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Renal Pathophysiology 

• Overview of Physiology  hour 1 
–  Anatomy 
–  Embryology and developmental defects 
–  Glomerular Physiology 
–  Renal Autoregulation of blood flow 
–  Filtration fraction 
–  Renal tubular function 
–  Where diuretics work in the kidney 



Renal Pathophysiology 

•  Pathophysiology  Hour 2 
–  Acute Renal Failure 

• Prerenal 
•  Intrarenal 
• Post- renal 

 



Renal Pathophysiology 

•  Pathophysiology  Hour 3 
–  Glomerulonephritis 
–  Urinary tract infections 
–  Hemolytic uremic syndrome 
–  Reflux nephropathy 

•  Pathophysiology 
–  Kidney Stones 
–  Chronic Kidney Disease 
–  Progresion of CKD 
–  Dialysis 
–  How to differentiate acute from Chronic kidney 

disease 

 
 



Factoids 

• Converts more than 1700 liters of blood/day 
into ~1 liter of highly specialized concentrated 
fluid---urine 

•  Have excellent blood supply: 0.5% total body 
weight but ~20% of CO 

•  Regulates fluid and electrolyte balance by 
filtration, secretion and reabsorption 

•  Is an endocrine organ – e.g. renin, 
erythropoietin, 1,25-dihydroxyvitamin D 

•  Produces renin (in the juxtaglomerular 
apparatus) - affects water and electrolyte 
homeostasis  
 



Definitions 
•  Renal Blood Flow (RBF) - blood perfusing the kidneys 

each minute (1200 ml/min) 
•  Renal Plasma Flow (RPF) - plasma flow rate to the 

kidneys each minute (670 ml/min) or about 55-60% 
of the renal blood flow in a person with a normal 
hematocrit 

•  Glomerular Filtration Rate (GFR) - amount of plasma 
filtered each minute by the glomeruli.  Normal GFR 
is 125 ml/min for men and 100 ml/min for women 

•  Filtration Fraction (FF) - the ratio of GFR to RPF 
(about .18 - .22) (how much fluid is squeezed out in 
glomerulus). 



Anatomy of Urinary Tract 







Scanning EM of vascular cast of Afferent and Efferent Arteriole 



•  Three major anatomical demarcations in the 
kidney:  
–  Cortex 

•  receives most of the blood flow,  
 and is mostly concerned with  
 filtration of material 

–  Medulla  
• highly metabolically active area,  

 which serves to reabsorb sodium and  
   water, and concentrate the urine 

–  Renal pelvis 
• pelvis collects urine for excretion  



Kidney embryology 

• Pronephr
os 

• Mesonep
hros 

• Metanep
hros 





Fluid and Electrolyte Balance 

• Blood flow to the kidney in a newborn 
is primarily to the medullary nephrons 

• Due to the short loops of Henle in the 
medullary nephrons, an infant 
produces more dilute urine 

•  Infants are in a high anabolic state, so 
their urea excretion is low   
– Urea is required to establish the 

concentration gradient in the medulla 



Fluid and Electrolyte Balance 

•  Infants have a narrow chemical safety 
margin due to high hydrogen ion 
concentration, low osmotic pressure, 
and limited ability to regulate their 
internal environment 

• Diarrhea, infection, fasting, and poor 
feeding can rapidly lead to severe 
acidosis and fluid imbalance 



Micturition 



Structural abnormalities 
•  Occur in 10 to 15% of population 
•  Fusion of kidney 

–  Horseshoe Kidney 
•  1:600 births 
•  Asymptomatic 

•  Congenital anomalies associated with 
urinary tract malformations 
–  Chromosomal disorders, Trisomy 13 & 18 
–  Prune-belly syndrome 
–  Imperforate anus or genital deviation 

•  VATER Syndrome 
–  Anomalies of spinal cord 
–  Wilms tumor 
–  Congenital ascites 
–  Cystic disease of the liver 
–  Family History of renal disease 



Structural abnormalities 

• Hypospadias 
– Urethral meatus is located on the 

ventral side of the penis 

 
• Epispadias 

– Urethral opening is on the dorsal 
surface of the penis 

• Twice as many boys as girls suffer from 
this defect 





Exstrophy of the bladder 

• Extensive congenital anomaly in which 
the lower urinary tract is exposed 
directly to the surface of the body 





