Normal Lab Values

Plasma


Arterial Blood Gas
Na+
136-144
mEq/L
pH
7.37-7.43

K+
3.5-5.3
mEq/L
[H+]
37-43
nmol/L

Cl-
96-106
mEq/L
PCO2
36-44
mmHg

Ca2+
8.5-10.5
mEq/L
[HCO3-]
22-26
mEq/L

Total CO2
23-28
mEq/L

Anion Gap
7-13
mEq/L




Hematology

Phos
2.5-4.5
mg/dl
WBC
4500-11000
cells/mL

Mg2+
1.7-2.7
mg/dl
Hgb
13.5-17.5
g/dl (male)

BUN
10-20
mg/dl
Hgb
12.0-16.0 
g/dl (female)

Creatinine
0.5-1.2
mg/dl
Hct
41-53% 
(male)




Hct
36-46%
(female)

albumin
3.5-5.0
g/dl
platelets
150,000-400,000
cells/mL

glucose
70-105
mg/dl
ESR
max 15
mm/hr (male)

osmolality
270-290
mOsm/kg
ESR
max 20
mm/hr (female)

osmolar gap
0-10
mOsm/kg

Urine


Glomerular filtration rate

Na+
130-200
mEq/24 hr
creatinine
20-26
mg/kg/24 hr (male)

K+
40-65
mEq/24 hr
   index
15-22
mg/kg/24 hr (female)

Cl-
170-250
mEq/24 hr

Net acid
35-75
mmol/24 hr
urine creatinine
0.0-0.25
g/24 hr

   excretion


spot urine Cr
25-400
mg/dl

Phos
400-1300
mg/24 hr
creatinine
125 ml/min (male)

Mg2+
15-300
mg/24 hr
   clearance
105 ml/min (female)

osmolality
50-1200
mOsm/kg
GFR
165-180 L/d or 115-125 ml/min (male)




GFR
130-145 L/d or 90-100 ml/min (female)

Regulation and Measurement of Glomerular Function

Determinants of GFR

Single Nephron GFR (SNGFR)

· Kf = ultrafiltration coefficient

· Puf = mean ultrafiltration pressure

· Pgc = mean hydrostatic pressure w/in glomerular capillary (45 mmHg)

· Pt = mean hydrostatic pressure w/in tubule (10-12 mmHg)

· gc = mean oncotic pressure w/in glomerular capillary (20-30 mmHg)

· t = mean oncotic pressure w/in tubule (0 mmHg)

SNGFR = Puf x Kf
Puf = (hydrostatic pressures) + (oncotic pressures)

[assume out of glomerular capillary is positive]

Puf = (Pgc – Pt) + (-gc + t) = (Pgc – Pt) – (gc – t)

Physiologic Regulation of GFR

· Autoregulation

· Vasoconstrictors (efferent arteriole)

· AII (efferent > afferent), sympathetic nerves

· Vasodilators (afferent arteriole)

· PGE2, DA, ANP

· Tubuloglomerular feedback

· ( Cl- to macula densa ( afferent arteriole constriction ( ( GFR

· ( Cl- to macula densa ( afferent arteriole dilatation ( ( GFR

Clinical Assessment of GFR

· clearance X = urine volume x [urine conc of x/plasma conc of x] = VU/P = UV/P

· if renal handling purely by filtration, clearance = GFR [example: inulin]

· if substance reabsorbed by tubule, clearance < GFR [example: urea]

· if substance secreted by tubules, clearance > GFR [example: creatinine]

· to calculate creatinine index, take 24 hr urine volume collection multiple by Ucreat, divide by weight of person

· creatinine index varies from 8-10 mg/kg/day in elderly women to 20-25 mg/kg/day in young, athletic men

· Cockroft-Gault formula
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[multiple by 0.85 for females]

· clinical points to remember

· creatinine is rapidly absorbed, so a large meat meal can ( creatinine by > 0.5 mg/dl for 4-8 hrs after meal

· creatinine is secreted in prox tubule and is blocked by probenecid, trimethoprim, cimetidine

· limitations include patient collection errors, inconvenience, overestimation due to chronic renal insufficiency

· get 24 hr collection if you suspect Cr production at extreme, ill pt losing muscle mass, or precise value needed

· creatinine created from spontaneous cyclization of creatine or creatine phosphate

Urea Clearance

· can average clearance of urea w/ clearance of creatinine for a better estimate of GFR

· urea production related to protein catabolic rate (PCR)

· PCR = 12 + (6.25 x 24 hr urea production (in grams))

PCR about equal to dietary protein intake

· if protein intake changed, or PCR > dietary intake, then rise in BUN due to ( protein breakdown & not to renal dysfxn

Na+ Clearance, Fractional Excretion of Na+
· ( in Na+ clearance ( ATN
;
( in Na+ clearance ( hemodynamically, hypoperfused kidney

· FeNa (only useful in oliguric ARF, when 24 hr urine output < 500 cc’s)

· to calculate FeNa, take clearance of Na+, divide by clearance of creatinine

· FeNa < 1% hemodynamic (“pre-renal”)

· FeNa > 1% ATN

Disorders of Sodium and Water Metabolism

NORMAL REGULATION

Antinatriuretic Pathways

Sympathetic nervous system activation

( plasma vol ( ( aff input fr baroreceptors ( ( SNS to periph vasculature of kidneys ( ( PVR ( ( reabsorption of Na+
Increased renin secretion

( Na+ ( ( renin from JGA
[renin converts angiotensinogen to angiotensin I and ACE converts AI to angiotensin II]

Actions of angiotensin II

Secretion and action of aldosterone

(see above), to check for aldo effects, look at urine (urine Na+ <10-20 mEq/L and urine K+ > 40-50 mEq/L)

Other antinatriuretic systems
· endothelin – vasoconstrictor, but inhibits Na+ reabsorption

· prostaglandins – vasodilatory, opposes vasoconstriction of SNS, AII, endothelin

Natriuretic Pathways

Atrial natriuretic peptide (ANP)

( plasma vol ( ( atrial stretch ( ( ANP ( ( Na+ reabs, ( ADH, ( SNS, ( renin ( aldosterone ( ( plasma vol

B-type natriuretic peptide (BNP)

· ventricular hypertrophy/ventricular failure ( ( BNP

C-type natriuretic peptide (CNP)

· interacts w/ NPR-B

Renal natriuretic peptide (RNP, urodilatin)

· maybe mediates Na+ excretion

Other natriuretic systems

· guanylin and uroguanylin – link sodium absorption by the intestine to renal sodium excretion

