Renal Physiology Lectures 1-15, Midterm Examination Objectives

General overview:


-Kidneys receive approx 25% of total cardiac output

-Cortex is richly vascularized
-Main renal artery divided into anterior and posterior sections at the hilum

-Interlobar arteries arise between lobes, give rise to arcuate arteries
-Afferent arterioles arise from the interlobars and then enter the glomerular tuft.

-They then divide into capillary loops
-Merge together an exit glomerulus as efferent arterioles
-Efferent arterioles from superficial nephrons form a rich vascular network called the vasa recta
-Arteries are largely end arteries. Occlusion of one branch results in infarction of specific, supplied area

-Medulla retalively avascular
-Medulla particularly vulnerable to ischemia

-Glomerulus consists of anastomosing network of capillaries. Visceral epithelium is incorporated into and becomes an intrinsic part of the capillary wall separated from endothelial cells by a basement membrane.
-Layers are as follows: fenestrated endothelial cells, glomerular basement membrane, visceral epithelial cells (podocytes), mesangial cells
-Podocytes: posses interdigitating processes and are embedded in the basement membrane. Have 20 to 30 nm wide filtration slits
-Mesangial cells: contractile, phagocytic, capable of proliferation, lay down both matrix and collagen
-Major features of glomerular epithelium:

-High permeability to water, small solutes

-Relatively impermeable to proteins

-Visceral epithelial cell is important to maintenance of filtration barrier

-Wolffian duct:
ureteric bud, ureters, pelvis, calyx, collecting ducts
-Metanephric blastema:
glomeruli and tubules

Pathology

I. Glomerular diseases
-Major problems- chronic glomerulonephritis is common cause of CRF
-Injured by vascular disorders, trauma, inflammatory processes
-Primary: used to classify diseases which primarily involve the kidney; pathology is often isolated
-Secondary: Systemic diseases which involve the kidney
 HISTOLOGICAL ALTERATIONS IN KIDNEY DISEASE:
-Hypercellularity:



Inflammatory diseases are associated with an increase in cell number.  Linked to cellular proliferation of

mesangial, Endothelial, or parietal epithelial cells


-Leukocytic inflammation:


Neutrophils, monocytes, lymphocytes
-Formation of crescents:


Accumulation of cells composed of proliferating epithelial cells and infiltrating leukocytes
-Basement membrane thickening:

Capillary walls have a thickened appearance under light microscopy. Electron microscopy reveals a deposition






of dense, amorphous material representing precipitated proteins. Most common type is due to extensive sub






epithelial deposition that occurs with glomerulonephritis. Thickening of basement proper occurs in diabetes
-Hylanization and sclerosis:


Accumulation of homogenous material that is eosinophilic under L.M. Hyalin is extracellular and consists of 






amorphous substance. Made up of precipitated plasma proteins as well as increased amounts of basement 






membrane. Change results in obliteration of glomerular structural detail. 
-Congenital anomalies:


Approx 10% of newborns. 
-Renal Dysplasia:



20% of CRF in children along with hypoplasia


	DISEASE
	PATH/MORPH
	S/S
	CLINICAL

	Primary Glomerulonephritis

	Immune complex associated: antigen antibody complexes preformed in circulation get trapped in glomerulus. Induce accumulation of inflammatory cells. Release mediators that cause complement activation, platelet activation, fibrin deposition. 
Anti-GBM disease: Antibodies directed against components of basement membrane as a continuous layer. Activates mediators of injury. Problem of molecular mimicry. 
Cell mediated immunity: T cells in association with macrophages and mesangial cells can cause glomerular injury. 
Non immune mech: toxins may cause changes in GBM and nephin. Adaptive changes in glomeruli cause endo/ epithelial cell injury. Proteins and fibrin accumulates in mesangial matrix causing increased deposition and sclerosis.
	Extent of injury described as diffuse (all glomeruli affecte) or focal (only some affected). Global involves an entire glomerulus. 
Nephritis (acute nephritic syndrome)
-RBC casts, hematuria, oliguria, uremia, hypertension. Mild proteinuria and minimal edema. Inflammation and cellular proliferation dominate clinical picture.
Nephrosis (nephrotic syndrome)
-Heavy proteinuria, hypoalbuminemia, hyperlipidemia and edema. Pathologic changes dominated by glomerulosclerosis and less inflammation, less proliferation

-Proteinuria indicated basement membrane degeneration.  


	Acute nephritic syndrome
(Acute proliferative GN)

A nephritis
	-Acute postinfectious GN
-Common disease, usually occurs 2 weeks after streptococcal infection. Can occur with other infections, especially skin per the Khins
This is an immune complex disease, no bacteria in kidney
-Basement membrane infiltration occurs
IC’s observed as “humps” under EM; proliferation of mesangial cells.

-Only certain GAB strains are nephritogenic 
	-Granular deposits of Ig with IFA
-Subepithelial deposits of immune complexes called humps
Hematuria
Edema

Proteinuria
HTN
Azotemia 
Hypocomplementemia
	Abrupt onset
Serum complement levels low
ASO titers are elevated
>95% recovery in kids
Approx 60% adult recovery
Progression to RPGN or chronic renal failure

	Rapidly Progressive GN

-A nephritis
	-Crescentic GN
-Heterogeneous group of GN with different etiologies
-Causes include PGN, SLE, goodpasture’s syndrome, vasculitis, Wegener’s granulomatosis, Henoch-Schonlein purpura

-Morphology reveals extensive crescent formation in glomeruli: crescents consist of circumferential proliferation of epithelial cells and monocytes in Bowman’s space. Proliferation occurs in response to fibrin that comes from damaged capillary loops
-BM is damaged; holes are large so that proteins get outsider the urinary space and stimulate Bowman’s capsule cells. 

-Anti GBM antibodies
	Anuria
Irreversible renal failure
	Acute nephritic syndrome

Irreversible renal failure can occur within weeks
Poor prognosis

-Per Dr. Waterman: Check ANCA with RPGN, may be associated with Wegener’s granulomatosis

	Goodpasture’s syndrome
	Autoimmune disease consisting of pulmonary hemorrhage, RPGN, deposition of Ab along alveolar and glomerular capillary membranes. 
From Waterman: 
-Typical scenario involves young male who develops influenza, Hemoptysis, edema, renal failure

-Triad is alveolar hemorrhage, renal failure, anti-GBM antibodies  

-Also affects BM of alveoli 
	Anti-GBM Ab present in serum
Hemoptysis
Anemia
Pulmonary infiltrates
Hematuria
Linear deposits of Ig along GBM in continuous fashion
Not due to immune complexes
	Poor prognosis
May progress into CRF

	Nephrotic syndrome
	-Heavy proteinuria > 3.5g/day
-Extensive glomerular permeability to plasma proteins
-Mild GBM injury involves a loss of low MW proteins like albumin
-Severe GBM injury involves loss of higher MW proteins, poorly selective proteinuria

-May result from primary glomerular diseases including lipoid necrosis, MGN, FSG, MPGN, IgA nephropathy, FPGN
-Systemic etiologies as well. Results from DM, SLE, amyloidosis, infections like Hep A, HIV, malaria, drugs, malignancy, and other conditions 
Non inflammatory, less cellularity, focal sclerosis
-If IC deposition is in subepithelium, it is membranous disease

-Constellation of clinical and lab abnormalities secondary to increased permeability of glomerular capillary wall to plasma proteins 

	Hypoalbuminemia
Hyperlipidemia
edema
High serum creatine
Per Dr. Waterman:
-greater than 3.5 g/day protein
-hyperlipidemia/lipiduria
-hypercoaguable state
-edema

	-Associated with sodium and water retention, increases risk of thrombosis
-Hyperlipidemia: increases risks of CAD
-Thrombosis risk due to loss of anticoagulation factors in urine

-Highly selective proteinuria: loss of small protein
-Poorly selective proteinuria: loss of large protein 

-Vascular collapse and acute renal failure are complications
-Infection due to loss of Ig’s
-Rule out colon CA in eldery patients presenting with nephrotic symptoms
-DM a major cause

	Nephritic Syndrome
	More inflammatory
Antiglomerular basement membrane disease

Immune complex mediated
SLE, post infectious GN
Anti-neutrophil cytoplasmic Ab- Wegener’s granulomatosis, polyangitis

	Lipoid nephrosis
	-Minimal change disease, “nil disease”
-NS associated with fusion of foot processes of glomerular epithelial cells in E.M. and normal appearing glomeruli on LM. 
-Most common cause of nephotic syndrome (NS) in children
-Due to presence of lipid in tubules and fat bodies in urine
-Unknown etiology. Associated features suggest immunological basis, increased prevalence in HLA B8 and DR 7. 
-Associated with prophylactic immunizations, atopic disorders
	Highly selective proteinuria
Loss of glomerular polyanion

