MODULE 23-  RENAL PATHOPHYSIOLOGY

Rohit Uppal

C= Cecil Essentials of Medicine 3rd edition        BL=  Berne & Levy physiology    

R= Robbin’s Pathological Basis of Disease        S=  module syllabus

V= Renal Function by Valtin  (Med I renal text)  N= Netters

C4= Cecil Essentials of Medicine 4th edition        H=Harrisons principles of internal medicine (14 edition)


Ob=  this refers to the particular objective that is being answered

(1) I have included all of the information from the module as well as the module objectives in the notes.  I suggest you use Harrison’s or some other text as you go through the module. The notes include all testable material but may not be sufficient to gain a full understanding of the subject matter.  Also, be sure to look at the clinical cases at the end of the module.  
II. SUBMODULE 1.  ANATOMY-PHYSIOLOGY

A. GROSS ANATOMY:

1. Urine flow:  (BL 720, N 317) (ob 1)

a) After passing through the loop of Henle, urine enters the collecting tubule.

b) The collecting tubule carries the urine from the renal cortex into the renal medulla

(1) The medulla of the kidney is divided into multiple cone-shaped masses called the renal pyramids.

c) The pyramids of the renal medulla terminate in the renal papilla

d) Renal papilla project into the space of the renal pelvis

(1) The renal pelvis is a funnel shaped continuation of the upper-end of the ureter and is made up of minor and major calices.

e) Each papilla empties into a minor calyx which, in turn, empties into a major calyx

2. Blood flow:  (BL 720, Netter 319) (ob 2)

a) The renal A. is a branch of the aorta and enters at the hilum of the kidney

b) After entering the kidney, the renal A. branches to form progressively the interlobar artery, the arcuate artery, the interlobular artery, the afferent arteriole, which leads into the glomerular capillaries

c) The glomerular capillaries coalesce to form the efferent arteriole

d) The efferent arteriole leads into a second capillary network, the peritubular capillaries

(1) Peritubular capillaries supply blood to the nephron

e) Peritubular capillaries empty into vessels of the venous system

(1) The venous vessels run parallel to the arteriolar vessels

f) Venous vessels progressively form the interlobular vein, arcuate vein, interlobar vein and renal vein

g) The renal vein leaves the kidney at the hilum and enters the inferior vena cava

3. The renal cortex is by far more richly vascularized than the medulla  (ob 3)

a) The cortex receives 90% of the total renal circulation  (R 929)

b) In general, the renal medulla is susceptible to ischemia whereas the cortex (afferent arteriole) is susceptible to hemodynamic changes. (S 1)

B. ULTRASTRUCTURE:

1. Renal Tubular system: (C 183, C4 176-177, BL 721, Netter 321)  (ob B1)

a) The glomerular (Bowman’s) capsule funnels ultrafiltrate into the renal tubule

b) The proximal convoluted tubule, the initial portion of the renal tubule, is located in the cortex

c) The proximal straight tubule enters the medulla and delivers fluid to the loop of Henle

d) The loop of Henle forms a hairpin turn in the medulla and returns toward the cortex, forming the distal tubule

e) The distal tubule is then directed back to the medulla and forms the collecting duct

f) The collecting duct empties into the renal pelvis

2. The Glomerulus:  (C 183, C4 175-176, BL 723)  see fig 24-3, C 184 or C4 177  (Ob B2)

a) The glomerulus is a unique network of capillaries suspended between the afferent and efferent arterioles and is enclosed within an epithelial structure (Bowman’s capsule)

b) The glomerular capillary wall has 3 major layers:

(1) The endothelium of the capillary:

(a) The endothelial cells line the capillary lumen and are fenestrated 

(2) A basement membrane:

(a) The glomerular basement membrane is a hydrated gel of glycoproteins containing interwoven collagen fibrils

(b) This layer is considered to be the filtration barrier and prevents the filtration of plasma proteins  (ob B3)

(c) In addition to filtration on the basis of size, there is also a charge barrier

(i) Strong negative charges associated with proteoglycans of the basement membrane contribute to this function

(3) A layer of epithelial cells (podocytes):

(a) The epithelial cells extend foot processes over the basement membrane

(i) The foot processes are not tightly approximated and allow for formation of a filtration slit covered by a thin membrane

3. Juxtaglomerular Apparatus (JGA):  (C 183, C4 177, BL 724) (Ob B4)

a) The structural arrangement of the nephron allows the distal tubule to come into close approximation with the afferent arteriole

(1) This distinct region of the distal tubule is known as the macula densa

b) The macula densa together with cells originating from the adjacent afferent arteriole create the specialized structure known as the JGA.

c) The JGA is the site of renin production

4. The kidney only has sympathetic innervation and is involved in salt and water retention (maintenance of volume, BP)  (ob B5)

C. PHYSIOLOGY:

1. Starling’s forces and the afferent and efferent arteriole pressure gradient determine glomerular ultrafiltration.  GFR= kf ((P)  (S 2)  (Ob C1)

2. Renal Blood Flow (RBF) autoregulation:  (BL 737, C 183-184, C4 178)  (ob C2)

a) Autoregulation is achieved by changes in vascular resistance exclusively within the kidney.

(1) This change in resistance is so precise that blood flow remains constant as arterial blood pressure changes between 90 and 180 mmHg

b) Two mechanisms are responsible for autoregulation:

(1) Myogenic mechanism:  it responds to changes in arterial pressure

(a) This pressure-sensitive mechanism is related to an intrinsic property of vascular smooth muscle:  the tendency to contract when it is stretched

(b) When arterial pressure rises, the afferent arteriole is stretched, causing the smooth muscle to contract, which increases the resistance.

(2) Tubuloglomerular feedback:  responds to changes in renal tubular flow

(a) This flow-dependent system involves a feedback loop in which the flow of tubular fluid is sensed by the macula densa and converted into a signal that affects GFR.

(i) ( arterial pressure causes ( GFR and ( NaCl delivery to the macula densa cells of the distal tubule

(ii) the macula densa senses the (NaCl and sends a signal to the afferent arteriole, resulting in renal vasoconstriction

(iii) in addition, there is a ( in renin release from the JGA

(b) the effectors that maintain RBF and GFR can be overridden by stress ((BP,(volume) situations

3. Regulation of renal blood flow:  (BL 739, C4 177(table 24-1) (ob C3)

a) Norepinephrine, epinephrine:  cause vasoconstriction via (1 receptors ((RBF, (GFR)

(1) efferent and afferent arterioles are innervated by sympathetics

b) Angiotensin II (A2):  constricts both the afferent and efferent arteriole ((RBF)

c) Prostaglandins (PGE2, PGI2):  they do not regulate RBF or GFR under basal conditions

(1) During pathophysiological conditions (hemorrhage), prostaglandins are produced locally and cause vasodilation of the afferent and efferent arterioles

(a) They dampen the vasoconstrictor effects of sympathetic nerves and angiotensin II and prevent severe renal vasoconstriction and renal ischemia

4. Water is always reabsorbed passively via an osmotic gradient, solutes can be reabsorbed passively or actively  (ob C4)

