IX. SUBMODULE 9:  CHRONIC RENAL FAILURE (CRF)

A. CRF is a chronic and progressive loss of renal function, ultimately leading to end-stage renal disease

1. There are 6 major causes of CRF:  listed in order of decreasing incidence(C table 31-1, C4 244) (ob 1)

a) Diabetes

b) Hypertension

c) Glomerulonephritis

d) Cystic kidney disease

e) Interstitial nephritis

f) Obstruction

2. Review of Ablative nephropathy and compensatory hyperfiltration: (H 1513) (ob 2)

a) An initial disease process causes a reduction in renal mass

(1) Once renal insufficiency is established, there is a tendency for renal disease to progress regardless of the initial insult

b) The initial loss of renal mass is followed by the functional and structural hypertrophy of surviving nephrons

(1) This compensatory hypertrophy is due to adaptive hyperfiltration

(2) Eventually, these adaptations prove maladaptive, in that they predispose to sclerosis of the remaining glomerular population

3. Review Submodule 3: “approach to renal disease”  (ob 3)

B. Uremia:  it is the constellation of signs and symptoms associated with CRF, irrespective of cause

1. Uremia vs. azotemia: (S 124) (ob 5)

a) Azotemia is a laboratory diagnosis of  (BUN and Cr, reflecting a retention of nitrogenous waste products

(1) When azotemia becomes associated with a constellation of signs and symptoms and biochemical abnormalities, it is termed uremia (R 932)

b) Uremia is a term applied to the clinical syndrome that results from profound loss of renal function

2. Molecules postulated to cause uremia:  uremia is likely caused by the combined effects of several retained molecules.  (C4 244, fig 31-3, C4 245)  (ob 16)

a) Urea, guanidines, PTH, Beta-2 microglobulins

3. Changes associated with renal failure: See fig 31-4, C4 246 (ob 7)

a) Sodium:  usually increases due to impaired excretion (H 1514)

b) Potassium:  despite deficits in intracellular K, serum K is high or normal

(1) Metabolic acidosis in CRF induces an efflux of K from cells (H 1513)

c) Bicarbonate:  usually decreases due to (HCO3- production by the kidney

d) BUN, Cr:  they both increase, reflecting a loss of renal function

e) Urea:  it increases because of decreased excretion by the kidney

f) Magnesium:  increases due to decreased excretion

g) Calcium:  decreases due to lack of 1-( hydroxylase activity (decreased active vitamin D)

h) Phosphate:  increases due to ( excretion and decreased active vitamin D

4. Signs and symptoms of uremia:  (S 124, H 1517-19) (ob4)

a) General abnormalities:  fatigue, lethargy, weakness

b) Gastrointestinal abnormalities:  anorexia, vomiting, nausea, singultus (hiccups) (H 1519)

(1) Several pathological processes can lead to GI bleeding:  (C4 246) (ob 13)

(a) Gastritis, peptic ulceration, and arteriovenous malformations are the most common

c) Neuromuscular abnormalities:  inability to concentrate, decreased cognitive thinking/memory, muscle cramps, asterixis, myoclonus, seizures, coma, peripheral neuropathy, dysesthesias, restless leg syndrome (H 1518)

(1) “terminal” neuromuscular symptoms of uremia:  (H 1518) (ob 15)

(a) asterixis, myoclonus, and chorea are common in terminal uremia

d) Cardiovascular abnormalities: hypertension, angina, CHF, pericarditis (C4 245, H 1517) (ob 10) 

(1) Hypertension is the most common complication of end-stage renal disease 

(a) Fluid overload is the major cause of hypertension and can also contribute to congestive heart failure

(b) Hyperreninemia also contributes to the problem

(2) Accelerated atherosclerosis:  there is a high incidence of coronary artery disease

(a) It is caused by hypertension, hyperlipidemia, glucose intolerance, etc.

(3) Pericarditis:  it is thought to be caused by retained metabolic toxins

e) Endocrine disturbances:  loss of libido, sexual dysfunctions (C4 247, H 1519) (ob 17)

(1) Deranged pituitary gonadal axis can result in impotence, amenorrhea, sterility, and uterine bleeding and may be caused by hyperprolactinemia

(a) There are decreased levels of testosterone, estrogen, and progesterone

(2) There are also disturbances in parathyroid function, glucose tolerance, and insulin metabolism

f) Dermatological abnormalities:  pruritus (itching) (C4  247)

(1) Pruritus is common and severe:  there are 4 possible treatment options (ob 14)

(a) Dialysis, control of hyperparathyroidism, improved calcium and phosphate balance, and, occasionally, ultraviolet rays

g) Musculoskeletal abnormalities:  severe bone disease (C4 246, H 1516) 

(1) Three etiologies of renal bone disease: see H table 271-2 (ob 8)

(a) Al3+ toxicity:  aluminum-induced osteomalacia

(b) Decreased 1,25(OH)2D3:  lack of 1-alpha hydroxylase activity in the failing kidney results in a deficiency of the active form of vitamin D

(c) Increased PTH secretion:  secondary hyperparathyroidism is very common in uremia

(i) (PTH is the result of phosphate retention by the kidney

a. high levels of PTH cause bone resorption

(ii) See C fig 31-5, C4 246

(d) Also, metabolic acidosis in renal failure can lead to bone decalcification

h) Many of these symptoms can occur in the absence of uremia:  thus in order to call any of the above symptoms uremic in origin, the GFR should be depressed to approximately <20 cc/min (S 124)

5. Abnormalities in WBCs and platelets in renal failure:  (H 1518) (ob 12)

a) Abnormal platelet aggregation and adhesiveness lead to abnormal hemostasis

b) Changes in leukocyte formation and function in uremia lead to enhanced susceptibility to infection

6. Three physiologic explanations for hypocalcemia in renal insufficiency: (C4 246, H 1517) (ob 9)

a) Decreased conversion of 25(OH)D3 to 1,25(OH)2D3 results in hypocalcemia

b) There is also altered Vitamin D receptor functioning in the bone and gut:  this results in (Ca absorption from the intestines

7. Volume depletion vs. edema in patients with renal insufficiency: (H 1515) (ob 6)

a) Volume depletion:  not that common

(1) Patients with CRF have impaired renal mechanisms for conserving Na and water

(2) Only if an extrarenal cause for increased fluid loss is present, then these patient will be prone to volume depletion

b) Edema: 

(1) In most patients with CRF, the total body contents of Na and water are increased modestly

(2) Any excessive ingestion of salt and water can lead to more significant edema

C. Management of the Patient with Chronic Renal Failure:

1. Conservative Management of CRF: (C4 243-244, H 1519) (ob 18)

a) Nutrition:  proper restriction of Na, K, phosphorus, fat, fluids, and protein is important

(1) High protein intake can lead to glomerular hyperfiltration (and the resulting sclerosis) and can also increase the phosphate load causing (PTH secretion

(2) Na and fluid restriction can prevent hypertension and edema

(a) Fluid intake should equal the volume of urine per day plus 500mL

(3) Vitamins can also be administered:

(a) Oral or parenteral iron is given to patients with Fe deficiency

(b) Folic and ascorbic acids and the soluble B vitamins should be given to offset chronic losses of these substances via dialysis (H 1518)

(c) Use of phosphate-binding agents, calcium supplements, and vitamin D are used to maintain serum Ca and phosphorus levels (H 1520)

(i) This will suppress PTH levels and prevent bone disease

(4) The frequent presence of atherogenic cardiovascular disease can be prevented by restriction of cholesterol and fat

b) Hypertension:  controlling hypertension is very important in slowing the progression of renal disease

(1) ACE inhibitors:  Captopril has a very important nephroprotective effect that goes beyond control of hypertension

(2) Ca channel blockers may be beneficial in blocking the deleterious effect of angiotensin II on progression of renal insufficiency

(a) (eg.  nifedipine, diltiazem, verapamil)( not part of module

c) Avoiding drug toxicity:  drugs that are excreted by the kidney should be avoided or adjusted to avoid toxicity

d) When the complications of uremia worsen despite conservative management and malnutrition appears, dialysis and/or transplantation should be instituted.

2. Dialysis:  

a) More than 100,000 patients with ESRD are maintained on chronic hemodialysis (ob 19)

(1) Dialysis continues to be the form of treatment for the majority of patients in the U.S.

(2) The mean age of patients undergoing dialysis is 64 years old (H 1524)

b) Mechanism:  a constant flow of blood on one side of a semipermeable membrane and a cleansing solution (dialysate) on the other allow removal of waste products by diffusive and convective transport (ob 20)

c) There are 2 methods of administering dialysis: (not part of module)

(1) Hemodialysis:  blood obtained through a vascular access is pumped through a large number of manufactured capillaries and then returned to the body (C4 247)

(2) Peritoneal dialysis:  dialysate is administered into the peritoneal cavity and the peritoneum acts as the semipermeable membrane (C4 248)

d) There are multiple factors that cause anemia in the pt on dialysis: (ob 11)
(1) Blood loss is exaggerated in hemodialysis patients because of the need for heparin during dialysis and the retention of blood in the dialyzer and associated tubing (H 1518)

(2) ( erythropoietin production by the kidneys of pts in CRF (Dr. Pesavento)

(3) Fe deficiency, which is common in CRF (Dr Pesavento)

e) Dialysis has many side effects including:   problems related to obtaining access to the circulation or access to the peritoneal cavity, infection, peritonitis, problems related to the need for heparin administration in hemodialysis, cardiovascular problems, and problems associated with the rapid fluxes in osmolality and electrolytes in dialysis.

