RENAL PATHOPHYSIOLOGY

Intro picture
Kidney stones 

Symptoms: pain and blood in urine 

Staghorn calculus: small stone that fill the pelvis and major and minor calyces of kidney 

Lithotripsy: sound waves break up stones into little pieces, but person would be passing millions of little stones (therefore use surgery for staghorn calculus) 

Functions of the Kidney

EPO (erythropoietin): hormone that stimulates RBC production 

Vitamin D: under the influence of PTH kidney will activate vit D, increasing Ca++ absorption in GI tract
Renin: long term sodium control through aldosterone and angiotensin 

Facts about kidney disease

Most common cause of kidney failure is diabetes, followed by HTN 

First treatment for diabetics: Anti-hypertensive drugs (ACE inhibitors, angiotensin receptor blockers (ARBs)) 

Kidney failure contributes to many more deaths than it gets credit for: 


kidney failure ( increase HTN ( increase risk for stroke, atherosclerosis, etc. 

Dialysis: average life expectancy is 1 year

due to fact that most people who go on dialysis (diabetics)  have high comorbidity when they begin dialysis, e.g. diabetics
An otherwise healthy person on dialysis can expect to live a long healthy life
General Terms

Azotemia: nitrogen in blood (BUN and creatinine), not specific for urea or creatinine, deals with both 

Uremia: specific for urea (BUN), host of problems, end up with encephalopathy 

Albuminuria: albumin in urine, typically albumin entered nephron through glomerulus, indicator of glomerular damage 

Diabetics usually have albuminuria before significant loss of GFR 

Proteinuria: protein can be picked up anywhere there was cell damage, from ureter, urethra, glomerulus, tubule etc. (Albuminuria implies proteinuria, but not vice versa)
Lipiduria: lipid in urine; usually doesn’t occur, cholesterol too big to be filtered and individual fatty acids go right back to plasma membrane, but we’ll see how it can happen 

Bacteriuria: bacteria usually present in urine because it is present in urethra, want to take midstream urine sample to flush out urethra.  Bacteria cultured from a “clean catch” can indicate infection in bladder or kidneys.
Glomerular syndromes
Nephrotic syndrome: heavy proteinuria, Pt losing protein (e.g. albumin) from the blood (  lose oncotic pressure that draws fluid back into capillaries ( edema 

Nephritic: less than 3.5 g/day proteinuria 

Pathophysiology of nephrotic syndrome
If we lose negative charge of filtration slit, proteins can come out of blood and into tubules 

Hypoalbuminemia: Albumin going down - liver tries to make more albumin, and when unable to produce enough albumin, liver goes into emergency mode, which is to make more cholesterol (lipoproteins) ( hyperlipoproteinemia, which are dumped through filtration ( lipiduria

Lipid soluble hormones: having binding proteins or bind to albumin, we are losing our transport proteins which causes loss of steroid hormones ( will see endocrine problems  

Losing Immunoglobulins as well (we are losing all proteins from blood): lose ability to fight infection 

loss of clotting factors (not shown on slide) causes coagulopathy, usually increased bleeding time (poor clotting), but can also cause increased clotting due to loss of anti-clotting factors (e.g. plasminogen) 

Common types of glomerulonephropathies

be familiar with terms, and be able to associate with glomerulonephritis/glomerulonephropathy.
Chronic Renal/Kidney Disease/Failure (CRD, CRF, CKD, or CKF)
Usually due to diabetes, or glomerulonephritis 

Loss of ability to concentrate urine (first to go) 


urine most concentrated in the morning (dehydrated) 


if patient’s first morning urine is not concentrated then they are losing this ability, which is an early signal of kidney failure, then BUN and creatinine will begin to elevate in blood 

often precedes albuminuria (what most people use as precursor to renal failure) 

decreasing GFR (as estimated by creatinine clearance) is official definition of CRF

Plasma creatinine (PCR) and glomerular filtration rate (GFR)

Creatinine increases: GFR falls (reciprocal relationship) 

Mechanisms Related to the Progression of Chronic Renal Failure

Once you lose a nephron, it’s gone 

loss of any part of nephron equates with loss of whole thing (good glomerulus but dead tubule; lose entire nephron)

Increased pressure in glomerulus is very dangerous (HTN one of greatest risk factors of CRF) 

as we lose nephrons, the others have to work harder, increase pressure, the remaining ones subject to more damage 

More protein in ultrafiltrate, the more the tubules will take up but ( tubular damage (it is inflammatory) ( more loss of nephrons ( increase HTN ( increase glomerular pressure ( cycle

Extrarenal Manifestations of Renal Failure
HTN is “better than” hypotension 

Retaining too much is better than not having enough, despite leading to greater damage

hypotension can kill you quickly 

Losing immunoglobulins in kidneys (proteinuria) 

also lose hypersensitivities (don’t have as many antibodies) 

Anemia: kidney not making EPO 

As waste products increase in blood ( encephalopathy ( mentally unstable pts 

GI: anorexia get iron taste in mouth, lose appetite 

Nephrosclerosis

Malignant: rapid onset of high BP, glomerulus constricts, increases BP and prevents blood flow to kidney 