No immune depositis detected on IF
	-Long term prognosis is good
-Need to do EM to get final diagnosis, nothing seen under light microscopy
+ steroid responsiveness


	Membranous glomerulonephritis MGN

-Extremely severe condition, Dr. Khin calls this a nephrotic picture
	-Membranous nephropathy, membranous glomerulopathy 
-NS with LM changes that demonstrate diffuse thickening of the glom. Capillary walls
-Most common cause of NS in adults
-Most cases idiopathic, remainder secondary to systemic diseases
-Kidneys appear large, swollen, pale
-Presence of numerous epimembranous (subepithelial) deposists
”Spikes” and “domes” in intramembranous spaces
Marked thickening and distortion of basement membrane visualized on EM. 
	Poorly selective proteinuria
Presence of albumins and globulins in urine
IF studies show granular pattern of Ig and compemelnt
	Course is irregular
50% of patients slowly progress into CRF

20% of patients have a benign course

	Focal segmental glomerulosclerosis (FSG)
	-NS with heavy proteinuria, segmental sclerosis of glomeruli in kidney
-First defined in a group of steroid resistant children with NS
-Segmental sclerosis involves a minority of glomeruli. Affected glomeruli show mesangial hypercellularity, increased MM, hyalinosis, interstitial fibrosis, tubular atrophy

-Idiopathic, predominant association with HIV
-Per Dr. Waterman: typical scenario is an African American male with mild renal insufficiency. Creatinine=1.5, dipstick +, HTN, negative hematuria, hypoalbuminemia
	Nephrosis with nonselective proteinuria
Hematuria
Hypertension

	>50% progress to CRF
Most unresponsive to steroid therapy

	Membranoproliferative glomerulonephritis (MPGN)

Aka

 Mesangiocapillary GN
Hypocomplementemic GN
	-Presents with NS; shows thickened glomerular capillary loops and proliferation of glomerular cells.

-Glomeruli appear large, hypocellular, and lobular
-Proliferation of mesangial cells and leukocytic infiltration

-Basement membrane is split
-Combined nephritic/nephrotic syndrome
-Many deposits in the glomerular capillary loops. --Mesangial cells are everywhere attempting to digest the deposits( these cells cause splitting of the basement membrane

-Tram track appearance of basement membrane
 
	Serum HYPOcomplementenemia
Glomerular deposition of complement components

Double contour or tram-track appearance of glomerular capillary wall especially when stained
IF: granular pattern of depositis
Electron microscopy: 

Type I shows subendothelial deposits of IC and complement
Type II shows ribbon like deposition of dense material in GBM, called dense deposit disease or DDD
	Type I: related to IC deposition and C activation via classical pathway. Associated with SLE, Hep B, and other diseases
Type II: C activation via alternative pathway, patients show C3 nephritic factor (autoantibody against C3 convertase) in serum
50% of patients may progress into CRF
High recurrence rate in transplant recipients

	IgA nephropathy / 
Berger Disease
	-Constitute recurrent hematuria, proteinuria with mesangial proliferation and IgA deposition, common

-Circulating IgA immune complexes present in approx 50% of patients. Genetic influence and defective phagocytic function contribute to pathology.
-Combined nephritic/nephrotic syndrome
	Hematuria
Proteinuria
Mesangial proliferation
IgA deposition
++ serum IgA (polymeric)
	Mainly affects children and young adults

50% develop CRF
Onset in elderly usually results in RPGN with poor prognosis

	Focal Proliferative Glomerulonephritis
	Glomerular pathology restricted to some glomeruli of kidneys. Changes in involved glomerular units are similar to that of progressive glomerulonephritis. Seen as early or mild manifestation of systemic diseases like SLE, polyarteritis nodosa and other conditions
May present as a form of primary disease as well. Most common form of GN in the world is IgA nephropathy (Berger’s). May occur with a cold/URI symptoms. Proliferation and inflammatory cells are present on biopsy. Condition flares with inflammation of the upper respiratory tract. 

	Chronic Glomerulonephritis
	End stage glomerular disease resulting from various types of GN
Idiopathic in approx 20% of cases
Excessive fibrosis and lymphocyte infiltration; underlying etiology difficult to discern
Granular contracted kidneys: both kidneys appear small and symmetrically contracted. Cortical surfaces show diffuse fine granularity. 
CS shows thin cortex and an increase in peripelvic fat
Early cases may show evidence of primary disease but usually granular contracted kidneys are a late manifestation. May show tubular atrophy, eosinophilic masses, lymphocytic infiltration
Dialysis changes in kidneys: End stage kidneys on long term dialysis show arterial intimal thickening, calcification in glom. Tufts, and tubular basement membranes. Numerous cortical and medullary cysts often containing calcium oxalate crystals and renal adenomas. Adenocarcinomas may be present in walls of cysts 

Pathological changes of Uremic state: GN + other forms of chronic renal failure. Uremic pericarditis, uremic gastroenteritis, secondary hyperparathyroidism, pulmonary changes of DAD also called renal pneumonitis. LVH may occur due to hypertension
	Clinical course may be varied

Presents with nonspecific symptoms
Proteinuria
Azotemia
Hypertension
Edema or effects of HTN
Insidious disease with slow progression
Weakness
Anemia 

	Lupus nephritis
	-GN occurs as a secondary manifestation of SLE
Involved in virtually all cases of SLE
-Major pathologic change is an acute necrotizing vasculitis with fibrinoid depositis in small arteries and arterioles. 
-Five histologic patterns described

-In Class IV PGN, cellular proliferation occurs with necrosis of the capillary tuft and subendothelial IC depositis forming wire-loop lesions and hematoxylin bodies. 


	Proteinuria
Hematuria
Cylinduria
	Class IV is the most severe form of LN. Carries worst prognosis. 
Renal failure is most common cause of death in SLE

	Diabetic nephropathy
	-Renal lesions encountered in DM
-Increased susceptibility to pyelonephritis and renal papillary necrosis
-Hyperglycemia in DM induces collagen and fibronectin deposition in GBM. Hemodynamic changes in glomerular flow causes hyperfiltration, suppression of MC activity. 

-Increased MM, GBM thickening, and glomerulosclerosis
-Ischemia, interstitial fibrosis, and tubular atrophy may lead to granular contracted kidneys (GCK)
-Abnormal metabolism results in sorbitol and AGES deposition in tissues (kidney). 
-Most common cause of CRF in USA is diabetic nephropathy
-Most common reason for renal transplantation in the US is diabetic nephropathy 

	Glucosuria
Hypertension
Retinopathy
Peripheral neuropathy

	Kimmelstiel Wilson disease: increase in the mesangial matrix produces spherical hyaline masses in the periphery of glomeruli. Tufts are compressed and obliterated. Termed nodular glomerulosclerosis (KW disease) 


	Renal Agenesis
	Absence of one or both kidneys

	Renal Hypoplasia
	Failure of kidney to develop to normal size, reduced number of pyramids. Usually unilateral. 

	Horseshoe Kidney
	Fusion of kidneys, producing a horseshoe shaped structure. Mostly due to fusion of the lower lobes

	Ectopic Kidney
	Malposition, usually lie just above pelvic brim. May cause kinking of ureters. 

	Simple Cystic Disease
	Single or multiple cysts in cortex, 2-5 cm, smooth walls, filled with clear fluid, usually asymptomatic

-Clinically not important. 

	Familial Nephronopthisis
	Medullary cystic disease. Group of familial renal disorders with cysts in medulla.

-Interstitial fibrosis and cortical atrophy

	Salt wasting

Polyuria
Tubular acidosis
	May present as unexplained CRF in children 

	Childhood Polycystic disease
	-Rare autosomal recessive disease of infants. 
-C.S. shows dilated collecting tubules arranged perpendicularly to cortical surface. 

-Collecting ducts are problematic
	Bilateral enlargement of kidneys
	Commonly associated with liver cysts and congenital hepatic fibrosis
Renal failure in children

	Adult Polycystic Disease
	-Autosomal dominant disease usually seen in adults

-Affects 1:1000

-Gene mutations result in abnormalities of cell differentiation and cell matrix interactions in growth of renal tubular cells
-BOTH kidneys replaced by many large cysts, massive enlargement. Cysts compress adjacent parenchyma and cause interstitial fibrosis. 
-Some cases associated with berry aneurysms (10-30%) and may case subarachnoid hemorrhage. 
-40% of patients have additional cysts in liver,; also pancreas, lung and spleen 

-Renal parenchyma replaced by cysts of varying size, renal atrophy

-10% of all cases of renal failure 

-Seen by age of 40
	Proteinuria
Hematuria
Back and flank pain
HTN
Abdominal masses
	-May progress into renal failure
-Kidney will maintain physiologic function in children with this disease

-Renal failure in adults 

	Pyelonephritis and UTI
	PN is a renal disorder affecting tubules, interstitium and renal pelvis. 

