend on the basic disease responsible for nephrotic syndrome. In most children with nephrosis (usually secondary to minimal change nephropathy), the disease appears to run a rather benign course when properly treated and to leave insignificant sequelae. Of the remaining children, most go inexorably into renal insufficiency. Adults with nephrosis fare less well. Hypertension, heavy proteinuria, and renal dysfunction are poor prognosticators.

RENAL INVOLVEMENT IN COLLAGEN DISEASES
Although it may not be accurate to classify all of these disorders as collagen diseases, disseminated lupus erythematosus, polyarteritis nodosa, microscopic angiitis scleroderma, Wegener's granulomatosis, Henoch-Schonlein purpura and thrombotic thrombocytopenic purpura have been implicated in cases of glomerulonephritis. The urine sediment is often diagnostic, containing erythrocytes and erythrocyte casts; renal tubular cells, including some filled with fat droplets; and waxy and granular broad casts. The presence of these formed elements is indicative of active glomerular and tubular disease. The symptoms and signs of the primary disease, involving extrarenal findings (eg, pulmonary or ear, nose, or throat changes with Wegener's granulomatosis; dermatologic abnormalities or carditis with systemic lupus erythematosus; dysphagia with scleroderma), as well as the presence of ANCA and other serologic tests, help to differentiate the form of collagen disease present. Complete renal recovery from the disease is not likely to occur, although steroid and immunosuppressive drugs (alone or in combination) may be effective for long-term amelioration.

DISEASES OF THE RENAL TUBULES  INTERSTITIUM
Interstitial Nephritis
Acute interstitial diseases are usually due to sensitivity to drugs, including antibiotics (penicillin, sulfonamides), nonsteroidal anti-inflammatory drugs, and phenytoin. The pathologic hallmark of acute interstitial nephritis is the infiltration of inflammatory cells in the interstitium. A typical presentation is a rapid deterioration in renal function associated with a recent introduction of a new drug. The finding of eosinophiluria is very suggestive of allergic interstitial nephritis. Recovery may be complete, especially if the offending drug is withdrawn. A short course with corticosteroids may hasten the recovery.

Chronic interstitial nephritis is characterized by focal or diffuse interstitial fibrosis accompanied by infiltration, with inflammatory cells ultimately associated with extensive tubular atrophy. It represents a nonspecific reaction to a variety of causes: analgesic abuse, lead and cadmium toxicity, nephrocalcinosis, urate nephropathy, radiation nephritis, sarcoidosis, Balkan nephritis, and some instances of obstructive uropathy.

Analgesic Nephropathy
Analgesic nephropathy typically occurs in patients with chronic and recurrent headaches or with chronic arthritis who habitually consume large amounts of the drugs. Phenacetin was implicated initially, but with elimination of phenacetin from the mixtures, the incidence of analgesic nephropathy has not decreased. Chronic use of nonsteroidal anti-inflammatories is a frequent cause of this condition. The ensuing damage to the kidneys usually is detected late, after renal insufficiency has developed. Careful history taking or the detection of analgesic metabolites in the urine can lead to this diagnosis. The history of excessive use of analgesics may be concealed by the patient.

The kidney lesion is pathologically nonspecific, consisting of peritubular and perivascular inflammation with degenerative changes of the tubular cells (chronic interstitial nephritis). There are often no glomerular changes. Renal papillary necrosis extending into the medulla may involve many papillae.

Hematuria can be a common presenting complaint but it is usually microscopic. Renal colic occurs when necrotic renal papillae slough away. Polyuria may be prominent. Signs of acidosis (hyperpnea), dehydration, and pallor are common. Infection is a frequent complication. The urine usually is remarkable only for the presence of blood and small amounts of protein. Elevated blood urea nitrogen and creatinine and the electrolyte changes characteristic of metabolic acidosis and renal failure are typically present. Urinary concentrating impairments are usually present. Urograms show cavities and ring shadows typical of areas of destruction of papillae.

