Chapter 19 The Urinary System

Structure and Function of Urinary Tract

KIDNEYS

Bean-shaped organs below diaphragm adjacent to vertebral column.

Divided into outer cortex and inner medulla.

Latter contains pyramids and renal columns.

EXCRETORY DUCT SYSTEM

Ureter conveys urine to bladder by peristalsis.

Pelvis: expanded upper end of ureter.

Major calyces: subdivisions of pelvis.

Minor calyces: subdivisions of major calyces into which renal papillae (apices of pyramids) discharge.

BLADDER

Stores urine.

Discharges urine into urethra during voiding.

Anatomic configuration of bladder and ureters normally prevents reflux of urine into ureters during voiding.

FUNCTION OF THE KIDNEYS

Excretory organ.

Regulates mineral and water balance.

Produces erythropoietin and renin.
THE NEPHRON

Composed of glomerulus and renal tubule.

Material filtered by three-layered glomerular filter.

Inner: fenestrated capillary endothelium.

Middle: basement membrane.

Outer: capillary epithelial cells (with foot processes and filtration slits).

Mesangial cells: contractile phagocytic cells that hold the capillary tuft together and regulate the caliber of the capillaries, which influences the filtration rate.

RENAL REGULATION OF BLOOD PRESSURE AND BLOOD VOLUME

Renin released in response to reduced blood volume, low blood pressure, or low sodium concentration.

Angiotensin II formed.

Functions as vasopressor.

Stimulates aldosterone secretion.

REQUIREMENTS FOR NORMAL RENAL FUNCTION

Free flow of blood through glomeruli.

Normal glomerular filter.

Normal tubular function.

Normal outflow of urine.

Developmental Disturbances

NORMAL DEVELOPMENT

Kidneys develop from mesoderm along back body wall of embryo.

Bladder derived from lower end of intestinal tract.

Excretory ducts (ureters, calyces, pelves) develop from ureteric buds that extend from bladder into developing kidneys.

Kidneys develop in pelvis and ascend to final position.

DEVELOPMENTAL ABNORMALITIES

Renal agenesis.

Bilateral: rare and associated with other congenital abnormalities. Usually incompatible with postnatal life.

Unilateral: relatively common and usually asymptomatic.

Duplications of the urinary tract.

As a result of abnormal development of ureteric buds.

Complete duplication: extra ureter and renal pelvis.

Incomplete duplication: only upper part of excretory system duplicated.

Malpositions.

Caused by failure of kidneys to ascend to normal position.

Kidneys may be fused.

Horseshoe kidney: fusion of lower poles.

Fusion of upper pole of one kidney to lower pole of other kidney.

Glomerulonephritis

IMMUNE-COMPLEX GLOMERULONEPHRITIS

Usually follows beta-streptococcal infection.

Circulating antigen–antibody complexes are filtered by glomeruli and incite inflammation.

Most patients recover completely.

ANTI-GBM GLOMERULONEPHRITIS

An autoimmune disease.

Autoantibodies directed against glomerular basement membranes.

Nephrotic Syndrome

CLINICAL FEATURES

Loss of protein in urine exceeds body’s capacity to replenish plasma proteins.

Low plasma protein leads to edema and ascites.

PROGNOSIS

In children: minimal glomerular change, with complete recovery.

In adults: manifestation of more severe progressive renal disease.

Arteriolar Nephrosclerosis

PATHOGENESIS

Develops in hypertensive patients.

Renal arterioles undergo thickening.

Glomeruli and tubules undergo secondary degenerative changes.

Diabetic Nephropathy

PATHOGENESIS AND STRUCTURAL CHANGES

A complication of long-standing diabetes.

Nodular and diffuse thickening of glomerular basement membranes (glomerulosclerosis).

Usually coexisting nephrosclerosis.

MANIFESTATIONS

Impaired renal function.

Nephrotic syndrome may result from protein loss in urine.

May lead to renal failure.

Gout Nephropathy

PATHOGENESIS

Elevated blood uric acid leads to increased uric acid in tubular filtrate.

Urate may precipitate in Henle’s loops and collecting tubules.

Tubular obstruction causes kidney damage.

MANIFESTATIONS

Impaired renal function

Common problem in poorly controlled gout.

May lead to renal failure.

Urinary Tract Infections

PATHOGENESIS

Usually caused by gram-negative bacteria ascending the urethra.

Free urine flow, large urine volume, complete emptying of bladder, and acid urine protect against infection.

Impaired drainage of urine, injury to mucosa of urinary tract, and introduction of catheters or instruments into bladder predispose to infection.

MANIFESTATIONS

Cystitis: bladder infection.

Causes pain and burning on urination; bacteria and leukocytes in urine.

Common in young, sexually active women and older men who are unable to empty their bladders completely owing to enlarged prostate.

Usually responds promptly to antibiotics.

Pyelonephritis: infection of upper urinary tract.

Usually ascending infection. May be hematogenous.

Stagnation of urine or obstruction or both predispose.

Usually responds to antibiotics.

Some cases become chronic and may lead to kidney failure.

Role of Vesicoureteral Reflux in Urinary Tract Infections

Urine normally prevented from flowing retrograde into ureters during voiding.

Failure of mechanism allows bladder urine to reflux into ureter during voiding.

Urine forced into ureter flows back into the bladder after voiding, preventing complete emptying of bladder.

Reflux predisposes to urinary tract infection because of residual urine.

Urinary Tract Calculi

PREDISPOSING FACTORS

Increased concentration of salts in urine.

Uric acid in gout.