3. Transplantation:  it is frequently the most effective treatment of advanced chronic renal failure

a) Transplantation returns the majority of patients to an improved lifestyle, as compared to patients on dialysis (ob 21)

(1) Successful transplantation is probably the most satisfactory treatment of ESRD

(2) The limitations include:  the limited number of donors, risk of organ rejection, and the problems associated with the chronic use of immunosuppressives

b) Transplant rejection:  this is from the immunology book, Kuby pgs. 560-563 (ob 22)

(1) Hyperacute rejection:  it is caused by preexisting host serum antibodies specific for antigens on the graft and occurs within hours of transplantation

(a) It results in intense infiltration of neutrophils into the graft 

(i) the ensuing inflammatory reaction causes massive blood clots within the capillaries, preventing vascularization of the graft

(b) The presence of preexisting antibodies specific for the MHC antigens of the graft could result from repeated blood transfusions or pregnancies

(2) Acute rejection:  this is a cell-mediated response that usually occurs between the 10th day and 12th week post-transplantation, but can also occur months to years later if immunosuppression is terminated

(a) Acute rejection involves a  sensitization phase, during which antigen-reactive lymphocytes proliferate in response to alloantigens on the graft, followed by immune destruction of the graft

(b) It involves a massive infiltration of macrophages and lymphocytes at the site of tissue destruction

(3) Chronic rejection:  occurs after several months or years and involves both humoral and cell-mediated immunity

(a) It involves the development of nephrosclerosis, with proliferation of the vascular intima of renal vessels, and intimal fibrosis, with marked decrease in the lumen of the vessels

(b) It is difficult to treat with immunosuppressive drugs

c) Immunosuppression:

(1) The mainstay immunosuppressive drugs are corticosteroids, azathioprine, and cyclosporine A

(a) Unfortunately, 2 major  side effects of cyclosporine A are renal dysfunction and hypertension (see mini-katzung 384) (ob 23)

(b) Cyclosporine metabolism depends on the cytochrome oxidase P-450 system (this info is not part of the module):

(i) Drugs that induce P-450:  lower  cyclosporine levels

a. Rifampin, valproic acid, phenobarbital, dilantin

(ii) Drugs that inhibit P-450: increase cyclosporine levels

a. Ketoconazole, verapamil, diltiazem, ciprofloxacin, erythromycin   

(2) Side effects of chronic immunosuppression: (C4 251) (ob 24)

(a) Infection:  bacterial, viral, and fungal infections

(b) Malignancy:  immunosuppression increases the risk of developing malignancy

(i) Transplant recipients are at high risk for developing Kaposi’s sarcoma and post-transplant lymphoproliferative disease

(c) Intrinsic side effects of the individual medications used (Dr Pesavento)

D. NEPHROTIC SYNDROME:

1. There are 4 components of the nephrotic syndrome: (R 948) (ob 1)

a) Massive proteinuria:  nephrotic range proteinuria is the loss of protein >3.5g/24hrs or a UPr/UCr >3.5  (S 125)

(1) Proteinuria is the key component, the ensuing metabolic complications are all secondary to urine protein loss (H 1540)

(2) Proteinuria results from an altered permeability of the glomerular filtration barrier to protein (H 1540)

b) Hypoalbuminemia:  

(1) heavy proteinuria leads to depletion of serum albumin levels below the compensatory synthetic abilities of the liver (R 949)

c) Generalized edema:  loss of protein leads to decreased oncotic pressure

(1) Decreased intravascular oncotic pressure results in leakage of extracellular fluid from the blood to the interstitium. (H 1540, R 949)

(a) The decreased intravascular volume leads to the release of renin and ADH and suppresses ANP release

(i) This leads to Na and water retention 

d) Hyperlipidemia: the genesis of hyperlipidemia in nephrotic syndrome is complex (R 949)

(1) Most patients have increased cholesterol, triglycerides, VLDL, LDL, LP(a), and apoproteins and in some patients there is a decrease in HDL (ob 2)

(a) There is increasing evidence that this combination predisposes to atherosclerosis

2. Patients with Nephrotic Syndrome (NS) are vulnerable to bacterial infections and thrombosis (ob 3)

a) The vulnerability to infection could be related to loss of immunoglobulins or low-molecular weight complement components in the urine (R 949)

b) The vulnerability to thrombotic complications is due to loss of anticoagulant factors (antithrombin III) and antiplasmin activity through the leaky glomerulus

3. Four primary glomerular diseases cause the nephrotic syndrome:  Minimal Change Disease, Focal Glomerulosclerosis, Membranous Glomerulopathy, Membranoproliferative Glomerulonephritis  (obs 4,6, 7)

a) Minimal Change Disease (MCD):  also called nil lesion or lipoid nephrosis

(1) this is the most prevalent cause of nephrotic syndrome in children 

(2) Microscopic/Pathologic findings:  

(a) Glomerular size and architecture are normal (nil lesion) by light microscopy and no immunoglobulins or complement deposition is seen

(b) Electron microscopy reveals effacement (fusion) of foot processes of visceral epithelial cells (this is caused by proteinuria)

(3) Molecular basis of glomerular injury:  (R 952, H 1541) (ob 8)

(a) There is a primary visceral epithelial cell injury that results in loss of glomerular polyanions and weakening of the glomerular charge-barrier

(b) The loss of this fixed negative charge leads to a selective proteinuria

(i) This explains the selective albuminuria that occurs in this lesion

(4) Laboratory findings:  there is bland (no RBC casts) urinary sediment, normal renal function, and normal complement levels (C4 210)

(5) Epidemiology:  85-90% of all children with nephrotic syndrome have MCD

(a) In children it has a male-female ratio of 2:1

(b) In adults MCD accounts for only 15-20% and has a more equal male-female ratio

(6) Clinical associations: (C4 210)

(a) Spontaneous remission occurs in 40-50% of cases

(7) Treatment: between 85-90% of all patients with MCD respond to steroid therapy

(a) Cytotoxic alkylating agents (chlorambucil, cyclophosphamide) are of value in selected patients

(8) Prognosis:

(a) Following development of complete remission, 40-50% remain free of proteinuria or have infrequent relapses, the remainder become either frequent (>2 times per yr.) relapsers or steroid dependent

(b) There is a 10 yr. survival rate of 95%, and 75% are disease free at 10yrs.

(c) The development of chronic renal failure due to MCD is nonexistent

(9) Significance of steroid non-responsive MCD:  patients failing to respond to steroids are generally found to have another glomerulopathy, most often focal glomerulosclerosis (C4 210) (ob 9)

b) Focal Glomerulosclerosis (FGS):

(1) Microscopic/pathological findings:

(a) This lesion is characterized by sclerosis of some, but not all, glomeruli, and in the affected glomeruli only a portion of the capillary tuft is involved (R 952)

(b) This lesion can occur as a primary, idiopathic disorder or secondary to other disorders

(i) Although FGS may be primary or secondary, it may also be a final common pathway of any glomerular injury (ob 11)

(ii) In other words, there may be areas of focal glomerulosclerosis in advanced glomerulopathies of other etiologies (S 125) 

(iii) FGS is a potential long-term consequence of nephron loss from any cause (H 1542)

(c) Light microscopy reveals focal and segmental collapse of capillary loops, mesangial sclerosis, and deposition of  hyaline masses

(d) Immunofluorescence shows patchy deposition of IgM and C3
(2) Laboratory findings:   there is a non-selective, nephrotic range proteinuria with bland urinary sediment (C4 210)

(a) Heavy proteinuria and edema are usually present at onset

(b) Hypertension, azotemia, and microscopic hematuria are usually present

(c) Serum complement levels are usually normal

(3) Epidemiology:  FGS accounts for 10-15% of children and 15-20% of adults with idiopathic nephrotic syndrome 

(4) Clinical associations:

(a) There is little tendency for spontaneous remission in idiopathic FGS and responses to corticosteroid therapy are infrequent (R 954)

(b) Most patients (60-70%) progress to chronic renal failure

(5) Treatment:  30% of patients respond to steroid therapy with a lasting remission and good long-term renal function (C4 210)

(6) Prognosis:  children have a better prognosis than adults

(a) Progression of renal failure occurs at varying rates

(b) Renal prognosis is relatively poor

c) Membranous Glomerulopathy (MGN):

(1) This is the most prevalent cause of nephrotic syndrome in adults

(2) Microscopic/pathologic changes: (H 1542, C4 211, R 949)

(a) Light microscopy reveals diffuse thickening of the GBM without evidence of inflammation or cellular proliferation

(b) Immunofluorescence reveals granular deposition of IgG and C3
(c) Electron-microscopy reveals electron dense products along the GBM

(d) MGN can  occur as a primary, idiopathic disorder or secondary to systemic diseases

(i) The diagnosis of membranous nephropathy, especially in the elderly, should raise concern that there is an underlying malignancy (S 125) (ob 10)

(3) Laboratory findings:  nephrotic range, non-selective proteinuria with bland urinary sediment (C4 211)

(4) Epidemiology:  accounts for 30-40% of idiopathic nephrotic syndrome in adults, is rare in children, and has a male-female ratio of 2:1 (H 1542)

(5) Clinical associations:

(a) It typically follows a slowly progressive course with intermittent remissions and exacerbations

(6) Treatment:  treatment of MGN is controversial

(7) Prognosis: (C4  211)