Benign Nephrosclerosis
Hyaline: glassy

Malignant Hypertension and Malignant Nephrosclerosis
Onion ring: lots of layers of smooth muscle cells that have gotten stronger, very small lumen

afferent arterioles of kidney have onion ring appearance 

Constriction protects glomerulus, but as lumen gets smaller it reduces blood flow 

Acute Renal Failure (ARF)
Evolves in hospital or with previously ill patients (usually not spontaneous) 

Pre – renal: before blood gets to kidney, not getting enough blood, decrease GFR, more time in tubule, urea will increase faster than creatinine, reabsorbing urea 

Intra-renal: problem in nephron, problem with kidney, unable to reabsorb urea, unable to secrete creatinine, (creatinine goes up faster)  

Post-renal: problem downstream from kidney; unable to get rid of urine, both urea and creatinine equally effected  

Three types can exist simultaneously 

Pre renal usually seen with intrarenal 

If more time in proximal tubule: reabsorb more urea and secrete more creatinine

pre renal problem: decreased filtration (  urea going up faster (we are reabsorbing it) 

Pre-renal ARF
Often result of shock, 2nd to MI, hemorrhage, CHF, etc.

Prostaglandin: vasodilator – prostaglandin inhibition (e.g. NSAIDs) can cause pre-renal ARF
Tubuloglomerular feedback

Decreased blood flow leads to a sympathetic response, resulting in constriction of afferent arteriole (helps rest of body, but injures kidney) 

Intra-renal (parenchymal) ARF

Hypotensive pt: first organ damaged is kidney (thick sections of loops of Henle) 

Tubules dilate, try to regenerate, get tubular obstruction 


( back leak, get vasoconstriction 

ibuprofen: also works by inhibiting prostaglandins which could cause pre-renal failure 

Cells of tubule first stunted and then die off, these dead cells slough off into tubule, resulting in tubular dilation, get tubular obstruction ( back leak through damaged parts of tubule and get vasoconstriction

GFR falls, filtrate goes directly from glomerulus straight out leaking tubule 

Theories of oliguria

Back leak: tubule is obstructed by dead cellular debris – filtrate goes right back into blood 

no/limited urine production, no/limited removal of wastes
Casts in urine: they were present in tubules


Couldn’t have entered past tubules



bleeding from glomerulus could cause blood cast in urine 

kidney stone can NOT cause blood cast in urine, because bleeding will be far past tubule

Acute Tubular Necrosis

Rapid increase in serum creatinine 

Most common causes include hypotension (goes from pre renal failure to intra renal) and nephrotoxins 

Post-renal ARF
If unable to excrete urine, kidney can’t make anymore, pressure backs up nephron ( (glomerulus) GFR falls to 0 

Early phase: increase pressure in glomerulus in order to maintain GFR, make more ultrafiltrate, back pressure continues to increase (at some point will be unable to push any further, vasodilation ceases) 

decrease vasodilation, decrease pressure, GFR falls to 0 (late phase) may result in anuria

Release obstruction: if kidney has not been permanently damaged then kidney will recover 

want kidney stone to be painful so that occlusion can be removed

Major sites of urinary tract obstruction

Dysplasia-Agenesis of ureter: ureter didn’t form properly during fetal development
Fibrous bands: congenital 

We have valves in ureter to prevent urine to go back from bladder to kidney (don’t want urine to go back in order to prevent infection of kidney due to transport of bacteria from the bladder) 

ppl with dysfunctional valves that allow regurgitation will have kidneys that get multiple infections, kidneys end up permanently damaged 

Prostate hypertrophy: benign prostatic hyperplasia – asymptomatic except possibly occludes urethra, urine backs up and can lead to hydronephrosis

Urethral stenosis: congenital  

Renal stones

Kidney concentrating urine: the more concentrated, the greater the chance of creating precipitate 


best prevention to prevent kidney stones: drink lots of water 

At risk for kidney stones: anyone who doesn’t drink enough fluids, e.g. nurses, residents, etc. 

Most common are calcium plus something else, calcium oxalate most common

Can be asymptomatic but most commonly painful with radiating back pain

Hydronephrosis

Urine backing up into kidney: this will destroy medulla and cortex of kidney 

Commonly caused by kidney stones, cancer or prostate enlargement 

fluid compresses the functional part of kidney 

Calyces enlarged 

Possible result when pt has asymptomatic kidney stone 

Pathways of renal infection

Kidney infections can arrive via blood ( bacteremic spread, (miliary pattern) 

other way is through reflux from bladder or ureter ( get wedge-shaped areas of infection (infection comes back up)

Acute pyelonephritis

Most horseshoe kidney patients can go throughout life without kidney problems 

UTIs more likely to occur in women than men, BUT Male with UTI: more likely for it to progress to kidney infection

Autosomal dominant adult polycystic kidney

Autosomal recessive: much more severe, hits children, less common 

Autosomal Dominant: adults, structural protein is defective that causes kidney to fall apart 

Greater risk of aneurysm in Circle of Willis 

Refractory hypertension 

Genetic disorder 

Multiple cyst formation and enlarged kidneys bilaterally ( kidney damage and loss of nephron function 

Renal cell carcinoma

Despite its large blood flow, kidney doesn’t get a lot of metastasis: most cancers don’t prefer this site