Uric Acid Nephropathy
Crystals of urate produce an interstitial inflammatory reaction. Urate may precipitate out in acid urine in the calyces to form uric acid stones. Patients with myeloproliferative disease under treatment are subject to occlusion of the upper urinary tract by uric acid crystals. Alkalinization of the urine and a liberal fluid intake help prevent crystal formation. Allopurinol is a useful drug to prevent hyperuricemia and hyperuricosuria. Recently, it has been suggested that many instances considered to be chronic "gouty nephropathy" are instead related to chronic lead renal injury and not due to primary uric acid depositions.

Obstructive Uropathy
Interstitial nephritis due to obstruction may not be associated with infection. Tubular conservation of salt and water is impaired. Partial to full renal recovery follows relief of the obstruction but is inversely related to the duration of obstruction.

Myelomatosis
Features of myelomatosis that contribute to renal disease include proteinuria (including filtrable Bence-Jones protein and  and  chains) with precipitation in the tubules leading to accumulation of abnormal proteins in the tubular lumen. A Fanconi-like syndrome may develop.

Plugging of tubules, tubular atrophy, and, occasionally, the accumulation of amyloid may also be present. Renal failure may occur acutely or develop slowly. Hemodialysis may rescue the patient during efforts to control the myeloma with chemical agents.

A primary renal disorder that is related is termed light chain nephropathy. Patients have nephrosis and usually progressive renal failure. In contrast to multiple myeloma, there is no malignant hematopoietic process. Either k or l light chains are measurable in the urine and light chain deposits are seen in the glomeruli. There is no effective treatment.

HEREDITARY RENAL DISEASES
Introduction
The importance of inheritance and the familial incidence of disease warrant the inclusion of a classification of hereditary renal diseases. Although relatively uncommon in the population at large, hereditary renal disease must be recognized to permit early diagnosis for detection and genetic counseling.

Chronic Hereditary Nephritis
Evidence of the disease usually appears in childhood, with episodes of hematuria. Renal insufficiency commonly develops in males but only rarely in females. Survival beyond age 40 is rare.

In many families, deafness and abnormalities of the eyes accompany the renal disease (so-called Alport disease). Another form of the disease is accompanied by polyneuropathy. Infection of the urinary tract is a common complication.

There is splitting and thickening of the GBM or podocyte proliferation and thickening of Bowman's capsule. Recently, kindreds have been described that have "thin-membrane disease." This condition is characterized by microscopic hematuria and, often, later progression to chronic renal failure. This, like Alport disease, may represent inherited abnormalities or deficiencies in type IV collagen in the GBM. This affects both genders.

Laboratory findings with these conditions are commensurate with existing renal function. Treatment is symptomatic.

Cystic Diseases of the Kidney
Congenital structural anomalies of the kidney must be considered in any patient with hypertension, pyelonephritis, or renal insufficiency. Many of these patients are at increased risk of urinary tract infection.

A. Polycystic Kidneys
Polycystic kidney disease is familial and often involves not only the kidney but the liver and pancreas as well. It is clear that at least 2 genetic loci can lead to autosomal dominant polycystic kidney disease.

The formation of cysts on the cortex of the kidney is thought to result from failure of union of the collecting tubules and convoluted tubules of some nephrons. Intrarenal cysts may be of a proximal or a distal luminal type, differing on analysis by their cyst electrolyte content. This is important if one or more of these cysts become infected, and an antibiotic (with varying cyst-type penetrance) is chosen. New cysts do not form, but those present enlarge and, by exerting pressure, cause destruction of adjacent renal tissue. The incidence of cerebral vessel aneurysms and cardiac valve prolapse is higher than normal.

Cases of polycystic disease are discovered during the investigation of hypertension, by diagnostic study in patients presenting with pyelonephritis or hematuria, or by investigation of families of patients with known polycystic disease. At times, flank pain due to hemorrhage into a cyst occurs. Otherwise the symptoms and signs are those commonly seen in hypertension or renal insufficiency. On physical examination, the enlarged, irregular kidneys are often easily palpable.

The urine may contain leukocytes and erythrocytes. With bleeding into the cysts, there may also be bleeding into the urinary tract. The blood chemistry findings reflect the degree of renal insufficiency. Examination by sonography, CT scan, or x-ray shows the enlarged kidneys, and urography demonstrates the classic elongated calyces and renal pelves stretched over the surface of the cysts.