5. Tubular function:  (ob C5)

a) 70% of Na+ is reabsorbed in the proximal tubule

(1) Na+ is reabsorbed with other solutes via transport mechanisms

b) Organic acids (diuretics, penicillin, etc.) are secreted

c) There is isosmotic reabsorption of ultrafiltrate (H20) in the proximal tubule

6. Countercurrent mechanism: [BL 763, V 161-163]  (ob C6)

a) I think it will be easier for you to go back and review this for yourself, rather than me trying to explain it to you.  If you still have last years renal book around, check out pgs. 161-163

b) Osmolality of fluid entering the Loop of Henle:  300 mOsm/kg H2O

c) Osmolality at the hairpin turn of the loop:  600-1200 depending on hydration status

d) Osmolality of fluid exiting the hairpin loop 100-120

7. The thick ascending limb of the loop of Henle is impermeable to water and actively reabsorbs solutes (V 158-159, S 3)  (ob C7)

a) There is a furosemide inhibitable Na+/2Cl-/K+ transporter in the thick ascending limb (ob C8)

b) 20-25% of the Na is reabsorbed  (ob C9)

c) The fluid that enters the distal tubule is almost 200mOsm/kg H2O lower in osmolality than the fluid that entered the loop of Henle  (ob C10)

8. The first portion of the distal tubule (D1) is impermeable to H2O, thus it can dilute but not concentrate urine (ob C11)

a) D1 contains a thiazide inhibitable Na+-Cl- transporter  (ob C12)

9. Aldosterone:  it binds to mineralocorticoid receptors in target cells and causes transcriptional changes

a) It primarily acts on the late distal convoluted tubules (D2) as well as on the collecting ducts (ob C13)

b) It causes Na+ to be reabsorbed and K+ to be excreted (BL 968)

10. The late distal convoluted tubule (D2) contains a Na+- K+/ H+ transporter: (ob C14)

a) HCO3 is generated at D2
11. ADH acts at the collecting ducts: (ob C 15)

a) Maximal dilute urine is 50-100 mOsm/kg

b) Maximal concentrated urine is 1200 mOsm/kg

12. 1-10% of NaCl is reabsorbed in the distal tubule and collecting duct (ob C16)

13. Dilution and concentration of urine:  (C 184-186) (ob C17)

a) Proximal tubule:  isosmotic reabsorption of ultrafiltrate

b) Descending limb of loop of Henle:  water reabsorption leads to concentration of fluid

c) Thick ascending limb:  solute reabsorption leads to dilution of tubular fluid

d) The distal convoluted tubule continues the dilution of luminal fluid

e) The action of the collecting ducts depends on the presence or absence of ADH

14. Three major hormones are produced by the kidneys:  (C 188,  C4 181-182) (ob C18)

a) Erythropoietin:  this hormone acts as a differentiating factor and a growth factor in the maturation of erythrocytes

b) Vitamin D:  it is hydroxylated to its active form in the kidney

(1) It causes increased calcium and phosphate absorption by the intestines

c) Renin:  promotes the formation of angiotensin II

III. SUBMODULE 2:  GLOMERULAR FILTRATION RATE (GFR)

A. 3 processes determine the clearance of a substance:  (ob 1)

1. filtration of the substance at the glomerulus

2. reabsorption of the substance in the nephron

3. secretion of the substance by the nephron

B. Creatinine clearance:  CCr= UCr(V)/PCr  (BL 728, C 191, C4 184) (ob 2)

C. Clearance is the volume of plasma from which all of the substance has been removed and excreted into the urine. (ob 3)

1. The units of clearance are volume/time (cc/minute)

D. Creatinine clearance overestimates the GFR by about 10%:  (BL 729, C 191, C4 184) (ob 4)

1. The reason for this is that a small amount of creatinine is secreted into the proximal tubule

E. Because the daily rate of production of creatinine is constant and body creatinine is disposed of almost entirely by glomerular filtration, serum Creatinine is a fairly good estimate of GFR (ob 5)

1. Increased levels of serum Creatinine clearance indicate a decreased GFR

2. A more accurate assessment of renal function is obtained by determining the renal creatinine clearance

a) Once the relationship between the serum creatinine and the creatinine clearance is established for a given patient, the serum creatinine can be followed as a reliable indicator of renal function

b) In other words, the correlation of a baseline creatinine (Cr) clearance with a given serum creatinine helps assess the magnitude of kidney function lost as the serum Cr increases from its baseline  (C 192, C4 184,  S 4)

(1) For example:  if it is known that during normal (baseline) creatinine clearance a patient has a serum creatinine level of .5 mg/dl, then finding a serum creatinine level of 1.0 mg/dl in that patient would indicate a 50% decrease in GFR

3. Normal Cr is ( 1.3 (ob 6)

4. Cr clearance varies by age, sex, and muscle mass

a) Male: 100-150 cc/min

b) Female: 80-120 cc/min

5. The GFR decreases by 1cc/min every year after the person reaches 40 years of age (ob 7)

a) However, the serum Cr should still not rise with age because there is a “compensatory” loss of lean body mass (muscle) that offsets this loss of  GFR

b) Remember, muscle mass affects creatine production

(1) Creatinine is a metabolite of creatine

c) Because of the change in muscle mass with age, an inulin clearance would more accurately reflect the loss of GFR with age. (ob 8)

d) Daily Cr excretion rates:  these rates hold unless there is an inordinate amount of catabolism, exercise, or deviation from a “normal” muscle mass. (ob 9)

(1) Male:  20-25 mg/kg/d

(2) Female:  15-20 mg/kg/d

(3) Elderly:  10mg/kg/d  (S 4)

F. The range of normal serum Cr reflects the normal range of muscle mass from one individual to another (ob 10)

G. Other factors which affect the measurement of Cr: (S 5)  (ob 11)

1. Catabolism, strenuous exercise, and large protein meals (esp. meat) produce “Cr loads”

2. Ketones, vitamin C, cefoxitin, and flucytosine falsely elevate Cr

3. Cimetidine and trimethoprim block tubular secretion of Cr

4. Loss of GFR/renal failure:  as renal function worsens, there is a “compensatory” increase in tubular secretion of Cr

5. Cockcroft and Gault formula is used to estimate GFR: (S 5) (ob 12)

a) GFR ( [(140-age)/Cr][wt/72]

(1) Wt (ideal body weight in kg)

(2) Multiply by .85 for female patients

b) This equation is particularly useful in adjusting drug dosages in the elderly

H. As renal insufficiency progresses, there is a compensatory glomerular hyperfiltration by the remaining tissue.  (ob 13)

1. In other words, loss of GFR is caused by the loss of renal mass;  the remaining nephrons undergo hypertrophy and compensatory hyperfiltration

2. Compensatory hyperfiltration will tend to keep the Cr stable even in the face of loss of renal mass (ob 14)

a) Thus, any increase in serum Cr reflects a 2 kidney process or ( 50% loss of functioning renal mass

I. A useful tool in following renal function is to plot GFR (1/Cr) over time.

1. Once a slope of progression of renal disease is established, variation from the line can be used to assess treatment response (improvement) or superimposed processes (decline) (ob 15)

J. Early rises in Cr reflect greater losses of GFR than later increases: (ob 16)

1. For example, an ( in serum creatinine from 1.0(2.0 represents a 50% loss in GFR; an increase from 3.0(6.0 represents a 15% loss of GFR

K. Blood urea nitrogen (BUN) can be used to assess clearance but it is not that clinically useful since it is passively reabsorbed (follows Na and H20) in the kidney and is increased in a variety of states (S 6) (ob 17)