(a) Spontaneous complete remissions occur in 25% of patients, with another 25% experiencing a partial remission

(b) The remaining 50% progress to end-stage renal failure (ESRF) by 5-10 yrs.

d) Membranoproliferative glomerulonephritis (MPGN): also called mesangiocapillary GN

(1) Microscopic/pathological findings: (R 955, C4 212, H 1543)

(a) Characteristic thickening of the GBM and proliferative changes on light microscopy 

(i) There is a diffuse increase in mesangial cellularity and matrix

(b) MPGN is divided into 2 types:  MPGN I and II

(i) Type I MPGN is characterized by the presence of subendothelial electron-dense deposits and C3 and IgG deposited in a granular pattern

(ii) Type II MPGN (dense deposit disease) has characteristic broad, very electron-dense deposits widening the GBM

(2) Laboratory diagnosis:  nephrotic range proteinuria with “active” (contains RBC casts) urinary sediment

(3) Epidemiology:  it is a disease of young people (5-30yrs)

(a) It accounts for 10-15% of all cases of idiopathic nephrotic syndrome (C4 212)

(4) Clinical associations:  MPGN can be associated with other systemic disorders or may be primary and idiopathic (R 955)

(5) Treatment:  there is no proven therapy for this disease

(6) Prognosis:  

(a) Few spontaneous remissions occur and the disease follows a slowly progressive but unremitting course (R 956)

(b) About 50% of patients develop chronic renal failure within 10 years

4. Three major secondary diseases cause the nephrotic syndrome:  diabetes mellitus, SLE, and amyloidosis (ob 5)

a) Diabetes Mellitus:  this is the #1 cause of ESRD in the U.S.

(1) The advent of chronic dialysis and transplantation has prolonged survival of this entity, however mortality at 3 years remains high at 50% for dialysis patients and 15% for transplant patients (S 126)

(a) Prior to the use of these treatments, uremia was the major cause of death in these patients.  But atherosclerotic complications (especially MI) are now the most common terminal events

(2) Natural progression of diabetic renal disease:  hyperfiltration((GFR)( Microalbuminuria( proteinuria (detectable by dipstick)( nephrotic range proteinuria(progressive decline in GFR( renal failure (S 127) (ob 13)

(a) Glomerular hypertension and hyperfiltration are the earliest renal abnormalities (H 1546)

(i) They are believed to be a result of the metabolic derangements seen in diabetics (C 211)

(b) Microalbuminuria:  it refers to the fact that the abnormal albumin excretion is below the limits of detection of standard dipsticks

(i) This is the first manifestation of injury to the glomerular filtration barrier and develops after about 5 years of sustained glomerular hyperfiltration (H 1546)

(ii) Hyperfiltration, microalbuminuria, and/or hypertension are strong predictors for development of overt diabetic nephropathy and should be viewed as a reflection of renal injury (S 127)

(c) Dipstick-positive proteinuria:  it develops 5-10 yrs after the onset of Microalbuminuria and is associated with hypertension and progressive loss of renal function

(d) Loss of renal function in diabetic patients averages approximately 1cc/month of GFR (S 128)

(i) Loss of renal function faster than this should initiate a search for reversible causes of accelerated nephron loss (infection, NSAID use, renovascular disease, etc)

(3) Two major pathological lesions are associated with diabetes: (H 2076)

(a) Diffuse glomerulosclerosis:  this is more common

(i) It consists of widening of the glomerular basement membrane together with generalized mesangial thickening.

(b) Nodular glomerulosclerosis:  the Kimmelstiel-Wilson lesion (ob 15)

(i) In this lesion, large accumulations of periodic acid-Schiff-positive material are deposited at the periphery of the glomerular tufts

(ii) There is also hyaline arteriolosclerosis involving both the afferent and efferent arterioles

(iii) The most specific lesions of diabetic glomerulosclerosis are hyalinization of afferent glomerular arterioles and the Kimmelstiel-Wilson nodules

(4) Diagnosis:  diabetic nephropathy is usually diagnosed on clinical grounds without a renal biopsy

(a) Supportive clues are the presence of normal sized or enlarged kidneys, evidence of diabetic retinopathy, and a bland urinary sediment

(i) Most forms of chronic renal insufficiency cause a decrease in kidney size.  Diabetes, renal amyloidosis, and polycystic kidney disease are exceptions (H 1546)

(b) A good ophthalmologic exam demonstrating diabetic retinopathy is strong evidence that the nephrotic syndrome is due to diabetic glomerulosclerosis (S 127) 

(i) Absence of diabetic retinopathy makes the diagnosis of diabetic glomerulosclerosis unlikely, but not impossible

(ii) Hematuria without an explainable etiology, “active” urine sediment, (Cr without nephrotic range proteinuria, low complement levels, diabetes< 10yrs or any other inconsistency makes further work-up mandatory prior to making a diagnosis of diabetic glomerulosclerosis (S 127) (ob 14)

a. Further testing might include a renal biopsy

(c) Renal biopsy findings in diabetics may vary: (S 128)

(i) Usually there is diffuse thickening of the GBM and mesangial expansion

a. Advanced cases may have diffuse hyalinosis

(ii) The Kimmelstiel-Wilson lesion is almost pathognomonic of diabetes

(iii) Immunofluorescence demonstrates linear IgG in capillary walls and variable amounts of C3 and IgM

(5) Therapy consists of controlling blood sugar, systemic blood pressure, and glomerular capillary pressure (ob 13)

(a) In IDDM, strict serum glucose control cannot only slow the progression of established detectable proteinuria, but it also can decrease the incidence of microalbuminuria

(i) Retinopathy, neuropathy, and hypercholesterolemia are also favorably impacted (S 127)

(b) Excellent blood pressure control (<130/80) is another important goal 

(c) A further goal of BP management is an attempt to lower intraglomerular pressure (S 128)

(i) This can be achieved by using ACE inhibitors which preferentially vasodilate the efferent > afferent arteriole

a. Some pts may not tolerate the ACE inhibitors secondary to the development of hyperkalemia

b. Starting ACE inhibitors late in the course of renal disease may be of little benefit

(ii) A low protein diet may also help lower intraglomerular pressure.

a. This has not been proven, but many nephrologists still make this part of their therapy regimen

b) Amyloidosis:  it is a glomerular deposition disease

(1) Systemic amyloidosis is classified into 4 types (based on the composition of fibrillar deposits) which correspond to clinical patterns termed:  primary, secondary, hereditary, and dialysis associated (C4 212)

(2) AL and AA amyloidosis frequently involve the kidneys: (ob 16)

(a) AL or primary amyloidosis is the most common form and is a plasma cell dyscrasia

(i) The fibrillar deposits are made up of immunoglobulin light chains

(ii) There is no known cause

(b) AA amyloidosis:  it is secondary amyloidosis which develops after chronic inflammatory or infectious disease and has deposits composed of AA proteins (C4 212)

(i) It is most commonly associated with rheumatoid arthritis

(ii) The AA proteins are produced by the breakdown of cells that results from a wide variety of infectious and noninfectious chronic inflammatory conditions (R234)

(3) Signs/Symptoms of systemic amyloidosis: (ob 17)

(a) Clinical manifestations are at first often entirely nonspecific such as:  weakness, weight loss, lightheadedness, or syncope (R 237)

(b) Specific signs appear later and most often relate to cardiac, GI, or renal involvement

(c) Renal involvement is the dominating and most life-threatening feature of most cases of systemic amyloidosis:

(i) The clinical correlate of glomerular amyloid deposition is nephrotic-range proteinuria with bland urine sediment

(ii) Renal size is usually normal or slightly enlarged (H 1549)

(d) Diagnosis: this diagnosis is often not suspected on clinical grounds and is made when a patient undergoes renal biopsy for nephrotic syndrome (C4 212)

(i) The earliest pathologic changes are mesangial expansion by amorphous hyaline material and thickening of the GBM (H 1550)

c) Systemic Lupus Erythematosus (SLE):

(1) Review the 1982 revised criteria for the classification of SLE:  (ob 18)

Table 312-3.  The 1982 Criteria For Classification Of Systemic Lupus Erythematosus 

1. Malar rash
Fixed erythema, flat or raised, over the malar eminences

2. Discoid rash
Erythematous raised patches with adherent keratotic scaling and follicular plugging; atrophic scarring may occur

3.Photosensitivity


4. Oral ulcers
Includes oral and nasopharyngeal, observed by physician

5. Arthritis
Nonerosive arthritis involving two or more peripheral joints, characterized by tenderness, swelling, or effusion

6. Serositis
Pleuritis or pericarditis documented by ECG or rub or evidence of pericardial effusion

7. Renal disorder
Proteinuria greater than 0.5 g/d or greater than 3+, or cellular casts

8. Neurologic disorder
Seizures without other cause or psychosis without other cause

9. Hematologic disorder
Hemolytic anemia or leukopenia (less than 4000/L) or lymphopenia (less than 1500/L) or thrombocytopenia (less than 100,000/L) in the absence of offending drugs

10. Immunologic disorder
Positive LE cell preparation or anti-dsDNA or anti-Sm antibodies or false-positive VDRL

11. Antinuclear antibodies
An abnormal titer of ANAs by immunofluorescence or an equivalent assay at any point in time in the absence of drugs known to induce ANAs

If four of these criteria are present at any time during the course of disease, a diagnosis of systemic lupus can be made with 98 percent specificity and 97 percent sensitivity.