-Most common disorders of the kidney
-UTI: Involvement of both bladder or kidneys and their collecting systems
-85% are caused by gram negative bacteria. 

-Infection is hematogenous or ascending

-Predisposing factors include obstruction, vesicoureteral reflux (forced reflex of urine up the ureters during micturition) , DM, catheteriziation

-Much more common in females

-M to F is 1:8, common in 15 to 40 year age group 
	Dysuria
UTI may be asymptomatic
	UTIs often empirically treated

Pyelonephritis warrants urine culture

Abx for tx must cover gram negative bacteria

	Acute pyelonephritis
	-Acute inflammation of kidney and renal pelvis. 

-Unilateral or bilateral involvement, kidney may be enlarged, small yellow micro-abscesses with hyperemic borders scattered throughout cortex. 

-Pelvic mucosa is granular and hyperemic

-Predisposition:
Macro: miroabscesses
Micro: neutrophils
-Acute inflammation with neutrophilic infiltration in interstitium and tubules. Later causing necrosis and abscess formation. When severe, yellow necrosis of apical portion of pyramid-> renal papillary necrosis. 
-Renal pap necrosis most often seen with diabetic patients and abuse of analgesics
	-Cystitis

-Fever
-Pain

-Dysuria
-Bacteruria

-CVA tenderness

-Pyruria
	Results: heal, chronic, spread, suppurate
-Suppuration if associated with complete obstruction 
-Pyonephrosis; extention into perinephric tissue and perinephric abscess

	Chronic Pyelonephritis
	Chronic tubulointerstitial disorder in which there is gross irregular and asymmetric corticomedullary scars overlying dilated and deformed calyces. 

-Important cause of end stage renal disease (ESRD)

-Obstructive CPN: Leads to recurrent infection, scarring. May be bilateral

-Reflux nephropathy associated CPN: Most common cause. Begins in childhood. 

Derangement of vesicoureteral sphincter. Reflex of urine and passage of bacteria from bladder to ureters. May be unilateral or bilateral

-Kidneys are irregularly scarred

-GCK(granules are very coarse/large)

-In nephrosclerosis, granules are fine
-Chronic interstitial inflammation and fibrosis in cortex, medulla, and calyxes. Tubules are dilated and atrophic; show pink material in lumen. Thyroidization 
	Renal Failure
Hypertension

Intractable HTN
	Pyelograms used for ddx

-Affected kidney often appears smaller than normal, asymmetrically contracted with deformity of calyceal system. 

	Tuberculosis of urinary tract
	Hematogenous spread to kidney, usually from lung.

-Initial lesion in cortex

-Granulomas appear later
-Kidney eventually replaced by a mass of caseous necrosis


	May be asymptomatic
Lumbar pain
Dysuria
Hematuria
	Culture urine on material specific for M. tuberculosis

-Bacilli in urine may contribute to an ascending infection

	Acute Drug Induced Pyelonephritis
	-Occurs approx 15 days post exposure to drugs

-Common  drugs include NSAIDs, cimetidine, diuretics, rifampin

-Interstitial edema with infiltration of eosinophils, neutrophils, lymphocytes, macrophages, giant cell granulomas
	Fever
Eosinophilia
Proteinuria
Skin rash
Increased creatinine

Oliguria
	Acute renal failure in 50% of cases

Recovery upon withdrawal of drug

	Analgesic nephritis
	-Caused by heavy, chronic usage of analgesic compounds that contain phenacetin
-2 to 3 kg of phenacetin over a 3 year period

-Chronic interstitial nephritis and renal papillary necrosis

-Papillae show various stages of necrosis, calcification, fragmentation, sloughing (in pap necrosis seen with DM, all papillae are at the same stage of necrosis!)
-More common in women
	H/A

Anemia
GI symptoms
Polyuria
Pyuria
UTI

	Progressive impairment of renal function

-CRF may occur

-Increased incidence of transitional cell carcinoma of renal pelvis

	Alport Syndrome
	Proliferative and sclerosing glomerular disease caused by an X linked genetic abnormality in type IV collagen synthesis. Defect in synthesis of GBM material( producing irregularity and foci of rarefaction of GBM
	Hematuria
Glomuerulonephritis
Nerve deafness
Lens dislocation
Cataracts
	Eventual renal failure


	Fabry Disease
	-Lysosomal storage disease due to deficiency of lysosomal hydrolase (inborn error of metabolism). Results in accumulation of ceramide in many tissues. 

-Deposits occur occur in myocardium, skin, nervous system, and notably in  kidneys. Accumulation of foam cells in glomeruli. 
	Proteinuria
Hematuria
	Progressive CRF due to involvement of glomeruli and tubules. 

	Henoch-Schonlein Purpura
	-Renal manifestations occur in one third of patients. Small number of patients develop  a rapidly progressive form of glomerulonephritis with many crescents

-Common in children 3 to 8 years old


	Purpuric skin lesions on extensive surfaces
Hematuria
Proteinuria
Nephotic syndrome
Abdominal pain

Urinary abnormalities
	-Strong background of atopy
-Iga deposited in glomerular mesangium
-DANGER OF GASTROINTESTINAL  INTUSSUSSCEPTION!


	Urate nephropathy
	-Any condition associated with increased levels of uric acid in the blood. Leads to ARF or CRF. 

-Precipitation of uric acid crystals in renal tubules. 
-Chronic uric acid nephropathy associated with gout(leads to foreign body giant cell reaction and fibrosis. 
	Hyperuricemia
	Occurs in patients with leukemia undergoing chemotherapy. 
-Stones present in 22% of patients with gout, and in 42% of those patients with secondary uricemia. 

	Hypercalcemia and Nephrocalcinosis
	Diseases characterized by hyper Ca2+ like multiple myeloma, hyperPTHism, excess Ca2+ intake, vitamin D intoxication. 

-Formation of calcium stones

-May lead to renal insufficiency

	Myeloma Kidney
	-Renal involvement due to multiple myeloma, renal insufficiency occurs in approx 50% of patients with disease

-Renal dysfunction due to Bence Jones proteinuria

-Distended tubules filled with laminated cast. Interstitium shows non specific response.
	-CRF over several months to years
-ARF in patients with dehydration, hypercalcemia, acute infection, administration of nephrotoxic agents. 

	Immunologically mediated tubulerointerstitial disease
	-Seen in rejection of renal transplants. 

-Tubular immune complex disease

-Antitubular BM antibody disease

-Seen in MPGN, SLE, Sjogren syndrome (immune mediated destruction of lacrimal and salivary glands, page 225-6, Robbins)

-Anti-BM antibody disease, you will recall, is seen in Goodpasture syndrome and RPGN.

	Radiation nephritis
	-Follows therapeutic radiation of tumors in kidneys

-Doses greater than 2300 rad in less than 5 weeks contributes to renal damage

-Pan nephritis( vessels show wall thickening. Tubules show atrophy, glomeruli show hyalinization, interstitium shows fibrosis and inflammation
	Edema

HTN
Anemia

Protienuria

Renal insufficiency


	6-12 months post radiation, s/s occur

	Allergic interstitial nephritis

(Dr. Snyder)
	Allergic hypersensitivity

-1-2 weeks post exposure

-Occurs anytime post first exposure to particular agent

-T cell mediated immune reaction

-No specific antibodies defined/discovered
	Fever
Rash

Eosinophilia
Eosinophiluria
	Culprits include cillins, sporins, sulfa derivatives, cimetidine, anticonvulsants

-Tx: steroids? D/C culprit

	Obstruction of Urinary outflow
(Dr. Snyder)
	-Intratubular collecting system
-Proximal tubular dilation
-Intratubular: myeloma, tumor lysis syndrome, drug precipitation

-Collecting system: calculi, tumors, retroperitoneal fibrosis

-Glomerular sclerosis
	-Decreased GFR
	-3 to 5% incidence of ESRD

-course is variable
-Ones that reach dialysis are men with chronic prostate disease

	Primary tubular injury

(Dr. Snyder) 
	Final common pathways of tubular disease

-Secondary immune attack

-Proteinuric effects

-Oxidant effects (elaboration of oxidant radicals)

-Augmented ammoniagenesis (in an effort to cope with increased tubular acidity( trapping of hydrogen ions within renal medulla)

-Increased exposure of tubular system to ammonia. Directly toxic plus incites a secondary immune response, i.e. complement. 