No specific therapy is available, and surgical interference is only indicated to decompress very large cysts in patients with severe pain.

Patients with polycystic kidney disease live in reasonable comfort with slowly advancing uremia. Both hemodialysis and renal transplantation extend the life of these patients. Nephrectomy is indicated only in patients with recurrent infections, severe recurrent bleeding, or markedly enlarged kidneys.

B. Cystic Disease of the Renal Medulla
1. Medullary cystic disease Medullary cystic disease is a familial disease that may become symptomatic during adolescence. Anemia is usually the initial manifestation, but azotemia, acidosis, and hyperphosphatemia soon become evident. Urine findings are not remarkable, although there is often an inability to concentrate and renal salt wasting often occurs. Many small cysts are scattered through the renal medulla. Renal transplantation is indicated by the usual criteria.

2. Medullary sponge kidney Medullary sponge kidney is asymptomatic and is discovered by the characteristic appearance of tubular ectasia in the urogram. Enlargement of the papillae and calyces and small cavities within the pyramids is demonstrated by the contrast media in the excretory urogram. Many small calculi often occupy the cysts, and infection may be troublesome. Life expectancy is not affected and only therapy for ureteral stone or for infection is required.

ANOMALIES OF THE PROXIMAL TUBULE
Defects of Amino Acid Reabsorption
A. Congenital Cystinuria
Increased excretion of cystine results in the formation of cystine calculi in the urinary tract. Ornithine, arginine, and lysine are also excreted in abnormally large quantities. There is also a defect in absorption of these amino acids in the jejunum. Nonopaque stones should be examined chemically to provide a specific diagnosis.

Treatment goals include a large fluid intake and keeping the urine pH above 7 by giving sodium bicarbonate and sodium citrate plus acetazolamide at bedtime to ensure an alkaline night urine. In refractory cases, a low-methionine (cystine precursor) diet may be necessary. Penicillamine has proved useful in some cases.

B. Aminoaciduria
Many amino acids may be poorly absorbed, resulting in unusual losses. Failure to thrive and the presence of other tubular deficits suggest the diagnosis. There is no treatment.

C. Hepatolenticular Degeneration (Wilson's Disease)
In this congenital familial disease, aminoaciduria and renal tubular acidosis (RTA) are associated with cirrhosis of the liver and neurologic manifestations. Hepatomegaly, evidence of impaired liver function, spasticity, athetosis, emotional disturbances, and Kayser-Fleischer rings around the cornea constitute a unique syndrome. There is a decrease in synthesis of ceruloplasmin, with a deficit of plasma ceruloplasmin and an increase in free copper that may be etiologically specific.

Penicillamine is given to chelate and remove excess copper. Edathamil (EDTA) may also be used to remove copper.

D. Multiple Defects of Tubular Function (de Toni-Fanconi-Debre Syndrome)
Aminoaciduria, phosphaturia, glycosuria, and a variable degree of RTA characterize this syndrome. Osteomalacia is a prominent clinical feature; other clinical and laboratory manifestations are associated with specific tubular defects described previously.

Treatment consists of replacing cation deficits (especially potassium), correcting acidosis with bicarbonate or citrate, replacing phosphate loss with isoionic neutral phosphate (mono- and disodium salts) solution, and ensuring a liberal calcium intake. Vitamin D is useful, but the dose must be controlled by monitoring levels of serum calcium and phosphate.

E. Defects of Phosphorus  Calcium Reabsorption
Several sporadic, genetically transmitted, and acquired disorders are grouped under this category and are characterized by persisting hypophosphatemia because of excessive phosphaturia and an associated metabolic bone disorder, rickets in childhood, and osteomalacia in adulthood. Response to vitamin D therapy (1,25,-dihydroxycholecalciferol, the active analog of vitamin D) is variable.

F. Defects of Glucose Absorption (Renal Glycosuria)
Renal glycosuria results from an abnormally poor ability to reabsorb glucose and is present when blood glucose levels are normal. Ketosis is not present. The glucose tolerance response is normal. There is no treatment for renal glycosuria, just reassurance.