1. BUN is increased in volume depletion, GI bleeding (especially upper), heart failure, renal artery stenosis, and in any severely catabolic state (ob 18)

2. BUN is decreased in liver failure, recovery from starvation, during water diuresis, and in any anabolic state (ob 19)

3. The normal BUN/Cr ratio is 10-15:1 (ob 20)

a) If it is higher, then suspect the problems listed above (in 1.) (S 6)

IV. SUBMODULE 3:  APPROACH TO RENAL DISEASE

A. Urinalysis:  (S 10-11, C 190-191, C4 183)

1. Color:

a) Normal urine color varies from colorless to deep yellow

(1) Many drugs change urine color

b) Red or smoky colored urine represents the presence of RBCs or myoglobin (ob 2)

c) Cloudy urine may occur when a high concentration of white blood cells is present (pyuria) or when amorphous phosphates precipitate in alkaline urine (C 191, C4 183) (ob 3)

2. Dipstick:

a) The pH usually ranges from 5.0-7.0

b) Protein:  (S 11)

(1) Protein is usually measured:

(a) 0:  trace (<10mg/dl)

(b) 1+:  (30 mg/dl)

(c) 2+:  (100 mg/dl)

(d) 3+:  (500 mg/dl)

(e) an actual quantitation of proteinuria is measured via a 24hr. urine

(2) Albumin is the principal protein measured by the dipstick method (ob 4)

(a) The dipstick method does not detect immunoglobulins or tubular proteins, so they can be missed by the dipstick  (C 191, C4 183) (ob 5)

(b) The urine sulfosalicylic acid test is an alternate test that detects all urinary proteins (ob 6)

(3) Normal protein excretion is < 150 mg/day which is no more than 1+ by dipstick

(a) Most normal people excrete much less than this amount

(b) The dipstick does not correct for very dilute or very concentrated urine

c) The dipstick should be negative for glucose, bilirubin, ketones, and blood

3. Specific Gravity (S.G.):

a) This gives a measure of the kidneys ability to dilute or concentrate urine

(1) Loss of concentrating ability is a common but not invariable process in renal disease, it may be lost quite early in the course of the disease

b) Specific gravity must be analyzed in the context of plasma osmolality

c) A S.G. > 1.010 is concentrated urine;  S.G. < 1.008 is dilute urine

d) Specific gravity can be checked with a special hand held optical instrument

4. Microscopic exam:  (S 12, 13; C4 183)

a) Hematuria is defined as ( 2 RBC/HPF (high-power field) under 400x magnification

(1) Blood in the urine can come from any part of the urinary tract

(a) The initial “branch point” in the work-up is determining whether the blood is glomerular or extraglomerular in origin (ob 12)

(2) Urinary tract/extraglomerular hematuria has RBC of uniform size and shape

(a) Extraglomerular bleeding can come from the kidney itself, the ureters or the bladder

(i) Clots signify extraglomerular bleeding 

(3) Glomerular bleeding will show bizarre RBCs or red cell casts

(a) Glomerular bleeding results in RBC that are dysmorphic (blebs, acanthrocytes, “Mickey mouse ears”/budding)

b) Pyuria (WBC in urine) signifies inflammation which may be infectious, allergic, rejection, or glomerular in origin

(1) WBC are larger than RBC and have granular cytoplasms

(2) Pyuria is defined as (4 WBC/HPF on a clean voided fresh urine (S 16)

(a) Transient pyuria does not always represent a pathologic condition

(3) Differential diagnosis of persistent pyuria:

(a) Infection vs. tubulointerstitial disease vs. other genito-urinary inflammation (S 16)

c) The presence of renal tubular epithelial cells may signify tubular, glomerular, or infectious damage

(1) Renal tubular cells are larger than WBC

d) Renal tubular cells that contain absorbed lipids are termed oval fat bodies

(1) Both oval fat bodies and free fat droplets have doubly refractile characteristics under the polarizing microscope and share the characteristic “Maltese cross” appearance  (C 191, C4 183)

(2) Dr. Pesavento said that oval fat bodies are mostly only seen in the nephrotic syndrome

e) Squamous epithelial cells are indicative of a contaminated/dirty specimen

f) The presence of Eosinophils signifies allergic or drug-induced interstitial nephritis (table 25-1 C4 184) (ob 8)

g) Urinary casts:  they are cylindrical structures derived from intratubular precipitation of mucoprotein and cellular debris  (C 191, C4 184)

(1) Know that they are comprised of Tamm Horsfall protein ( cellular protein and are cylindrical with regular margins

(2) They tend to form in an acid environment where there is stasis, volume depletion, or increased proteinuria

(3) There are 7 types of casts, each associated with specific diseases:  Table 25-4, C 191; table 25-1, C4 184 (ob 9)

(a) Red blood cell cast:  glomerulonephritis, vasculitis

(b) White blood cell cast:  interstitial nephritis, pyelonephritis

(c) Epithelial cast:  acute tubular necrosis, interstitial nephritis, glomerulonephritis

(d) Granular cast:  renal parenchymal disease (non-specific)

(e) Waxy, broad cast:  advanced renal failure

(f) Hyaline cast:  normal finding in concentrated urine

(g) Fatty cast:  heavy proteinuria

h) Crystals and microorganisms can also be identified via microscopic exam of urine

i) Disparity between the result of the dipstick analysis for blood > the RBC by microscopic exam, suggests myoglobinuria (rhabdomyolysis) or hemoglobinuria (hemolysis) (S 12)

(1) Hemoglobinuria or myoglobinuria should be suspected if urine is strongly positive for heme by dipstick, but contains few red cells, and if the supernatant of centrifuged urine is positive for free heme. (H 1508)

B. Anatomic imaging of the urinary tract: (S 14, C 193, C4 186-187)

1. Intravenous urogram(IVP):  it is the test of choice for evaluating suspected kidney stones (ob 10)

a) This test involves intravenous administration of iodinated radiographic contrast medium that is excreted through the kidney by glomerular filtration

b) IV contrast media is potentially nephrotoxic

(1) There are 6 risk factors for contrast induced injury:  (S 13) (ob 11)

(a) Old age, dehydration, diabetes mellitus, multiple myeloma, any renal impairment (( Cr), and multiple dye loads

2. Voiding cystourethrogram (VCUG):  the test of choice for evaluating reflux (S 14) (ob 10)

a) Vesicourethral reflux is demonstrated by the finding of retrograde movement of radiopaque or radioactive material during a voiding cystourethrogram

3. Ultrasonography:  the test of choice for evaluating obstruction (ob 10)

a) A renal ultrasound is indicated for almost every patient

4. Renal arteriography:  this is the test of choice for assessing renal artery stenosis (ob 10)

a) It involves the direct injection of radiographic contrast medium into the aorta and renal arteries

C. Renal Biopsy:  it is used primarily to diagnose glomerular diseases  (S 13)

1. In the right setting it can also be helpful in acute renal failure, hematuria, nephrotic or nephritic sediments, or in making diagnosis of systemic illnesses

2. It is an adjunct to other components of the general work-up, it is not a replacement

3. It provides much information concerning diagnosis or severity of disease and can provide insight into treatment options

4. It can be performed at the “bedside” with radiologic guidance (ultrasound or CAT) or alternatively as an “open” procedure in the operating room

a) The tissue should be sent for light, immunofluorescence, and electron microscopy

D. General Approach to Hematuria:  (S 15-16)  given a clinical case you should be able to identify the cause of the bleeding. (ob 13)

