VII. SUMODULE 7:  ACUTE RENAL FAILURE (ARF)

A. Overview:  (S 91-92)

1. ARF is an abrupt decrease in renal function sufficient to result in retention of nitrogenous waste (( BUN, ( Creatinine) in the body  (C4 235, C 238)

a) It is one of the most common entities in clinical medicine, occurring in about 5% of all hospitalized patients (S 91)

b) Many of these patients have baseline renal impairment or the substrate/medical conditions that predispose to ARF

(1) Also, much of  ARF is iatrogenic, caused by physicians not recognizing that certain interventions or medications predispose to ARF (S 92)

2. ARF can result from a decrease of renal blood flow (prerenal azotemia), intrinsic renal parenchymal diseases (renal azotemia), or obstruction of urine flow (postrenal azotemia)

a) Azotemia = the retention of nitrogenous waste products (( urea or nitrogenous waste in the blood)  

b) Based on the kidney’s ability to adapt to nephron loss through hyperfiltration and glomerular hypertrophy, and the insensitivity of serum Cr in reflecting renal function, any elevations of Cr should be viewed as potentially reflecting serious kidney damage (loss of GFR)

(1) Like any laboratory value, there is intrinsic error in the measurement of serum Cr

(a) Thus, trends rather than a single value should be used in assessing the status of the kidney

c) Any intrinsic/baseline renal disease predisposes the kidney to further injury from a variety of insults

d) Many causes of ARF are reversible  (S 91)

3. Preventing ARF is most desirable, since its occurrence in the ICU setting greatly increases mortality

a) ARF does also occur in the out-patient setting, but this is less common and usually due to different processes that those that occur in the hospital

(1) Many  “out-patient ARF” may actually be chronic renal failure that is just being discovered

4. The most common presentation of ARF is decreased urine output, increased BUN and Cr, volume overload, hyperkalemia, or metabolic acidosis

a) Normal or high urine output can occur, reflecting loss of concentrating ability, osmotic diuresis, or a partial obstruction  (ob 2)

(1) Oliguric ARF:  urine output < 400cc/day

(2) Anuric ARF:  urine output < 40cc/day

(3) Non-oliguric ARF:  urine output is normal (1-2 Liters)

b) Bleeding, mental status changes, hypocalcemia or hyperphosphatemia usually occur later

c) Every patient should have a daily directed history and physical exam

(1) Periodic labs should be taken so that any decrement in renal function can be caught early and thus reversed or minimized

(2) Any increase in BUN/ Cr or decrease in urine output should be aggressively pursued (S 92)

B. Diagnostic approach to ARF: (S 93-94, tables 30-1, 30-2 C4 237 or C 239) (ob 1)

1. History:  is there any intrinsic renal disease?

a) Try to document prior renal function (old Cr)

b) Intrinsic medical conditions that predispose to development of ARF:

(1) Atherosclerotic vascular disease, liver disease, hypertension, heart disease, and diabetes mellitus are important

c) Document the trend in Cr rise

d) Record review in ARF patients:

(1) Prior renal function:  patients with prior renal insufficiency are particularly susceptible to ARF, secondary to contrast dyes

(2) Presence of infection:  sepsis may cause ARF even in the absence of hypotension

(3) Nephrotoxic medications:  (ie. Aminoglycosides)

(4) Is there a malignancy

(5) Recent surgery:  patients with cardiac or vascular surgery, obstructive jaundice, or patients who received general anesthesia (ie. Methoxyflurane) are particularly susceptible to ATN (acute tubular necrosis)

(6) Vomiting, diarrhea, NG tube drainage, bleeding, insensible loss:  any loss of extracellular fluid associated with hypotension could cause prerenal azotemia

(7) Blood transfusions:  incompatible blood transfusion is an unusual cause of ATN

(8) Compulsively document weight changes, fluid input and output record (I and O), BP, and pulse trends:

(9) Exposure to IV contrast dye:  contrast studies (oral cholecystography, IV pyelography, angiography) are an appropriate cause of ATN.

(10) Review the laboratory data/trends

e) Physical examination:  evaluate hemodynamic status  (S 93)

(1) General appearance and level of consciousness

(2) Skin exam:  rash, petechiae, or palpable purpura

(3) Document apparatuses:  foley catheter, NG or other tube drainage, central venous or arterial lines, ventilator, chest tubes, intra-aortic balloon pump

(4) Eye exam:  check for hypertensive changes or atheroemboli, diabetic changes

(5) Volume assessment:  vital signs, including orthostatics, skin turgor, mucus membrane, moisture, cardio-pulmonary exam and check for edema

(6) Abdominal exam:  ileus, organomegaly, palpable bruits, full bladder

(7) Vascular exam:  strength of pulses, atheroemboli

(8) Pelvic/rectal exam

(9) Neuroexam;  asterixis

f) Urinalysis:  including careful sedimentation exam

(1) Prerenal:  typically normal with few cells or formed elements

(2) Postrenal:  like prerenal but tendency towards more WBCs and RBCs

(3) Interstitial nephritis:  1-2+ protein, more WBCs than RBCs, WBC casts ( eosinophils

(4) Acute tubular necrosis (ATN):  dense granular (muddy brown) casts, renal tubular epithelial cells

(5) Acute glomerular nephritis (GN): 2-3 + protein, dysmorphic RBCs and RBC casts ( WBC casts, ( oval fat bodies

(6) Vascular disease:  like prerenal but may have a few RBCs

(7) The urinalysis is most helpful in diagnosing ATN, interstitial nephritis, or an acute GN (S 94)

(a) However, it is not always positive in these diseases and does not completely rule out these intrarenal processes

(b) Cellular casts or densely pigmented granular casts are very strong predictors of their respective lesions

g) Urine indices:  (S 94, Table 30.3 C4 238, C 240) (ob 3)

(1) Spot urine indices are most helpful if they support a prerenal basis for ARF since any chronic renal disease, tubulointerstitial process, or diuretics can cause salt wasting (( UNa), or a concentrating defect ((Uosm, ( FeNa, ( UCr/PCr)

(a) Urine Na (UNa):   

(i) Prerenal azotemia: 
UNa< 20 mEq/L

(ii) Acute tubular necrosis:   
UNa > 40 mEq/L

(b) UOSM:  

(i) Prerenal azotemia:  
UOSM > 500 mOSM/L

(ii) Acute tubular necrosis:  
UOSM < 350 mOSM/L

(iii) The ration of UCr/PCr is also a good indication of the fraction of filtered water excreted:

a. Since all creatinine filtered at the glomerulus is excreted, any increment in urine concentration over plasma concentration must be due to removal of water (C4 236, C 240)

(c) Fractional excretion of filtered sodium (FeNa):

(i) FeNa = [(UNa ( PCr)/(PNa ( UCr)] ( 100

a. Prerenal azotemia:  
FeNa < 1

b. Acute tubular necrosis:  
FeNa > 1

h) Rule out obstruction: (S 94)

(1) Every patient should get a renal ultrasound at some point in the ARF workup

(2) A foley catheter may also be warranted especially if there is a high index of suspicion for postrenal failure

(a) A foley catheter or intermittent catheterization is mandatory for anuria, oliguric ARF, and if inaccurate urine output measurement is occurring secondary to incontinence

i) Fluid-diuretic challenge or inotropic support:

(1) IV fluids or IV loop diuretics can be tried as an adjunct and/or treatment

(2) Converting oliguric or anuric ARF to non-oliguric ARF will facilitate easier volume management and may slow the progression to uremia

(a) Volume assessment must preclude this intervention since IV fluids are indicated only for hypo- or euvolemic patients whereas diuretics are indicated for the volume overloaded patient

(b) If a challenge is unsuccessful, recurrent fluid boluses or diuretics only serve to expose the patient to further morbidity (volume overload or drug induced toxicity)