-Increases risk of toxic injury to other nephrons

-Cellular hypertrophy

-Crystal deposits from intraluminal precipitation of debris. 

	Renal Papillary Necrosis

(Dr. Snyder) 
	-Diabetes mellitus
-Obstructive nephropathy
-Analgesic nephropathy
-Sickle cell disease

-Renal allograft rejection

-Renal medulla is always operating on the verge of hypoxia and is extremely vulnerable to ischemic injury. 

-Pyelonephritis

-Alcoholism

-Early areas of focal necrosis. Sharp calyces becomes blunted. Raggedy-looking calyx. 
	Asymptomatic
Salt craving due to poor sodium retention

Nocturia
Polyuria
Flank Pain
Gross hematuria

	-Pathology involves sloughing of papillary tissue



	Essential Hypertension
	-Cause unknown, most cases fall under this category
	
	

	Secondary Hypertension
	-Renal, endocrine, CVS, neurogenic
BP=PrxCO, PR affected by angiotensin, catecholamines, alpha adrenergic stimulation
	
	

	GCK’s
	Chronic glimerulonephritis: fine granules, the cause of hypertension. 

Chronic pyelonephritis: direct bacterial infection. Coarse granules

Benign nephrosclerosis: Effect of hypertension of the kidney. Fine, granular contracted kidney. Pathology is mainly in the blood vessels of the kidney. ‘Fine is benign’- FDO Kevin M Boehm, MSc, DO, FACOF, FAAFP, Diplomate- American Board of Proselytizing Primary Care Practitioners for the Denouncement of Emergency Medicine as a Primary Care Specialty (DABPPCPDEM)

	Goldblatt Kidney

(Dr. Snyder)
	Several models for illustrating hypertensive nepropathy

2 kidnyes, 1 clip
-renin and AII on clipped side
-renin and AII on clipped side
-pressure natriuresis is a compensatory mechanism, dependent on degree of hypertension/stenosis on affected side
2 kidneyes, 2 clips
-renin and AII
1 kidney , 1 clip
-Decreased renin and AII
-Major point is that the increase or decrease in renin depends on the degree of stenosis. High grades of bilateral stenosis will yield low renin levels. 



	Renovascular HTN
	Fibromuscular dysplasia, approx 1/3 of RH
-Genrally young, no fam hx

-Sudden onset of HTN

-White female predominance
-Collagenous rings involving media

-Renal artery looks like a loop of bowel on renal arteriogram

Atherosclerotic (atheromatous) approx 2/3
-Setting of diffuse vascular disease

-Age approx 50

-Cigarrete smoking

-Resistance or escape of BP control

-Intimal plaques

FEW CHARACTERISTIC FEATURES:
-Abdominal or flank bruits
-Resistance to therap except ACE-I or ARB
-Deterioration in renal function in response to ACE-I or ARB in the presence of BILATERAL disease (bilaterally stenotic patients depend upon really little bit of GFR that they have

-Unprovoked hypokalemia or thiazide induced hypokalemia
-Proteinria (variable)

-Recurrent pulmonary edema or CHF

-These patients have, “their hypertension deeply seated within their epithelium”-Dr. Snyder
DIAGNOSIS:
Important but not always easy. 
-Captopril renal scan( captopril or other ACE-I stimulated renal nuclar scan

-Positive scan: fall in GFR on affected side post-captopril

-Recall that ace-inhibiting drugs REDUCE GFR via their vasodilatory effects

-MRA is now becoming modality well suited to depict anatomical defects
-GOLD STANDARD is arteriography

-Patients at high risk include those with severe, refractive or malignant hypertension. Also those patients with a recent increase in creatinine, unexplained or induced by ACE-I/ARB. Also at severe risk are patients with severe hypertension and renal asymmetry. 

-Renal arteriography is costly, invasive, small risk of embolization of plaque into kidney or FROM aorta

-Prois of renal arteriography include diagnosis of an anatomic lesion

-Hydrate patients well prior to procedure, also administers n-acetylcystine prior to tests

TREATMENT:
-Renal artery stenting  (durable results with less risk of re-stenosis) 

-The more progressive the RF, the more likely they are to re-stenose



	Bilateral renal artery stenosis
(Dr. Snyder) 
	-Congestive heart failure

-Rapidly progressive oliguric renal failure in absence of obstructive uropathy

-deterioration of renal function after ACE-I and ARB therapy. 

	Hyperkalemia

(Dr. Snyder) 
	-Exogenous K load

-Impaired cell entray

-Increased cell release

-Reduced urinary excretion

-In order to sustain hyperkalemia (pesisten), you must have ongoing, uh, reduction in urinary excretion. Ongiong renal failure and insufficiency will continually cause hyperkalemia

-In absence of impaired urinary function, it takes a massive exogenous K load to cause problems 

POTASSIUM ADAPTATION: Upregulation in Na/K atpase activity that occurs to cope with changes in potassium concentration

-Adaptation occurs in all of the most advanced cases of renal failure

-B blocking drugs may contribule to hyperkalemia

-Deficiency of insulin may cause hyperkalemia

-Exercise and subsequent tissue breakdown may cause hyperkalemia

-Primary adrenal insufficiency, non steroidal anti-inflammatory drugs, hyporeninemic hypoaldosterone

POTASSIUM RE-DISTRIBUTION

-Insulin and glucose

-B adrenergic agonists

-Sodium bicarbonate

POTASSIUM REMOVAL

-Diuretics, cation exchange resin, dialysis



	Hypokalemia
(Dr. Snyder) 
	-Redistribution

-GI losses

-Nasogastric suction

-GI postassium losses( diarrhea, vomiting, and nasogastric suction

-Emesis/NG loss: increase in bicarbonate, metabolic acidosis

-Renal potassium wasting: diuretics, vomiting, primary mineralocorticoid excess, secondary hyperaldosteronism

SYMPTOMS:
-Weakness, polydipsia, polyuria, ECG changes

-Normotensive hypokalemics: vomiting, diuretics, diarrhea

-Hypertensive hypokalemia: renal artery stenosis, diuretics, primary aldosteronism

TREATMENT:
-Treat underlying disorder

-Potassium sparing diuretics

-Potassium replacement in the form of the chloride salt

	Primary Renal Na Retention

(Dr. Snyder)
	-Primary glomerular disease

-Advanced renal failure

-Volume expansion due to excretory failure. Reduced GFR leads to edema

-

	Nephrotic syndrome

(Dr. Synder)
	-Primary glomerular disease involving Na retention and hydrostatice pressure changes (increased hydrostatic pressure)
-Proteinuria due to decreased oncotic pressure. Hypoalbuminemia. 

	Congestive Heart Failure

(Dr. Snyder) 
	Decreased left ventricular function, decreased SV
-Fluid overload due to increased PA pressure

-Increased hydrostatic pressure

-Decreased renal perfusion leading to neurohormonal activation

-Increased RAA, NE, ADH

-This is the cascade leading to pulmonary and peripheral edema

	Renal Failure

(Dr. Snyder) 
	-Post sinusoidal obstruction invo lving increased hydrostatic pressure and ascites

-Splanchnic vasodilation, arteriovenous shunting

-Again, this leads to neurohormonal activation, sodium and water retention, edema, and ascites

	Cirrhosis
(Dr. Snyder) 
	-Post sinusoidal obstruction involving increased hydrostatic pressure and ascites

-Splanchnic vasodilation, arteriovenous shunting, neurohormonal activation, sodium and water retention, edema, ascites. 

-Caput medusa (large abdominal wall veins that you can see coursing under the skin)
-Spider angiomata (larger than capillaries. May be blanching lesions, distributed willy nilly) 

	Other causes of edema
(Dr, Snyder) 
	-Increased cap permeability from burns, allergy, IL-2, sepsis

-Lymphatic obstruction from malignant nodal metastasis

-Increased interstitial oncotic pressure- hypothyroidism 

	Renal Tubular Acidosis

(Dr. Snyder)
	-Disorder of renal acidification out of proportion to the reduction of GFR. 
-Characterized by hyperchloremic metabolic acidosis.