1. Preliminary work-up:

a) Electrolytes, BUN, Cr, PT, PTT, platelets, Ca, uric acid

b) Urinalysis

c) Urine culture (bacteria:  ( TB ( chlamydia and ureaplasma)

d) Extraglomerular bleeding should initiate a pursuit for “urologic diseases”

(1) Nephrolithiasis and malignancy of the urogenital tract are especially important

e) Glomerular bleeding should initiate a work-up for certain systemic diseases and primary renal diseases that may present with hematuria

2. Definitive work-up:

a) Causes of hematuria( diagnosis

(1) Bleeding diathesis, anticoagulants(PT, PTT, or platelet abnormalities

(2) Heavy exercise( history + myoglobinuria (heavy heme positive with few RBCs)

(3) infection( urine culture ( dysuria, frequency, suprapubic pain

(4) trauma (minor)( (postcoital, foley catheter, rectal/prostate exam)

(5) trauma (major)( IVP or CT scan

(6) Nephrolithiasis( history + KUB (plain film of the kidney) + IVP

(7) Menstruation( history

(8) Endometriosis (usually during menses)( diagnosis of exclusion, should be confirmed via laproscopy

(9) Tumors (kidney, ureters, bladder, prostate, gynecologic)( rectal, prostate, pelvic exam, urine for cytology, PSA (prostate specific antigen), appropriate radiographic exam, ( cystoscopy

(10) Sickle cell disease( family history + HgB electrophoresis

(11) Interstitial nephritis( discussed later in submodules 7 and 8

(12) Vascular malformations( angiography

(13) Cystic kidney disease( history + renal ultrasound ( CT scan;  discussed later

(14) Glomerulonephritis (esp. IgA nephropathy & Alport’s syndrome)( discussed in submodule 9

(15) Thin basement membrane( family history of hematuria, renal biopsy (optional)

(16) Atheroembolic disease( discussed in submodule 7

(17) Radiation or chemotherapy induced cystitis( history

(18) Malignant hypertension( discussed in submodule 10

b) After the age of 40, malignancy as a cause of hematuria must be excluded by an appropriate work-up

c) A urinalysis is mandatory in assessing hematuria, primarily to differentiate glomerular from extraglomerular bleeding

E. Ablative Nephropathy: (S 16-17) (ob 14)

1. Once a critical amount of renal mass is lost, progression of renal disease will invariably occur

a) Compensatory hyperfiltration and nephron hypertrophy are adaptive processes that help preserve the GFR

b) There is an increased tubular secretion of Cr that helps preserve a “normal” serum Cr but does not effect the GFR

(1) Increased Cr secretion therefore causes underestimation of the magnitude of the loss of GFR (intrinsic error in measurement of Cr)

c) Because the method of measuring Cr has intrinsic error, a consistent rise of Cr does not occur until > 50% of nephrons are lost

(1) If inulin clearances were done, then any loss of GFR would be more accurately reflected at an earlier stage.

(a) The level where the inulin and Cr clearances should start to show differences occurs after approximately ¼ to 1/3 of nephrons are lost

(b) See module pg 17 for an example of this last point

2. The causes of progression of renal disease is not known:

a) It is now believed that glomerular hyperperfusion (ie. Intraglomerular hypertension and/or systemic hypertension) in the setting of underlying renal disease accelerates kidney damage (loss of renal mass)

(1) The resultant process is called glomerulosclerosis

b) Thus, decreasing systemic perfusion and/or glomerular pressure can slow the rate of progression of renal damage

(1) Lowering systemic blood pressure is the cornerstone in preventing accelerated loss of kidney function.

(2) Low protein diets in all patients and glycemic control in diabetics also will lower the intraglomerular pressure.

(3) ACE inhibitors may have protective effects since they preferentially dilate the efferent arteriole more than the afferent arteriole

c) Hyperperfusion and hyperfiltration themselves do not damage otherwise normal kidneys.

(1) For example, the GFR is substantially elevated during pregnancy, yet no renal damage occurs unless there is underlying renal disease

d) Also, progression of renal disease does not occur until > 50% of renal mass is lost

(1) At ( 50%, progression to kidney failure should not occur unless there is a superimposed process such as hypertension or nephrotoxin exposure

(2) Continuation of the primary renal insult will also cause progressive injury

e) It has been shown that  those with ( 50% renal loss tend to have an increased risk of proteinuria and hypertension

(1) These people should be watched very carefully for any sign of renal impairment

(2) If hypertension occurs, it must be treated aggressively.

F. General approach to a patient with kidney disease:  (S 8-10) given a clinical case you should be able to identify the pathological findings and explain their significance (ob 1)

1. The severity of renal disease does not always correlate with the type, duration, or magnitude of the underlying process or symptoms

2. Once there is ANY measurable renal insufficiency (ie. (Cr), there has already been a substantial loss of kidney function

a) Thus, a comprehensive search/ work-up should ensue in order to explain the etiology of the renal impairment 

(1) This is especially important because many processes are reversible, treatable, or amenable to slowing of their progression.

b) A good history and physical exam will often times lead the physician to the correct diagnosis

(1) A urinalysis and a few appropriate tests will likely elucidate the cause of the abnormality

3. History:

a) Is there any history of prior renal disease?

(1) Prior Cr measurements or urinalyses are very helpful in determining the duration and rapidity of disease progression

(2) Is there any history of urinary tract infection (UTI), kidney stones, hematuria, or STD?

(3) Is there any history of frequency, urgency, dysuria, nocturia, or hesitancy?

(4) Quantitate how much urine is made and if it is foamy

(5) Is there any history of renal disease as a child?

b) Is there any family history of renal disease?

(1) Kidney stones, polycystic kidney disease, and Alport’s syndrome are important

(2) Are any family members on dialysis?

c) Are there systemic illnesses?

(1) Recent viral or bacterial syndromes are associated with some glomerular diseases

(2) Is there any history of hypertension, diabetes mellitus, atherosclerotic vascular disease, arthritis, arthralgias, or rashes?

(3) Is there any history of pulmonary symptoms (cough, hemoptysis, dyspnea) or any sinus problems?

d) Medications:  NSAIDS, antibiotics, ACE inhibitors, diuretics, lithium

e) Misc.:

(1) Is there any IV drug abuse, risk factors for HIV or hepatitis B or C, history of exposure to toxins (lead)?

(2) Has there been a recent exposure to radiographic (IV) contrast (dye)?