Ureteropelivic Junction (UPJ) 
Obstruction 

• Blockage of the 
tapered point 
where the renal 
pelvis transitions into 
the ureter 
– Most common 

cause of 
hydronephrosis in 
neonates 

• Secondary UPJ 
– Kinking or scarring 

from high-grade 
vesicoureteral reflux 



Hypoplastic or Dysplastic 
Kidneys 

•  Hypoplastic kidney 
–  Very small normal kidney 
–  Can be congenital or acquired 

due to renal vein thrombosis, 
which occurs in setting of severe 
dehydration/ diarrheal illnesses. 

•  Renal dysplasia 
–  lack or abnormal differentiation of 

renal tissues 
–  Functional or organic obstruction 

of the collecting system and may 
begin before birth 

•  Bilateral hypoplastic or dysplastic 
kidneys common cause of ESRD 



Renal Agenesis 

• Renal 
agenesis 
– Potter 

Syndrome 
• Oligohydra

mnios 

 



Polycystic kidneys 

• Autosomal dominant 
inherited disorder  
– 1:1000 live births 
– Mutations to 2 genes in 

adults: 
• PKD-1 (chromosome 16) 
• PKD-2 (chromosome 4) 

• Autosomal recessive 
disorder 
– Mutations to the short 

arm of chromosome 6 
(ARPKD gene) 

– Other organs with cysts: 
• Pancreas 
• Liver 



Renal Physiology 

–  Glomerular Physiology 
–  Renal Autoregulation of blood flow 
–  Filtration fraction 
–  Renal tubular function 
–  Where diuretics work in the kidney 



Nephron: Functional unit of the kidney 

•  ~2.5 million in both  kidneys 
•  Each nephron consists of 2 

functional components: 
–  The tubular component 

(contains what will 
eventually become 
urine) 

–  The vascular component 
(blood supply) 

•  The mechanisms by which 
kidneys perform their 
functions depends upon 
the relationship between 
these two components. 



Nephron: Five Parts 
• Glomerulus 

–  the blood kidney interface 
–  plasma is filtered from capillaries into the Bowman’s 

space, surrounded by Bowman’s capsule 
•  Proximal convoluted tubule 

–  reabsorbs most of the filtered load, including 
nutrients and electrolytes, especially BICARB 

•  Loop of Henle 
–  Reabsorbs Water, and Sodium. 

• Distal convoluted tubule 
–  Reabsorbs sodium, and exchanges K+ and H+  

• Collecting Tubules 
–  collects urine for excretion, and reabsorbs more 

water IN THE PRESENCE OF ADH. 



Glomerulus and Bowman’s capsule 
•  Glomerular filtrate drains into 

Bowman’s space, and then 
into proximal convoluted 
tubule. 

•  Endothelium has pores to allow 
small molecules through. 

•  Basement membrane is a 
screen that keeps red blood 
cells in the vasculature 

 
•  Podocytes have negative 

charge. This stops proteins 
getting through into tubular 
fluid. 



Glomerulus  
Regulation of Blood Flow 

•  Juxtaglomerular (JG) 
apparatus includes JG cells, 
Afferent Arteriole, and Macula 
Densa 

•  Macula densa senses GFR by 
amount of [Na+] passing 
through nephron.  If there is 
not enough, it secretes Renin, 
which activates 
Angiotensinogen, which gets 
converted to Angiontensin. 

•  JGA helps regulate renal 
blood flow, GFR and also 
indirectly, modulates Na+ 
balance and systemic BP 



Renin and Blood Pressure 

• Renin Secreted by JGA  
• Renin activates Angiotensinogen, 

which gets converted to Angiotensin I 
• AT-1 gets converted to AT-2 by 

Angiotensin Converting Enzyme (ACE) 
• AT-2 is powerful vasoconstrictor, AND.. 
• AT-2 stimulates Aldosterone release 

from adrenals to cause fluid retention. 



Renin and Blood Pressure 

• Renin secretion can be blocked by ? 

• Angiotensin Converting Enzyme (ACE) 
is blocked by ? 

• AT-2 is blocked by ? 