· adrenomedullin – vasodilatory, natriuretic

· melanocyte stimulating hormones – may participate in adjustment to high sodium intake

· nitric oxide – natriuretic, vasodilatory

· endogenous ouabain-like compound – increase sodium excretion by inhibiting Na-K-ATPase

Renal Mechanisms in the Regulation of Sodium Excretion

· renal hemodynamics – ( vasoconstriction ( ( RBF ( ( GFR ( prerenal azotemia (reversible ( in serum BUN & Cr)

· segmental pattern of tubular reabsorption – may shift Na+ reabsorption to proximal tubules (as much as 80%)

· intrarenal hormones – kinin, DA ( ( Na+ excretion

Adjustments to a High Sodium Intake

· renal response to ( or ( sodium intake is often sluggish (up to several days)

DISORDERS OF SODIUM METABOLISM

Conditions of Sodium Excess (Edema-Forming States)

Types of edema

· localized – local disturbance in Starling forces

· lymphatic obstruction – back-up of fluid ( ( in tissue compliance

· venous obstruction – ( in capillary hydrostatic pressure

· thrombophlebitis – blocks venous return & ( in capillary hydrostatic pressure

· inflammation – ( capillary permeability

· generalized – major disturbance in sodium metabolism

· dependent – worsening through the day w/ upright posture & improving after overnight recumbency

· pitting – graded on scale of 1-4+

· anasarca – whole body edema

· edema from cardiac, hepatic dz ( spares the face; but edema from renal dz ( get facial puffiness

Cardiac edema

· pathophysiology

· vasoconstriction, ( PVR, ( CO

· impaired left ventricular function ( ( SV ( arterial baroreceptors sense weakened ejection as inadequate blood vol ( decreased effective arterial blood volume ( pathways triggered to support blood pressure & blood vol

· systemic responses

· underfilled circulation (similar to renal hypoperfusion)

· ( SNS, ( RAA, ( endothelin, ( vasopressin  ( prerenal azotemia (reversible ( in serum BUN/Cr which reflect ( GFR)

· compensatory measure ( ( ANP, ( BNP

· not enough to counteract vasoconstricted state, but enough to lessen heart failure

· renal responses

· function in manner similar to true hypovolemia

· more filtered Na+ proximally ( less Na+ distally ( ( H2O excretion ( dilutional hyponatremia
· ( aldosterone ( ( K+ secretion ( hypokalemia
· clinical manifestations

· hx of heart dz, orthopnea, dyspnea, dyspnea on exertion, paroxysmal nocturnal dyspnea

· elevated JVP, passive hepatic congestion, hepatojugular reflux, S3 gallop

· right heart failure alone ( severe chronic lung dz, cor pulmonale

· UA

· prerenal azotemia – mild proteinuria, bland urinary sediment

· intrinsic renal dz – high-grade proteinuria, formed elements (cells, casts, oval fat bodies)

Hepatic edema

· pathophysiology

· vasodilation, ( PVR, ( CO due to nitric oxide system

· decreased effective arterial blood volume, underfilled circulation
· systemic response

· ( SNS, ( RAA, ( vasopressin

· not able to overcome potent vasodilatory effects

· renal response

· ( Cr clearance even if serum Cr normal (due to muscle wasting)

· prerenal azotemia ominous sign ( renal hypoperfusion ( hepatorenal syndrome ( deterioriation of renal fxn
· ( GFR, more filtered Na+ proximally ( less Na+ distally ( ( H2O excretion ( dilutional hyponatremia
· ( aldosterone (also ( ANP, but kidneys resistant to ANP, so Na+ retained)

· clinical manifestations

· ascites (abd protuberance, shifting dullness), peripheral edema usually

· spider angioma, “liver palms”, caput medusa, hepatic encephalopathy

· UA: proteinuria, sediment bland

Renal edema

· pathophysiology

· occurs in nephrotic syndrome, acute glomerulonephritis, chronic renal failure

· underfill mechanism (MCD)

· proteinuria ( hypoalbuminemia ( ( plasma colloid osmotic pressure ( plasma water out into tissue ( edema ( plasma vol contracted ( reflexes to combat hypovolemia ( retain Na+ ( worsen hypoalbuminemia, edema

· overfill mechanism (nephrotic edema, membranous, MPGN, diabetic nephropathy, chronic renal insufficiency)

· proteinuria ( 1o renal Na+ retention ( ( plasma vol ( ( capillary filtration ( edema

· systemic and renal responses

· conflicting profiles in different patients

· clinical manifestations

· hypoalbuminemia (<3 g/dl), proteinuria (>3.5 g/24 h), hyperlipidemia, lipiduria

· UA: proteinuria (3+), oval fat bodies, Maltese crosses, lipid droplets

· HTN, edema, hematuria, proteinuria

· red cell casts, acanthocytes

Other forms of generalized edema

· idiopathic edema – women, unknown cause

· cyclical edema – develop in women before menses, self-limited

· myxedema – resists pitting, pts w/ hypothyroidism

· edema from vasodilator drug therapy – Na+ retention (minoxidil, hydralazine), ( capillary permeability (Ca2+ blockers, dihydropyridines)

· edema of pregnancy – common

· capillary leak syndrome – in ICU setting, cytokine mediated

Management of edema

· general measures

· treatment of underlying dz

· bed rest

· dietary Na+ restriction (below 30 mEq/d)

· diuretic administration

· specific measures

· large volume paracentesis

· vasodilator therapy – hydralazine, Ca2+ blockers

· ACE inhibitor – captopril

· plasma volume expansion

Conditions of Sodium Depletion (Volume Depletion)

examples

· adrenal insufficiency – absence of both gluco- and mineralocorticoid effects lead to inappropriate loss of Na+ in urine

· diuretic administration – normal reabsorptive processes “poisoned”

· sodium-wasting renal disease – tubular reabsorption impaired by disease process

· medullary cystic disease

· juvenile nephronophthisis

manifestations

· volume depletion accompanied by polyuria and polydipsia

· if have access to water, exhibit hyponatremia

management

· replace sodium with high dietary sodium intake

Dehydration versus Volume Depletion

· dehydration

· loss of intracellular water that ultimately causes cellular dessication & hypernatremia

· dx w/ ( serum Na+, ( osm ( correct w/ 5% dextrose
· volume depletion

· loss of Na+ from extracellular space, e.g., GI bleed, vomiting, diarrhea, diuresis

· dx w/ ( (serum urea nitrogen/serum creatinine) ( correct w/ 0.9% saline
DISORDERS OF WATER METABOLISM