4. Physical Examination:

a) B.P. and pulse

b) Eye exam:  a good fundoscopic exam will help delineate hypertensive, vascular, or diabetic changes

c) Cardiac exam, including a check for carotid bruits;  lung exam

d) Abdominal exam:  especially checking for abdominal bruits and palpable kidneys

e) Extremity exam:   check for femoral bruits, edema, and check toes for stigmata of atheroemboli

f) Skin and joint exam:  check for purpura, rashes, and for evidence of arthritis

V. SUBMODULE 4:  NEPHROLITHIASIS

A. INTRODUCTION: (S 22)

1. Urolithiasis is a common problem, affecting 5-10% of Americans in their lifetime (R 984)

a) Formation of kidney stones in the renal collecting system, ureters, or bladder accounts for about 1% of all hospital admissions

b) Nephrolithiasis accounts for the hospitalization of 1 in 1000 of the population each year (ob 3)

2. It is most common for kidney stones to first occur between the ages of 30-40 years

3. Recurrent kidney stone formation can be quite disabling

a) Rarely do kidney stones lead to end-stage kidney failure or death

b) If multiple surgeries are required, or if the stones obstruct the ureters and a complicating infection develops, considerable morbidity and even mortality can occur

4. The application of lithotripsy (ESWL) to pulverize stones by externally applied sound waves, has revolutionized the management of stones which have already formed

5. Between 80-85% of renal stones are radio-opaque and can be seen on a plain x-ray KUB (kidney, ureters, bladder) (ob 2)

B. PATHOGENESIS OF UROLITHIASIS:  (S 22-23)

1. Any condition which favors the formation of insoluble mineral salts or relatively insoluble organic compounds will promote the formation of a stone

2. Six conditions promote kidney stone formation:  (ob 1)

a) Excessive urinary excretion rate of stone-forming material

(1) The most important substances are calcium, oxalate, uric acid, cysteine

b) Normal urinary excretion rates of stone forming material but urine is excessively concentrated:

(1) Areas where sensible or insensible water losses are increased, usually by hot weather, favor the formation of small volumes of concentrated urine

c) pH conditions which favor the formation of certain insoluble salts

(1) uric acid stones form at (pH, struvite stones (Mg/NH4/phosphate) at (pH

d) presence of a factor which may favor nidation (implantation) of insoluble salts

(1) urate crystals favor the nidation of calcium oxalate crystals onto the urate crystal

(a) thus, excess urinary uric acid excretion favors the formation of calcium oxalate stones

e) lack of inhibitors of urolithiasis:

(1) the urine may lack a protein which inhibits the formation of insoluble calcium precipitates or some patients may excrete low amounts of urinary citrate (citrate inhibits Ca stone formation)

f) administration of substances which can crystallize in urine

(1) triamterene (K+ sparing diuretic) can form urinary concretions

3. About 25% of patients with calcium stones have neither hypercalcemia or hypercalciuria and are truly idiopathic (ob 11)

4. There are 4 main types of kidney stones:  (table 20-12 R 984) (ob 4)

a) Calcium stones:  75% of all stones

b) Struvite stones:  15%

c) Uric acid stones:  6%

d) Cystine stones:  1-2%  (R 984)

5. Three anatomic locations where stones tend to cause obstruction: (S 20) (ob 21)

a) Where the ureters enter the bladder (ureterovesical junction), at the ureteropelvic junction, and where the ureters cross the iliac vessels

C. DIAGNOSIS AND TREATMENT OF UROLITHIASIS

1. Typical symptoms of renal stone disease:  (R 985) (ob 22)

a) Stones may be present without any symptoms

b) Small stones that pass into the ureters can cause an extremely intense pain called colic 

c) Stones may cause urethral obstruction, hematuria, or superimposed infection

2. Two radiographic procedures are most useful in diagnosing renal stone disease:  (S 31) (ob 23)

a) A plain film KUB 

b) IVP

3. Urinalysis may be helpful in that it will demonstrate crystalluria which have different morphologies: (C 227-228, C4 222-224)

a) Two crystal types are always indicative of abnormalities:

(1) Cystine crystals:  they only occur in cystinuria

(2) Struvite(“magnesium-ammonium-phosphate” or “triple phosphate”) crystals:  they occur when the urine is infected with urea-splitting bacteria

b) Other crystals can be found in normal people: 

(1) Calcium oxalate and uric acid crystals

4. DIAGNOSTIC WORK-UP OF NEPHROLITHIASIS:  (ob 24)

a) History and physical

b) Urinalysis:  include culture, pH, testing, and specific gravity/osmolality

c) KUB ( IVP

d) Serum Na, K, Cl, HCO3, BUN, Cr, Ca, Phosphate, Mg, uric acid, Alkphos., PTH

e) 24 hr urine collection for volume, Cr, Ca, oxalate, citrate, uric acid, phosphate, Na, cystine

f) stone analysis

5. General treatment measures for all types of renal stones: (S 21)

a) Increasing PO fluids, decreasing Na intake, and treating any urinary tract infection (ob 27)

b) Obstruction, infection, or intractable pain may make surgery or ESWL mandatory (S 21)(ob 28)

D. CALCIUM LITHIASIS:  (S 23-25)

1. All calcium containing stones are radio-opaque if they are of sufficient size

a) Stones must exceed 1 mm in diameter to be seen on X-ray

2. The great majority of calcium stones are calcium oxalate

a) Calcium oxalate stones are extremely insoluble in both acid and alkaline urine

3. In contrast, the formation of calcium phosphate stones is favored by the presence of alkaline urine

4. Major causes of calcium stone disease:

a) Idiopathic hypercalciuria:  this is the most common cause of calcium stone disease (ob 5)

(1) Many patients with idiopathic hypercalciuria inherit the disease as an autosomal dominant trait

(a) However, males are more severely affected than females

(b) 80-90% of those with idiopathic hypercalciuria do not form stones

(c) hypercalciuria with increased serum Ca obligates a work-up to determine the etiology of the hypercalcemia (ob 7)

(2) two types of idiopathic normocalcemic hypercalciuria:  (ob 6)

(a) Absorptive hypercalciuria:  excessive absorption of calcium by the GI tract

(i) This is the most common cause of idiopathic hypercalciuria

(ii) They do not have hypercalcemia or hyperparathyroidism (ob 10)

(iii) The treatment is to decrease but not eliminate dietary calcium

a. Totally eliminating Ca intake decreases the Ca in the intestines and inhibits the formation of non-absorbable calcium oxalate complexes

i. This causes an increase in oxalate absorption( ( stones

b. When these patients are placed on a low calcium diet, the hypercalciuria disappears

(iv) These patients should maintain a high urine output (> 2 liters per day)

(v) Thiazide diuretics (( urinary Ca excretion) and drugs which interfere with gut absorption of Ca (phosphate salts) can also be used 

(b) Renal hypercalciuria:  they have a renal calcium “leak”

(i) They constitute 15% of patients with idiopathic hypercalciuria

(ii) They do not have hypercalcemia, but they tend to have secondary hyperparathyroidism (ob 10)

(iii) On a low Ca diet, the kidneys continue to leak Ca into the urine

(iv) Management consists of high fluid intake and thiazide diuretics

b) Primary hyperparathyroidism:  this only constitutes 5% of all calcium stone formers (ob 8)

(1) In addition to the hypercalciuria, these patients also present with hypercalcemia, hypophosphatemia, and increased blood PTH levels

(a) So, they will have hypercalcemia and hyperparathyroidism (ob 10)

(2) Management involves removal of the parathyroid adenoma or the hyperplastic parathyroid glands

c) Hyperuricosuric calcium oxalate urolithiasis:  constitutes 10% of Ca stone formers

(1) In these patients, there are excessive amounts of urate crystals in the urine, favoring the nidation (implantation)  of calcium oxalate on the urate crystals (ob 9)

(a) They form calcium oxalate stones containing a urate center

(2) These patients have hyperuricosuria (> 1g of uric acid excretion/24 hours)

(a) Usually this condition results from a high purine (protein) diet

(3) If high protein intake is the cause, management involves reducing protein intake

(4) If excessive urate synthesis is involved, allopurinol therapy is used

d) Hyperoxaluric stone disease:  there are 3 categories of this disorder  (S 25)  (ob 12)