-Multiple forms

TYPE 1: Distal RTA( distal nephron does not lower pH normally, collecting ducts permit back diffusion of H ions from lumen to blood. Urine ammonium secretion is inappropriately low for the level of acidosis. Concentration and K+ conservation is impaired. Causes include drugs, renal transplant rejection, obstruction, reflux, autoimmune

TYPE 2: Proximal RTA( occurs as part of a generalized disorder of proximal tubule function.  Presents as hyperchloremic metabolic acidosis. Bicarbonate reabsorption in the prox tubule is decetive. Large amounts of bicarb are delivered to the distal tubule and overwhelm the distal tubule’s absorptive capacity. Eventually, serum bicarb levels fall resulting in normal bicarb delivery to the distal tubule . Normal excretion of daily acid production occurs at a low serum bicarb level
TYPE 4: Associated with hyperkalemia due to addison’s, hyporeninemia, hypoaldosteronism
	TYPE 1 FEATURES:
Metabolic acidosis

Urine pH > 5.5

Nephrocalcinosis

Osteomalacia
Hypokalemia
TYPE 2 FEATURS:
Hypophosphatemia

Hypercalciuria
TYPE 4 FEATURES:
Hyperkalemia



	Depends on the cause. Type 1 responds to alkali supplements. Type 2 responds to alkali supplements as well. 

	Conn Syndrome
Primary Hyperaldosteronism
	-Excess aldosterone, possible due to a tmor

-Tumor is often adenomatous

-Non responsive to natural feedback mechanisms
	Low serum renin

HTN

Potassium wasting
	Marked elevation in net mineralicorticoid activity and hypokalemia

	GRA
	-Glucocorticoid remediable hyperaldosteronism

-ACTH stimulates renal cortex to produce cortisol

-Aldosterone under influence of renin (RAA) physiologically
-Two axis fused together due to genetic anomaly

-ACTH causes secretion of aldosterone
	HTN

	Administer glucocorticoids to feedback inhibit excess aldosterone and ameliorate HTN

	Pheochromocytoma
	-Brown adrenal tumor

-Excess epinephrine/catecholamines production

-HTN may be labile due to intermittent/bolus catecholamines secretion


	Paroxysmal HTN
Severe HTN
Headache
N/V
Palpitations
	Removal

***NB****
There are other catecholamines producing tumors that have effects similar to PCC.

Paragangliomas and chemodectomas are growths on the sympathetic chain that may present around aorta and carotids. These may cause PCC type s /s. Cause paroxysmal HTN, rare. 

	Benign Hypertension
	-Leads to benign nephrosclerosis

-Small, diffuse, GCK ass oppsed to coarse and granular

-Hyaline arteriolosclerosis, fibroelastic hyperplasia/elastosis

-Always consider remediable causes of HTN
	Tachycardia
Blurred vision

Coma


	Search for etiology--> ddx of benign / essential HTN is essentially a ddx of exclusion. 

-Progression to CFR

-CAD, MI

	Malignant HTN
	-Initial benign may give rise to this condition

-“De novo” malignant hypertension

-De novo: FLEA BITTEN KIDNEY. Organs appear large and congested. Due to microscopic hemorrhages causing fibrinoid necrosis/necrotizing arteriolitis. 

-Hyperplastic arteriolitis: Onion skin appearance of blood vessels

-If severe, whole glomerulus will be necrotic

-Thrombosis causes neutrophilic infiltration

-DIC may trigger this condition


	Sustained diastolic > 120 mm Hg

Encephalopathy

Convulsions

Coma

Optic disc is congested
PAPILLEDEMA
	Renal failure

High mortality

Remember from Khin Kheys: Flea bitten onion skin




Lecture #3, Glomerular disease in Adults, Jack Waterman, DO

-Glomerulonephritis= GN. 

-Condition first described in 1800’s


-Workup is initially non invasive, biopsy under US/CT is next for confirmation


-Look at LM and EM with biopsy. These will show tissue ultrastructure


-BM looses its negative charge due to displaced sialoproteins (neg charge). 

-Loss of proteins (negative charge) causes the BM to lose selectivity

-Hematuria and / or Proteinuria are features of glomerular disease

HEMATURIA:

>3 RBC’s/PHPF. RBCs are dysmorphi. Casts are pathognomonic for GN.




Smoky, brown, coke / red colored urine

PROTEINURIA:

>150 mg protein/day (max nl is 150 mg/day)




-98% of proteins that are filtered thru glomerulus are re-absorbed. Tubulointerstitial disease causes proteinuria

Methods of Detecting Disease


Qualitative: 
Good for screening, not precise



Dipstick detects to 15 mg/dl, reported as trace to +4 proteins



Turbidometric: SSA mixed with urine and graded for turbidity from trace to +4 protein. Sensitive to 10 mg/dL 


With a positive dipstick for protein, do a quantitative 24 hour urine collection. If > 150 mg/24 h, then evaluate for possibility of GD

Quantitative:
SSA photometric



Check total creatitine. Take first morning void and look at protein to creatinine ratio. Normally ratio is less than 0.15


Microalbuminuria:
screen diabetics for early nephropathy. Dipstick is not sensitive enough to detect this early proteinuria. 

-Normal albumin excretion is 20 mg/day

-30-300 mg/day is microalbuminuria 

-Measured via 24 hour urine collection 

-Look at ratio of albumin/creatinine. If > 30 mg alb/g of creatinine, then microalbuminuria is a possibility

-Other causes of proteinuria:


-Overflow proteinuria: in patients with multiple myeloma, bence jones proteins are present in the urine. Patients with


rhabdomyolysis can have myoglobinuria or hemoglobinuria. 


-Tubular proteinuria with B2 microglobulins


-Secretory protienuria


-Glomerular proteinuria


-Marathon runners, high fever, CHF

-<1g protein/day is mild proteinuria

-1-3 g/day is moderate protienuria

->3g / day is nephrotic syndrome

Pathogenesis
-Hallmark of GN is hematuria, proteinuria, HTN, edema, renal failure. Activity of mediators and complement cause these symptoms/signs.

-Circulating immune complexes in SLE damage glomeruli

-Circulating antibodies to native/planted glomerular antigen (Goodpasture’s syndrome)
-Undertermined deposition like amyloidosis, diabetic nephropathy

Type of glomerular disease determined by pattern of damage


-Focal= less than 50%


-Segmental=parts affected

-Global=all of glomeruli affected


-Diffuse=greater than 50% affected


-Membranous=thickening of membrane


-Proliferative=lots of cellularity



Pediatrics
Care Of The Developing Patient 

Edward E. Packer, D.O., FAAP, FACOP

Pediatric Glomerulopathies

Case study presented: 5 y/o male with weakness, anorexia. Puffy and pale appearing facies. Normal BP, Child was ill with diarrhea. Lab tests revealed low platelets, BUN 62. Patient also anemic with Hgb of 5.0. Final ddx was HUS, most common cause of renal failure in children. 

Important Pediatric Renal Disorders

Children more prone to kidney dysfunction due to the fact that newborn kidneys are only 20% functional and not capable of filtration like that of mature kidneys. No sodium in IV solution for newborns. 

§   Acute Poststreptococcal glomerulonephritis

§   Nephrotic syndrome

§   Henoch-Schonlein purpura

§   Hemolytic uremic syndrome

§   Hereditary nephritis 

Post-Infection Leaky Kidneys

§   Certain infections can cause immune complexes in the renal glomerulus

§   These patients usually present with hematuria:

§  Acute Poststreptococcal Glomerulonephrirtis

§  Berger Disease

Acute Poststreptococcal Glomerulonephritis (APGN)

§   Sudden gross hematuria, urine often appears “tea colored”

§   Most children also have edema & hypertension

§   Urine has mild - moderate proteinuria

§   Urine commonly has WBC & RBC casts

Urine Of APGN

§   Looks like iced tea( sudden and gross hematuria, children may not appear extremely ill. 

Red Blood Cell Casts

White Blood Cell Casts

Check Blood Pressure

Etiology Of APGN

§    Strains of group A beta-hemolytic streptococci infections of throat or skin

§    Antibody-antigen complexes form in glomerular basement membrane

-APGN can present without a known GABHSS even being present. Tx with PCN does prevent rheumatic fever but not APGN. 

§    Immune complexes induce compliment reaction

§    Glomerular proliferative/inflammatory response

§    Treating Strep infection does not prevent disease

Symptoms Of APGN

§   5 - 21 days after infection

§   Present with “tea-colored” & edema

§   Often asymptomatic

§   Many have mild - moderate hypertension

Laboratory Tests

§   UA & urine culture

§   Electrolytes & renal function labs

§   Complement, C3 decreased (If c3 is not reduced, then you have the wrong diagnosis. C3 levels must be continually monitored. Elevation of serum C3 indicates clinical improvement. 