Calcium salts in hyperparathyroidism.

Infections: alter solubility of salts.

Urinary tract obstruction: promotes stasis and infection.

CLINICAL MANIFESTATIONS

Renal colic associated with passage of stone.

Obstruction of urinary tract causes hydronephrosis-hydroureter proximal to obstruction.

Predisposes to infection.

Foreign Bodies in the Urinary Tract

INCIDENCE AND MANIFESTATIONS

Usually inserted by patient.

May injure bladder.

Predispose to infection.

TREATMENT

Usually removed by cystoscopy.

Occasionally necessary to open bladder by surgical operation.

Obstruction of Urinary Tract

PATHOGENESIS

Blockage of urine outflow leads to progressive dilatation of urinary tract proximal to obstruction.

Eventually causes compression atrophy of kidneys.

MANIFESTATIONS

Hydroureter: dilatation of ureter.

Hydronephrosis: dilatation of pelvis and calyces.

COMMON CAUSES

Bilateral: obstruction of bladder neck by enlarged prostate or urethral stricture.

Unilateral: ureteral stricture, calculus, or tumor.

COMPLICATIONS

Stone formation.

Infection.

DIAGNOSIS AND TREATMENT

Pyelograms or CT scans or both demonstrate dilatation of drainage system.

Treat cause of obstruction.

Renal Tubular Injury

PATHOGENESIS

Caused by toxic chemicals.

As a result of reduced renal blood flow.

CLINICAL MANIFESTATIONS

Oliguria or anuria.

Tubular function gradually recovers.

Treated by dialysis until function returns.

Renal Cysts

SOLITARY CYSTS

Relatively common.

Usually asymptomatic.

CONGENITAL POLYCYSTIC KIDNEY DISEASE

Incidence one per thousand.

Mendelian dominant transmission.

Cysts enlarge and destroy renal function.

Onset of renal insufficiency in middle age or later.

May be complicated by infections or bleeding into cysts.

Relatively common cause of renal failure.

Tumors of the Urinary Tract

RENAL CORTICAL TUMORS

Arise from epithelium of renal tubules.

Adenomas small and asymptomatic.

Carcinomas more common.

May cause hematuria as first manifestation.

Tumor may invade renal vein and metastasize through

bloodstream.

Treated by nephrectomy.

TRANSITIONAL CELL TUMORS

Arise from transitional epithelium lining urinary tract.

Most are of low-grade malignancy and have good prognosis.

Hematuria may be first manifestation.

Diagnosis by cystoscopy.

Treated by resecting tumor.

WILMS TUMOR

Uncommon, highly malignant renal tumor of infants and children.

Treated by nephrectomy, radiotherapy, and chemotherapy.

Diagnostic Evaluation of Kidney and Urinary Tract Disease

URINALYSIS

Detects abnormalities in urine.

Widely used screening test.

URINE CULTURE AND SENSITIVITY TESTS

Where appropriate.

BLOOD CHEMISTRY TESTS

Measure retention of waste products normally excreted by kidneys.

Urea and creatinine commonly measured.

Degree of elevation correlates with degree of renal insufficiency and clinical condition.

CLEARANCE TESTS

Measure ability of kidneys to remove constituent from blood and excrete it in the urine.

Calculated by formula: Clearance = UV/P.

U = concentration of substance excreted in urine in milligrams per milliliter.

V = volume of urine excreted in milliliters per minute.

P = concentration of substance in plasma in milligrams per milliliter.

Creatinine clearance commonly used to monitor renal function.

X-RAY STUDIES

X-ray of abdomen: determines size and location of kidneys, radiopaque calculi.

Pyelograms: evaluate drainage system and distortion of calyces caused by renal cysts or tumors.

CT scan: detects renal cysts, tumors, hydronephrosis.

Arteriogram: detects abnormalities of renal blood flow, narrowing of renal arteries, increased renal vascularity associated with tumors.

ULTRASOUND EXAMINATION

Identifies cysts and tumors.

CYSTOSCOPY

Visualizes interior of bladder.

RENAL BIOPSY

Small biopsy of kidney obtained by needle inserted into kidney through flank.

Invasive procedure performed when nature of renal disease uncertain.

Histologic diagnosis serves as guide for proper treatment.

Renal Failure (Uremia)

CLASSIFICATION

Acute:

Caused by tubular necrosis from impaired renal blood flow or toxic drugs.

Renal function returns when tubules regenerate.

Chronic:

As a result of progressive chronic kidney disease.

No recovery of renal function.

MANIFESTATIONS

Nonspecific symptoms.

Anemia: as a result of reduced red cell production.

Toxic manifestations: caused by retained waste products.

Retention of salt and water.

Hypertension.

TREATMENT

Hemodialysis.

Patient’s circulation connected to artificial kidney machine (dialyzer).

Access to patient’s circulation facilitated by creation of arteriovenous fistula between radial artery and adjacent vein or by means of shunt between artery and vein.

Blood cleansed and excess fluid removed.

Several types of dialyzers used.

Treatments last from 4 to 5 hours three times per week.

Peritoneal Dialysis.

Patient’s own peritoneum used as dialyzing membrane.

Indwelling tube placed in peritoneal cavity and fixed to skin.

Dialysis fluid fills peritoneal cavity, is allowed to equilibrate, and is then drained. Cycles repeated.

Less efficient than hemodialysis and carries risk of peritonitis.

Kidney transplantation.

Kidney obtained from close relative or recently deceased person (cadaver donor).

Survival of transplant depends on similarity of HLA antigens between donor and recipient.