(1) Enteric hyperoxaluria:  these patients have small bowel disease which results in steatorrhea

(a) Steatorrhea results in complexing of dietary Ca with fatty acids in the stool and decreased Ca complexing with dietary oxalate

(i) This results in increased absorption of oxalate in the colon

(b) There is also increased stool water losses which causes the urine to be concentrated

(i) With the excessive urinary oxalate in a concentrated urine, calcium oxalate stones readily form

(c) Management includes ( water intake, attempts to control malabsorption, oral calcium supplements (to bind the oxalate in the intestine), and potassium citrate supplements to increase urinary citrate

(i) Citrate in the urine will complex with Ca and prevent it from forming insoluble salts

(d) These patients can progress to renal failure (ob 13)

(2) Dietary hyperoxaluria:  unusual diets can predispose to calcium oxalate stones

(a) Certain foods are rich in oxalate (spinach, rhubarb, chocolate, tea)

(b) Also, large doses of vitamin C can result in excessive urinary excretion of oxalate

(i) So, hypervitaminosis C can potentiate this problem (ob 12)

(3) Primary hyperoxaluria:  this disorder is inherited as an autosomal recessive trait

(a) Massive urinary excretion of oxalate occurs and severe recurrent stone formation often ensues

(i) The rate of stone formation may be so great that complete urinary tract obstruction occurs

(b) These patients can progress to renal failure (ob 13)

(i) When this happens, excessively formed oxalate begins precipitating in blood vessels

(ii) These patients are difficult to manage

e) Low urinary citrate excretion:  (ob 14)

(1) In 5 % of all calcium stone formers, low urinary citrate is the only metabolic abnormality

(2) Citrate is a potent inhibitor of calcium stone formation

(a) Citrate is normally present in the urine and complexes with Ca to prevent its precipitation

(3) Urinary citrate excretion can be increased by ingesting potassium citrate

(a) Patients with low levels should definitely receive orals supplements

(4) Hypokalemia can potentiate low citrate levels

(a) Thiazide-induced hypokalemia can reduce urinary citrate excretion 

(i) Hypokalemia should be avoided in patients receiving thiazide to reduce hypercalciuria

E. URIC ACID STONES:  (S 26)  5% of all stone formers

1. Uric acid stones are radiolucent, they cannot be seen on plane films of the abdomen

2. On intravenous pyelography (IVP), they appear as negative shadows surrounded by the radiodense contrast agent, that is they show a hyperlucent filling defect incorporated within the contrast image (ob 17)

a) Not all radiolucent objects in the urinary tract represent uric acid stones

(1) Blood clots, sloughed renal papillae, tumors, and triamterene stones also are radiolucent

3. Uric acid has a Pk of 5.75:  at pH 5.75, the ratio of uric acid to urate is 1:1

a) Uric acid is insoluble at pH 5:  only 8 mg/dl can be solubilized

b) At pH 7 the majority of uric acid is as urate, about 158 mg/dl can be solubilized

4. Two conditions lead to the formation of uric acid stones: (ob 15)

a) Increased uric acid excretion:  > 1000mg/ 24hr

(1) This can be due to increased dietary intake of purines, increased uric acid synthesis in patients with tophaceous gout, certain inborn errors of metabolism, or patients with myeloproliferative disorders of excessive cell turnover

b) Persistently acid or persistently concentrated urine:  

(1) These patients have normal amounts of uric acid in the urine, but the urine is excessively concentrated

(2) These patients constitute a minority of the patients with uric acid lithiasis

5. Therapy and prevention of uric acid stones is usually quite effective and includes: (ob 16)

a) Increase in urine volume to at least 2 liter daily

b) Alkalization of urine with potassium citrate to maintain pH between 6-7

c) Reduce purine intake (decrease meat intake)

d) Allopurinol therapy for patients with excessive synthesis of uric acid

F. INFECTION STONES (struvite, triple phosphate stones):  (S 27)  constitute 10% of stone formers

1. Nephrolithiasis on the basis of infection occurs secondary to organisms that produce urease (ob 19)

2. Infection stones are radio-opaque and are composed of magnesium, ammonium, phosphate, and some calcium

a) Two conditions are required for their formation:  (C 227, C4 224)

(1) Abnormally high urine pH and high urine [NH4+]

3. Often, very large stones will form in the renal collecting system filling the calyces

a) These stones have a form resembling a “staghorn”

4. Infection stones also commonly form in the bladder

a) The common feature of these stones is a urinary tract infection caused by a urease + organism, these organisms reduce urea to ammonia

(1) Most commonly the organism is a Proteus species, but numerous other bacteria (Staph) or even yeasts can possess urease

5. Patients who form stones have urinary tract abnormalities in which chronic catheter drainage is necessary or some other urologic procedure has been done such as (implanting the ureters in an ileal loop)

a) The urinary tract abnormalities provide the potential for urinary stasis, which promotes struvite stone formation (ob 20)

b) Occasionally, struvite stones will form in an infected but anatomically normal urinary tract

6. Management of these patients consists of removing the stones and providing antibiotic therapy which renders the urinary tract sterile

a) Lithotripsy has been an important advance in the management of these patients who frequently progress to renal failure if the stones and the infection cannot be removed

b) Patients can only be cured if the stones are removed, antibiotics are necessary but only suppress the infection (ob 20)

G. CYSTEINE STONES:  (S 27)  less than 3% of all stone formers

1. The formation of cysteine stones is caused by a defect in the transport of cysteine and results in an increase in urinary excretion of this poorly soluble amino acid

a) This disorder is inherited as an autosomal recessive trait

b) Cystine stones are rare and only occur in individuals with cystinuria (ob 18)

2. Large stones can form in the upper urinary tract and can resemble “staghorns”

3. Large cysteine stones are radio-opaque, small ones are not

4. Cysteine is poorly soluble in acid urine but is slightly more soluble in alkaline urine

5. The presence of cystinuria can be readily identified by the diagnostic hexagonal crystals in the urine sediment

6. Management of these patients can be difficult (ob 18)

a) In order to maintain solubility of cysteine in urine, the patients need to decrease urinary cysteine excretion by decreasing the amount of methionine in their diet.  

b) Also, the patient needs to excrete a large volume of urine

(1) It is recommended that > 3L/day be formed

c) Use of alkalizing agents to raise urine pH above 7.5 is also recommended

d) Administration of penicillamine is also recommended

(1) This substance can chelate cysteine and keep it in solution

H. THE ROLE OF CITRATE IN THE PATHOGENESIS AND THERAPY OF CALCIUM NEPHROLITHIASIS:   (S 28)

1. Incidence:  up to 63% of patients with nephrolithiasis have hypocitraturia

2. Two properties of citrate inhibit urinary stone formation:

a) Citrate forms soluble complexes with Ca

b) Citrate raises urinary pH:

(1) This enhances uric acid solubility

(2) It also retards nucleation and crystal growth of calcium salts

3. Causes of hypocitraturia:

a) Chronic diarrhea with intestinal malabsorption

b) Renal tubular acidosis

c) UTI

d) Potassium depletion

e) Idiopathic (15% of all patients with calcium oxalate urolithiasis)

4. Therapy of hypocitraturia:

a) Give 30-80 mEq/day of potassium citrate or potassium bicarbonate in 3 divided doses

b) Encourage alkaline ash diet (eg., fruits and vegetables)