G. Defects of Bicarbonate Reabsorption
Proximal RTA, type II, is due to reduced bicarbonate reclamation in the proximal tubule, with resultant loss of bicarbonate in the urine and decreased bicarbonate concentration in extracellular fluid. There are increased K+ losses into the urine and retrieval of Cl-instead of HCO3. The acidosis is therefore associated with hypokalemia and hyperchloremia. Transport of glucose, amino acids, phosphate, and urate may be deficient as well (Fanconi syndrome).

ANOMALIES OF THE DISTAL TUBULE
Defects of Hydrogen Ion Secretion  Bicarbonate Reabsorption (Classic Renal Tubular Acidosis, Type I)
Failure to secrete hydrogen ion and to form ammonium ion results in loss of "fixed base" sodium, potassium, and calcium. There is also a high rate of excretion of phosphate. Vomiting, poor growth, and symptoms and signs of chronic metabolic acidosis are accompanied by weakness due to potassium deficit and bone discomfort due to osteomalacia. Nephrocalcinosis, with calcification in the medullary portions of the kidney, occurs in about one-half of cases. The urine is alkaline and contains larger than normal quantities of sodium, potassium, calcium, and phosphate. An abnormality in urinary anion gap (U.Na+ + U.K+ - U.Cl-) is noted (low), which is associated with the reduced NH4+ production. This abnormality differentiates this condition from type II RTA and from the metabolic acidosis seen with diarrhea. The blood chemistry findings are those of metabolic acidosis with low serum potassium.

Treatment consists of replacing deficits and increasing the intake of sodium, potassium, calcium, and phosphorus. Sodium and potassium should be given as bicarbonate or citrate. Additional vitamin D may be required.

Excess Potassium Secretion (Potassium "Wastage" Syndrome)
Excessive renal secretion or loss of potassium may occur in 4 situations: (1) moderate renal insufficiency with diminished H+ secretion; (2) RTA (proximal and distal RTA); (3) hyperaldosteronism and hyperadrenocorticism; and (4) tubular secretion of potassium, the cause of which is unknown. Hypokalemia indicates that the deficit is severe. Muscle weakness and polyuria and dilute urine are signs attributable to hypokalemia. Treatment consists of correcting the primary disease and giving supplementary potassium.

Reduced Potassium Secretion
Reduced potassium secretion is noted in conditions in which extrarenal aldosterone is reduced or when intrarenal production of renin (and secondary hypoaldosteronism) occurs. The latter condition is termed RTA, type IV, and is associated with impaired H+ and K+ secretion in the distal tubule. Drug-induced interstitial nephritis, gout, and diabetes mellitus are clinical circumstances that may produce type IV RTA and resulting hyperkalemia and mild metabolic acidosis. Treatment is to promote kaliuresis (with loop diuretics) to prescribe potassium-binding gastrointestinal resins (Kayexalate), or to provide the patient with a mineralocorticoid, fludrocortisone acetate.

Defects of Water Absorption (Renal Diabetes Insipidus)
Nephrogenic diabetes insipidus occurs more frequently in males than females. Unresponsiveness to antidiuretic hormone is the key to differentiation from pituitary diabetes insipidus.

In addition to congenital refractoriness to antidiuretic hormone, obstructive uropathy, lithium, methoxyflurane, and demeclocycline also may render the tubule refractory to vasopressin.

Symptoms are related to an inability to reabsorb water, with resultant polyuria and polydipsia. The urine volume approaches 12 L/d, and osmolality and specific gravity are low.

Treatment consists primarily of an adequate water intake. Chlorothiazide may ameliorate the polyuria; the mechanism of action is unknown, but the drug may act by increasing isosmotic reabsorption in the proximal segment of the tubule.

UNSPECIFIED RENAL TUBULAR ABNORMALITIES
In idiopathic hypercalciuria, decreased reabsorption of calcium predisposes to the formation of renal calculi. Serum calcium and phosphorus are normal. Urine calcium excretion is high; urine phosphorus excretion is low. Microscopic hematuria may be present. See treatment of urinary stones containing calcium (Chapter 16).
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