§   Quantify urine protein (< 1gm./m2/day)

§   Strep tests (rarely useful)

§   Renal ultrasound

§   Biopsy not needed

Clinical Course Of APGN

§   Commonly improve in 2 weeks

§   Some have mild hematuria for several months

§   >95% resolve

Complications Of APGN

§   Severe hypertension

§   Oliguria

§   Heart failure

§   Encephalopathy

Treatment Of APGN

§   Most need no therapy

§   Antihypertensives if moderate - severe (calcium channel blocker like - nifedepine)

§   Diuretics for fluid overload

§   Salt restriction

Concerns

§   If complement levels not improved in 8 weeks, probably not APGN

§   Probably more serious disorder of Membranoproliferative Glomerulonephritis

§   More serious disorder at risk of ultimate renal failure

§   Renal biopsy necessary in this group

Berger Disease

§   IgA nephropathy

§   Usually 1 - 2 days after URI

§   Have microscopic or gross hematuria or cyclical gross hematuria after upper respiratory infections

§   No hypertension or edema

§   Kidney biopsy (rarely done) Mesangial deposits of IgA

Lab Studies In Berger Disease

§   Urine-gross RBC’s no casts, some protein

§   Normal C3 levels

§   Normal renal function

Clinical Course Of Berger Disease

§   Often short term, but can have cyclical hematuria for months to years

§   No overt signs of illness

§   If persists into adulthood, 25% will develop renal failure

§   Immunosuppressive therapies have been tried with no consistent success

Nephrotic Syndrome

§    Most common in children 1 - 7 years old (under 6 months or over 12 years not nephrotic syndrome)

§    Usually sudden onset

§    Present with marked generalized edema

§    Usually seem tired & less active

§    Marked proteinuria (> 1 gm/m2/24hr)

§    No hematuria

§    Normal BP

6 months to 12 years of age, children most commonly have minimal change disease. Steroids are helpful; if non-responsive some other pathology

Generalized Edema

§   Nephrotic syndrome is leading reason for generalized edema in a young child
-Edema associated with cardiac causes is dependent and more distal from the heart

Edema With Nephrotic Syndrome

Other Forms Of Edema

Laboratory Tests

§   “Nephrotic Triad”

§  Hypoproteinemia

§  Hypercholesterolemia

§  Edema

§   Normal complement

§   UA for 24 hour protein ((> 1 gm/m2/24hr)

Effects Of Nephrotic Syndrome

§   Child looses protein via glomerulus

§   Child looses vascular volume into interstitial space

§   Hypotension

§   Reactive hyperaldosteronism (>Na, <K)

§   Liver makes excess lipoproteins

Complications

§   Infections-pneumococcus:

§  Loose immune globulins via glomerulus (IgG loss)

§  Stasis of fluid particularly-ascites (peritonitis)

§   Respiratory compromise-extreme ascites

Ascites

Treatment

§   Steroids

§   Salt restrict

§   Potassium supplement

§   Aggressive care of infections

Clinical Course

§   >90% will resolve within 6 weeks (most children have Minimal Change Nephrotic Syndrome)

§   Poorer prognosis for non-response

§   If do not respond need biopsy:

§  Focal Segmental Glomerulosclerosis

§  Membranoproliferative Disease

Some packer-esque clarifications:

-Child between the ages of 6 months and 12 years most likely affected by minimal change disease
-14 year old male patient with generalized edema who has the nephrotic triad needs a renal biopsy( not minimal change disease! 

-Complement C3 serum evaluation is the best test for determine progression of APGN disease

-C3 is NORMAL in minimal change disease

-C3 is decreasd in APGN

Henoch-Scholein Purpura

§   Common post-infectious rheumatologic disorder in children

§   Most common in 2 - 10 year old children with URI symptoms shortly before illness

§   Small vessel post-capillary venule inflammation (IgA)

§   Normal lab tests (platelets & coagulation)

Dermatologic Manifestations

§   Purpuric (hemorrhagic) rash with normal platelets & clotting

§   Rash mostly on buttocks & lower extremities

§   Non-blanching with small dense center

Systems Often Effected By H-S-P

§   Gastrointestinal

§   Musculoskeletal

§   Renal
Renal manifestations are a type of nephritis. 
Children have mild to moderate hypertension and hematuria. Most common manifestation will be microscopic hematuria. CCBs are DOC for HSP induced hypertension. Recurrent nephritis is difficult to treat. With time, reduced renal function occurs. Often progress into renal failure. Rare. 

Gastrointestinal

§   Colicky abdominal pain (steroids)

§   Melena

§   Intussusception-telescoping of bowel into bowel-critically ill child-can loose involved bowel

Intussusception (Telescoping)
Life threatening complication of henoch-schonlein purpura. Beware of the colic!! Always check stool for blood

§   Untreated leads to bowel obstruction; must often be surgically reduced. 
Musculoskeletal
§   Peri-arthritis-painful swelling around joints, joint itself is not actually involved. Pts complain of peri-jointal tenderness

§   Transient, non-deforming

Renal

§   20% have some renal symptoms

§   Usually have microscopic hematuria

§   Some have hypertension

§   <1% will have persistent disease leading to permanent kidney problems

Treatment Of H-S-P

§   Generally require no therapy

§   Remember to check blood pressure & check stools for occult blood

§   Steroids are used for prolonged cases or for abdominal symptoms

§   Calcium channel blockers are used for hypertension

Hemolytic Uremic Syndrome

§   Life threatening illness

§   Most common cause of acute renal failure in young children

§   Presentation:

§  Pale (anemic)

§  Thrombocytopenia (petechiae)

§  Oliguria (abnormal renal function)

§  Lethargic

Pathogenesis

§   Endothelial cell injury in kidney

§   Mesangial deposition

§   Localized clotting

§   Microangiopathic anemia & thrombocytopenia

§   Renal cortical necrosis

Etiology

§   “Jack In The Box”-E. coli O157:H7 causes hemorrhagic diarrhea

§   E. coli O157:H7 produces verotoxin which is like shiga toxin from Shigella (most commonly contracted from improperly prepared ground beef)

§   Typically in child less than 4 years old, first develop fever, vomiting, abdominal pain & bloody diarrhea.  5-10 days later develop pallor, weakness, & oliguria
Diarrhea-positive symptoms. 

Oliguria

§   Normal child makes 1 – 2 cc/Kg/hr of urine

§   Less than 0.5cc/Kg/hr is oliguria

Lab Tests In HUS

§   Microangiopathic hemolytic anemia

§   Decreased hemoglobin

§   Thrombocytopenia

§   Elevated BUN and creatinine 

Hemolytic Blood Smear: sees damaged red cells, helmet cells

Treatment & Prognosis

§   Careful hydration

§   Heparin

§   Transfusion

§   Dialysis

§   10% will develop acute renal failure

Treatment Controversy

§   E. coli O157:H7 causes enterohemorrhagic diarrhea

§   Effective treatment includes oral Vancomycin( now not normally recommended

§   Studies have shown that treating enterohemorrhagic E. coli increases the chances of Hemolytic Uremic Syndrome

Congenital Nephrotic Syndrome

§   Nephrotic syndrome is very rare in first year of life

§   Possible causes of nephrosis can be congenital infections like Syphilis, Toxoplasmosis, or Cytomegalovirus

§   Otherwise a congenital nephrotic syndrome should be considered

Congenital Nephrotic Syndrome

§   Most common form is “Finnish” type disorder

§   Autosomal recessive on chromosome 19

§   Proteinuria by 3 months

§   Full renal failure usually by 5 years old

§   Need dialysis and ultimately transplant

§   Other minor congenital nephrosis milder

§   Diagnosed by biopsy

Dr. Snyder’s case studies and Sodium information / Salt and Water Balance

-28 y.o black male receiving care for SCD. Nocturia, polyuria, and salt craving. UA shows finely granular casts and occasional WBCs. Patient at risk for renal papillary necrosis.

-36 y/o F with lower UTI and normal renal function, admitted to hospital with fever, flank pain and pyruria. Pt was treated with broad spectrum abx and rapidly recovered. Now presents with renal symptoms.( allergic interstitial nephritis

-50 year old RN, flank pain and dark urine. WBCs on UA, granular and epithelial WBC casts. US shows irregular thinning of cortex, scarring with widened calyces at poles. Pt. Relates similar pain for years despite prior medication. Requests Rx for analgesic( analgesic nephropathy. 

Some Key Points on Sodium Metabolism

-Too much water:

Hyponatremia

-Too little water:

Hypernatremia
-Too much sodium:
Edema

-Too little sodium:
Volume depletion
-Water balance regulated by osmotic forces. Solutes generate osmotic pressure because some can’t cross membranes

-Each body compartment has a primary osmotically active particle. Plasma=protein, intracellular=potassium, plasma sodium=140

-Posm= (2xNA+) + (Glucose/18)+(BUN/2.8)
-Posm=(2xNA) for all practical purposes; keep in your head! 