I. CALCIUM OXALATE NEPHROLITHIASIS IN NORMOCALCEMIC PATIENTS:  (S 29)

1. Pathophysiologic states:

a) Isolated hypercalciuria (with normal urinary uric acid):

(1) Hyperabsorption from the GI tract (absorptive hypercalciuria)

(a) The 1,25 (OH) vitamin D3 may or may not be elevated

(2) Renal leak (renal hypercalciuria)

(3) Elevated 1, 25 (OH) vitamin D mediated:

(a) “resorptive hypercalciuria” when dietary Ca intake is low, Ca is resorbed from bone

(b) “absorptive hypercalciuria” when dietary Ca is high, Ca is absorbed from the GI tract

b) Hyperuricosuria with or without hypercalciuria

c) Normal urinary calcium and uric acid secretion

2. Therapy:

a) Isolated hypercalciuria:  use thiazide diuretics

b) Hyperuricosuria with or without hypercalciuria:  use allopurinol with or without thiazide diuretics (depending on if there is hypercalciuria) 

c) Normal urinary calcium and uric acid:  check urinary citrate and increase water intake and alkalinize the urine

J. EXTRACORPOREAL SHOCK WAVE LITHOTRIPSY (ESWL):

1. Indications:

a) Stone not passed spontaneously or complicated by persistent pain, infection, or obstruction

b) Most stones above the iliac crest including:  larger stones which may require multiple treatments, infection stones, translucent stones, stones with a hydronephrotic kidney 

(1) ESWL is an alternative for surgery in “complicated” urolithiasis

2. Contraindications:  

a) Any condition which contraindicates epidural or general anesthesia, or immersion in a water bath

3. Complications:

a) Common:  macroscopic hematuria

b) Less common:  

(1) Subscapular hematoma or bleeding requiring transfusion 

(2) ventricular ectopy associated with shock discharge (alleviated when shocks are synchronized with the ECG “R” wave)

(3) obstruction or pain caused by fragments

(a) this may require retreatment or ancillary transurethral or percutaneous procedure

VI. SUBMODULE 5:  RENAL TUMORS

A. RENAL TUMORS:

1. Features of a renal mass that suggest malignant potential:  (R 986) (ob 1)

a) Malignancies occur more commonly at the poles, particularly at the upper pole, of the kidney

b) Usually these lesions occur as solitary unilateral lesions

c) They are spherical masses composed of bright yellow-gray to white tissue that distorts the renal outline

(1) The high lipid content of these tumors makes them resemble adrenal tissue

2. Tests needed to diagnose malignancy:  they are listed in order from the least sensitive( most sensitive (C 229, fig 28-1 C 228;  C4 224, fig 28-2, C4 225) (ob 1)

a) IVP, renal ultrasound, CT scan, Renal arteriogram (arteriograms have been replaced by CT scans)

3. Classical clinical triad for renal cell carcinoma (hypernephroma):  hematuria, flank (costovertebral) pain, and palpable flank mass  (C 229, C4 225) (ob 2)

4. Paraneoplastic syndromes associated with hypernephromas:  (R 987, C 229, C4 225-226) (ob 3)

a) Fever, elevated erythrocyte sedimentation rate, anemia, polycythemia, hypertension, reversible hepatic dysfunction, peripheral neuropathy, hypercalcemia, Cushing’s syndrome, eosinophilia, feminization or masculinization, leukemoid reactions, and amyloidosis  can all be seen

5. Sites of metastasis of renal cell carcinoma:  (C 230, C4 226) (ob 4)

a) Metastatic spread is chiefly via vascular routes and the lung, bone, and liver are the most frequent sites of metastasis

(1) Renal cell carcinoma (hypernephroma) is a vascular tumor and has a propensity to spread via the renal vein ( inferior vena cava  (S 32) (ob 5)

6. Wilm’s tumor is the most common primary renal tumor of childhood  (R 462) (ob 6)

a) It classically presents as a palpable flank/abdominal mass

b) The prognosis is good with a 90% long term survival rate

B. BLADDER CANCER:

1. Environmental risk factors for bladder carcinoma:  (R 1001) (ob B1)

a) Industrial exposure to arylamines:  (2-naphthylamine)

b) Cigarette smoking:  increases risk three to sevenfold 

c) Schistosoma haematobium:  ova are deposited on bladder wall( inflammation

d) Long-term use of phenacetin

e) Long term exposure to cyclophosphamide (anticancer alkylating agent)

f) Also coffee or caffeine, synthetic dietary sweeteners (saccharin), and chronic alcohol consumption may increase risk

2. Natural history/clinical course of uroepithelial tumors:  (R 1002) (ob B2)

a) All bladder cancers classically produce painless hematuria

(1) Occasionally, frequency, urgency, and dysuria accompany the hematuria

b) They have a tendency to recur following excision

c) Prognosis depends on the histological pattern, on the grade of the tumor, and most importantly on the stage at which it is first discovered

d) The incidence of these epithelial tumors has been steadily increasing over the past years

e) Despite improvements in detection and management of these neoplasms the death toll remains at about 10000 annually, as the increased prevalence offsets such gains as have been made  (R 997)

3. Four morphological patterns of bladder tumors:  fig 21-9, R 998 (ob B3)

a) Papilloma:  papillary carcinoma

b) Invasive papillary carcinoma

c) Flat noninvasive carcinoma

d) Flat invasive carcinoma

4. Frequently with the higher grade neoplasms, in areas of the bladder devoid of tumor, there may be areas of mucosal hyperplasia, dysplasia, or carcinoma in situ: (R 1000)

a) The urothelium is subject to hyperplasia and dysplasia under a variety of circumstances, including infections, nonspecific inflammation as may be caused by calculi, exposure to radiation, and a wide variety of excretory products of metabolized drugs: (R 997)

(1) Hyperplasia is simply an increase in the number of cells (ob B4)

(a) Whether these mucosal changes constitute preneoplastic alterations is speculative

(2) Dysplasia is a reversible change that often precedes malignancy, but it does not involve the full thickness of the epithelium

b) Carcinoma in situ:  it is a high-grade abnormality of the full thickness of the bladder mucosa

(1) About 5-10% of these are found in bladders with no tumor

(2) In time, 50% of these lesions become invasive

c) carcinoma in situ is worse than dysplasia, which is worse than hyperplasia (ob B4)

5. Bladder cancer can be divided into superficial (confined to the mucosa) vs. deep disease (ob B5)

a) Treatment for superficial disease is transurethral resection and random biopsies and intravesical chemotherapy and frequent follow-up urine cytology and cystoscopy

b) Deep disease obviates radical cystectomy or radiation or chemotherapy or combinations of modalities.

(1) The prognosis for deep disease is much worse (S 32)

C. TESTICULAR CANCER:

1. About 95% of testicular tumors arise from germ cells (R 1015)

a) The testicular germ cell tumors may contain a single histologic pattern or may have a mixture of different histological patterns (ob C1)

(1) The most common tumors of one histological pattern are seminoma, embryonal carcinoma, yolk sac tumor, teratoma, choriocarcinoma

(2) The most common mixture is that of teratoma, embryonal carcinoma, yolk sac tumor, and elements of choriocarcinoma

2. The peak incidence of testicular cancers occurs in the 15-34 year age group (ob C2)

3. Cryptorchidism is associated with a markedly increased incidence of germ cell tumors (C 511-512, R 1012) (ob C3)

a) Both the undescended and the contralateral (descended) testis have an increased risk of malignancy.