• Aldosterone is blocked by ? 



Renin and Blood Pressure 

•  Renin secretion can be blocked by ? 
•  B-Blockers, Tekturna 
• Angiotensin Converting Enzyme (ACE) is 

blocked by ? 
• ACE inhibitors like lisinopril 
• AT-2 is blocked by ? 
• Angiotensin Receptor Blockers (ARBs) 
• Aldosterone is blocked by ? 
•  Spironolactone, Inspra, Amiloride 

Use caution when combining these agents! 



The three basic renal processes 

•  Glomerular filtration 
•  Tubular reabsorption 
•  Tubular secretion 

•  GFR is very high: ~180l/
day. Lots of opportunity to 
precisely regulate ECF 
composition and get rid of 
unwanted substances. 

•  N.B. it is the ECF that is 
being regulated, NOT the 
urine. 



Glomerular Filtration 
•  GFR controlled by 

diameters of afferent 
and efferent arterioles 

•  Sympathetic 
vasoconstrictor nerves 

•  ADH and RAAS also 
have an effect on GFR. 

•  Autoregulation 
maintains blood supply 
and so maintains GFR. 
Also prevents high 
pressure surges 
damaging kidneys. 

•  Unique system of 
upstream and 
downstream arterioles. 
•  Remember: high hydrostatic pressure (PGC) at glomerular capillaries 

is due to short, wide afferent arteriole (low R to flow) and the long, 
narrow efferent arteriole (high R). 



Normal Capillary Physiology 

Arteriolar Venous
Hydrostatic P 

Hydrostatic P Oncotic Pressure 

Oncotic P 

Interstitial Fluid

Capillary 

“Starling Forces” 



GFR is determined by Renal Blood 
Flow and Filtration Pressure 

Arteriolar VenousHydrostatic P 
goes down 

Hydrostatic P = 0 Oncotic Pressure= 0 

Oncotic P goes up 

Bowman’s Space

Capillary 

Glomerular Capillary 



In the glomerular capillary, Ultrafiltration continues until 
Oncotic pressure is  
Higher than hydrostatic pressure, and that pressure is 
maintained by squeezing the Efferent arteriole 



Glomerular filtration 



Glomerular Blood Flow 



Glomerular Physiology 
Blood flow determinants 

Filtration 

Systemic 

Efferent Afferent 

Systemic factors  
    predominantly AT-2 and ANS 
    (autonomic nervous system) 
Which result in constant level  
    of vasoconstriction of ALL  
    arterioles. 



Renal Autoregulation 

Autoregulation is the maintenance of a near 
normal intrarenal  hemodynamic 
environment (RBF, RPF, and GFR) despite 
large changes in the systemic blood 
pressure and systemic volume status.  



Glomerular Physiology 
Blood flow determinants 

Filtration 

PG's 
TGF 

Local 

Efferent Afferent 

Local factors affect only 
the afferent arteriole and 
cause a net vasodilation  



Glomerular PathoPhysiology 

• Components: 
•  Blood Flow 
• Angiotensin 
• Autonomic N.S. 
•  Prostaglandins 
•  TubuloGlomerular 

Feedback 
•  Filtration Membrane 

•  Pathology: 
•  Renal Artery Disease 
• ACE/ARB use 
•  Transplant/Diabetic 
• NSAID’S 
•  Theophylline 

• Glomerulonephritis 



Why is autoregulation important? 

•  Regulates pressures within glomerulus 
– Failure to autoregulate: 

•  Acute Renal Failure (“Vasomotor Nephropathy”) 
•  Diabetic Nephropathy 
•  Hypertensive Nephropathy 
•  Progressive renal failure 

– Under normal circumstances maintains 
constant flow to distant segments 



Importance of Reabsorption 

•  Filter 180 liters of fluid a day 
•  Filter 25 moles of Sodium a day 
•  Only 0.5 to 1% lost in the urine each 

day 
•  Disparity of 5% between GFR and 

reabsorption 
–   loss of 1/3 of extracellular fluid 
–   vascular collapse 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 
reabsorption 



Proximal Tubule 
•  Function:  Reabsorption 
•  Features: 
•   Brush border with cilia 
•   Carbonic Anhydrase for reclaiming       