(c) If  adequate volume is present but it is thought that renal perfusion is suboptimal due to cardiac dysfunction, low dose dopamine or dobutamine (B1 agonist)  may reverse the problem (remember dopamine causes vasodilation of renal vessels( ( blood flow)

(i) If oliguric ARF is not converted to a non-oliguric state then there is either urinary obstruction or a more severe renal injury

j) Laboratory data:  recent BUN/Cr, Ca, inorganic P, Mg, CBC, platelet count, PT/PTT, and liver function tests are usually already available

(1) Additional tests are usually only needed if there is concern about an acute glomerular nephritis (GN)

k) Miscellaneous adjuncts:  (S 94)

(1) Chest X ray (CXR) is a useful adjunct to determine volume status

(2) Any documentation of cardiac function is helpful

(3) A nuclear renal scan or angiogram is also helpful in certain situations

(4) A renal biopsy may be indicated, but this is uncommon unless there is evidence suggesting a rapidly progressive glomerulonephritis (RPGN) or vasculitis

2. Hospital ARF:  

a) ARF occurring in the hospitalized patient is usually secondary to ATN (acute tubular necrosis) or prerenal factors. (S 95)

(1) Prerenal azotemia is the most common cause of acute azotemia and ATN is the most common intrinsic renal disease that leads to ARF (C4 235, C 238)

(2) Also, bladder obstruction must also be excluded (especially in older males)

3. Outpatient setting:  (S 95)

a) ARF that occurs out of the hospital is more likely chronic in nature or an acute process that exacerbates baseline renal insufficiency

(1) Clues to a chronic process:  history and abnormal Cr are most important clues

(a) Anemia (must rule out bleeding or hemolysis)

(b) Renal osteodystrophy (diagnose via bone films or serum PTH)

(c) Small kidneys (atrophy)

(d) Parenchymal echogenicity (diagnosed by renal ultrasound)

b) Obstruction is more common in the out-patient setting

c) Also renal biopsies and renal angiography are more commonly indicated in out-patients

4. Common manifestations of ARF: (ob 5) (S 95)

a) Volume overload, hyperkalemia, metabolic acidosis, symptoms of uremia, bleeding diathesis, encephalopathy or seizure, and pericarditis

(1) Any of these complications necessitate urgent hemodialysis

(2) Infection is more prevalent in patients with ARF and is the leading cause of death in this group

5. Prognosis for return of renal function:   (S 96)

a) The prognosis for return of kidney function in ARF is generally good

b) Factors that make return of renal function less likely (ob 7)

(1) Pre-existing renal insufficiency, old age, multiple recurrent renal insults, and continued exposure to nephrotoxins

(2) Also, non-oliguric ARF has a better prognosis than oliguric ARF

c) Nuclear renal scans can be used to assess prognosis of ARF:

(1) Perfusion of the kidneys is a favorable indicator for return of renal function

(a) But, only serial measurements of urine output and clearance can unequivocally determine residual renal function

6. Principles necessary for management of patients with ARF:  (S 95) (ob 8)

a) Every attempt should be made to maintain  euvolemia and a normal Na balance

(1) Fluid restriction should be instituted early taking into account any residual renal losses (urine), GI losses, or insensible losses

(a) A good rule of thumb is 500 ml plus the prior 24 hr urine output

(b) Accurate daily weights should be used to help manage this parameter

b) Nutrition is another, often forgotten, important supportive measure

(1) Most patients with ARF are highly catabolic and thus need nutritional support instituted as early as possible

(2) If the patient cannot eat, parenteral nutrition should be considered:

(a) Generally, .7-1.0g protein/kg of body weight is given with as much of it as possible comprised of essential amino acids

(b) Foods or solutions high in phosphates and magnesium should be avoided

(c) Na should be restricted to 2-4g, K should be restricted to 1 mEq/kg

c) All medications should be reviewed making any necessary adjustments

d) Frequent assessments via weights, calorie counts, physical exam and laboratory values should be used as adjuncts to the above measures 

7. Differentiating ARF from chronic renal failure (CRF): (table 30-4, C4 238, C 241) (ob 4)

a) Previous history:  

(1) Chronic renal failure patients will have a history of elevated BUN or Cr

(2) ARF patients will have a history of normal renal function

b) Kidney size:

(1) In CRF the kidneys are small with the exception of patients with multiple myeloma, diabetes, amyloid, polycystic kidney disease

(2) In ARF the kidneys are of normal size

c) Bone film:

(1) CRF patients may show evidence of renal osteodystrophy

(2) ARF patients have a normal bone film

d) Hemoglobin/hematocrit:

(1) In CRF patients, anemia will often be present

(2) In ARF, anemia may be present

(a) But a normal hemoglobin level in a patient with advanced azotemia is presumptive evidence of ARF

C. Prerenal ARF:  in physiologic terms, it is inadequate perfusion to the kidney (S 97) (ob 1)

1. Causes of prerenal failure:  (ob 5) (S 98)  (given scenarios, be able to recognize that the cause of the ARF is prerenal)

a) Decreased volume:

(1) RENAL LOSSES:  DIURETICS, INTRINSIC DISEASE (concentrating defects, salt wasting), OSMOTIC (DKA, mannitol)

(2) GI LOSSES:  VOMITIING, DIARRHEA

(3) HYPOPROTEINEMIA:  NEPHROTIC SYNDROME, CIRRHOSIS

(4) BLEEDING: 

b) DECREASED CARDIAC OUTPUT:  CHF, ACUTE MI, COR PULMONALE

c) CHANGE IN RENAL VASCULAR (RVR) OR SYSTEMIC VASCULAR RESISTANCE (SVR):

(1) DECREASED SVR:  SEPSIS

(2) INCREASED RVR:  HEPATORENAL SYNDROME, VASOPRESSOR AGENTS

(3) CHANGE IN RENAL AUTOREGULATION:  ACE INHIBITORS

d) BILATERAL RENAL ARTERY THROMBOEMBOLISM:

2. Hormonal changes in prerenal ARF: (H 1504) (ob 2)

a) Low blood pressure or volume activates the baroreceptors which results in the following:

(1) Activation of the sympathetic nervous system (norepinephrine) and renin-angiotensin-aldosterone system and release of ADH

(a) These hormones act in concert to preserve cardiac and cerebral perfusion pressure by stimulating vasoconstriction in nonessential vascular beds, inhibiting salt loss, stimulating thirst and salt appetite, and promoting retention of salt and water

3. Laboratory indices in uncomplicated prerenal ARF: (Table 30-3, C4 238 or C 240) (ob 4)

a) UNa:  < 20 mEq/L

b) FeNa:  < 1

c) UOSM:  > 500 mOsm/kg H2O

d) UCr/PCr:  > 40

e) Also, a serum BUN/Cr ratio > 20:1 is suggestive of prerenal azotemia (S 97) (ob 8)

4. Physical exam findings suggestive of prerenal ARF: (H 1508) (ob 3)

a) Evidence of orthostatic hypotension and tachycardia, reduced jugular venous pressure, decreased skin turgor, dry mucous membranes, and reduced axillary sweating

(1) Keep in mind the difference between true vs. effective (intravascular) volume depletion 

5. Treatment:

a) Treatment of prerenal ARF caused by volume depletion: (H 1511) (ob 6)

(1) The composition of replacement fluids must be tailored according to the composition of the lost fluids

(a) Hypovolemia due to hemorrhage should be corrected with packed RBCs in saline, whereas isotonic saline is usually appropriate replacement for plasma loss (ie, burns, pancreatitis)

(b) Since GI and urinary fluids are usually hypotonic, hypotonic saline solutions are usually recommended for initial fluid replacement

(2) Serum K and acid-base status should be monitored carefully, and K and HCO3 should be supplemented appropriately

b) Treatment of prerenal ARF secondary to inadequate cardiac output: (H 1511) (ob 7)

(1) Cardiac failure may require aggressive management with positive inotropes, preload and afterload reducing agents, antiarrhythmic drugs, and mechanical aids such as intraaortic balloon pumps

6. NSAIDS and ACE inhibitors interfere with adaptive responses by the kidney: (H 1505) (ob 9)

a) NSAIDS:

(1) They inhibit cyclooxygenases and thus inhibit prostaglandin biosynthesis

(2) They do not compromise GFR in healthy individuals but may precipitate prerenal azotemia in patients with volume depletion or in those  with chronic renal insufficiency in whom GFR is maintained, in part, though prostaglandin-mediated hyperfiltration through the remaining functional nephrons.