-Osmolality represented by plasma sodium and regulated by water excretion

-Consider the following experiment with hypothetical second year medical students: 

-If salt is increased without adding water, what happens? Salt is osmotically active. It increases plasma osmolality. Water moves from


intra to extracellular compartment. Eventually, excretion of XS sodium will occur (extracellular fluid volume increases). 


-If water (volume) is added, extracellular volume will increase. Osmotic pressure moves water from ECF into ICF. This induces

a relative hyponatremia (patients are hypo-osmolar). Urine sodium will increase in an effort to dissipate the added extracellular


volume.


-If NaCl is administered (IV of 0.9% NSS ) plasma NA will stay the same! ECF will increase as will urine sodium content. 


Intracellular volume does not change .

	
	NaCL
	H20
	Isotonic Saline

	Plasma Na+
	INCREASE
	DECREASE
	0

	ECF Volume
	INCREASE
	INCREASE
	INCREASE

	Urine Na+
	INCREASE
	INCREASE
	INCREASE

	ICF Volume
	DECREASE
	INCREASE
	0


Some key points about sodium and water balance:
(Posm and Pna+ vary in parallel

(No predictable relationship between plasma Na+ and ECF volume

(No predictable relationship between plasma Na+ and urine Na+ excretion

(Changes in plasma osmolarity lead to changes in ICF volume due to osmotic shift

(Osmolar shifts in the CNS are responsible for neurologic signs associated with sodium deranagement

More notes on how sodium and water balance is maintained:

	
	Osmoregulation
	Volume Regulation

	What is sensed
	Plasma osmolality (hypothalamus mediated)
	Effective tissue perfusion

	Sensors
	Hypothalamic osmoreceptors
	Afferent arteriole, Atria, Carotid Sinus

	Effectors
	ADH, thirst
	RAA / ANP / NE / ADH

	What is affected
	Urine osmolality, water intake
	Urinary sodium and thirst


-Signal to the macula dense seems to be the decrease in Chloride ion

-RAA axis is therefore connected with ADH system

-Aldosterone is responsive ot changes in plasma potassium as well

-Inability to suppress ADH is common factor in hyponatremia
-Causes of hyponatremia:


-Decreased extracellular volume


-GI losses, CHF, cirrhosis


-SIADH, advanced renal failure, hypothyroidism, cortisol deficiency


-Reset osmostat


-Thiazide diuretics: cause salt wasting and stimulate ADH secretion


-ECV= volume from the left ventricle to the kidneys

-CHF pathology


-Increases in renin, norepinepherine, increased ADH, increased thirst

-SIADH, the syndrome of inappropriate ADH secretion

-Inappropriate secretion of ADH for serum sodium


-ADH needs to be turned off, but it is inappropriately elevated! 


-Perpetuation of hyponatremia


-Urine remains concentrated so that you cant get rid of excess water! 


-Common clinical situations include: neuropsychiatric syndromes, drugs, ectopic neoplastic production, postoperative, pulmonary diseases

-The Reset Osmostat

-Appropriate urinary dilution


-Appropirate urinary concentration


-Stable plasma sodium


-Reduced threshold for ADH secretion


-“Dial” set to respond to changes in osmolarity( not pathological condition


-Instread of being set at 285-95, people affected will have a normal plasma sodium of 125

 -DDx of hyponatremia


-Measure urine and plasma osmolality. If urine osmo is high, plasma is low( that means that ADH is NOT causing inappropriate water


diuresis


-Read chapter 8 again


-If RAA is turned on, aldosterone causes reclamation of sodium. Urine sodium will therefore be low


-Urine sodium allows you to make distinction between ADH disorder and a disorder of circulating volume

-Principles of therapy for hyponatremia

-Too much water? Restrict or diurese


-Isotonic saline or PO NaCL for true volume depletion


-Water restriction for the syndrome of inappropriate ADH secretion


-Hormone replacement, no therapy for the reset osmostat

-Hypernatremia


-Almost always caused by unreplaced water losses


-Losses may be insensible, sweat, fever, respiratory


-Urinary, NDI, osmotic diuretics, GI, hypothalamic lesion


-Hypertonic NaCl administration


-Occurs in patients who have restricted access to free water or a neurological problem.


-Common in elderly patients who are bed ridden, post upper or lower respiratory infection


-Water your elderly patients frequently

EXTRARENAL WATER LOSSES


Urine osmolality > 500 mosmol/kg

little or no response to ADH

CENTRAL DIABETES INSIPIDUS

Urine osmolality < 300 mosmol/kg

More than 50% rise in urine osm.

NEPHROGENIC DIABETES


Urine osmolality < 300 mosmol/kg

Little or no response to ADH

*Response to ADH in central diabetes insipidus occurs because there is an ADH deficiency to begin with
*No response to ADH in nephrogenic diabetes insipidus because defect is in the kidney, and not in the hypothalamus

-Polyuria


-Central diabetes insipidus


-Nephrogenic diabetes insipidus


-Primary polydipsia

-Only acute hypo or hyper natremia causes neurological s/s

-Acute situations require urgent therapy

-Rate of correction should not exceed 0.5 mEQ per hour

-Endpoint: level of Na+ free from neurologic symptoms

A word about hormonal axis  / BP control / sodium balance

-Aldosterone stimulated by RAS. Responsive to plasma [K+]

-Binds to specific cytosolic receptors. There, it stimulates Na/Cl reabsorption and K+ exchange via conductance channels in the urinary lumenal membrane

Tubulerointerstitial Disease

-One afferent arteriole supplies blood to many different nephrons. Disease affecting one artery has the potential to damage many functional units

-Dr. Snyder classifies TIN as a syndrome rather than a disease because it is really a heterogeneous group of conditions that demonstrate the kidney’s varied compensatory mechanisms.

-Acute TIN often results in reversible renal failure whereas chronic TIN results in chronic and irreversible renal failure. 

-TIN involving the medullary structures often cause concentrating defects. 

Laboratory findings of tubulerointerstitial disease:
-Inflammatory cells, casts

-Toxic nephropathies: epithelial / granular casts. (Toxic nephropathies can result from medications, lupus, dyes)
-Chronic TIN: Bland phase has less acute inflammation, ghost casts, interstitial fibrosis

Renin Profiles and the differential between Renin Sensitive and Salt Sensitive HTN
-High renin profile tips

-Salt sensitive disorders: “V” drugs (volume) drugs like diuretics tend to evoke a better response

-Patients with Renin sensitive hypertension respond better to “R”or, “renin”drugs

-Drugs that act on the RAA axis include: ARBs, ace inhibitors, etc.

-Kidney is a target organ for HTN
-HTN is second most common cause of ESRD to diabetes.

-Effects are widespread( increasing renal vascular resistance decreases GFR, progressive glomerular ischemia, sclerosis, proteinuria

-Decreased renal mass, transcapillary glomerular pressure gradient

-Progressive glomular sclerosis. I am fucking

-Hypertensive nephrosclerosis

-Causes of secondary hypertension

-Hyperaldosteronism, cushings, thyroid disease, acromegaly, vasculitis, drug induced, renovascular. Renal parenchymal disease is one of the most common problems

-Initial lesion is often stenosis of a renal artery causing increases in resistance, decreased perfusion, decreased JGA perfusion, and a subsequent increase in Renin

-Vasoconstriction mediated by increased angiotensin II, sodium retention, etc. 

Potassium Balance
-Weakness is a major symptom of potassium derangement

-With elevated potassium, small difference between excitation threshold occurs. Increased excitability, greater risk of cardiac conduction arrhythmias

-Cellular uptake depends upon insulin, epinephrine, plasma K concentration

-Urinary excretion involves aldosterone, distal flow of NA and water, plasma K concentration

-Insulin facilitates transport of K across cell membranes

-Aldosterone increases urinary potassium excretion 

-Insulin and epinephrine seem to increase basal activity of Na/K ATP ase; mediate transport action

-Approx 180 L of blood per day is filtered via glomerulus; 800 mEQ of K+ per day goes through filtration

-Approx 80 mEQ K+ is eaten per day

-Almost no dietary potassium and almost none of the 800 mEQ that is filtered reaches the final urine

-Excretion of K, however, almost equals the intake 

-How the heck does this occur? Well, K+ is avidly reabsorbed prior to excretion

-K+ is SECRETED in the distal nephron at the cortical connecting tubule

-In the principal cells of the DCT, the real regulation of K+ balance occurs. 