SOURCE: Criteria published by EM Tan et al, Arthritis Rheum 25:1271, 1982 

(2) SLE is a multisystem disease of autoimmune origin that affects the kidney to some degree in most cases but is highly variable in its clinical presentation:

(a) The disease affects women to men by a 9:1 ratio and is more common in blacks, hispanics, and asians (S 128)

(b) It is suspected in any pt who presents with proteinuria accompanied by hematuria (C4 213)

(c) Renal involvement varies from isolated abnormalities of the urinary sediment to full-blown nephritic or nephrotic syndrome or CRF (H 1548)

(3) Lupus nephritis displays great diversity in terms of urinalysis, signs/symptoms, and biopsy results:  be able to recognize findings that support or refute the diagnosis of lupus nephritis (S 126) (ob 19)

(a) The urinalysis in lupus nephritis can vary from bland nephrotic to very active with numerous RBC casts (S 129)

(b) Most patients with nephritis will have another serious extrarenal manifestation:  ie. Cerebritis, pneumonitis, or vasculitis

(c) The majority of lupus patients with renal involvement have glomerulonephritis with secondary tubulointerstitial changes (S 129)

(i) Rarely, tubulointerstitial disease will occur without glomerular involvement

(d) Typically the patient is a young woman with a butterfly rash over the face, fever, and pain but no deformity in one or more peripheral joints (R 207)

(4) Laboratory findings:  diagnosis rests on serologic evidence of antinuclear antibodies and hypocomplementemia (( C3 and C4) (C4 212, H 1548)

(a) In the absence of low C3/C4, it is unlikely that clinical deterioration is secondary to a lupus flare-up (S 129)

(i) Exceptions to this rule are pts with membranous lupus who may have none of the above findings

(ii) Also, drug induced SLE tends to have minimal to no renal involvement

(5) Renal biopsy is indicated in a lupus patient with proteinuria (>1g), active sediment, or (Cr: (S 129)

(a) Renal biopsy gives excellent information in helping guide therapeutic decisions and in assessing a prognosis

(i) But, only an (Cr has been shown to predict those patients who will progress to renal failure

(b) There are 5 morphological classifications that are accepted by the WHO

(6) WHO classification:  be able to predict, generally, on the basis of U/A what WHO classification will be encountered on biopsy (H 1548) (ob 20)

(a) Class I:  it consists of a normal biopsy on light microscopy with occasional mesangial deposits on IF(immunofluorescence) microscopy

(i) Pts in this category usually do not have clinical renal disease

(b) Class II:  mesangial lupus nephritis

(i) These pts have prominent mesangial deposits of IgG, IgM, and C3 on IF microscopy

(ii) Microscopic hematuria is common with this lesion and 25-50% have moderate proteinuria

a. Nephrotic syndrome is not seen

(c) Class III:  focal segmental proliferative lupus nephritis with necrosis or sclerosis affecting fewer than half of the glomeruli

(i) Up to 1/3 of patients have nephrotic syndrome and 15-25% have impaired GFR

(d) Class IV:  diffuse proliferative lupus nephritis

(i) Most glomeruli show cell proliferation and deposits of IgG, IgM, IgA, and C3 are evident on IF microscopy

(ii) This is the most aggressive lesion in SLE

(iii) Nephrotic syndrome and renal insufficiency are present in at least ½ of pts

(e) Class V:  membranous lupus nephritis

(i) It is similar to idiopathic membranous glomerulopathy

(ii) Most (90%) pts present with nephrotic syndrome, but significant impairment of GFR is unusual

(f) Class VI:  probably represents the end stages of  proliferative lupus nephritis

(i) It is characterized by diffuse glomerulosclerosis and advanced tubulointerstitial disease

(ii) These pts are hypertensive, may have nephrotic syndrome, and usually have impaired GFR

(g) Unfortunately, a benign lesion may eventually progress to a more severe class (S 129)

(7) Treatment:  the therapy for lupus is corticosteroid ( cytotoxic therapy (cyclophosphamide > azathioprine) (S 129) 

(a) The protocol for therapy depends on many factors:  biopsy classification, clinical response, degree of scarring on biopsy

(b) Long term immunosuppression has risks: infection is the leading cause of death in the first 2 years

(c) Aggressive therapy of lupus nephritis can prevent progression to renal failure and should be attempted if there are no complications

(i) A favorable response to treatment is heralded by clinical improvement and (Cr

a. Correction of Urine sediment, proteinuria, and hypocomplementemia may lag behind

(d) If the patients progress to ESRD, they tend to do fairly well on dialysis

(i) They also do well with transplantation

(ii) In fact, many cases of SLE mysteriously “burn-out” (disappear) when ESRD is reached or after a renal transplantation

E. OTHER GLOMERULAR DISEASES:  besides those glomerular diseases that classically cause ARF or the nephrotic syndrome, there are other glomerulopathies (S 131)

1. Some of these diseases have been classified under vasculitides, some overlap with other areas, and there are others that have not been classified.  They include:

a) IgA nephropathy (Berger’s disease)

b) Henoch-Schonlein Purpura

c) Thin Basement Membrane disease (Dysmembranosis)

d) Hereditary (Alport’s) Nephritis

2. IgA Nephropathy (Berger’s Disease):  it is the most common cause of primary glomerular disease

a) Typical urine findings:  (R 957, C4 215) (ob 1)

(1) IgA nephropathy is a very frequent cause of recurrent gross or microscopic hematuria

(2) It is the final diagnosis in as many as 50% of pts with asymptomatic hematuria

(a) The  hematuria is commonly discovered on an incidental physical exam and is accompanied by mild to moderate proteinuria

(3) Mild proteinuria of less than 1gm/day is most common in this disease, but nephrotic range proteinuria can be seen in as many as 10% of pts

b) The typical presentation is gross hematuria following a viral illness

c) Renal biopsy:

(1) Light microscopic changes vary considerably

(2) There is a characteristic finding on IF microscopy:  (ob 2)

(a) Mesangial deposition of IgA

d) IgA nephropathy is clinically a heterogenous disease:  although most patients have an initially benign course, progressive renal insufficiency develops in 20-30% of pts after 20 yrs and some have a more rapid progression (ARF) with renal failure in as little as 4 yrs (C4 215)

e) Epidemiology:  (C4 215) (ob 3)

(1) Most patients are between the ages of 15-35 yrs, it affects men 2-3 more times frequently than women and whites are much more commonly affected than blacks

3. Henoch-Schonlein Purpura (HSP):

a) HSP is seen most often in children, but the disease is more severe in adults

b) Physical exam findings: (C4 214) (ob 6)

(1) The disease is characterized by purpuric lesions on the buttocks and legs, episodic abdominal pain, arthralgias, fever, malaise, and proteinuria (often nephrotic range) with hematuria and RBC casts

(2) U/A findings:  gross or microscopic hematuria, proteinuria, and nephrotic syndrome (ob 7)

c) HSP tends toward a benign, self-limited course of remission and relapse, but about 10% of pts progress to ESRD

d) Histologically, the lesions vary but the most prominent feature is the deposition of IgA seen by IF microscopy (R 960)

(1) The renal and serological abnormalities in IgA nephropathy and HSP are indistinguishable and most authorities consider these to be a spectrum of a single disease (H 1544) (ob 7)

4. Thin Basement Membrane Disease: 

a) It typically is found via a routine screening urinalysis which demonstrates microscopic hematuria ( low grade proteinuria and RBC casts (S 130) (ob 8)

(1) This disease is being recognized more often but has an excellent prognosis, although a small percentage of pts may eventually develop renal impairment

b) Light and IF microscopy are normal, whereas ultrastructural examination demonstrates markedly thin GBM (C4 215)

5. Alport’s syndrome:  hereditary nephritis 

a) This syndrome usually presents in childhood with recurrent gross hematuria with or without vague lower back pain (C4 215)

(1) Mild proteinuria is often present, but nephrotic syndrome is rare

(2) This is a rare but more ominous cause of hematuria

(3) Males with this disease tend to progress to ESRD (H 1551)

(a) The hematuria progresses to nephritis and may cause renal failure (H 2194) (ob 10)

b) Two organ systems need to be screened in a pt suspected of having Alport’s syndrome:  the visual and auditory systems (R 964) (ob 9)

(1) In this disease, nephritis is accompanied by nerve deafness and various eye disorders

c) Alport’s syndrome is inherited in an X-linked recessive pattern (S 130) (ob 10)

6. Focal Proliferative and Necrotizing Glomerulonephritis (Focal GN):

a) This represents a histological entity in which glomerular proliferation is restricted to segments of individual glomeruli and commonly involves only a certain proportion of glomeruli (R 958)

(1) The lesions are predominantly proliferative and should be differentiated from those of focal sclerosis

b) This lesion can occur under 3 circumstances: (R 958, S 130) (ob 5)

(1) It can occur as an early or mild complication of several systemic diseases:  SLE, PAN, HSP, WG, SBE, Goodpasture

(2) It may be a component of a known glomerular disease:  IgA nephropathy, thin basement membrane disease, Alport’s syndrome

(3) It may also be truly idiopathic

c) The hallmark of this entity is hematuria

7. Chronic glomerulonephritis is the culmination of many different glomerular diseases associated with the progressive loss of functioning  nephrons and these pts inevitably progress to ESRD (C4 216)

a) In nephrotic pts as the disease progresses and glomeruli become obliterated, the protein loss in the urine diminishes (R 959) (ob 4)

(1) This is the typical picture of chronic renal failure due to a chronic “burned out” glomerular nephritis

F. CYST DISEASE:  renal cyst diseases are characterized by epithelium-lined cavities filled with fluid or semisolid debris within the kidneys

1. Simple cysts:  simple cysts are common and are present in up to 50% of pts over 50 yrs of age without clinical significance

a) The main importance of cysts lies in their differentiation from kidney tumors (R 938) (ob 9)

(1) In contrast to renal tumors, renal cysts have smooth contours, are almost always avascular, and give fluid rather than solid signals on ultrasound

2. Polycystic kidney disease(PCKD):  they can be divided into adult PCKD or childhood PCKD

a) Autosomal Dominant (adult) Polycystic Kidney Disease(APCKD):

(1) This is the most common hereditary disease in the U.S.