(3) Examples of NSAIDS:  not part of module

(a) Ibuprofen, indomethacin, naproxen, piroxicam

b) ACE inhibitors:  

(1) They can compromise GFR in subjects with renal hypoperfusion and should be used  with special care in patients with bilateral renal artery stenosis

(a) Glomerular perfusion and filtration may be exquisitely dependent on the actions of angiotensin II under these circumstances

(i) Angiotensin II preserves GFR pressure distal to stenoses by elevating systemic arterial pressure and by triggering selective constriction of the efferent arterioles

(2) Examples of ACE inhibitors:  not part of module

(a) Captopril, enalapril

D. Postrenal ARF:

1. Urinary obstruction:

a) Three potential consequences of urinary obstruction: (R 982) (ob 1)

(1) Obstruction increases susceptibility to infection

(2) Obstruction increases susceptibility to stone formation

(3) Unrelieved obstruction almost always leads to permanent renal atrophy (hydronephrosis)

b) Hydronephrosis: (R 982) (ob 2)

(1) It is the term used to describe dilatation of the renal pelvis and calyces associated with progressive atrophy of the kidney due to obstruction to the outflow of urine

(a) Anatomically,  the kidney may have slight-to-massive enlargement (R 983)

c) The time course of urinary obstruction is variable: (R 984) (ob 3)

(1) Irreversible damage in complete obstruction occurs after the first few weeks

d) Differentiation of partial unilateral vs. bilateral complete obstruction: (ob 4)

(1) Partial unilateral obstruction:  (R 983)

(a) It may remain silent for long periods of time, since the unaffected kidney can maintain adequate renal function

(i) It usually causes no detectable change in urinary flow or total renal function (C 226, C4  221)

(2) Complete bilateral obstruction: (R 984)

(a) It results in oliguria or anuria and is incompatible with long survival, unless the obstruction is relieved

(i) After relief of complete urinary tract obstruction, post-obstructive diuresis occurs

(ii) Post obstructive diuresis:  (ob 5)

a. It is due partially to a solute diuresis from salt and urea retained during obstruction and partially to the renal concentrating defect (C 222)

b. It can often be massive, with the kidney excreting large amounts of urine rich in sodium chloride (R 984)

e) Besides the standard history and physical exam for impaired renal function, a pelvic and rectal exam is mandatory

(1) Also, a sterile straight catheterization of the bladder is recommended:  this can give you information regarding the site of obstruction(ob 6)

(a) If there is diuresis, then you know that the obstruction is below the bladder  (H 1575; fig 280-1 H 1576)

(b) If there is no diuresis, then the obstruction is above the level of the bladder

f) Renal sonography is the test of choice to rule out obstruction: (C4 222, C 226) (ob 7)

(1) Other available imaging techniques:

(a) Intravenous pyelography (IVP):  (intravenous urogram or excretory urogram)

(b) Abdominal films

g) Anuria is relatively uncommon and strongly suggests acute bilateral obstruction:  (ob 8)

(1) Conversely, normal or high urine output does not rule out obstruction

h) Acute renal failure developing in the hospital is not likely to be obstructive unless there is an underlying abdomino-pelvic malignancy (ob 9)

(1) However, it should still be screened for during the work-up

i) Treatment of obstruction: (C4 222, C 226) (ob 10)

(1) Relief of the obstruction is generally through surgical intervention 

(2) Treatment of obstruction complicated by infection:

(a) Urinary tract infection in an obstructed kidney constitutes a urologic emergency and requires prompt relief of the obstruction

(b) The patient should also be given appropriate antibiotics based on both bacterial sensitivity and the drug’s ability to concentrate in the kidney (H 1576)

2. Three major categories of postrenal failure:  (given clinical scenarios, be able to recognize that the cause of ARF is obstruction) (S 100) (ob 11)

a) URETHRAL OBSTRUCTION:

(1) POSTERIOR URETHRAL VALVES:  children (congenital defect)

b) BLADDER NECK OBSTRUCTION:

(1) PROSTATE CANCER OR BPH

(2) BLADDER CANCER

(3) NEUROGENIC (intrinsic or caused by drugs)

c) URETHRAL OBSTRUCTION:  bilateral, or unilateral to a solitary kidney

(1) PELVIC MASS:  (ESPECIALLY CERVICAL CANCER)

(2) STONES

(3) OTHER ABDOMINOPELVIC CANCERS (esp. GI ORIGIN, LYMPHOMA)

E. Intrarenal ARF and urinary tract infection:

1. Four categories (causes)  of intrarenal ARF:  (S 102-103)

a) ACUTE TUBULAR NECROSIS (ATN):  (ob 2) 

(1) ISCHEMIC:  SHOCK (all types)

(2) TOXINS (nephrotoxic):  

(a) IV CONTRAST, NSAIDS, AMINOGLYCOSIDES, RHABDOMYOLOSIS (many causes), HEMOLYSIS

b) TUBULOINTERSTITIAL DISEASES:  given a clinical scenario, be able to recognize common causes of tubulointerstitial ARF  (ob 9)

(1) DRUGS:  SEMISSYNTHETIC PENICILLINS, SULFA, FUROSEMIDE, THIAZIDES, NSAIDS

(2) ACUTE PYELONEPHRITIS

(3) SYSTEMIC INFECTIONS:  STREP, CMV, LEGIONELLA

(4) ACUTE RENAL TRANSPLANT REJECTION

(5) ACUTE URIC ACID NEPHROPATHY (TUMOR LYSIS SYNDROME)

(6) IDIOPATHIC

c) VASCULAR DISEASES:  (ob 14)

(1) MALIGNANT NEPHROSCLEROSIS

(2) AHTEROEMBOLI

(3) HUS/TTP, DIC, PRE-ECLAMPSIA,

(4) SCLERODERMA RENAL CRISIS

(5) VASCULITIS:  PAN (polyarteritis nodosa), WEGENER’S GRANULOMATOSIS (WG)

d) GLOMERULAR DISEASES:  (ob 28)

(1) POST-STREPTOCOCCAL

(2) OTHER POST INFECTIOUS DISEASES:

(a) SBE, SHUNT NEPHRITIS, VISCERAL ABSCESS

(3) SLE

(4) GOODPASTURE’S DISEASE

(5) RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS (RPGN):

(a) IDIOPATHIC, POSTINFECTIOUS, OR SYSTEMIC

(b) Realize that there is a major overlap between the vasculitides and acute GNs

2. Acute tubular necrosis (ATN):

a) ATN is characterized morphologically by the destruction of tubular epithelial cells and clinically by acute suppression of renal function (R 964)

(1) ATN is the most common cause of acute renal failure 

b) Pathogenetic mechanisms of ATN:  once tubular injury has occurred, the progression of ARF may follow any of four hypothetical pathways (R 965; C4 240, C 242) (ob 1)

(1) Tubular damage has been postulated to trigger vasoconstriction of preglomerular arterioles:  results in (GFR

(2) Oliguria due to tubular damage:  

(a) damage to the tubules can itself result in oliguria because tubular debris could block urine outflow and eventually increase intratubular pressure( (GFR

(3) Increased interstitial pressure:  

(a) fluid from damaged tubules could leak into the interstitium, resulting in increased interstitial pressure and collapse of the tubule

(4) Direct effect of toxins on the ultrafiltration coefficient of the glomerular capillary wall

c) ATN is a reversible renal lesion that arises in a variety of clinical settings: (R 965)