Review of normal water metabolism

· thirst regulates water intake

· ADH (vasopressin) regulates water excretion

· regulated by 2 mechanisms

· osmotic – nl Osm = 280 mOsm/kg H2O, if Osm go to 290 mOsm/kg H2O, then ADH maximally secreted

· nonosmotic – occurs in hemodynamic stress such as shock, severe heart or liver failure, serves as back-up to preserve blood pressure

· mediated by 2 G-protein coupled receptors

· V1 – on vascular sm muscle (vasoconstriction)

· V2 – insertion of H2O channels of collecting ducts

· key concepts

· ( H2O ( hyponatremia

· ( H2O ( hypernatremia

· ( Na+ ( edema

· ( Na+ ( volume depletion

· no predictable relationship between plasma sodium concentration and extracellular volume

· hyponatremia is usually caused by retention of water, NOT loss of sodium

· disorders of volume are caused by sodium retention

· treat volume depletion with isotonic saline

	Substance added
	Plasma Osm
	Plasma Na+
	ECV
	ICV
	Urine Na+

	NaCl
	+
	+
	++
	–
	+

	Water
	–
	–
	+
	+
	+

	Isotonic NaCl
	0
	0
	++
	0
	+


Determinants of Plasma Sodium Concentration
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· body content of water

· males – 55-60% of body weight

· females – 45-50% of body weight

· decreased in obesity, dehydration, increasing age

· increased in children, edema

· distribution of body water – 60% intracellular, 33-35% extracellular, 5-7% plasma

· distribution of body sodium – 97% extracellular, 3% intracellular

· distribution of body potassium – 97% intracellular, 3% extracellular

Hyponatremia (plasma Na+ < 135 mEq/L)
· occurs when there is both water excess and inability to excrete excess water

· excretion of water determined by:

· effect of ADH on collecting duct of kidney

· availability of adequate solute for water excretion by kidney

· if excretion normal, can still get it if intake (ingestion of > 20 L of water) > excretion (free water clearance ~ 15% of GFR)

· four main causes of persistent ADH release

· effective circulating volume depletion

· SIADH

· cortisol deficiency

· hypothyroidism

· descriptions of main causes of hyponatremia

· effective circulating volume depletion

· true volume depletion (GI losses, renal losses, skin losses)

· edematous states (CHF, hepatic cirrhosis, nephrotic syndrome)

· ( RAA, ( ADH

· SIADH

· ( RAA, ( ADH

· primary polydipsia

· psychiatric disorder (ingest > 20 L of water/d)

· intake poor (malnourishment, beer potomania)

· lowest urine Osm is 50mOsm/kg ( therefore need 50 mOsm to excrete 1 liter of water

· reset osmostat

· regulation of serum sodium at about 128-130 mEq/L instead of 138-140 mEq/L

· hypothyroidism

· ( CO and ( GFR ( nonosmotic release of ADH ( ( free water excretion

· cortisol deficiency

· cortisol inhibits ADH, so if ( cortisol ( ( ADH

· also, vol-depletion & ( CO ( nonosmotic release of ADH

· clinical presentation

· watch out for diabetes, ( 100 glucose levels ( ( 1.6 in Na+
· neurological – disorientation, lethargy, seizures, coma

· reflects alterations in cell shape/volume and changes in ratio of Na+ across plasma membrane

· chronic hyponatremia usually asymptomatic

· central pontine myelinolysis – due to rapid correction of hyponatremia, not the hyponatremia itself

· Diagnosis

osmolar gap = measured osmolality – calculated osmolality

normal osmolar gap is 0-10 mOsm/kg
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syllabus flowchart:




alternative flow chart:


· treatment of hyponatremia

· hypovolemic hyponatremia – give vol back w/ isotonic saline

· euvolemic hyponatremia – free water restrict

· hypothyroidism or cortisol deficiency – hormone replacement

· reset osmostat – no treatment

· hypervolemic hyponatremia – treat underlying dz and free water restrict

· treat chronic hyponatremia by correcting by 12 mEq/L/24 hr (0.5 mEq/L/hr)

· to calculate sodium deficit:

· sodium deficit = volume of distribution x sodium deficit per liter

· sodium deficit = (45-60% of weight) x 12 mEq/L = amount of Na+ needed in 24 hour period

Hypernatremia (plasma Na+ > 146 mEq/L)
· occurs when deficit to free water relative to sodium & thirst response disrupted or access to water restricted

· most commonly due to:

diarrhea

loss of 75 mEq Na+/L

vomitus

loss of 30 mEq Na+/L

sweat

loss of 50 mEq Na+/L

urine

dilute urine in diabetes insipidus



osmotic diuresis – water excreted w/ glucose, mannitol

· major causes

· free water deficit w/ impairment of thirst or lack of access to water

· GI losses

· urinary losses (central or nephrogenic diabetes insipidus, osmotic diuresis

· insensible losses and sweat losses

· administration of hypertonic solutions

· description of diabetes insipidus

· urine Osm low and fixed ( produce large vol of dilute urine

· central diabetes insipidus

· ADH deficiency due to congenital causes, trauma, infxn, tumor

· nephrogenic diabetes insipidus

· decreased sensitivity to ADH in collecting duct due to congenital causes, drugs (Li), tubulo-interstitial renal dz (hypercalcemia, hypokalemia, sickle cell nephropathy, chronic reflux nephropathy

· will produce hypernatremia when thirst mechanism impaired

· clinical presentation

· vol contracted, decreased skin turgor, hypoTN, tachycardia, postural hypoTN, weight loss

· confused, obtunded

· complain of thirst if conscious

· Diagnosis

· treatment of hypernatremia

· calculate and replace free water deficit (via GI tract or IV)
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· treat underlying cause (insulin therapy for diabetes, anti-emetics for vomiting, anti-diarrheals)

· DI: give intranasal ADH, works in central DI and some forms of nephrogenic DI in which loss of response to ADH is not complete

Disorders of Potassium Homeostasis

Introduction

· daily balance

· intake 50-100 mEq daily

· 80-90% excreted via urine, 9-10% in stool , 1% in sweat

· 55-60 mEq/kg in adult

· intracellular 140 mEq/L

· extracellular 4 mEq/L

· gradient maintained by Na-K-ATPase (3 Na+ out of cell, 2 K+ in to cell)

· major determinant of resting membrane potential

Homeostasis

Internal Balance (within cells)

· transfer of 1-2% of intracellular K+ into plasma ( ( plasma K+ to greater than 8 mEq/L