(2) Natural history:  (C4  221) (ob 5)

(a) The inheritance pattern is autosomal dominant with very high penetrance (ob 2)

(b) Clinical manifestations of APCKD rarely occur before the age of 20-25 yrs 

(c) Pain and hematuria are the most common clinical manifestations (ob 3)

(i) Microhematuria is frequently the initial sign of PCKD

(ii) Nocturia due to a urinary concentrating defect is usually present

(iii) Urinary tract infections and pyelonephritis are common

(d) Nonspecific , dull lumbar pain is a frequent symptom and usually occurs when the kidneys are sufficiently enlarged to be palpable on examination of the abdomen

(e) Hypertension occurs in 60% of pts before the onset of renal insufficiency

(f) Patients with PCKD also tend to have other congenital abnormalities:  (ob 4)

(i) Hepatic cysts:  40% of pts have 1 or more cysts in the liver (R 936)

(ii) Cerebral aneurysms:  about 10% have intracranial berry aneurysms

(iii) Mitral valve prolapse:  it is present in 25% of pts

(g) The disease progresses to ESRD by age 60 in 50% of pts

(3) Diagnosis:  diagnosis of PCKD is made on the basis of radiographic evidence of multiple cysts distributed throughout the renal parenchyma (C4 221)

(a) CT scanning and Ultrasound are the imaging techniques used:  (ob 6)

(i) The demonstration of the characteristic bilateral renal cystic involvement is best accomplished by renal ultrasound

(ii) CT scanning is more sensitive in detection of small cysts

b) Autosomal Recessive (childhood) Polycystic Kidney Disease:

(1) The inheritance pattern is autosomal recessive (ob 2)

(2) Most cases are diagnosed in the 1st year of life and the time course to ESRD is variable

3. Acquired Cystic Kidney Disease:  this refers to the development of cysts in pts who are undergoing dialysis (S 132, C4 221) (ob 7)

a) There is a finite risk of malignancy associated with this phenomenon

4. Medullary Sponge Kidney:  it refers to lesions consisting of multiple cystic dilatations of the collecting ducts in the medulla (R 937)

a) This is a benign  disorder that does not effect renal function (C4 221) (ob 8)

b) It is often detected incidentally on abdominal radiographs 

G. CHRONIC TUBULOINTERSTITIAL (TI) DISEASE:  this is a relatively common cause of chronic renal failure that may encompass many of the cases that are otherwise termed “idiopathic” (S 135)

1. TI nephropathy encompasses a group of clinical disorders that primarily affect the renal tubules and interstitium, with relative sparing of the glomeruli and renal vasculature (C4 217)

a) Other than for acute allergic interstitial nephritis, most TI disease takes a chronic rather than an acute course 

2. Common presentation of pts with chronic TI disease: (S 135) (ob 1)

a) Chronic TI is characterized by tubular defects disproportionately severe relative to the degree of azotemia as well as the absence of manifestations (RBC casts, nephrotic syndrome) characteristic of glomerular disease

(1) Depending on the cause of TI disease, selective reabsorptive effects may occur:

(a) For example, Conditions such as multiple myeloma or heavy metal toxicity affect primarily the proximal tubule structures and the resulting defects constitute the Fanconi syndrome (H 1553, C 218)

(i) Fanconi syndrome refers to the disorder produced by dysfunction of proximal renal function

(ii) This selective proximal tubule reabsorption defect leads to:   proximal renal tubular acidosis (RTA), glycosuria, aminoaciduria, and uricosuria

(b) In general tubulointerstitial damage is reflected by: (S 135)

(i) A urinary concentrating defect resulting in nocturia and polyuria

(ii) Acidosis and hyperkalemia (out of proportion for the Cr)

(iii) Salt wasting, elevated uric acid,  and low-grade non-nephrotic proteinuria

(iv) A variable urinalysis, although pyuria is most common (reflecting inflammation)

(v) Hypertension is less common than in glomerular disease

3. The most common causes of chronic TI disease: (S 135-136)

a) Chronic obstructive pyelonephritis

b) Reflux nephropathy

c) NSAIDS

d) Multiple Myeloma

e) Lithium

f) CSA

4. Chronic Pyelonephritis(CPN):  this is a chronic TI renal disorder in which chronic TI inflammation and renal scarring are associated with pathologic involvement of the calyces and pelvis 

a) There are 2 forms of CPN: TI damage from CPN can occur secondary to either obstruction or vesicourethral reflux (VUR):  (R 971) (S 136) (ob 2)

(1) Chronic obstructive PN:  recurrent infections superimposed on obstructive lesions lead to recurrent bouts of renal inflammation and scarring

(a) This entity is encountered more commonly in adults

(2) Reflex Nephropathy:  this is by far the more common cause of CPN

(a) Congenital VUR and intrarenal reflux along with a superimposed UTI allows for renal involvement by the infection

(i) Most VUR occurs in young children, except for adults with spinal cord injuries or neurogenic bladders

(b) In children, VUR is due to a congenital incompetent ureterovesical valve

(c) Not all VUR causes CPN:  2 conditions are necessary for VUR to cause kidney scarring

(i)  VUR must extend into the kidney (intrarenal) to cause scars and there must be infection present (ob 4)

(d) Luckily, many cases of VUR improve as children grow, with total resolution often by the age of 5 or 6 yrs

(e) Two radiographic tools are helpful in making the diagnosis of VUR: (ob 3)

(i) Voiding cystourethrogram (VCUG):  the bladder is filled with a radiopaque dye and films are taken during micturition (R 969, S 136)

(ii) IVP demonstrates scarring and pelvicalyceal blunting that is most prominent at the upper and lower poles (S 136)

(f) Urinalysis reveals pyuria ( WBC casts, but bacteremia only if there is active infection

(g) Chronic antibiotic administration may be necessary to prevent recurrent infection and continued loss of renal function and may also improve reflux (ob 5)

(h) However, once a critical amount of renal mass is lost, ablative nephropathy will occur

(i) Progressive renal impairment may be heralded by increasing proteinuria, even to the nephrotic range

(i) This is a manifestation of FGS which is a final common pathway to renal failure

(ii) At this point, at least in adults, decreasing intraglomerular pressure with ACE inhibitors is of great importance

5. Multiple Myeloma:  this is a plasma cell cancer that originates in the bone marrow and is characterized by involvement of the skeleton at multiple sites but also affects the kidneys (R 663)

a) After infection, the most common cause of death in this plasma cell dyscrasia is renal failure 

(1) The most prominent abnormalities occur in the tubulointerstitium although other components of the kidney may be affected (S 137)

(2) The following list of abnormalities may occur in multiple myeloma:

(a) Myeloma kidney

(b) Hypercalcemic nephropathy

(c) Pyelonephritis

(d) Amyloidosis

(e) Light chain nephropathy

(f) Hyperuricemic nephropathy

(g) Vascular disease

b) The most common entity is myeloma kidney which affects the tubulointerstitium

(1) This is also known as cast nephropathy

(2) Alkalization of the urine and preventing dehydration affords some degree of protection from this entity

(3) The main cause of renal dysfunction is related to Bence Jones (light-chain) proteinuria (R975)

(a) Two mechanisms account for the renal toxicity of Bence Jones protein (ob 7)

(i) Some of these light-chains are directly toxic to epithelial cells

(ii) Bence Jones proteins combine with urinary glycoprotein under acidic condition to form large, histologically distinct tubular casts that obstruct the tubular lumina and also induce an inflammatory reaction

c) The other renal lesions occur with variable frequency

(1) Heavy (non-light chain) proteinuria (albuminuria) usually represents amyloidosis or light chain nephropathy (S 137)  (ob 6)

(a) These are glomerular processes

(b) The typical changes of a tubulointerstitial disease may occur including the Fanconi syndrome, concentrating defects, and/or salt wasting

(i) Hypercalcemia may worsen as the GFR declines

(c) To complicate matters further, combinations of processes may occur in the same patient

d) Diagnosis:  clinical diagnosis of multiple myeloma rests on radiographic and laboratory findings

(1) The radiographic changes are so distinctive that a reasonably certain diagnosis can usually be made (R 665)

(2) Identification of monoclonal immunoglobulins in the blood and urine constitutes one of the most important diagnostic features of this disease

(a) Multiple myeloma can be diagnosed by serum electrophoresis (SPE) in 80-90% of patients

(i) The SPE will demonstrate a monoclonal spike

(ii) Some patients may have only light chain excretion and these patients need a serum or urine immunoelectrophoresis to help make the diagnosis

(3) However, the “gold standard” of tests is the bone marrow biopsy

(4) As a screening tool, the sulfosalicylic acid test performed on urine is useful (S 137)