(1) Shock induced (ischemic) ATN occurs in situations associated with inadequate blood flow to the peripheral organs

(2) Nephrotoxic ATN is caused by toxins such as certain drugs or radiographic contrast agents

d) Typical lab values in ATN: (Table 30-3, C4 238 or C 240) (ob 3)

(1) UNa:  > 40 mEq/L

(2) UOSM:  < 350 mOsm/kg H2O

(3) FeNa:  > 1

e) Clinical course of ATN:  it occurs in 3 phases (R 966) (ob 4)

(1) Initiating phase:  last for about 36 hours

(a) It is dominated by the inciting medical, surgical, or obstetric event in ischemic ATN

(b) The only indication of renal involvement is a slight decline in urine output with a rise in BUN

(i) At this point, oliguria is explained on the basis of a transient decrease in blood flow to the kidneys

(2) Maintenance stage:

(a) It is characterized by sustained decreases in urine output to between 40-400 ml per day (oliguria), with salt and water overload, rising BUN, hyperkalemia, metabolic acidosis, and other manifestations of uremia

(b) With appropriate attention to the balance of water and blood electrolytes, including dialysis, the patient can be carried over this oliguric crisis

(3) Recovery phase:

(a) There is a steady increase in urine volume that may reach up to 3 liters per day

(i) The tubules are still damaged, so that large amounts of water, sodium, and potassium are lost in the urinary flood

a. Hypokalemia now becomes a clinical problem and there is also increased vulnerability to infection

(ii) Eventually, renal tubular function is restored, with improvement in concentrating ability

a. At the same time, BUN and creatinine levels begin to return to normal

(iii) Subtle tubular functional impairment may persist for months, but most patients who reach the recovery phase will recover completely

f) Prognosis of ATN: (R 966-967) (ob 5)

(1) The prognosis of ATN depends on the clinical course:

(a) Recovery is expected with nephrotoxic ATN as long as the toxin has not caused serious damage to other organs (liver, heart)

(b) In shock related to sepsis or extensive burns, the mortality rate may rise to over 50%

(c) Up to 50% of patients with ATN may not have oliguria, and may in fact have increased urine volume

(i) This so-called nonoliguric ATN occurs particularly often with nephrotoxins and tends to follow a more benign clinical course

(ii) The non-oliguric form of ATN usually causes less severe metabolic and volume abnormalities and thus a less pronounced “recovery phase”

3. Tubulointerstitial nephritis (TIN):

a) This group of renal diseases is characterized by abnormalities that involve predominantly the tubules and interstitium

b) Histological findings in acute vs. chronic TIN: (R 967) (ob 6)

(1) Acute TIN:

(a) It is characterized by interstitial edema, often accompanied by leukocytic infiltration and focal tubular necrosis

(2) Chronic TIN:

(a) Characterized by infiltration with mononuclear cells, prominent interstitial fibrosis, and widespread tubular atrophy

c) Acute Pyelonephritis:  it can cause ARF secondary to interstitial nephritis (inflammation) or papillary necrosis (ob 7)

(1) Pyelonephritis affects the tubules, interstitium, and renal pelvis

(2) Clinical presentation of acute pyelonephritis: (R 967, 970) (ob 8)

(a) It is caused by bacterial infection  

(i) It is the renal lesion associated with UTI

(b) When it is clinically apparent, the onset is usually sudden, with pain at the costovertebral angle and systemic evidence of infection, such as fever and malaise

(i) There are usually indications of bladder and urethral irritation:  dysuria, frequency, and urgency

(ii) The urine contains many leukocytes (pyuria):  this occurs in both upper (kidney) and lower (bladder, urethra)  UTI

a. The finding of leukocyte casts indicates renal involvement, because casts are formed only in the tubules

d) Acute drug-induced (allergic?) interstitial nephritis: (R 972-973) (ob 10)

(1) This is a well recognized adverse reaction to a constantly increasing number of drugs

(2) The disease begins about 15 days after exposure to the drugs and is characterized by fever, eosinophilia, skin rash (25% of pts.), and renal abnormalities (hematuria, mild proteinuria, leukocyturia)

(a) A rising serum creatinine level or ARF with oliguria develops in about 50% of cases

(3) Urinalysis: (C4 217, C 221) (ob 10)

(a) Hematuria, often macroscopic, is common

(b) Sterile pyuria and leukocyte casts are also common

(c) Eosinophilia is highly suggestive of AIN but is not often observed

(4) Treatment options: (C4 217, C 221-222) (ob 11)

(a) Drug-induced AIN is treated by discontinuing the offending drug

(i) Another appropriate drug can be substituted in cases of underlying infection

(b) A short course of high-dose corticosteroids may accelerate recovery, but there may be added risk in patients with underlying infections

4. Vascular diseases:

a) Malignant nephrosclerosis:  (R 977)

(1) It is the form of renal disease associated with the malignant or accelerated phase of hypertension

(2) Typical patient with malignant nephrosclerosis:  (ob 12)

(a) It usually affects younger individuals with a high preponderance in males and in blacks

(b) It mostly occurs in patients with pre-existing hypertension or underlying chronic renal disease (glomerulonephritis, reflux neuropathy)  

(3) Two histologic alterations characterize blood vessels in malignant hypertension: (ob 13) (R 978)

(a) Arteriolar fibrinoid necrosis:

(i) This appears as an eosinophilic granular change in the blood vessel wall, which stains  positively for fibrin

(ii) Also, there is often an inflammatory infiltrate within the wall

(b) Hyperplastic arteriolitis (“onion skinning”):

(i) In the interlobular arteries and arterioles there is intimal thickening caused by a proliferation of elongated, concentrically arranged cells, smooth muscle cells, together with fine concentric layering of collagen

(ii) These lesions result in considerable narrowing of all vascular lumina, with ischemic atrophy and infarction distal to the abnormal vessels

b) Atheroembolic ARF:  (R 981)

(1) Mechanism:  embolization of fragments of atheromatous plaques from the aorta or renal artery into intraparenchymal renal vessels  

(2) Typical patient:  (ob 15)

(a) It occurs in elderly patients with severe atherosclerosis, especially after surgery on the abdominal aorta, aortography, or intra-aortic cannulization

(b) A common physical finding in these patients is mottling or small punctate infarcts usually on the distal part of the toes (plantar surface)

(i) A “blue” toe is also evidence that atheroemboli have occurred

(3) The clinical consequences of atheroemboli vary according to the number of emboli and the pre-existing state of renal function

(a) Frequently, they have no functional significance

(b) However, they may lead to ARF in elderly patients in whom renal function is already compromised

c) HUS/TTP (Adult hemolytic-uremic syndrome/thrombotic thrombocytopenic purpura): both lesions are treated as one disease (C4- 233, C 237)

(1) Renal lesion in HUS/TTP: (ob 16)

(a) The renal lesion varies in severity and is characterized by fibrin thrombi in the glomerular capillary loops

(i) The arterioles may also demonstrate thrombi and fibrinoid necrosis

(2) The primary factor that initiates the events leading to the syndrome is thrombotic microangiopathy (ob 16)

(3) Clinical characteristics:  (ob 17)

(a) The disorders are characterized by a microangiopathic hemolytic anemia with thrombocytopenia

(b) Underlying conditions:

(i) HUS is generally found in children following a nonspecific GI (eg. verocytotoxin producing E. coli) or influenza syndrome

a. An adult form is found most often in young women in association with the use of oral contraceptives or in the postpartum period

b. Some antineoplastics have also been associated with HUS

(ii) TTP is dominated by neurological manifestations

a. The clinical course of renal involvement may be acute or rapidly progressive

b. It is most common in females and most patients are younger than 40 yrs (R 981)

d) Scleroderma renal crisis (systemic sclerosis):  it is a progressive connective tissue disease of unknown etiology  (C4 233, C 237)

(1) The disease is characterized by widespread small vessel obliterative disease and fibrosis of the skin and multiple organs, including the kidney