· fast mechanism – as opposed to renal handling, which is slow

· factors influencing balance between cells and ECF

· Na-K-ATPase

· main determinant of K+ distribution

· activity influenced by catecholamines, insulin, state of K+ balance

· catecholamines

· -adrenergic activity – inhibit cellular K+ uptake

· 2-adrenergic activity – promote cellular uptake

· insulin

· ( in Na-K-ATPase activity

· extracellular pH

· metabolic acidosis – buffer by H+ into cell and K+ out of cell

· metabolic alkalosis – less prominent than metabolic acidosis

· no changes in respiratory alkalosis/acidosis

· hyperosmolality (hyperglycemia, mannitol)

· hyperOsm ( water out of cells ( ( intracellular K+ ( K+ out via K+ channels

· diffusion of H2O out results in solvent drag of K+
· rate of cell breakdown and production

· rhabdomyolysis, tumor cell lysis – release of intracellular K+
· megaloblastic anemia (vit B12, folate) – rapid ( in production of cells w/ K+ movement into cells

Renal Handling

· proximal – passive reabsorption following H2O and Na+ (90%)

· loop of Henle – reabsorption via passive Na-K-2Cl carrier

· CCD/MCD (principal cell) – K+ secretion through K+ channels concomitant w/ Na+ reabsorption through Na+ channels

· intercalated cells – K+ reabsorption via H-K-ATPase (H+ secreted into tubular lumen)

· factors influencing K+ handling in distal nephron

· aldosterone

· ( K+ secretion

· hyperkalemia stimulates and hypokalemia inhibits aldosterone release

· ( Na+ reabsorption ( ( basolateral Na-K-ATPase ( ( K+ into cell ( ( K+ excretion (via ( K+ channels)

· distal Na+ delivery

· ( Na+ delivery distally ( ( Na+ reabsorption ( ( Na-K-ATPase ( ( K+ excretion

· distal urine flow rate

· ( flow removes lumen K+ ( ( the favorable gradient

· ( flow ( ( Na+ delivery ( ( Na+ reabsorption ( ( Na-K-ATPase ( ( K+ excretion

· acid/base balance

· acidosis – H+ in to cells to buffer ( K+ out of cells into plasma ( ( K+ secretion

· alkalosis – H+ out of cells to buffer ( K+ in to cells from plasma ( ( K+ secretion

· plasma K+ concentration

· favors gradient to ( K+ secretion

· poorly/nonreabsorbable anions

· replacing the absorbable Cl- anion w/ a nonreabsorbable one like SO42-, penicillin, HCO3-, magnifies the negative potential ( ( K+ secretion to maintain electroneutrality

Nonrenal Handling

· less than 10% K+ excreted by GI and sweat

· diet – chronic low intake, but colon can adapt by ( loss in stool

· vomiting – little K+ in vomitus, so imbalance caused by:

· dehydration w/ hyperaldo state

· HCl loss w/ alkalosis & HCO3- excretion in urine (nonreabsorbable ion)

· diarrhea – stool losses, if dehydration ( hyperaldo state

Hypokalemia ([K+] < 3.5 mEq/L)
· clinical symptoms

· nonspecific weakness, malaise, cramps, parathesias, tetany, but often asymptomatic

· EKG – flattened T waves, prominent U waves, cardiac arrhythmias

· Diagnosis

· think GI, cell shifts, renal

· GI

· ( intake – rare, but may occur if taking diuretic

· emesis – minimal, unless in hyperaldo state and in alkalotic state

· diarrhea – loss of 20-80 mEq/L

· cell shifts

· metabolic alkalosis – H+ out of cells to buffer ( K+ in to cells from plasma ( ( K+ secretion

· insulin - ( in Na-K-ATPase activity (K+ into cells)

· -adrenergic activity (e.g., epinephrine) – promote cellular K+ uptake

· rx for anemia/neutropenia – (vit B12, folate/GM-CSF) – rapid ( in prod of cells w/ K+ movement into cells

· renal losses

· urinary excretion by distal nephron

· ( flow to distal nephron

· diuretics ( ( flow & ( Na+ delivery ( ( K+ excretion

· salt wasting nephropathies

· Na+ reabsorption w/ nonreabsorbable anion

· HCO3- in vomiting

· beta-hydroxybutyrate in DKA

· penicillins

· aldosterone excess

· hypovolemia – diuretics, vomiting, diarrhea

· primary hyperaldosteronism – adenoma, hyperplasia, carcinoma

· glucocorticoid excess – Cushing’s syndrome

· congenital adrenal hyperplasia – 11-beta-hydroxylase, 17-alpha-hydroxylase deficiencies

· licorice – contains glycyrrhetinic acid which inhibits 11-beta-hydroxysteroid dehydrogenase

· exogenous intake – fludrocortisone (mineralocorticoid action)

· hyperreninemia – JGA tumor, renal artery stenosis, malignant HTN, vasculitis

· treatment of hypokalemia

· treat underlying cause

· oral KCl

· pills are unpalatable

· using K+ rich foods less optimal b/c nonchloride ion acts as nonreabsorbable anion

· intravenous KCl

· irritants ( may cause thrombophlebitis

· usually rate 20 mEq/hr

· wary of too rapid replacement b/c of transient hyperkalemia

Hyperkalemia ([K+] > 5.0 mEq/L)
· clinical symptoms

· usually asymptomatic, muscle weakness

· EKG – peaked T waves (rapid repolarization)

· with high [K+] ( widened QRS (delayed depolarization) ( v. fib, asystole

· Diagnosis

· think GI, cell shifts, renal

· GI

· increased intake rare in absence of ( urinary excretion

· cell shifts

· pseudohyperkalemia – movement of K+ out of cell during or after venipuncture

· mechanical trauma

· repeated clenching/unclenching of fist w/ tourniquet on

· marked leukocytosis (>100K) or thrombocytosis (>400K)

· metabolic acidosis – H+ in to cells to buffer ( K+ out of cells into plasma ( ( K+ secretion

· tissue catabolism – K+ released from damaged cells (trauma, chemo, massive hemolysis)

· hypertonicity

· hyperOsm ( water out of cells ( ( intracellular K+ ( K+ out via K+ channels

· diffusion of H2O out results in solvent drag of K+
· -adrenergic blockade

· renal (decreased urinary excretion)

· renal failure

· too few nephrons

· oliguria ( ( flow to distal secretory sites

· effective circulating volume depletion

· dehydration, extravasation into noncirculating volume (ascites, edema), ( tissue perfusion (CHF, cirrhosis

· results in ( GFR & ( Na+ and H2O absorption ( ( distal delivery ( ( K+ secretion

· hypoaldosteronism

· primary ( in adrenal synthesis

· low cortisol

· primary adrenal insufficiency (Addison’s)