(a) A sulfosalicylic acid precipitate that is out of proportion to the dipstick estimate is suggestive of light chains (Bence Jones protein) (H 260)

H. CHRONIC VASCULAR DISEASE:

1. Hypertensive renal disease(benign nephrosclerosis):  in purest terms, it refers to renal damage and/or insufficiency that occurs due to long standing nonmalignant hypertension (S 138)

a) This entity is a diagnosis of exclusion: other diseases that cause renal insufficiency should be screened for with the appropriate evaluation

(1) Renal impairment from hypertensive nephrosclerosis is uncommon in the white pt. (ob 1)

(a) Usually there is some other underlying renal process that has set the stage for progressive renal insufficiency that is exacerbated by hypertension

(2) Renal disease from hypertensive nephrosclerosis is fairly common in the black pt. (ob 1)

(a) It is a leading cause of ESRD in the black dialysis population

b) Typical findings of hypertensive nephrosclerosis: (S 138) (R 977) (ob 1)

(1) The kidneys are either normal or moderately reduced in size

(2) Occasionally there is mild proteinuria

(3) There is increased parenchymal echogenicity and there are no cellular casts

(4) GFR is normal or slightly reduced

(5) Edema is uncommon unless the GFR is markedly reduced

(6) Usually, but not always, there is a long history of hypertension

(a) Poorly controlled hypertension and/or poor compliance with medications is not uncommon

c) Histologic findings in benign hypertensive nephrosclerosis: (R 976-77) (ob 2)

(1) Hyaline arteriosclerosis:  there is narrowing of the lumina of arterioles and small arteries caused by thickening and hyalinization of the walls

d) The key to preserving renal function is improved control of BP:  normalization of BP may stabilize or even improve the GFR

(1) ACE inhibitors may afford an additional benefit by reducing intraglomerular pressure

e) Some pts may have a decline in GFR if the BP is lowered too far:  this situation reflects underperfusion (prerenal) of the kidney

(1) Years of hypertension leads to progressive hyaline arteriosclerosis which detracts from the ability of the afferent arteriole to autoregulate as BP/perfusion pressure changes (S 139)

(a) The severity of the histologic changes is proportional to the duration and severity of the hypertension 

(2) A normal BP may be insufficient to perfuse the thickened renal vasculature adequately:  thus GFR declines until the BP is again raised

(a) Sometimes a slightly higher Cr ((GFR) is an acceptable trade off

(b) In fact, persistent BP control/improvement may eventually facilitate regression of the arteriolar hyperplasia and thus improve renal hemodynamics

(3) Lowering the blood pressure will at least slow down the progression to renal failure

2. Bilateral Renal Artery Stenosis:  this is another entity that can cause chronic renal failure (ob 3)

a) The cause of the injury is inadequate perfusion (prerenal cause) initially, which may be complicated by infarction and subsequent ablative nephropathy (S 138)

b) Renal artery stenosis and chronic recurrent atheroemboli can cause progressive renal impairment

(1) Sadly, these processes may be clinically silent until irreversible damage is done

c) The most common cause of renal artery stenosis is occlusion by an atheromatous plaque at the origin of the renal artery (R 979)

d) Radiographic techniques used in diagnosis:

(1) Renal scans and IV pyelography may aid with diagnosis

(2) Arteriography is the “gold standard” and is required to localize the lesion (R 979)

X. SUBMODULE 10: HYPERTENSION

A. INTRODUCTION: (S 142) (R 485)

1. 90-95% of patients with hypertension have essential and apparently idiopathic hypertension (ob2)

2. Curable and secondary forms of hypertension are numerous though infrequent in occurrence

a) Clues to secondary forms of hypertension are onset before age 30 or after 55, abrupt increases in previously controlled BP, and BP that is difficult to manage with conventional medications

b) Although “malignant” hypertension may also be a clue, the majority of severe hypertension ends up being of the essential type

c) Secondary forms of hypertension can be categorized into endocrine, renal, vascular, neurogenic, drug-induced, and miscellaneous causes

d) Diagnosing a secondary form of hypertension is important because many of them are potentially curable

B. Determinants of Blood Pressure:  biological application of Poiseuille’s Law  (Press. = Flow ( resistance)

1. Blood pressure = cardiac output ( peripheral resistance (S 142) (ob 1)

2. Peripheral resistance is determined by 3 factors:

a) Degree of arteriolar vasoconstriction:  this is the most important factor in determining total peripheral resistance/systemic vascular resistance (SVR)

b) Compliance of the arterial system:  in patients with stiff arterial walls (caused by aging or by extensive atherosclerosis) blood flow is impeded during the systolic surge

(1) The main effect of stiff arterial walls is an elevation of systolic pressure

(2) Diastolic pressure which reflects “run off” tends to be normal in such patients

c) Blood viscosity:  ( hematocrit or ( serum proteins can add significantly to blood viscosity and cause ( resistance to flow, causing a rise in diastolic and systolic BP

(1) This phenomenon rarely occurs in clinical practice 

3. Cardiac output:  it is determined by the heart rate ( stroke volume (S 143)

a) The principal causes of (CO leading to hypertension are:  stress (hyperadrenergic state leads to (CO), hyperthyroidism, anemia, fever, and fluid overload states (ARF)

b) Increased cardiac output leads to increased systolic BP but since SVR is normal, “run off” is quite satisfactory and diastolic BP is normal or only slightly increased

C. Mechanism of hypertension caused by renin-angiotensin-aldosterone and Na:  (R 486) (ob 3)

1. The kidney produces renin, which leads to the elaboration of angiotensin II

2. Angiotensin II alters BP by increasing both peripheral resistance and blood volume:

a) It’s effect on peripheral resistance is achieved by the ability of angiotensin II to cause vasoconstriction in vascular smooth muscle

b) The ability of angiotensin II to effect blood volume is achieved by stimulation of aldosterone secretion

(1) Aldosterone increases distal tubular reabsorption of Na and thus water

D. Classification of hypertension as systolic vs. diastolic hypertension:  (S 143) 

1. Systolic hypertension:  a systolic BP above 140 (ob 12)

a) It is due either to decreased arterial compliance or increased stroke volume 

b) The diastolic pressure tends to be normal or only slightly elevated

c) In some cases, the difference between systolic and diastolic BP can be striking

2. Diastolic hypertension:  diastolic BP above 90 (ob 12)

a) It is due to an increase in SVR (( arteriolar constriction) or ( blood viscosity

b) In these pts, usually systolic and diastolic BP are elevated proportionally

E. Causes of systolic hypertension:  (ob 4)

1. Mechanism:  decreased arterial compliance

a) Aging:  there is a natural tendency for (stiffness of the arterial walls with aging

b) Premature arteriosclerosis:  arteriosclerosis leads to thickening of the arterial wall and is accelerated in hypertension, diabetes, and in pts with advanced atherosclerosis

2. Mechanism:  increased stroke volume

a) Stimulation of the adrenergic nervous system (stress):

(1) The finding of (BP under the conditions of obvious stress is generally of little significance

(a) It is important to return these pts to a more basal state, by relaxation, to properly assess for the presence or absence of hypertension

(2) It is important to distinguish between stress-related hypertension, which occurs transiently, from that of a persistent hypertensive state:  

(a) the role of stress can usually be evaluated by instructing the pt to take their BP while at home, on the job, etc.

(i) If the BP is elevated in all circumstances, the pt probably has a true hypertension

b) Fever:  generally the role of fever in (BP does not create a diagnostic problem

(1) (BP during the febrile state is usually modest and limited to the period of fever

c) Severe anemia:  in these pts the hematocrit is usually less than 20%

(1) Systolic BP elevation in anemics is generally not severe (<160mmHg)

d) Aortic insufficiency:

(1) In severe aortic insufficiency the SV may be enormous creating ( systolic BP, however the rapid reflux of blood back into the left ventricle causes a  sharp decrease in BP

(a) Usually the diastolic BP is quite low and in some pts the systolic BP is strikingly elevated

e) Arteriovenous fistula:  the hemodynamics are similar to that of aortic insufficiency

F. Causes of diastolic hypertension:  systolic BP generally is elevated in proportion to the ( in diastolic BP (ob 4)

1. Mechanism: essential primary hypertension (S 145)

a) These pts have (arteriolar resistance for unknown reasons

b) This is the most common cause of (BP and accounts for ( 90% of pts with hypertension

c) About 10-20% of the population of North America have essential hypertension

(1) It is a major cause of morbidity and mortality

d) The majority of essential hypertension is inherited:  it tends to be more common in blacks than whites, and particularly worse in males than in females

e) Diagnosis of essential hypertension is made by excluding causes of  secondary hypertension

f) Certain environmental factors may make hypertension worse:  ie. Na intake, alcohol, obesity, hypokalemia, and hypocalcemia

2. Mechanism: primary renin excess states
a) Renovascular hypertension 

3. Mechanism:  primary volume excess state

a) Primary hyperaldosteronism

4. Mechanism:  catecholamine excess states

a) Pheochromocytoma

b) Sympathomimetic drugs 

G. Other unknown mechanisms of hypertension: (S 146)

1. Renal parenchymal disease:  possibly related to aberration in prostaglandin synthesis? Renin?

2. Cortisol excess states (eg. Cushing’s syndrome, chronic steroid therapy):

H. Environmental/life-style factors affecting blood pressure:  (ob 5)

1. Obesity:  BP tends to rise with marked increases above ideal body weight

a) The mechanism is thought to involve increased cardiac output

b) Hypertensive pts who are > 10% above their ideal body weight can experience substantial reductions in hypertension with weight reduction