(2) Two findings may signal the progression to a scleroderma renal crisis: (ob 18)

(a) Proteinuria or mild hypertension

e) PAN (polyarteritis nodosa):  vascular disease that effects several organs (C4 615, C 585)

(1) Typical organ involvement:  (ob 19)

(a) Renal:  kidneys are the most commonly involved organ system

(i) Renal involvement presents as severe hypertension, proteinuria and active sediment from glomerulonephritis, or renal insufficiency

(b) Cardiovascular:  70% of patients eventually have cardiac involvement

(i) Coronary arteritis leads to angina or MIs

(c) GI:  abdominal pain, intestinal bleeding, obstruction, or perforation 

(d) Neurologic:

(e) Cutaneous:  polyarteritis nodosa affects the integument in some form in 25% of patients

(2) Three stages of vessel involvement in PAN:  acute, healing, or healed (R 494) (ob 20)

(a) Acute lesions:  they are characterize by fibrinoid necrosis, which may extend the full thickness of the arterial wall but is localized to only a portion of the circumference of the wall

(i) Numerous leukocytes may be present in and around the vessel wall

(b) Healing lesions:  they are characterized by transmural scarring in addition to the continuing necrotizing process

(i) The leukocyte infiltrate will have large numbers of macrophages and plasma cells

(ii) Thrombosis becomes organized and the fibrosis may extend into the surrounding adventitia

(c) Healed lesions:  they have marked fibrotic thickening of the arterial wall

(d) A biopsy of an affected organ will show these microscopic changes

(3) Angiography of affected organs will show aneurysmal formation, localized rupture, nodules, or other signs of nodules (R 494, C 585 or C4 616) (ob 21)

f) Wegener’s Granulomatosis (WG): (R 496) (ob 22)

(1) This is a necrotizing vasculitis of small to medium sized vessels characterized by a classical clinical triad of upper and lower respiratory involvement and glomerulonephritis

(2) Histology:

(a) The lesions in vessels resemble lesions of PAN, and often contain granulomas

(i) The pathologic lesion is an angitis of small vessels with characteristic tissue necrosis surrounded by mononuclear  inflammatory cells, forming noncaseating granulomas

(3) Typical findings in WG:  (ob 23)

(a) Sinusitis or otitis, nasal ulcers, bronchitis or pneumonia, hemoptysis, joint pain, fever, eye inflammation, or skin rashes

(b) Renal failure is often present and the urinary sediment is “active”

(c) The pathogenic mechanism of WG involves antineutrophil cytoplasmic antibodies (ANCA), the presence of ANCA is strong evidence of this diagnosis (R 963)

5. Glomerular diseases:

a) Acute glomerulonephritis (acute nephritic syndrome): (ob 24) (R 945, C4 207 or C 212)

(1) This syndrome is characterized by the abrupt onset of hematuria with RBC casts or dysmorphic RBCs and proteinuria (not as severe as nephrotic syndrome) temporarily associated with the development of hypertension and impairment of renal function

(a) Manifestations of altered renal function can include oliguria, (BUN, (creatinine, and retention of salt and water (leading to hypertension)

b) Poststreptococcal (proliferative) glomerulonephritis (PSGN): (R 945-946, C4 207 or C212)(ob 25)

(1) It is caused by certain nephritogenic strains of group A (-hemolytic streptococci

(2) It usually occurs 1-4 weeks after a streptococcal infection of the pharynx or skin

(3) PSGN is an immunologically mediated disease:

(a) The latent period is related to the time required for building up antibodies

(4) Serological findings:

(a) Elevated titers to one or more of the streptococcal products are present in a majority of patients

(b) Elevations of antistreptococcal antibody titers

(c) Serum complement levels are low, compatible with involvement of the complement system

(i) This implies that an immune mediated mechanism is responsible for the pathogenesis (R 945) (ob 26)

(5) Urinalysis:

(a) The patients exhibit red cell casts in the urine, proteinuria, and leukocyturia

(6) Prognosis:

(a) More than 95% of children with poststreptococcal GN totally recover with conservative therapy

(b) A small minority of children (< 1%) do not improve, become severely oliguric and develop a rapidly progressive form of GN

(c) Another 1-2% undergo progression to chronic GN with or without recurrence of an active nephritic picture

(d) The prognosis is less benign in adults: (R 946-947) (ob 27)

(i) In only about 60% of sporadic cases do patients recover promptly

a. Some patients develop rapidly progressive GN

b. In the remainder, glomerular lesions fail to resolve quickly, as manifested by proteinuria, hematuria, and hypertension

i. In some of these patients the lesions eventually clear totally, but others develop chronic GN

(ii) Factors that predict a poor outcome: (R 947) (ob 27)

a. Prolonged and persistent heavy proteinuria and abnormal GFR mark patients with an unfavorable prognosis

(7) Histologic/microscopic findings in proliferative GN: (R 946) (ob 29)

(a) There is enlarged, hypercellular, relatively bloodless glomeruli

(i) There is profuse proliferation of endothelial and mesangial cells and leukocyte infiltration, involving all lobules of all glomeruli

(b) Immunofluorescence microscopy shows sparse granular deposits of IgG, IgM, and C3 in the mesangium and along the basement membrane

(c) The characteristic electron microscopic findings are the discrete, amorphous, electron dense deposits (antigen-antibody complexes) on the epithelial side of the membrane, often resembling “humps”

c) Rapidly progressive (crescentic) glomerulonephritis (RPGN):

(1) Three categories of causes of RPGN: (R 947) (ob 30)

(a) Postinfectious (poststreptococcal) RPGN:

(b) GN associated with systemic diseases

(c) Idiopathic RPGN:  (primary or idiopathic RPGN)

(2) RPGN can develop via an immune complex pathway or can be of the “pauci-immune” type (ob 31)

(a) The hallmarks of this disease are the accumulation of cells in Bowman’s space in the form of crescents and a rapid course (weeks to months) to renal failure

(3) Goodpasture’s syndrome: (R 717-718) (ob 32)

(a) Risk factors:  virus infection, exposure to hydrocarbon solvents, various drugs, cancer, and smoking have been implicated as cofactors in the causation of the syndrome

(i) These factors may trigger the production of antibodies

(b) Serum anti-GBM antibody is an excellent marker for this disease (ob 32)

(i) (The antibodies are produced against the glomerular basement membrane, but also cross react with pulmonary alveolar basement membrane) (R 947)

(c) Clinical course:  (717)

(i) most cases begin clinically with respiratory symptoms (hemoptysis) and radiographic evidence of focal pulmonary consolidations

(ii) very soon, manifestations of glomerulonephritis appear, leading to rapidly progressive renal failure

(iii) the most common cause of death is uremia

(d) treatment: (R 718) (ob 33)

(i) intensive plasma exchange  removes circulating anti-basement membrane antibodies

(ii) simultaneous immunosuppressive therapy inhibits further antibody production

(4) prognosis of untreated RPGN: (ob 34) 

(a) without treatment end stage renal disease will develop

6. Urinary tract infections (UTI):  (R 967)

a) UTI involves either the bladder (cystitis) or the kidneys and their collecting systems (pyelonephritis), or both 

b) The most common organisms that cause UTI: (ob 35)

(1) The dominant etiological agents are Gram-negative bacilli that are normal intestinal flora:

(a) E. coli is by far the most common, followed by Proteus, Klebsiella, and Enterobacter

(i) Streptococcus faecalis, staphylococci, and virtually every other bacterial and fungal agent can cause lower urinary tract infection and renal infection

c) Factors that make UTI more common in women: (R 968) (ob 36)

(1) The shorter urethra in females

(2) The absence of antibacterial properties such as are found in prostatic fluids

(3) Hormonal changes affecting adherence of bacteria to the mucosa

(4) Urethral trauma during sexual intercourse

d) Pyelonephritis (PN):  renal disorder affecting tubules, interstitium, and renal pelvis (R 967)