(1) Whether orchiopexy  reduces the risk of cancer is unresolved

4. Tumor markers are used to determine cell types in testicular cancers:  (R 1021) (ob C4)

a) HCG is a product of trophoblastic cells, AFP (alpha-fetoprotein) is a product of Yolk sac cells

(1) Pure seminomas never produce AFP and only rarely secrete hCG (R 1017)

(a) AFP is increased only in pts with nonseminoma histology

(2) The presence of HCG and AFP is indicative of a mixed tumor (R 1018)

(3) Dr. Pesavento said that histology can only tell you if the tumor is a seminoma or a nonseminoma tumor, but tumor markers are essential to narrow down the cell type

5. Testicular tumors: (ob C 5)

a) Seminoma: (R 1016)

(1) It has a peak incidence in the 40s age group

(2) It is radiosensitive and often curable

b) Embryonal carcinoma:  (R 1017)

(1) Occur in the 20-30 yrs age group

(2) They are more aggressive than seminomas and their prognosis is worse

c) Yolk sac tumor:

(1) It has peak incidence in infancy and early childhood

(2) It causes an increase in serum alpha-fetoprotein (tumor marker)

(3) Prognosis is good

d) Choriocarcinoma:  (R 1018-1019)

(1) It has peak incidence during the 20s and 30s age group

(2) It causes an increase in serum human chorionic gonadotropin (HCG)

(3) Choriocarcinoma is the most aggressive nonseminomatous germ cell tumor:

(a) it may not cause any testicular manifestation but instead spreads rapidly via the bloodstream  (R 1021) (ob C7)

e) Teratoma:

(1) They may occur at any age, but are more common in infants and children

f) Testicular lymphoma: (R 1022)

(1) Most common form of testicular cancer in men over 60 yrs.

(2) Dissemination almost always occur

(3) The prognosis is extremely poor

6. Seminomas vs. nonseminomatous germ cell tumors (NSCCT): (ob C6)

a) Mode of spread:  (R 1021)

(1) Seminomas tend to remain localized to the testis

(a) Metastasis from seminomas typically involve lymph nodes, hematogenous spread occurs later in the course of dissemination 

(b) Seminoma metastasis results in retroperitoneal, mediastinal, and supraclavicular lymph node invasion

(2) NSGCT do not remain localized and many of these patients present with advanced clinical disease

(a) They not only metastasize earlier, but also use the hematogenous route more frequently

b) General treatment options:  (R 1021-1022) (ob C8)

(1) Seminomas are treated successfully with radiation therapy and orchiectomy

(2) Nonseminomatous tumors are treated with multiple drug chemotherapy (not radiation)

7. Non-germ cell tumors are rare and usually benign:  (C 512, C4 530-531)

a) They are composed of Leydig and Sertoli cells, which may secrete estrogens or androgens and thereby result in feminization or virilization

(1) Dr. Pesavento said that the most common clinical manifestation of non-germ cell tumors is testicular enlargement (ob C9)
D. PROSTATE CANCER:

1. Prostatitis:  there are leukocytes and macrophages present in prostatic secretions

a) There are 3 types:  (R 1024) (ob D1)

(1) Acute bacterial prostatitis:  

(a) The bacteria responsible are similar in type and in incidence to those that cause UTI:  E. coli, other gram neg. rods, enterococci, and staphylococci

(b) It is associated with fever, chills, and dysuria

(c) Diagnosis is established by urine culture and clinical features

(2) Chronic bacterial prostatitis:  

(a) Presents with low back pain, dysuria, and perineal and suprapubic discomfort, or may be asymptomatic

(i) There is often recurrent UTI

(b) Implicated organisms are the same as for acute bacterial prostatitis

(c) Diagnosis depends on the documentation of leukocytosis in the expressed prostatic secretions along with positive bacterial cultures in the prostatic secretions

(3) Chronic abacterial prostatitis:  most common form of prostatitis

(a) Expressed prostatic secretions contain leukocytes but bacterial cultures are negative

(b) Several sexually transmitted pathogens have been implicated

(i) Chlamydia trachomatis and Ureaplasma urealyticum are possible agents

2. Benign Prostatic Hyperplasia (BPH):  nodular hyperplasia  (R 1025-1026, C4 531) (ob D2)

a) BPH is characterized by the formation of discrete nodules in the periurethral region of the  prostate and is very common in older men

(1) Prostatic malignancy, in contrast to BPH, usually involves the posterior lobe (R 1028)

b) Risk factors for development of BPH: (Ob D2)

(1) The pathogenesis of BPH is not fully understood, but two necessary features for the process are aging and the presence of testes

(a) Dihydrotestosterone (DHT) is derived from testosterone by the action of 5(-reductase and is believed to be the ultimate mediator of prostatic growth

(b) With aging, DHT accumulates in the prostate, where it binds to nuclear receptors and causes prostatic hyperplasia

c) Symptoms:  they can be divided into 2 groups  (C4 531, R 1026) (ob D3)

(1) Those caused by compression of the urethra:

(a) decreased force of urine stream, urinary retention, renal insufficiency, 

(2) those caused by retention of urine in the bladder:  

(a) nocturia,, frequency, a sensation of incomplete voiding, and urinary incontinence 

d) Drugs used for BPH:  this is not part of the module, but I thought it would be a good review of pharmacology   (C4 531)

(1) 5(-reductase inhibitor:  finasteride  

(a) this inhibits conversion of testosterone to dihydrotestosterone

(2) (1- adrenergic antagonist:  terazosin

(a) relaxes smooth muscle of prostate( ( bladder obstruction

e) It is thought that BPH does not predispose to malignancy (R 1026) (ob D4)

3. Carcinoma of the prostate: (R 1026-1030, C4 531)

a) This is the most common form of cancer in men (it is actually 2nd to skin cancer), and the 2nd leading cause of cancer death (ob D5)

b) The role of androgens in prostate cancer is still unclear (ob D6)

(1) Androgens are required for the maintenance of the prostatic epithelium, which is then transformed by unknown agents (R 1027)

c) Treatment: this material is not a part of the module, but is a good review of pharm

(1) Prostate cancer is hormone sensitive and androgen antagonists are used in treatment:  (C4 531)

(a) Androgen receptor antagonist:  flutamide

(b) GnRH analogues:  leuprolide

(i) These analogues cause (FH, (LH( (testosterone

d) Rectal exams are instrumental in making the diagnosis of prostate cancer (ob D7)

e) Prostate-specific-antigen (PSA) is a fairly sensitive and extremely specific marker for prostate cancer if the level is greater than 4 mg/ml (ob D8)

(1) Definitive diagnosis is made via a tissue specimen (ob D9)

f) Hematogenous spread of the cancer occurs chiefly to the bones, particularly the axial skeleton (H 600, R 1028) (ob D10)

(1) Bony metastases from prostatic carcinoma usually contain both osteoblastic and osteolytic components

(2) The bony pelvis and lumbar vertebrae are involved most often, and metastases also occur in thoracic vertebrae, ribs, skull, and long bones 

g) Serum levels of prostatic acid phosphatase are elevated in patients whose tumor has extended beyond the capsule or metastasized, but it is not useful in the diagnosis of local disease (R 1030)

(1) PSA has largely replaced  the use of acid phosphatase (ob D11)
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