· enzyme defects – 21-hydroxylase defects

· normal cortisol – heparin, low molecular weight heparin

· ( activity of RAA

· hyporenin hypoaldosteronism

· inhibition of PG (promote renin secretion) by NSAIDs

· diabetic nephropathy

· tubulointerstitial dz

· cyclosporine

· HIV dz

· ( AII levels – ACE inhibitors

· aldosterone resistance

· diabetic nephropathy, sickle cell, obstruction, tubulointerstitial dz, cyclosporine

· K+ sparing diuretics

· spironolactone – aldo antagonist

· triamterene, amiloride, trimethoprim – block Na+ channels ( ( K+ secretion

· treatment of hyperkalemia

· emergent

· ( K+ entry – glucose & insulin, NaHCO3, inhaled albuterol ( agonist)

· antagonism of membrane actions – IV calcium gluconate to restore excitability, but does NOT ( K+
· removal by dialysis (if all else fails)

· not emergent

· cation exchange resin (absorbs Na+, releases K+)

· chronic hyperkalemia

· dietary restriction, diuretics, exchange resin, exogenous mineralocorticoid (fludrocortisone) in hypoaldo state

Approach to Patients with Renal Disease: Acute Renal Failure, Glomerular Disease, Chronic Renal Insufficiency

Introduction

· terminology for abnormal GFR

· acute renal failure – 0.5 mg/dl rise in serum creatinine/day

· chronic renal insufficiency (mild 50-100 ml/min, moderate 20-50 ml/min, severe 10-20 ml/min) – (, but stable GFR

· rapidly progressive GN (crescentic GN) – 50% loss in GFR/month

· end-stage renal disease – requires dialysis or transplantation

· acute versus chronic renal disease

· acute renal disease – reversible

· chronic renal disease – irreversible

· insufficiency – ( GFR, but not point of needing dialysis

Urinalysis

· specific gravity

· sp gr = 1.008 corresponds to urine osmolality = 280 mOsm/kg

· ( sp gr 0.001 for every ( urine Osm of 35-40 mOsm/kg

· situations in which sp gr ( to 1.030-1.050 – particles in urine, e.g., contrast, heavy proteinuria

· urine pH

· nl from 6-7.4, but may range from 4.5-8.0

· leukocyte esterase and nitrates

· leukocyte esterase – evidence of WBCs (PMNs)

· nitrates – converted to nitrites by gram-neg (E. coli, Klebsiella, Enterobacter, Serratia, Proteus)

· occult blood

· may correlate w/ RBCs, look for rhabdomyolysis or massive intravascular hemolysis

· ketones

· confirm DKA

· bilirubin/urobilinogen

· conjugated bilirubin seen in biliary obstruction

· most conditions that ( bilirubin, will ( urobilinogen, except biliary obstruction

· protein

· urine dipstick becomes positive when total albumin excretion > 300-500 mg/d

· reported from trace to 4+ (15-30 mg/dl to 500 mg/dl)

· negative for microalbuminemia (30-300 mg/d)

· use sulfosalicylic acid test to detect all urinary protein

· urine microscopy

	Renal Tubular Cells

(tubules damaged)

· interstitial damage
	White Cells (>2 pathologic)

· infxn

· UTI

· pyelonephritis

· other inflammation


	Red Cells (>2 pathologic)

· nl shape ( other source like bladder
	Proteinuria/Lipiduria

Maltese Cross
(tubular cell w/ lipid droplets)

· nephrotic syndrome (chronic)

	RTC Casts

Muddy Brown Casts
· ATN
	WBC Casts

Low grade proteinuria
· infxn (more severe)

· pyelonephritis

· acute interstitial nephritis
	RBC Casts

Dysmorphic RBC

Proteinuria

· glomeruli in origin

· GN, RPGN
	hyaline casts can be normal

waxy casts – “fat” hyaline casts

	normal sediment

· normal

· pre-renal azotemia
	Crystals

· uric acid – tumor lysis

· calcium oxalate – ethylene glycol

· drugs – HIV drugs (indinavir)


ACUTE RENAL FAILURE

Description of Disorders

· Acute Tubular Necrosis (ATN)

· common cause of ARF

· causes

· ischemia: hypoTN (surgery, sepsis, obstetrical complications)

· nephrotoxins

· antibiotics – aminoglycosides, polymyxins, rifampin, amphotericin

· heme pigments – intravascular hemolysis – hemoglobinuria skeletal muscle damage – rhabdomyolysis-myoglubinuria

· heavy metals – mercury, arsenic, platinum, uranium

· misc – radiocontrast, methoxfurane, carbon tetrachloride, cyclosporin

· pathogenesis

· ( afferent arteriolar resistance

· tubular obstruction

· back-leak of filtrate

· ( permeability of glomerular membrane

· clinical course

· oliguria (<500 ml/d) (poorer prognosis) versus non-oliguria (>500 ml/d)

· ATN forms with a pre-renal pattern of electrolytes (instead of the normal renal pattern)

· contrast induced ATN

· early phase of myoglobinuric renal failure

· 20% of non-oliguric ATN

· ATN superimposed on cirrhosis, CHF

· Acute Interstitial Nephritis

· causes – penicillins, sulfa, cephalosporins, rifampin, NSAIDs, diuretics

· urine sediment – WBCs, WBC casts, ( eosinophils, mild proteinuria

· Nephrotic Syndrome – proteinuria (>3.5g/d), edema, hypoalbuminemia, hyperlipidemia, hypercoagulable state

· focal segmental glomerulosclerosis – common in Af-Am, < 40 yo

· 2o causes – HIV, IVDU, obesity, sickle cell anemia

· prognosis – 10-20% progress to ESRD

· rx – prednisone

· membranous nephropathy – common in Caucasians

· 2o causes – solid tumors, syphilis, HBV, SLE, RA

· prognosis – 10-30% experience spontaneous remission, 20-30% to ESRD

· rx – cytotoxic agents

· minimal change disease – common in children

· 2o causes – Hodgkin’s dz, NSAIDs

· prognosis – excellent

· rx – nothing or prednisone

· diabetic nephropathy

· cause of 40% of ESRD

· prognosis – 20% of type I, 40% of type II, will develop this

· amyloid nephropathy

· prognosis – poor in those w/ multiple myeloma

· rx – treat multiple myeloma

· Focal Nephritic – inflammation, RBC’s, RBC casts, mild proteinuria, mild HTN, ( edema, ( renal insufficiency

· IgA nephropathy

· features – gross hematuria, no fam hx, no assoc’ disorders, ESRD (15% @ 10 yrs, 20% @ 20 yrs)