(1) Acute PN:  it is caused by bacterial infection and is the renal lesion associated with UTI

(2) Chronic PN:  bacterial infection plays a dominant role but other factors (vesicourethral reflux, obstruction) are involved in pathogenesis

(3) There are 2 routes by which bacteria can reach the kidneys: (R 967-968) (ob 37)

(a) Through the bloodstream (hematogenous spread):  less common

(b) From the lower urinary tract (ascending infection):

(4) Risk factors for acute PN: (R 970) (ob 38)

(a) Urinary obstruction

(b) Instrumentation of the urinary tract (catheterization)

(c) Vesicoureteric reflux

(d) Pregnancy

(e) Patients sex and age: women ages 1-40 yrs, older men

(f) Preexisting renal lesions

(g) Diabetes mellitus

(h) Immunosuppression and immunodeficiency

VIII. SUBMODULE 8:  PROTEINURIA AND MECHANISMS OF GLOMERULAR INJURY

A. Mechanisms of glomerular injury: (S 107)

1. Structure of the glomerulus:  see fig 3-2C, V 47 (V 45)   (see fig 20-1, R 928) (ob 1)

a) The wall consists of 3 layers:

(1) Endothelium

(2) Basement membrane

(3) Epithelium (podocytes with foot processes):

b) Be able to identify the subendothelial space, glomerular basement membrane, and subepithelial space

2. Classification of histological changes in the glomerulus: (R 939) (ob 2)

a) Diffuse:  involving all glomeruli

b) Global:  involving the entire glomerulus

c) Focal:   involving only a certain proportion of the glomeruli

d) Segmental:  affecting a part of each glomerulus

e) Mesangial:  affecting predominantly the mesangial region

(1) The mesangium is the thin membrane which helps to support the capillary loops in the renal glomerulus


3. Proteinuria and hematuria with RBC cast formation are the hallmarks of glomerular injury

a) Patients with proliferative glomerulonephritis (GN) tend to have both proteinuria and hematuria

(1) RBC casts usually indicate more severe glomerular inflammation (ob 7)

b) Not all patients with glomerular damage exhibit both proteinuria and hematuria

(1) Patients with less glomerular inflammation may have proteinuria alone

(a) Those with more severe glomerular injury tend to have heavy (nephrotic range) proteinuria while those with mild glomerular involvement usually have moderate proteinuria

(i) These correlations are imprecise and neither urinary protein or urinary sediment measurements can determine the etiology

a. Urinary sediment is the deposit of solid matter left after the urine has been allowed to stand for some time

4. In order to determine the cause of glomerular injury and its significance, in most patients it is necessary to obtain kidney tissue by renal biopsy (S 107)

a) Percutaneous needle biopsy, particularly with ultrasound guidance, is a safe procedure and often essential to the proper management of patients with GN

b) Tissue obtained by biopsy is examined by 3 microscopic techniques:  light microscopy (LM), immunofluorescent microscopy (IF), and electron microscopy (EM)

(1) All 3 are usually necessary to establish a diagnosis

(2) They also give crucial information regarding the significance of the lesion and the value of therapy

5. Most cases of GN are mediated by immunologic mechanisms:  GN is a common cause of end stage renal failure

a) Cytotoxic antibodies, cell mediated immunity, neutrophils, macrophages, platelets, the coagulation cascade, glomerular cells, complement, and the chemical products of inflammation all participate in glomerular injury (ob 5)

6. Three major types of immunologically-induced glomerular diseases are recognized:

a) Immune complex (IC) mediated glomerular injury:  it is the most common form of GN in children and adults  (S 107-108)

(1) Immune complexes localize within the glomeruli because of their physiochemical properties and the hemodynamic factors peculiar to the glomerulus (R 941) (ob 4)

(2) Histological findings in IC mediated glomerular injury: (ob 3)

(a) A glomerular disease is considered to be IC mediated if the immunofluorescent studies show glomerular capillary localization of immunoglobulins and complement (C3, C4) in a granular pattern
(b) EM often reveals electron dense deposits of immunoproteins in the glomerular capillary wall of these cases

(i) Immunoproteins initiate the process of glomerular injury via complement activation and leukocyte adherence and activation

(3) The recruitment and activation of inflammatory cells leads to the local release of cytolytic enzymes, free oxygen radicals and procoagulant materials that eventually result in damage and scarring by infiltration of fibroblasts and collagen deposition

(4) Circulating IC nephritis vs. in situ IC deposition: (S 108) (ob 3)

(a) Circulating immune complex nephritis:  glomerular injury is caused by the trapping of circulating antigen-antibody complexes within glomeruli (R 941)

(i) The presence of IC in plasma does not necessarily lead to IC-mediated glomerulonephritis

(ii) The major sites of IC removal are the liver and spleen

a. The IC bind to Fc receptors of phagocytes in the hepatic and splenic capillaries

b. The saturation of these Fc receptors or inadequate numbers of Fc receptors leads to ( IC in the circulation and deposition of IC in the glomeruli

(b) In situ immune complex deposition:  antigen is either deposited in the glomerulus or normally is part of the glomerular capillary wall and antibody combines with the antigen to form IC in situ

(i) Post-streptococcal GN appears to result from in situ formation of glomerular IC when antibodies combine with cationic streptococcal antigens trapped in the GCW

(ii) Some forms of membranous nephropathy may result from in situ IC formation

a. Most forms result from antigens (ie. Tumor antigens) trapped from the circulation that allow in situ IC formation

b) Anti-glomerular basement membrane (GBM) antibody disease: (S 108, R 940)

(1) Antibodies are directed against intrinsic fixed antigens in the GBM

(a) This is an unusual form of glomerular injury

(2) Sometimes anti-GBM antibody disease is associated with antibodies to pulmonary alveolar capillary basement membrane

(a) Such patients have Goodpasture’s syndrome

(3) On immunofluorescence, anti-GBM disease demonstrates a linear pattern of IgG along the GBM

(a) Complement may or may not be seen with the IgG and no deposits are seen in the GBM by EM

c) Cellular immune-mediated glomerular injury: (S 109, R 942)

(1) There is increasing evidence that sensitized T cells, reflecting cell-mediated immune reactions, can cause glomerular injury

(a) This could account for instances of progressive GN in which there are no immune deposits

(b) Macrophages can also play an important role in the promotion of glomerular injury in IC-mediated GN

d) Ablative (hyperperfusion) nephropathy: (S 109, R  944) (ob 6)

(1) Once any renal disease destroys sufficient functioning nephrons to reduce the GFR to about 30-50% of normal, progression to end-stage renal failure proceeds 

(a) Such patients develop proteinuria and glomerulosclerosis initiated by adaptive changes that occur in the unaffected glomeruli of diseased kidneys

(2) This non-immune mechanism of glomerular injury is very important in the progression of renal injury in patients with immune and non-immune mediated forms of renal disease

(a) Initially, these renal diseases result in partial renal insufficiency through their own unique mechanisms  followed by a period of stable renal function

(b) But after this period of stable renal function, they demonstrate a remarkably similar clinical and histological pattern in the progression to end-stage renal failure:

(i) remaining nephrons receive all the renal blood flow and are hyperperfused to maximize GFR

(ii) The hyperperfusion leads to progressive scarring of glomeruli (“focal sclerosis”) over time

(iii) On renal biopsy, glomerular sclerosis and progressive tubulointerstitial damage is apparent

(iv) This mechanism of progressive renal damage is referred to as ablative nephropathy and is unrelated to the initial insult

(3) Experimental studies have shown that by preventing glomerular overperfusion, the process of progressive glomerulosclerosis can be minimized or avoided

(a) Therapies important in preventing hyperperfusion are:

(i) Control of hypertension:  (S 110)

a. Control of hypertension and particularly, normalization of intraglomerular hypertension (ACE inhibitors dilate efferent arteriole) minimizes the development of glomerulosclerosis