 Bicarb 
•  Passive/linked filtration due to: 

–  Filtration Fraction 
–  Glucose/amino acid reabsorption linked to 

sodium via cotransporter 

•  Pathology:  Renal tubular Acidosis 



Blood Flow to Tubules 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 
reabsorption 

blood 

Tubule membrane 

Ultrafiltrate 
Tubule lumen 

Tubule membrane 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 
TAL 

TAL is location of sodium chloride transporter - Active process 
Responsible for “single effect” of medullary concentration and  
Dilution of urine in tubule. 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 
impermeable to 

H2O solute 
imperm. to 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 



Renal	Tubule	Physiology	
Overview	

Prox.	tubule	 Distal	Tubule	

Loop	of	Henle	

Na+	

Ion Exchange 
 Sodium for  
Potassium/Hydro 

K+	H+	



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 
TAL 

LASIX 

sodium Lasix ups potassium/ 
&Hydrogen wasting 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 

ADH + 

ADH - 

Attaches to V2 receptor 
And opens aquaporin 

Channels - permeable to H2O 

impermeable 



Renal Tubule Physiology 
Overview 

Prox. tubule Distal Tubule 

Loop of Henle 

Collecting duct 

ADH + 

ADH - 

permeable to H2O 

impermeable 

solute exchange 

reabsorption 

impermeable to 
H2O Solute so water 

is reabsorbed 

imperm. to 

TAL 



Location of diuretic action 



Interstitium 

• The tissue in between the tubules 
• Function:   
•   Ammoniagenesis 
•   Countercurrent multiplier 
• Pathology: 
•   RTA,  Loss of concentrating ability, 

AIN 



Countercurrent Multiplier 

• Way to keep the concentrating ability of the 
kidney isolated from the rest of the body 

• Components: 
•   Urine flow with sodium chloride pump 
•   Blood flow from Vasa Recta 
•  Pathology: 
•   Sickle Cell /Trait, bladder obstruction 



Countercurrent Multiplier 



Countercurrent Multiplier 



Countercurrent Multiplier 

WARM 
COLD 



Renal Physiology 
Endocrine Functions 

• Renin – control of  BP 
• Erythropoietin – turns on bone marrow 

to make red blood cells 
• Vitamin D activation – regulates bone 

metabolism, Calcium, Phosphorus and 
Parathyroid Gland. 



“Effective 
Circulating Volume” 

What is Sensed by the kidney?



Volume regulation 
• Active Sensors 

– Carotid body 
– Pressure sensors in brain 
–  Feed back to Renal Autonomic nerves 

• Passive system 
–  Like a system of lakes and spillways 



Renal system  



Renal Structure 

U 

U 300 

1200 

Cortex 

Medulla 

Glomerulus 

Vascular 
bundle 

Tissue 
osmolality 

collecting tubule 



Volume regulation 
• Normal physiology: 

– When you are dry only the juxta-medullary 
glomeruli get blood flow, and they are 
designed to hold onto every drop of 
water. 

– When you are drinking a lot of water/ salt, 
the peripheral glomeruli are perfused and 
you excrete a dilute urine  



Renal Physiology 
Sensing of Volume 

• Effective Arterial Blood Volume (EABV) 
•   Pathology: - The edematous 

Disorders  
•    Congestive Heart Failure 
•    Cirrhosis 
•    Pregnancy 
•    Nephrotic Syndrome 
•    Aldosteronoma 



Pathologic States 
• CHF 
•  Renal Artery 

Stenosis 
•  Low Blood Flow 
• Only the juxta-

medullary Gloms 
are getting 
perfused 



Pathologic States 
• Cirrhosis 
•  Pregnancy 
• Nephrotic 

Syndrome 
• Oncotic 

pressures are 
lower and fluid 
leaks out 

Leaky capillaries 



Pathologic States 
• Aldosteronoma 
•  Tumor which  
•  Produces too 

much  
• Aldosterone, 

causing 
•  Fluid retention 
•  High BP 
•  Low potassium 



Pathologic States 
• Aldosteronoma  
•  Perfusion of  

outer glomeruli 
sets upper limit 
on how much 
fluid can be 
retained. 