(1) A loss of  8-9kg drops BP on the average of 20 mmHg systolic and 16 mmHg diastolic

(a) In many patients, this can obviate the need for hypertensive therapy

2. Salt intake:  the vast majority of normal individuals can ingest large amounts of salt throughout their lifetimes without developing hypertension

a) There may be a subpopulation in whom dietary salt excess leads to hypertension

(1) There is no established link between high salt intake and hypertension

b) In patients who already have hypertension, a reduction of salt may help reduce BP

(1) “salt sensitive” pts are a subset of the population who may benefit from salt restriction

(2) “salt resistant” pts receive no benefits from salt restriction

3. Calcium intake:  recent evidence shows that those with higher Ca intake have lower BP

a) This does not mean that those with higher serum Ca have lower BP, hypercalcemia is, in fact, associated with hypertension (S 147)

4. Alcohol intake:  studies show that alcohol intake > 2oz daily can increase BP

a) There is no evidence that smoking or caffeine intake causes hypertension, although smoking is a serious cause of cardiovascular disease

5. Potassium intake:  a high dietary K intake may lower BP, hypokalemia exacerbates hypertension

I. Pseudohypertension:  this refers to a condition in which BP measured by use of the pneumatic cuff is greatly overestimated because the brachial arterial wall in these pts is so stiff (noncompliant) that the brachial artery cannot be compressed by the cuff

1. Conditions that predispose to the phenomenon of  pseudohypertension:  (ob 6)

a) Pts with generalized peripheral vascular disease

b) Elderly patients

c) Patients with long-standing, poorly controlled diabetes

2. The presence of pseudohypertension can be confirmed by comparing cuff pressure to that directly measured by an arterial catheter

J. Trends:  recent data suggests that hypertension and target organ damage has decreased in the last 10 yrs

1. The incidence of hypertension in the U.S. is still as high as 50 million

K. Given clinical scenarios, you should be able to identify conditions that cause/exacerbate hypertension (ob 8)

L. Malignant hypertension/Hypertensive Emergency: (S 148) (ob 7)

1. Malignant hypertension is a clinical entity that is by definition a medical emergency

2. Although it is often thought of as a “clue” to a  secondary form of hypertension, it often occurs as a consequence of essential hypertension

3. A hypertensive emergency will characteristically have fundoscopic evidence of hemorrhages, exudates, or papilledema

a) There may be neurological/mental status changes (headache, confusion, stupor, visual changes, focal deficits, seizures or coma), angina, CHF, progressive renal insufficiency, hematuria, hemolysis, or abdominal pain/vomiting

(1) Any of these findings in a patient with a diastolic BP of ( 140 (occasionally lower), qualifies as malignant hypertension

4. This form of hypertension is classically renin mediated

a) However, if there is severe/accelerated renal insufficiency, then there is usually a concomitant volume component

5. Treatment:  intensive care unit admission is mandatory

a) The goal of treatment is rapid BP lowering, within a few hours, to a diastolic BP of 90-100 and reduction of any symptoms

(1) Prevention of target organ damage is of paramount importance

M. Work-up of Hypertension: (S 149)

1. History:

a) Prior BP measurements;  Any history of (BP and if so how long and how severe?

b) Any family history of hypertension, diabetes mellitus, heart disease, stroke, or ( cholesterol

c) Quantitate alcohol use;  is there cocaine use?;  dietary review (Na, fat);  exercise review;  medication review;  attempt to quantitate “stress” level

d) Are there any symptoms/manifestations of target organ damage?  If yes, then hypertension has been present for awhile.

(1) Five target organ manifestations of hypertension: (ob 10)

(a) Cardiac

(b) Cerebrovascular

(c) Peripheral vascular

(d) Renal

(e) Retinopathy

e) Is there any history of prior renal disease/symptoms? 

f) Are there any symptoms suggestive of a secondary cause of hypertension?

2. Physical exam:

a) BP (orthostatic) on both arms with 2 min between each measurement; height and weight

b) Fundoscopic exam:  6 fundoscopic findings are suggestive of hypertensive retinopathy (ob 9)

(1) (AV ratio

(2) AV nicking

(3) Spasm

(4) Hemorrhages

(5) Exudates

(6) Papilledema

c) Check for carotid bruits, JVD, thyromegaly, abdominal bruits, organomegaly, and check extremities for pulses and edema

d) A complete volume assessment is necessary

3. Laboratory:

a) U/A (dipstick and microscopic); CBC; uric acid, calcium, cholesterol, triglycerides

b) Chem 7 profile:  Na, K, Cl, HCO3, BUN, Cr, glucose

c) No other testing is mandatory unless a secondary cause is suspected or there is evidence of target organ damage

(1) A baseline EKG, although not mandatory, is useful

4. Preventive therapy for hypertension: (S 150)

a) Four Lifestyle modifications form the basis for primary prevention of hypertension:  (ob 11)

(1) Weight loss

(2) Regular exercise

(3) Decrease Na intake

(4) Decreased alcohol intake

b) Pts at risk for development of high BP should be identified:  this group is comprised of those with a family history of hypertension or those with a high baseline BP (> 130/85)

(1) These pts should have very close follow up with BP measurements at least every year

c) Target organ damage may take years to become clinically evident, both to pt and physician

(1) This may lead to a passive approach to therapy:  suboptimal goals may be set and pt compliance may be inadequate

(2) Therefore, pt and physician education regarding the consequences of hypertension is an important goal

N. Treatment:  

1. Six types of medications are considered reasonable for 1st line therapy: (ob 13)

a) Diuretics, (-blockers, ACE inhibitors, Ca channel blockers, (1 blockers, or alpha-beta blockers

(1) Only diuretics and (-blockers have been shown to reduce BP and morbidity and mortality

(a) They should be used first if at all possible

2. If BP is inadequately controlled using monotherapy, another 1st line agent can be substituted or a 2nd agent from another class can be added

a) If still unsuccessful, a 3rd agent can be added or 2nd line agents (vasodilators, (2-blockers, peripheral adrenergic blockers) can be tried

(1) If the antihypertensive medication does not treat the mechanism causing the (BP, then an alternative approach should be considered

b) However, lack of success may be a clue to pt noncompliance with the medication

3. A useful approach in classifying hypertension and planning treatment strategy is to distinguish between renin mediated vs. Na/volume(low renin) mediated hypertension:  (ob 14)

a) Renin-mediated hypertension:

(1) Renal artery stenosis is the prototype of high renin hypertension

(2) ACE inhibitors and direct vasodilators usually work better in this type

b) Low renin (Na/volume) hypertension:

(1) Primary hyperaldosteronism is of the low renin type

(2) In general, black patients and elderly patients have low renin hypertension

(3) Diuretics usually work quite well in these patients

c) Essential hypertension usually falls somewhere between the extremes:  thus, there are low-normal, normal, and high-normal renin categories within essential hypertension

4. Factors affecting the selection of a treatment regimen:  mechanism of hypertension, possible side-effects of medications,  and dosing and cost of drugs

a) Trial and error may be necessary until an effective regimen is found

b) A serum renin may help elucidate the mechanism of hypertension and/or help resolve confusing management issues

O. Secondary Hypertension:

1. Six drugs cause/exacerbate hypertension:  (S 151) (ob 15)

a) ORAL CONTRACEPTIVES

b) SYMPATHOMIMETICS

c) ALCOHOL

d) COCAINE

e) “STEROIDS”

f) NSAIDS

2. Eight important causes of hypertension: (ob 16)

a) Endocrine:

(1) PRIMARY HYPERALDOSTERONISM (.4%)

(2) CUSHING’S SYNDROME (.2%)

(3) PHEOCHROMOCYTOMA (.2%)

(4) HYPERTHYROIDISM

b) Renal:

(1) RENAL VASCULAR (RENAL ARTERY STENOSIS) DISEASE (3.6%)

(2) PARENCHYMAL

c) Vascular:

(1) COARCTATION OF THE AORTA (.5%)

d) Neurogenic:

(1) INTRACRANIAL PRESSURE

3. Given clinical scenarios, be able to differentiate the cause of hypertension as being essential or secondary (ob 17)

4. Chronic Renal Failure:  it accounts for 2-5% of causes of hypertension (S 152)

a) The course of most forms of CRF is complicated by hypertension, which may be the presenting symptom

b) Volume expansion and hyperreninemia play important pathogenic roles

c) Increased cardiac output associated with anemia as well as probable loss of renal vasodepressors (eg. prostaglandins) may add to hypertension

5. Pheochromocytoma:  it is a rare tumor of neuroectodermal origin that secretes catecholamines

a) It accounts for ( .1-.2% of the hypertensive population

(1) There is no sex or race predilection and most occur between the ages of 20-40

b) Diagnosing this entity is important because 90% are curable with surgical removal (10% are malignant)

c) Around 99% are intra-abdominal:

(1) Between 85-90% are located in the adrenal gland (the remainder are along the sympathetic ganglia in the abdomen or chest)

(2) Around 90% are unilateral and single

d) Also, 3-5% of all pheochromocytomas are familial with autosomal dominant inheritance

(1) Between 40-80% of the familial types are bilateral and multiple (S 153)

(2) Between 33-50% are associated with the multiple endocrine neoplasia syndromes (MEN-2 and MEN-3)