(ii) Restriction in protein intake:

a. High protein intake causes renal vasodilation, glomerular hyperperfusion and intraglomerular hypertension

b. High protein intake may lead to more rapid progressive loss of renal function

c. Protein restriction is associated with stabilization of renal function

(iii) Control of phosphorus intake:

a. hyperphosphatemia promotes deposition of CaPO4 in soft tissues 

b. oral CaCO3 or Ca acetate can be administered to inhibit gut absorption of phosphates

B. Proteinuria: (S 111)

1. Increased renal excretion of protein may occur as a transient finding or may represent a significant disorder

a) In the asymptomatic patient, proteinuria may accompany a variety of benign renal or non-renal disorders

(1) Asymptomatic proteinuria is fairly common

(2) Asymptomatic proteinuria in children is generally benign while in adults it is more commonly a marker of some underlying disorder

b) Because of the potential for significant disease, the discovery of proteinuria in a child or adult does require confirmation by repeat testing

(1) If proteinuria is persistent, further investigation is indicated

c) Not all renal diseases present with proteinuria: (S 112)

(1) Renal diseases that may present without proteinuria: (ob 1)

(a) Congenital or developmental disorders (dysplasia, cystic diseases)

(b) Obstructive uropathy

(c) Urinary tract infections

(d) Renal calculi and hypercalciuria

(e) Neoplasms

(f) Renal vascular diseases

(g) Interstitial nephritis  

2. Normal urine protein excretion: (S 112)

a) Small quantities of protein are present in the urine of healthy children and adults

(1) Normal urine protein excretion:

(a) Adults < 150 mg/24hr

(b) Child < 100 mg/m2/24hr or 4 mg/kg/24hr

(2) Normal values for urinary albumin excretion: < 30 mg/1.73 m2/24hr

(a) Measuring urinary albumin is particularly useful in screening individuals with diabetes mellitus for early diabetic nephropathy:

(i) Microalbuminuria (( albumin excretion with normal or near- normal total protein excretion) is usually the first sign of the disorder

b) Sixty percent of the proteins found in urine of healthy individuals are derived from the plasma by glomerular filtration: (S 113)

(1) Albumin comprises 35% of the urine protein in adults, but as much as 65% in children

(2) Actual glomerular filtration of small and medium sized proteins is much greater than suggested by their amounts in the urine:

(a) Up to 99.7% of filtered albumin and even higher percentages of smaller proteins are reabsorbed in the proximal tubules

c) A variety of globulins comprise the remaining urine proteins:

(1) Most of this is Tamm-Horsfall protein, a mucoprotein produced in the distal tubule that appears to be important in inhibiting crystal formation in the lower portion of the nephron

3. Definitions:

a) Proteinuria may be transient or persistent:  (S 113)

(1) Persistent proteinuria is present in 3 consecutive samples over time (ob 2)

(a) Persistent proteinuria is a marker for ongoing or permanent glomerular injury and indicates susceptibility to progression of renal disease (ob 8)

(2) Transient proteinuria is not uncommon after heavy exercise and may take several days to resolve

(a) Transient proteinuria may also accompany a variety of non-renal conditions (febrile illnesses, seizures, congestive heart failure, sympathomimetic drug administration, abdominal operations and emotional or cold stress)

b) Proteinuria may be fixed or related to posture (orthostatic):  (S 113)

(1) Fixed proteinuria:  it is present regardless of the position of the patient

(2) Orthostatic proteinuria:  abnormal protein excretion only when the patient is in the upright or lordotic position

(a) It is glomerular in origin and may be related to elevated renal venous and/or lymphatic pressures with the upright position

(b) proteinuria is increased in the upright position in patients with known renal diseases as well

c) proteinuria may be symptomatic or asymptomatic:  (S 113)

(1) symptomatic cases are associated with other signs of renal disease such as edema, hypertension, hematuria, or decreased renal function

d) proteinuria may be isolated or associated with hematuria:

(1) the presence of hematuria with proteinuria invariably indicates a pathological entity and requires a thorough evaluation

e) proteinuria may be mild or heavy (nephrotic):

(1) nephrotic range proteinuria is defined as > 3g/1.73 m2/24hr or 50mg/kg/24hr

(a) This implies more significant disruption of the normal renal protein handling, usually a severe alteration in glomerular permeability

f) For a standard 24 hr determination of urine protein excretion, use creatinine levels to determine if the specimen is a complete 24 hr sample:

(1) The normal range of urine creatinine excretion is 15 to 25 mg/kg/24hr in males, 10 to 22 mg/kg/24hr in females

(a) Values within these ranges is a useful confirmation that the sample is a complete 24 hr urine collection (ob 3)

g) Assessing urinary protein excretion with random (not 24 hr) urine samples:

(1) The spot urine protein/creatinine ratio (UPr/UCr) correlates very well with total protein excretion:  be able to extrapolate the spot urine protein/creatinine ratio to quantitative 24 hr urine measurement (ob 4)

(a) Total proteinuria (g/24hr) = UPr(mg/dl)/UCr(mg/dl)

(i) < .2 is normal

(ii) > 3.5 is nephrotic

(b) the use of spot urine is a simple more convenient method and has similar reliability compared to timed collections

4. Urine protein tests: (S 114-115)

a) The most convenient and most widely used test for urinary protein is the urine dipstick:

(1) This yields a qualitative assessment of urinary albumin and values below 1+ generally represent normal urine protein excretion

b) Spot and 24 hour urine protein determinations are usually made by sulfosalicylic acid or Comassie blue techniques in clinical laboratories

c) Urine dipstick: (S 114)

(1) A bromophenol dye is employed that reacts only with albumin in the urine

(a) Other urinary proteins that may be significant (myeloma proteins, myoglobin) are not detected by this method and thus false negative readings might occur in these unusual settings

(2) The reaction is sensitive down to 10 mg/dl but only semi-quantitative at best

(3) False positive readings:  they occur with highly concentrated urine, highly alkaline urine (pH > 8), gross hematuria, and treatment with phenazopyridine (ob 5)

d) Sulfosalicylic acid (SSA): (S 115)

(1) The assay involves addition of 3-20% (SSA) to centrifuged urine and an assessment of the resultant urine turbidity

(a) Turbid samples may be qualitatively reported or quantitatively analyzed by comparison to standard samples of known quantities of protein

(2) False positives:  they occur with highly concentrated urine, gross hematuria, and with the use of iodinated radiocontrast materials, tolbutamide, para-aminosalicyclic acid, NSAIDs, sulfonamides, penicillin, and cephalosporin antibiotics (ob 5)

(3) False negative readings can occur with highly alkaline urine

e) Comassie blue:  (S 115)

(1) This is a dye-binding assay that is simple, sensitive, and correlates well with the SSA test

(2) This technique does not detect small proteins with molecular weights < 3000

(3) It does not give false positive reactions with radiocontrast agents or medications

5. Mechanisms of proteinuria:  (S 115)

a) Glomerular:  altered glomerular capillary permeability

(1) Glomerular capillary endothelial or GBM disruption

(2) Glomerular capillary immune complex deposition

(3) Glomerular basement membrane negative charge alterations

b) Tubular:  altered or insufficient tubular function

(1) Tubular damage limiting reabsorption of filtered proteins

(2) Increased filtered load of plasma proteins exceeds tubular capacity for reabsorption

(3) Tubular injury causing increased local secretion of tubular and plasma proteins

6. Etiologies of proteinuria:  (S 115-116)  the causes of proteinuria are divided between those that are variations of normal protein handling and those that represent abnormal or pathological renal tubular or glomerular disorders

a) Benign proteinuria:

(1) Transient (exercise, febrile, etc.)