•  “Aldosterone 
escape” 



Pathologic States 
•  Removal of 

Aldosteronoma 
causes 

• Diuresis until volume 
is normal again, 
and 

•  Hypertension 
improves 





Renal Pathophysiology 

•  Pathophysiology  Hour 2 
–  Acute Renal Failure 

• Prerenal 
•  Intrarenal 
• Post- renal 

– Diagnosis 
–  Staging with RIFLE Criteria 
–  Lab evaluation 
– Pathophysiology 

 



Acute Renal Failure 

• Definition may depend on whom you ask 
–  Surgeon - - low urine output 
–  Intensivist-- severe acidemia 
– Nephrologist-- rising serum creatinine 

• Frequency - depends on clinical setting 
– 1% of all admissions to hospital 
– 2-5% of all individuals during a hospitalization 
– 4-15% during cardiopulmonary bypass 
– 10-30% of all admissions to ICU 



What’s in a name? 

•  lack of a universally recognized 
definition of ARF 

• 2004 consensus conference 
– proposed the term acute kidney injury 

(AKI) to reflect the entire spectrum of ARF 
recognizing that an acute decline in 
kidney function is often secondary to an 
injury that causes functional or structural 
changes in the kidneys 



Newest Definition: 
Mehta CritCare 2007 

 
• An abrupt (within 48 h) reduction in 

kidney function currently defined as: 
– an absolute increase in serum creatinine 

of either >= 0.3 mg/dl,  
– or a percentage increase of >= 50 % or a 

reduction in UOP (documented oliguria of 
< 0.5 ml/kg per h for > 6) 



The differential for any lab 
abnormality is: 

• Lab error 
• Lab error 
• Lab error 
•  Iatrogenic 
• Polypharmacy 
• Real disease 
•  IN THIS ORDER! 



Acute renal failure (ARF) 

• Differential for Lab abnormality: Causes: 
–  A rise in the BUN level can occur without renal 

injury, such as in GI or mucosal bleeding, steroid 
use, or protein loading 

–  A rise in the creatinine level can result from 
medications (eg, cimetidine, trimethoprim) that 
inhibit the kidney’s tubular secretion, or an 
increase of muscle breakdown such as seen in 
Rhabdomyolysis. 

–  True Anuria is most commonly the result of an 
obstructed foley catheter, or an error in recording 
output. The worst cause of anuria is cortical 
necrosis. 



Acute renal failure (ARF)  

• An abrupt or rapid decline in renal 
function  

• Marked by a rise in BUN (azotemia) or 
serum creatinine concentration 
–  Immediately after a kidney injury, BUN or 

creatinine levels may be normal 
• The only sign of a kidney injury may be 

decreased urine production 
• Use RIFLE Criteria to evaluate Risk. 



Acute Dialysis Quality 
Initiative 

• RIFLE Criteria  Helps risk stratify patients 
with renal failure. 

•  Increased mortality seen with increases 
in creatinine of 0.3 to 0.5 mg/dl  (70 % 
increase for all pts,  300 % increase in 
cardiac surgery pts 



RIFLE criteria 

• Risk low uop for 6 hours, creat up 1.5 to 2 times baseline 
•  Injury  creat up 2 to 3 times baseline, low uop for 12 hours 
• Failure Creat up > 3 times baseline or over 4, anuria 
• Loss of Function Dialysis requiring for > 4 weeks 
• ESRD Dialysis requiring for > 3 months 



Acute Kidney Injury Network (AKIN) 



(RIFLE Criteria for Acute Renal Failure)Bellomo R - Crit Care Clin -APR-2005; 21(2): 223-37 



RIFLE estimate of Mortality 

• Two studies   Uchino   Hoste 
• No renal failure   4.4 %   5.5 
• Risk    15%   8.8 
•  Injury    29%   11.4 
• Failure    53.9%   26% 
• Loss of Function 
• ESRD 

Crit Care Med 2006; 34:1913-7, Hoste CCM 2006; 10:R73 



RIFLE criteria 

• Severity of illness 
– Markers:  SOFA score 
– Apache score 

• When markers of severity of illness are 
looked at excluding renal data, no 
difference in groups is seen. 