· rx – prednisone, fish oil

· Alport’s

· features – gross hematuria, males-X-linked, hearing loss, ESRD (16-35 yo)

· thin basement membrane disease

· features – <10% gross hematuria, autosomal dominant, no assoc’ disorders, benign course

· Diffuse Nephritic/RPGN – see flow chart

· ANCA rx – prednisone, cyclophosphamide

· Anti-GBM rx – prednisone, cyclophosphamide

· Immune complex dz rx – treat underlying cause, PSGN self-limiting, LN responds to prednisone, cyclophosphamide

Management of Acute Renal Failure

· correct pre-renal etiologies w/ volume

· once ATN and oliguria is established, vol restrict to avoid the need for dialysis

· discontinue any offending nephrotoxins

· monitor electrolytes, esp potassium and acid/base status

· absolute indications for dialysis

· A – acidosis

· E – electrolytes (refractory hyperkalemia)

· I – ingestion

· O – overload (pulmonary edema)

· U – uremia (ARF, bleeding, pericarditis)

Prevention of Acute Renal Failure

· general risk factors

· combination of hypoperfusion and nephrotoxins

· age > 59

· underlying HTN

· underlying renal dz

· contrast-induced ATN – use saline to attenuate

· rhabdomyolysis – use mannitol w/ sodium bicarbonate to attenuate

CHRONIC RENAL INSUFFICIENCY

· clues to diagnosis

· plasma serum creatinine slowly increasing to say, 4.0 mg/dl over many years

· history

· proteinuria and/or hematuria

· presence of diabetes

· long standing, poorly controlled HTN

· family history – PCKD, Alport’s

· urologic dz – stones, obstruction, chronic pyelonephritis

· systemic dz – SLE, scleroderma, RA, vasculitis, PAN, hepatitis, HIV

· drugs – chronic analgesic abuse

· severe anemia

· small kidney size

· major causes

· diabetes mellitus

30.6%

· hypertension

26.5%

· glomerular disease
13.6%

· cystic disease (PCKD)
3.4%

· other urologic dz

5.4%

· others


20.5%

· diagnosis


· treatment for chronic renal insufficiency

· tight glucose control

· microalbuminuria (30-200 mg/d) best predictor of diabetics who will develop nephropathy

· tight glucose control ( incidence of microalbuminuria

· low protein diet

· attenuates chronic renal insufficiency

· may be most beneficial for diabetics

· anti-hypertensive drugs

· slow ( in GFR

· ACE-I (captopril) the best

· management issues

· anemia

· present when GFR < 30 ml/min

· normochromic, normocytic

· due to:

· ( erythropoietin production in kidneys

· ( RBC survival

· blood loss – GI, elsewhere

· vit deficiencies (B12, folate)

· give erythropoietin

· renal osteodystrophy

· develops prior to ESRD, when GFR < 30 ml/min

· due to:

· 2o hyperparathyroidism (due to ( phosphorous ( binds calcium ( hypocalcemia ( ( PTH ( depletes calcium in bones ( activates osteoclasts ( osteitis fibrosa cystica (holes in bones) (70%)

· vit D deficiency – kidney activates vit D by 1 hydroxylation step ( 1,25-di-hydroxy-VitD ( deficiency leads to osteomalacia (poor mineralization) (Ricketts in children) (20%)

· clinical features

· bone pain, muscle weakness, pseudofractures and fractures, pruritis, arthralgia

· treatment

· phosphate binders, supplemental calcium, vit D

Approach to Acid-Base Disturbances

normal values

pH = 7.37–7.43

[H+] = 37–43 nmol/L

PCO2 = 36–44 mmHg

[HCO3-] = 22–26 mEq/L

· normal acid production = 1 mEq acid/kg/day

· from 3 major components

· breakdown of proteins & nucleic acids ( 20-30 mEq/d of phosphoric and sulfuric acids

· stool bicarbonate loss ( 20-30 mEq/d

· oxidation of glucose and fats

· anaerobic metabolism (muscle) ( lactic acid

· fat metabolism ( ketoacids

· buffering

· H+ + HCO3- ( H2CO3 ( CO2 + H2O

· CO2 blown off

· Henderson-Hasselbach eqn
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· renal handling of acid involves 3 steps

· reclamation of filtered bicarbonate

· apical membrane of prox tubule cell has Na/H exchange transporter

· H+ combines with HCO3- ( H2CO3 ( CO2 ( absorbed ( converted back to HCO3-
· excretion of net acid (MCD)

· proton pump in apical membrane

· regulated by plasma pH

· stimulated by aldosterone

· site of most H+ secretion

· role of ammoniagenesis

· need NH3 buffer or net acid excretion cannot occur

· NH3 produced from deamination of glutamine in prox tubule

· NH3 titrated to NH4+ in collecting tubules

· NH3 production decreased in renal failure

Acid-Base Disorders

acidemia 
=
below normal blood pH

alkalemia
=
above normal blood pH

alkalosis

=
process that raises the pH
acidosis

=
process that lowers the pH

	acid-base disorder
	pH
	primary disturbance
	compensatory response
	[K+]
	Anion Gap
	Clinical Features

	metabolic acidosis
	(
	( HCO3-
	( PCO2
	(/(
	nl/(
	weakness, air hunger, Kussmaul respiration, dry skin & mucous membranes

	metabolic alkalosis
	(
	( HCO3-
	( PCO2
	(
	nl
	weakness, positive Chvostek & Trousseau signs, hyporeflexia

	respiratory acidosis
	(
	( PCO2
	( HCO3-
	(
	nl
	dyspnea, polypnea, respir outflow obstruction, ( A-P diameter, musical rales, wheezes

	respiratory alkalosis
	(
	( PCO2
	( HCO3-
	(
	nl/(
	anxiety, breathlessness, frequent sighing, lungs CTA, positive Chvostek & Trousseau signs


Kussmaul respiration – slow, deep breaths

Chvostek sign – involuntary twitching of the facial muscles elicited by light tapping of facial nerve just anterior to ext auditory meatus

Trousseau sign – precipitation of carpopedal spasm by ( blood flow to hand w/ a tourniquet or BP cuff inflated to 20 pts above SBP

Acid-Base Disturbances Summary

· Metabolic Acidosis

· high-anion gap: excessive production of acid (ketones, lactate, uremia, ingestions)

· normal anion gap: excessive loss of bicarbonate (diarrhea) or failure to reclaim proximal bicarbonate (prox RTA) or inability of distal tubule to excrete acid (distal RTA)

· Metabolic Alkalosis

· excessive production of bicarbonate (vomiting, hyperaldosteronism)