(2) Orthostatic

b) Pathologic proteinuria:

(1) Tubular:  hereditary or acquired

(2) Glomerular:

(a) Anatomical defects

(b) Hereditary disorders

(c) Glomerulonephritis

(d) Primary or secondary nephrotic syndrome

(e) Toxic (drugs, chemicals)

(f) Persistent asymptomatic proteinuria

c) Orthostatic vs. transient proteinuria:

(1) Transient proteinuria:  (S 116)

(a) It can occur with fever, congestive heart failure, seizures, acute metabolic derangements, or after sympathomimetic drug administration or vigorous exercise

(b) The proteinuria should not be accompanied by hematuria or other signs of renal disease and generally does not exceed 2+ on urine dipstick

(c) Diagnosis can only be confirmed on resolution of the proteinuria after recovery from the precipitating event

(d) It can occur in healthy subjects on an intermittent basis

(2) Orthostatic proteinuria:  (S 117)

(a) The peak onset coincides with the adolescent growth spurt in both sexes 

(i) It is more common in taller individuals and more common in females

(b) Up to 10% of healthy teenagers may demonstrate orthostatic proteinuria and up to ¾ of all teen-age boys may develop orthostatic proteinuria when stressed by excessive time in the lordotic position

(i) Children rarely have orthostatic proteinuria

(c) These individuals may have up to 3+ to 4+ on urine dipstick during the day (S 118)

(i) Urine collected while supine should be trace or less and protein excretion in the upright position should be 2-10 times higher than in the supine position

(ii) Long-term follow-up shows a good prognosis for these individuals (ob 6)

a. There is no increased incidence of hypertension, non-renal disorders or mortality in these patients (S 119)

(d) Annual or biannual evaluation of these individuals should be done to detect other signs of renal disease such as fixed proteinuria, hematuria, or hypertension

(e) Proteinuria present only in the upright position appears only to be an exaggeration of normal renal function

7. Mechanisms of proteinuria:  (S 117-121)

a) Glomerular proteinuria:

(1) The glomerular capillary wall (GCW) displays size-selective and charge-selective properties:

(a) Fluids and small molecules have unhindered filtration but, with increasing size, passage is restricted by the GCW

(i) At molecular weights near the size of albumin (68,000), macromolecules are almost completely restricted (S 117)

(b) Negatively charged molecules (albumin) have greater restrictions on filtration than neutral or positively charged molecules (S 118)

(i) This is caused by negatively charged macromolecules present in the GCW

(2) Molecular shape is also important:  globular molecules have greater restrictions on filtration than linear molecules

(3) Dysfunctions of the normal glomerular barrier to protein filtration may occur due to disruption of the glomerular capillary wall (eg. crescentic glomerulonephritis), immune complex deposition (eg. lupus nephritis), or loss of GBM negative charge

(a) “Selective” proteinuria:  (ob 9)

(i) with mild degrees of glomerular injury, the glomerulus remains selective and allows only small to moderate sized proteins (albumin) to pass

(b) “non-selective” proteinuria: (ob 9)

(i) with more significant injury, larger plasma proteins (IgG) appear in the urine in increasing amounts

(4) glomerular proteinuria is invariably fixed although often more pronounced in the upright position

(a) it may range from 150 mg to 30 grams per day

(b) other signs of glomerular injury such as hematuria, red cell casts, hypertension, and renal insufficiency may help localize the proteinuria as glomerular in origin  (S 120)

(5) hereditary glomerular disorders (hereditary nephritis, Alport’s syndrome) may exhibit proteinuria:  (S 120)

(a) the presence of proteinuria separates those patients likely to develop progressive renal insufficiency from those with benign familial hematuria

(6) for many forms of glomerulonephritis (GN), the presence of proteinuria establishes the need to obtain a specific diagnosis and, when  persistent,  suggests an increased risk for progressive renal damage (S 120)

b) tubular vs. overflow vs. glomerular proteinuria: (S 118) (ob 7)

(1) tubular proteinuria:  it is proteinuria due to tubular dysfunction that limits normal tubular reabsorption of small filtered plasma proteins

(2) “overflow” proteinuria:  it is caused by increased filtered small plasma proteins that exceed the tubular reabsorptive capacity  (eg. Light chains in multiple myeloma and myoglobin in muscle injury)

(3) isolated proteinuria in most asymptomatic individuals is glomerular rather than tubular in origin:

(a) urine protein electrophoresis will separate the 2 forms of proteinuria:

(i) tubular proteinuria consists primarily of small MW proteins

(ii) albumin is the major component of glomerular proteinuria

c) pathological proteinuria:  (S 119)

(1) it results from abnormal renal or systemic processes that cause increased protein excretion in the urine

(2) tubular proteinuria:  it is usually not a diagnostic problem because an underlying disorder is usually apparent (S 119)

(a) rarely, adults may have increased levels of plasma proteins that overwhelm proximal tubular reabsorptive capacity:

(i) in the light-chain proteinuria of multiple myeloma, the kappa or lambda chains are easily filtered through the glomerulus and can overwhelm the proximal tubular resorptive capacity

(ii) this proteinuria is found by the SSA or Comassie blue technique but is negative by urine dipstick

a. the presence of light chains can be definitively identified by urinary protein electrophoresis

(iii) occasionally, this type of tubular proteinuria may be iatrogenic (vigorous albumin or blood product transfusion) or may occur with paraproteinemias

(b) hereditary disorders associated with impaired tubular function and proteinuria include:  cystinosis, galactosemia, fructose intolerance, primary renal tubular acidosis, Lowe’s syndrome, and Wilson’s disease

(c) acquired tubular dysfunction may occur with acute tubular necrosis, renal transplant rejection, pyelonephritis, renal obstruction or cystic disease, sarcoidosis, hypercalcemia or hypokalemia, vitamin D intoxication, heavy metal exposure, or a variety of tubular toxic medications (antibiotics, analgesics, chemotherapeutics, cyclosporine)

(d) tubular proteinuria may be accompanied by other signs of proximal tubular dysfunction such as glucosuria, phosphaturia, aminoaciduria, and bicarbonate and or Na wasting  (S 120)

d) myoglobinuria:  it occurs with muscle damage that results in the release of free myoglobin (S 119)

(1) this is invariably accompanied by an elevation in the plasma creatinine phosphokinase (CPK) 

(2) myoglobin is a small molecule (MW= 17,000) that is easily filtered and injures the renal tubular cells

(3) the urine is usually red or brown with a positive test for blood by dipstick, but with little or no RBCs in the sediment

(4) hemoglobinuria which can occur with massive intravascular hemolysis, can give the same urinary findings but can be differentiated by urine tests specific for the measurement of urine myoglobin

e) nephrotic syndrome:  

(1) these individuals have heavy proteinuria (> 3g/1.73m2/24hr), hyoalbuminemia, edema, and hyperlipidemia

(2) it may be a glomerular disease secondary to systemic disorders (SLE), medications (penicillin, gold, NSAIDS), malignancies or chronic infections

(3) particularly in children, it can often be caused by a primary glomerular disease such as:

(a) minimal change nephrotic syndrome, focal segmental glomerulosclerosis, membranous glomerulopathy or membranoproliferative GN 

(4) primary nephrotic syndrome in the pre-adolescent, in the absence of hypocomplementemia, is often steroid responsive  (S 121)

(a) these children receive a trial of corticosteroid therapy without a renal biopsy

(b) children who have nephrotic syndrome associated with hypocomplementemia, decreased renal function, gross hematuria, or hypertension generally require a renal biopsy for determination of the specific disorder and appropriate treatment

(5) all adults with nephrotic syndrome require a renal biopsy

f) persistent asymptomatic proteinuria:  it may be associated with mild or severe glomerular pathology

(1) these individuals appear healthy and have abnormal but not heavy proteinuria (< 4+)

(2) renal biopsy often shows one of the forms of glomerulonephritis known to cause the nephrotic syndrome such as:

(a) focal segmental glomerulosclerosis, membranous glomerulopathy, minimal change disease, or membranoproliferative glomerulonephritis

(3) since most of these disorders would not be treated if asymptomatic and some may remit over time, a period of 1-2 years is allowed for observation before moving to renal biopsy
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