(3) Other rare disease associations are von Recklinghausen’s neurofibromatosis and von Hippel-Lindau disease

e) Most pheochromocytomas secrete both norepinephrine and epinephrine except for those that are extra-adrenal which may only produce norepinephrine

f) Hypertension:

(1) 50% have sustained hypertension

(2) 40% have paroxysmal hypertension

(a) 20% may be normotensive between attacks

(3) Malignant hypertension is common

g) The classic triad of pheochromocytoma:  (ob 18)

(1) Sweating attacks

(2) Tachycardia (palpitations)

(3) Headaches

h) Diagnosis of pheochromocytoma:

(1) Absence of the triad virtually excludes the diagnosis

(2) “flushing” is felt to cast doubt on the diagnosis

(3) Obese pts are rare

(4) Many pts present during a stress situation:  (anesthesia/surgery/childbirth)

i) Laboratory diagnosis:

(1) Urinary screening: diagnosis of pheochromocytoma is made by demonstrating elevated urinary excretion of catecholamines or their metabolites

(a) Metanephrine (96% sensitive) is the test of choice

(i) Since it is not excreted in a diurnal pattern, spot measurements can be made

(ii) Metanephrine excretion > 1mcg/mg creatinine is highly suggestive of pheochromocytoma

(b) Vanillylmandelic acid (VMA): 82% sensitive

(c) Free catecholamines:  79% sensitive

(d) Lab pitfall:  there are agents which interfere with urinary screening tests

(2) Serum catecholamine measurement:  94% sensitive (S 154)

(3) Clonidine suppression test:  used if lab values are borderline

(a) Plasma catecholamines are measured 3 hrs before and after clonidine administration

(b) Normal individuals have a decrease in catecholamine levels into the normal range, while pts with a pheochromocytoma have unchanged or increased levels

(4) Glucagon stimulation test:  rarely done

j) Tumor localization:

(1) A CT scan is the procedure of choice

(2) Arteriography has the risk of hypertensive crisis

(3) Caval sampling for catechols

(4) MIBG (131I-metaiodobenzylguanidine) scan:  used to localize extraabdominal pheos

k) Treatment:

(1) Surgical removal of the tumor if it can be localized

(2) Alpha blockers (phentolamine, phenoxybenzamine)

(3) Labetolol (combined (,(-blocker)

(4) Nitroprusside

l) Prognosis:  90% cure rate with surgery

6. Primary hyperaldosteronism:

a) Epidemiology:  it occurs in less than 1% of the hypertensive population

(1) It is more common in women vs. men and is more common in whites vs. blacks

(2) It usually occurs in the 2nd through 6th decade

(3) It generally takes 1 of 2 forms:  either a solitary adenoma (60%) or bilateral adrenal hyperplasia (40%)

(a) There is a rare familial form and a rare aldosterone producing tumor

b) Pathophysiology: (S 155)

(1) Autonomous production of aldosterone results in: (ob 19)

(a) Volume expansion secondary to sodium and water retention

(b) Low renin secondary to volume expansion

(c) Hypokalemia secondary to the effect of aldosterone on the distal tubule

(d) Metabolic alkalosis secondary to direct distal tubular proton secretion

(e) Isosthenuria secondary to distal nephron insensitivity to ADH as a result of hypokalemia

(i) Isosthenuria is the excretion of urine with the same osmolality as that of plasma

(2) The full picture suggested by this pathophysiologic sequence is not always seen

c) Clinical presentation:

(1) The hypertension associated with hyperaldosteronism is usually mild to moderate (ob 19)

(a) Rarely, malignant hypertension can be seen

(2) Signs and symptoms of primary hyperaldosteronism are dictated by the severity of both the hypertension and hypokalemia

(a) Clinical manifestations of hypokalemia are usually not seen until serum levels fall below 2.5-3.0 mEq/L

(i) Proximal leg muscle weakness and paresthesias usually occur

(b) Nocturia and mild polyuria indicate the presence of a concentrating defect

(c) Susceptibility to digitalis intoxication, stress-induced arrhythmias, rhabdomyolysis, and hyperglycemia add to the clinical picture

d) Laboratory diagnosis: 

(1) Serum K is not always abnormal

(2) Supine renin is not always suppressed

(3) Saline infusion or Captopril test:  normally saline or captopril inhibit aldosterone secretion 

(a) Failure to suppress aldosterone supports the diagnosis  (S 157)

(4) It is important to distinguish between an aldosterone-secreting adenoma and bilateral hyperplasia

(a) Hypokalemia less than 3 mEq/L supports adenoma

(b) Postural challenge:

(i) A postural drop in aldosterone level supports adenoma

(ii) An increase does not support hyperplasia or rule out adenoma

e) Localization:

(1) Non-invasive:

(a) 131iodocholesterol adrenal scanning:  nonspecific

(b) CT scanning is the best non-invasive procedure and can localize adenomas as small as .8 cm in diameter

(2) Invasive:

(a) Adrenal venography can visualize tumors as small as 1.5 cm

(b) Adrenal venous sampling of aldosterone with simultaneous Cortisol measurement has a 90-100% success rate

f) Therapy:

(1) Adenomas:  surgery

(2) Bilateral adrenal hyperplasia:  K-sparing diuretic (amiloride, spironolactone, or triamterene) plus a thiazide

g) Glucocorticoid-suppressible hyperaldosteronism:

(1) This is a rare familial form of aldosteronism that can be completely reversed with glucocorticoid replacement

(a) It also responds to conventional therapy with K-sparing diuretics

7. Renovascular Hypertension/Renal Artery Stenosis (RAS):  (S 158)

a) It is the 2nd most prevalent cause of 2( hypertension accounting for 2-3% of all hypertension cases

b) The classic physical finding in RAS is abdominal/flank bruits (Dr. Pesavento)

c) Fibromuscular dysplasia (FMD) and atherosclerotic disease of the renal arteries are the most common causes of renovascular hypertension

(1) Necrotizing vasculitis, major vessel embolization, or cholesterol embolization can also cause renovascular hypertension

d) Pathophysiology: 

(1) Decreased perfusion of renal tissue due to stenosis of a main or branch of the renal artery activates the renin-angiotensin system, Circulating angiotensin II elevates arterial pressure by directly causing vasoconstriction, by stimulating aldosterone secretion with resulting sodium retention, and/or by stimulating the adrenergic nervous system (H 1338)  

e) Clinical features:  there are no pathognomonic clinical features for renovascular hypertension, but several features suggest renovascular hypertension:

(1) Hypertension in the absence of family history of hypertension

(2) Onset of hypertension in a person over 50, especially in association with other evidence of vascular disease, or early renal dysfunction (suspect atherosclerotic disease)

(3) Onset of moderate to severe hypertension in a person under 30 (suspect FMD)

(4) Accelerated hypertension in any age group

(5) Poor response to conventional antihypertensive therapy

(6) Escape from prior pharmacologic control of hypertension (S 159)

(7) Development of acute renal dysfunction that is temporally related to conventional antihypertensive agents (especially ACE inhibitors)

(8) Unprovoked hypokalemia, or severe hypokalemia following diuretic therapy

(9) Flank or abdominal bruit:  the bruit of RAS is usually high pitched and has both a systolic and diastolic component

(10) Evidence of end organ damage:  retinopathy, bruits, peripheral vascular disease, heart disease

f) Diagnostic procedures:

(1) Renal ultrasound:  inequality in kidney size suggests possible RAS

(2) Radioisotope renogram (renal scan):  perfusion inequality (rt. vs. lt.) suggests RAS

(3) Peripheral renin: relatively insensitive

(4) Renal vein renin: if there is a difference (rt. vs. lt.) of  > 1.5 then there is likely a physiologically important stenosis

(5) Captopril test:  a renin increase following administration of Captopril suggests RAS

(6) Captopril renography(renal scan):  more sensitive than a non-pharmacologic renal scan

(7) Digital subtraction angiography (DSA):  it has 95% the accuracy of conventional arteriography

(a) It may miss significant stenoses that are in smaller intrarenal vessels

(8) Conventional arteriography:  this is the gold standard to identify renal artery lesions (ob 21)

(a) When combined with selective renal vein renin determination plus renal artery pressure gradient measurement, it is the most sensitive diagnostic test

(b) Complication rates in experienced hands run 1.2%

(9) Recently there has been much debate over the most cost-effective approach to RAS:  the question is whether Captopril renography is a sufficient substitute for arteriography (S 160)

(a) Advantages of renal arteriography:

(i) It is 100% accurate:  since RAS is potentially curable it is important that cases not be missed

(ii) Also, if angioplasty is needed, it can be done at that time

(b) Disadvantages:  it exposes the pt to IV contrast, it is invasive, and it is more expensive

g) Therapy: (ob 22)

(1) Percutaneous transluminal angioplasty:  therapy of choice for RAS

(a) Atherosclerotic disease:

(i) Non-osteal lesions:  75% technical success rate, 82% cure + improvement rate

(ii) Osteal lesions: <50% success rate

(b) Fibromuscular disease:

(i) Greater than 90% technical success rate

(ii) Greater than 90% improvement plus cure rate

(2) Surgical revascularization:

(a) Indications:

(i) Failed angioplasty

(ii) Renal artery occlusion with preserved renal mass

(iii) Segmental or long renal artery lesions not amenable to angioplasty

(b) Success rate of greater than 90%

(3) Medical therapy is indicated if revascularization fails

(a) Recent studies show that medically treated pts with renovascular disease had higher mortality rates and higher rates of progressive renal failure than did those treated surgically
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