· excessive loss of chloride (aggressive diuresis)

· Respiratory disorders

· acute respiratory acidosis (e.g., narcotic overdose)

· chronic respiratory acidosis (e.g., COPD)

· acute respiratory alkalosis (e.g., acute anxiety attack)

· chronic respiratory alkalosis (e.g., pregnancy)

Renal and Respiratory Compensations

	Disorder
	Compensatory Response

	metabolic acidosis
	1.2 mmHg ( in PCO2 for every 1 mEq/L ( in HCO3-

	metabolic alkalosis
	0.7 mmHg ( in PCO2 for every 1 mEq/L ( in HCO3-

	respiratory acidosis
	

	    acute
	1 mEq/L ( HCO3- for every 10 mmHg ( PCO2

	    chronic
	3.5 mEq/L ( HCO3- for every 10 mmHg ( PCO2

	respiratory alkalosis
	

	    acute
	2 mEq/L ( HCO3- for every 10 mmHg ( PCO2

	    chronic
	4 mEq/L ( HCO3- for every 10 mmHg ( PCO2


Metabolic Acidosis

anion gap = measured cations – measured anions

serum anion gap = serum { [Na+] – ( [HCO3-] + [Cl-] ) }
normal 7-13 mEq/L

urine anion gap = urine { ( [Na+] + [K+] ) – [Cl-] }

normal 0 mEq/L (but can vary from –10 to 10)


· in addition 2.5 mEq/L ( albumin ( 1 g/dL ( serum anion gap [and ( albumin ( ( serum anion gap]

Renal Tubular Acidosis

· proximal RTA (Type II RTA)

· causes – drugs (acetalozamide); genetic (Fanconi’s); acquired (myeloma); lead nephropathy, Sjogren’s syndrome; amyloid

· mechanism – failure of bicarbonate reclamation in proximal tubule ( chronic bicarbonate loss & acidosis

· new set point below the nl 24 mEq/L (say, 18 mEq/L), so above that, will lose bicarbonate in urine

· so if administer bicarb to try to correct, will get bicarbonaturia, ( urine pH, K+ wasting ( hypokalemia

· rx – give high doses of bicarbonate to stay ahead of losses in urine

· distal RTA (Type I RTA)

· causes – drugs (amphotericin); genetic; acquired (nephrocalcinosis); analgesic nephropathy; sickle cell dz

· mechanism – defect in apical H-ATPase

· leads to ( Na+ reabsorption ( ( negative potential ( ( distal H+ excretion ( ( pH & ( H+ for buffers ( ( bicarb regeneration

· K+ wasting & hypokalemia will occur

· rx – give exogenous bicarbonate

· generalized defect of distal tubule (Type IV RTA)

· causes – drugs (ACE-I); genetic (21-hydroxylase); other mineralocorticoid deficiency; acquired (diabetic nephropathy; interstitial nephritis

· mechanism – loss of mineralocorticoid effect blunts K+ and H+ secretion

· get hyperkalemia ( ( ammoniagenesis ( ( urine pH although little net acid

· rx – vol expansion and K+ wasting diuretics, mineralocorticoid replacement

· buffer deficiency (RTA of renal failure)

· causes – diminished ammoniagenesis

· mechanism – ammonia production ( ( ( ability to secrete acid

· similar to Type IV except K+ can be normal

· small increase in anion gap due to accumulation of phosphate and sulfate

· respiratory compensation for metabolic acidosis

· 1.2 mmHg ( in PCO2 for every 1 mEq/L ( in HCO3-
Metabolic Alkalosis

· descriptions of alkalotic disorders

· GI hydrogen loss – vomiting/suction removes H+ and leaves behind a HCO3-
· renal hydrogen loss

· mineralocorticoid excess stimulates H-ATPase pump

· post hypercapnic alkalosis - ( H+ secretion, ( HCO3- absorption

· diuretics – stimulate aldosterone due to hypovolemia ( hypokalemia ( ( H+ secretion

· cell shifts of hydrogen (into cells)

· hypokalemia – K+ out of cell, H+ into cell

· high dose penicillin/carbenicillin – nonreabsorbable ion ( ( H+ secretion

· administration of bicarbonate – admin of organic ions, admin of bicarb, milk-alkali syndrome (hypercalemia)

· contraction alkalosis – use of diuretics contracts ECF ( ( plasma HCO3-
· factors responsible for maintenance of alkalosis

· volume depletion – ( GFR ( ( filtered HCO3- ( ( aldosterone ( ( H+ secretion ( ( urine pH

· hypokalemia – K+ out of cell, H+ into cell

· treatment of metabolic alkalosis

· saline responsive alkalosis – volume repletion w/ saline ( ( HCO3- reabsorption

· saline unresponsive alkalosis – potassium repletion w/ KCl ( H+ move out of cells ( ( plasma HCO3-
· respiratory compensation for metabolic alkalosis

· 0.7 mmHg ( in PCO2 for every 1 mEq/L ( in HCO3-
Respiratory Acidosis

· defn: ( in alveolar ventilation ( ( PCO2 (hypercapnia), ( pH, ( HCO3-
· causes include:

· drugs, esp narcotics

· pulmonary failure

· CNS dysfunction

· mechanical ventilation – iatrogenic
· renal compensation

· acute: 1 mEq/L ( HCO3- for every 10 mmHg ( PCO2
· chronic: 3.5 mEq/L ( HCO3- for every 10 mmHg ( PCO2
Respiratory Alkalosis

· defn: ( in alveolar ventilation ( ( PCO2 (hypocapnia), ( pH, ( HCO3-
· causes include:

· hypoxemia – pulm dz, CHF, HTN, severe anemia, high altitude residence

· pulmonary disease – independent of O2 content, JC receptors in interstitium of alveolar wall & irritant receptors in epi lining of airways can send signals to stimulate medullary respiratory center

· direct stimulation of medullary respiratory center – psychogenic, hepatic failure, gram neg sepsis, salicylate OD, pregnancy & luteal phase of menstrual cycle, neurologic disorders (stroke, brain tumors)