-In the principal cell, sodium is absorbed via conductance channels. Potasium is also exchanged at pumps within the membrane

-Stimulation of aldosterone mediates the Na/K exchange. Extremely sensitive to K+ changes

EFFECTS OF ALDOSTERONE
-Opens luminal Na channels

-Increases lumen negativity

-Increases Na efflux cell to blood

-Increases intracellular K
-Opens luminal K+ channels

DIURETICS AND SOME PRINCIPLES OF THERAPY:
-Renal sodium retention is an appropriate response to decrease effective circulating volume

-Inapppropriate response, primary renal dysfunction

-Hypovolemic hormnes: renin angiotensin aldosterone axis, norepinepherine. Antidiuretic hormone

-Hormonal effects: enchanged proximal Na resporption, increased collecting tubule Na and H20 resportion

-Diuretics cause increased sodium and water loss, decreased tissue perfusion, increased RAA, NE, ADH, new steady state.

-Diuretics also cause hyperkalemia unless K+ sparing one is utilized

-CA inhibitors: 
work in the proximal convoluted tubule. CA increases reabsorption of bicarb from lumen into blood. This drug works on the luminal side to decrease HCO3 absorption. Called acetazolamide Intrinsically weak diuretics. Used mostly to treat metabolic acidosis. 

-Loop blockers:
Work in the medually ascending loop. Most common is lasix or furosemide. Inhibit chloride from binding onto the Na/K/2CL co transporter.


This transporter is on the luminal sideo f the cell. Powerful diuretics. Block Na most powerfully. 

-K sparing:
Work in cortical collecting tubule. Block sodium conductance channels. Aldosterone antagonists included in this category. 


Intrinsically weak diuretics. 

-Diuretics require GFR, adequate protein to bind them, and some semblance of kidney function

-In the thick ascending limb, approx 25% of Na is excreted

-Loop blockers can be given with albumin intravenously

Joel Spalter, MD, Urinary Tract Infections in the Adult
-Need for differential ddx of s/s of dysuria, frequency, and urgency

-Symptoms represent cystitis due to E.coli from patients bowel, urethritis due to N. gonorrhoea, C. trachomatis


-Neisseria and Chlamydia  don’t grow under the conditions used for culturing the type of bacteria causing cystitis


-Young women entering into sexual activity account for the great majority of patients with acute cystitis


-E. coli accounts for 80%

-Because STD’s aren’t culturable (but cause urethritis associated with white cells), sterile pyuria is a finding

-(White blood cells infected with G/C will not grow out in normal culture medium) 

-Few bacteria can “grab onto”the normal urinary tract and cause infection due to specific virulence factors


-Method of kidney/bladder infection is ascention and not hematogenous spread


-GOSSIP ALERT: UTI’s require > 100,000 CFU/mL. This is of diagnostic value in asymptomatic patients. 

-For symptomatic patients, only 100 CFU/mL required for diagnosis


-Empiric treatment often valuable

-Acute cystitis in young women 


-E coli and staph saphrophyticus


-Absence of systemic symptoms


-Association with intercourse, diaphragms, and spermicides


-Empiric therapy involved flouroquinolones, TMP-SMX, ampicillin, and amoxicillin


-Three day course of therapy often effective

-Pyuria, more ddx and tx


-8 or greater WBC’s/PHPF

-Bacteria not often seen


-Rx 7 days if diabetic, Sx >7 days, age >65, pregnant, or diabetic use

-Cystitis


-Approx 20% of women will get episode of cystitis, tendency for disorder to recur


-Most recurrent cases are re-infections, NOT due to failure of a cure


-Recurrence within the first two weeks after Rx suggests relapse due to persistence of UTI


-Need for Rx for 1-2 weeks and radiographs for structural abnormalities in persistent/relapse UTI


-Continuous medication for prevention of recurrent cystitis


-Some patients placed on post-coital antibiotics

-Pyelonephritis


-True invasive, tissue invasive infection


-Fever, nausea, vomiting, chills, lower tract s/s


-Gram negative sepsis, flank pain, fever


-Presence of systemic s/s suggests tissue invasion like pyelonephritis


-Rx for two weeks


-Expect improvement in approx 72 hours


-Culture urine in patients with suspected pyelo and treat for an extended period of time( 14 days


-Radiologic study if symptoms persist for repeat

-UTI in males


-Rare, but it is still the same organisms in women of similar age


-Less likely due to a longer urethra


-Rx for seven days (as opposed to 3)


-Evaluate radiologically and or urologically if fail to respond to s/s

-Prostatitis


-Acute bacterial prostatitis, chronic bacterial prostatitis


-Important point is that protatitis is a tissue invasive infection: rx is longer


-For acute episodes, provide therapy for 6 weeks. Chronic disease demands 3 months of therapy


-Most common prostatitis syndrome is “non bacterial” and caused by chlamydia/mycoplasma

-Special considerations


-Nosocomial infections




-10% of patients in hospitals get a foley catheter.




-High likelihood of bacteruria 




-Organisms resistant compared to community acquired organisms




-Most common nosocomial infection




-Therapy is removal of catheter( therapy may induce resistant


-Pregnant patients




-Quantitative urine culture should be done on the first pre-natal visit, symptoms or no




-Repeat quant culture once a month




-Asymptomatic bacteruria occurs in 1 out of 20 pregnancies




-Chances are that the pregnant women may develop tissue invasive pyelonephritis




-Culture, culture, culture




-Treat bacteruria for seven days (extended course of therapy like the male)




-Reculture after therapy

-Asymptomatic bacteruria n the non pregnant patient




-Less than 10% of sexually active women with asymptomatic bacteruria will develop infection




-Not associated with chronic renal disease




-In the non pregnant patient, A.B. should be treated only in anticipation of GU surgery

Dr. Hilda DeGaetano Preaches on About Pediatric UTI

-Refers to three categories: cystitis, pyelonephritis, asymptomatic bacteriuria

-Cystitis


-Uncomplicated, involves bladder, frequency/urgency/dysuria, afebrile local infection

-Pyelonephritis


-Involves parenchyma, HTN, may cause renal injury

-Asymptomatic bacteriuria (AB)

-Positive urine culture, no manifestations, almost exclusively in girls, benign in culture, no renal scarring

-Prevalence


-Varies with age and gender


-Relatively common (UTIs) in first year of life


-Higher risk in uncircumcised males


-Females  > males in school age

-Pathology


-Again, E.coli, Klebsiella, Proteus, others


-Bacteriuria occurs when bacteria gain access to the normally sterile urinary tract


-Spread theoretically can occur from direct extension, lymphatic, ascending, or hematogenous


-Most caused by ascending bacteria


-Girls have a short urethra which is close to the ass


-Normally, the papillae in the kidney have an anti-reflux mechanism which prevents retrograde flow


-Infected urine causes inflammatory responses in the kidney

-Risk factors


-Age less than 1


-Colonization, gender, vesicoureteral reflux, iatrogenic, sexual activity

-VUR (Vesicoureteral reflux) 


-Common, present in 31% of children with UTI


-Urine ascends up the ureters and places kidneys at risk


-Graded I to IV based on level of reflux and degree of dilatation of the collecting system

-Clinical presentation


-Nonspecific, presentation depends on age of child


-Symptoms overlap with other childhood illnesses


-Infant with mild congestion and fever URI versus UTI


-Fever without a source??? Investigate the urinary tract


-Neonates: poor feeding, vomiting, irritability, lethargy, jaundice, +/- fever


-Infants: fever, diarrhea, vomiting, fever in otherwise healthy older infant


-Children: FUD, more verbal, potty trained


-Older children: s/s more easily noted, fever, chills, and flank pain with ascending infection

-Diagnosis


-Urine culture is the gold standard


-Urinalysis may be helpful


-Clean void, catheter, suprapubic infection, bagged specimen


-Contamination occurs(suprapubic aspiration is associated with least amount of contamination

-Management:

Simple cystitis:
outpatient, 5-10 day course of therapy


Consider admission of: infants, systemic illness, immunocompromise


Pyelonephritis:
may treat outpatient with oral Abx if uncomplicated or inpatient with parenteral abx. Treat for 10-14 days total

-Common antibiotic regiments;

Oral abx include amoxi, septra, nitrofurantoin, sulfisoxazole, cefixime, cephalexin
Parenteralabx include ampicillin, gentamycin, ceftriaxone, cefotaxime

-Imaging studies: 

Detect renal damage and structural anomalies of the urinary tract
DMSA scan often ordered to detect anomalies like posterior urethral valves and vesicoureteral reflux / check for kidney damage

-Prophylaxis

Antibiotics given in lower doses / daily regimen to prevent recurrence; this is aimed at preventing renal damage and hypertension