· mechanical ventilation – iatrogenic

· renal compensation

· acute: 2 mEq/L ( HCO3- for every 10 mmHg ( PCO2
· chronic: 4 mEq/L ( HCO3- for every 10 mmHg ( PCO2
hyponatremia





serum hypoOsm





serum isoOsm


(275-296)





serum hyperOsm





hypovol


(( RAA)





euvol


(( RAA)





hypervol


(( RAA)





mannitol


hyperglycemia





( protein


( lipids





GI loss


renal loss


bleeding





SIADH


hypothyroidism


adrenal insuff





cirrhosis


nephrosis


cardiosis





look at: head, lungs, meds, tumor





rx underlying disorder





rx w/ free H2O restrict





rx by give vol back





( angiotensin II





vascular sm muscle





CNS





PNS





kidney





adrenal cortex





Na+ reabsorption


K+ secretion





Na+ & Water reabsorption





vasopressin (ADH) release





thirst, salt, appetite





vasoconstriction





( aldosterone





sympathetic discharge





TPR





maintain or ( ECFV





osmolar gap < 10





osmolar gap > 10





hyperglycemia


mannitol


contrast





hyponatremia





urine osm < 100 mOsm/kg


(( ADH)





urine osm > 100 mOsm/kg


(nl or ( ADH)





primary polydipsia


malnutrition


beer potomania





hypervolemia





euvolemia





hypovolemia





urine Na+ < 25 mEq/L


FeNa < 1%





urine Na+ < 25 mEq/L





urine Na+ > 25 mEq/L





urine Na+ > 25 mEq/L


FeNa > 1%





heart failure


cirrhosis


nephrotic syndrome





acute renal failure


chronic renal failure





GI losses


renal losses


skin losses





thiazide or other diuretics





SIADH


primary polydipsia


hypothyroidism


cortisol deficiency


reset osmostat





hypernatremia





hypovolemia





euvolemia





hypervolemia





water loss in excess of sodium loss


renal (diuretics, glycosuria, urea diuretics, renal failure)


GI losses


respiratory losses


skin losses





loss of water alone


diabetes insipidus


essential hypernatremia





sodium gain in excess of water gain


iatrogenic


mineralocorticoid excess (primary hyperaldo, Cushing’s)


exogenous steroids





urine Osm > 300 mOsm/kg





urine Osm < 300 mOsm/kg





central DI





nephrogenic DI





extrarenal losses


osmotic diuresis





diabetes insipidus





50% increase in urine Osm





little or no rise in urine Osm





give ADH





metabolic acidosis





high serum anion gap





normal serum anion gap





M – methanol


U – uremia


D – diabetic ketoacidosis


P – paraldehyde


I – intoxication (EtOH, iron, INH)


L – lactic acidosis


E – ethylene glycol


S – salicylates





GI





Renal





bicarbonate loss


diarrhea


pancreatic, duodenal, GI drainage


blood loss (if replaced w/ NaCl ( dilutional acidosis)





Type I RTA





urine anion gap < -10





urine anion gap > 10





Type IV RTA





Type II RTA





hypokalemia


pH > 5.5-6.0





hyperkalemia


pH < 5.3





pH < 5.5





metabolic alkalosis





urine Cl- < 20 mEq/L


saline responsive





urine Cl- > 20 mEq/L


saline unresponsive





diuretics


gastric fluid losses


post hypercapnea


villous adenoma


low chloride intake





urine K+ < 30mEq/d





urine K+ > 30mEq/d





severe hypokalemia





low/nl BP





increased BP





Barrter’s syndrome


diuretic abuse


diuretics used in edema





( plasma renin





nl plasma renin





(/nl plasma renin





malignant HTN


renovascular HTN


JGA tumor





1o aldosteronism





Cushing’s syndrome





acute renal failure





FeNa < 1%


Uosm > 500


urine Na+ < 20


U/P Cr > 40





FeNa > 2%


Uosm < 350


urine Na+ > 40


U/P Cr > 20





foley catheter reveals obstruction


US – hydronephrosis


anuria (<100 ml/d)





postrenal (<5%)





renal (25-35%)





prerenal (60-70%)





BPH


stones (bilateral)


tumor


drugs (indinavir, acyclovir)


ethylene glycol (calcium oxalate crystals)





true vol depletion


GI losses


renal losses


skin/respiratory losses


3rd space sequestration


hypoTN


shock


rx for HTN (ACE-I)


edematous states


CHF


cirrhosis


nephrotic syndrome


selective renal ischemia


hepatorenal syndrome


NSAID


bilateral renal artery stenosis + ACE-I





hypoperfusion


normal sediment





vascular





glomerular





tubulointerstitial





AIN (WBC casts)


ATN (RTC casts)





HUS/TTP


SLE/DIC





proteinuria > 3.5 g/d


hypoalbuminemia


edema


hyperlipidemia


hypercoagulable state


maltese cross





RBC casts


dysmorphic RBCs


proteinuria


mild HTN/edema





nephrotic syndrome





FSGS – (Af-Am) – HIV, IVDU, obesity, obstructive nephropathy


membranous – (non Af-Am) – lung/colon/solid CA, HBV, drugs, SLE


MCD – (kids) – Hodgkins’s, NSAIDs


diabetic nephropathy – 2o


amyloid – 2o








nephritic syndrome


RPGN





p-ANCA, c-ANCA


(no IF staining)





[45% of RPGN, white:black (7:1), mean age 54 yo]





anti-GBM


(linear IF staining)





[10% of RPGN, rare in blacks, mean age 20-30 yo]





immune complex – hypocomplementemia


(granular IF staining)





[45% of RPGN, SLE common in blacks/females (27-32 yo), IgA common in Asians (30 yo)]





no extra-renal dz





systemic necrotizing arteritis





anti-DNA Ab





pulm necrotizing granulomas





asthma & eosinophilia





lung hemorrhage





no lung hemorrhage





ASO


Ab





cryoglobulins & HCV





bx





HBV, HCV





MPGN





IgA nephropathy





cryoglobulinemic GN





PSGN





anti-GBM GN





Goodpasture’s syndrome





Churg-Strauss syndrome





Wegener’s granulomatosis





SLE





microscopic polyarteritis





ANCA associated crescentic GN





chronic renal insufficiency





renal ultrasound





24 hour urine collection





proteinuria < 2-3 g/d


w/ bland sediment





proteinuria < 2-3 g/d


w/ WBCs





proteinuria > 2-3 g/d


( hematuria





see glomerular dz in ARF flow chart





tubular disorders


PCKD (dominant)


myeloma kidney


urinary tract obstruction


vascular disorders


HTN


scleroderma


renal vascular dz


artheroembolic dz





chronic interstitial nephritis


drug-induced


analgesic nephropathy





obstruction


kidney size


small - sclerosis


unequal – renal artery stenosis


large – diabetic nephropathy, amyloidosis, PCKD, HIV, infiltrative








_1069319922.unknown

_1069324583.unknown

_1069350493.unknown

_1069350585.unknown

_1069329974.unknown

_1069320022.unknown

_1069246075.unknown