Approach to Acute renal 
failure (ARF) 

•  History and Physical examination: 
–  Nephrotoxic drug ingestion  
–  History of trauma or unaccustomed exertion  
–  Blood loss or transfusions 
–  Congestive heart failure 
–  Exposure to toxic substances, such as ethyl 

alcohol or ethylene glycol 
 



Acute renal failure (ARF) 

• History and Physical examination: 
–  Exposure to mercury vapors, lead, cadmium, 

or other heavy metals, which can be 
encountered in welders and miners 

–  Hypotension 
–  Volume contraction 

• Vomiting/Diarrhea/Sweating/Nursing Home 

–  Evidence of connective tissue disorders or 
autoimmune diseases 



Pathophysiology 

• ARF may occur in 3 clinical patterns  

BUN:Cr > 20:1 

BUN:Cr 10-20:1 

BUN:Cr > 20:1 



Pathophysiology 

•  ARF may occur in 3 clinical patterns 
•  Suggested by labwork:  

BUN:Cr > 20:1  Pre-Renal  or  Post-Renal 

BUN:Cr 10-20:1  Intra-Renal 

BUN:Cr < 10:1  Extrinsic Production of Creatinine 



Acute renal failure (ARF) 

•  Patients can have: 
–  Oliguria 

• Daily urine volume of less than 400 mL/d and has a 
worse prognosis, except in prerenal failure 

• Anuria is urine output of less than 100 mL/d and, if 
abrupt in onset, is suggestive of bilateral obstruction or 
catastrophic injury to both kidneys 

–  Rapid or slow rise in creatinine levels 
–  Differences in urine solute concentrations and 

cellular content 



Prerenal ARF 

•  Prerenal ARF represents the most common form of 
kidney injury and often leads to intrinsic ARF if it is 
not promptly corrected  

•  From any form of extreme volume loss  
–  GI, renal (diuretics, polyuria), cutaneous (eg, burns), and 

internal or external hemorrhage can result in this syndrome  

•  Systemic vasodilation or decreased renal perfusion  
•  Anesthetics  
•  Drug overdose  
•  Heart failure 
•  Shock (eg, sepsis, anaphylaxis)  

 



Prerenal ARF 
•  Afferent Arteriolar 

vasoconstriction 
leading to prerenal 
ARF 
–  Hypercalcemic states 
–  Radiocontrast agents 
–  NSAIDs 
–  Amphotericin 
–  Calcineurin inhibitors 
–  Norepinephrine 
–  Other pressor agents 
–  Hepatorenal syndrome  

•  Functional renal failure 
develops from diffuse 
vasoconstriction in 
vessels supplying the 
kidney. 
 



Prerenal ARF 

•  Efferent arteriolar 
vasodilation can induce 
prerenal ARF in volume-
depleted states in the face 
of : 
–  ACE Inhibitors 
–  ARBs  

•  Otherwise safely tolerated and 
beneficial in most patients with 
chronic kidney disease 

•  Both cause afferent and 
efferent dilation, but efferent 
more 



Pathophysiology of ATN: 
Tubular Epithelial Cell Injury and 

Repair 

Loss of polarityNormal Epithelium

Migration , Dedifferentiation of Viable Cells

Differentiation & 
Reestablishment 
of polarity

Sloughing of viable and dead cells 
with luminal obstruction

Ischemia/ 
Reperfusion

ApoptosisNecrosi
s

Cell death

Adhesion molecules
Na+/K+-ATPase

Proliferation



Pathophysiology of  
Acute Tubular Necrosis 

• Mechanisms of decreased renal 
function 
– Vasoconstriction 
–  Tubular obstruction by sloughed debris 
– Backleak of glomerular filtrate across 

denuded tubular basement membrane 
–  Loss of ability to autoregulate blood flow. 

• More sensitive to new injury such as 
hypotension from dialysis. 



Intrinsic ARF 

–  Tubular  
•  Cytotoxic  

–  Crystals  
»  Tumor lysis syndrome 
»  Ethylene glycol poisoning 
»  Megadose vitamin C 
»  Acyclovir 
»  Indinavir  
»  Methotrexate 

–  Drugs  
»  Aminoglycosides 
»  Lithium  
»  Amphotericin B 
»  Pentamidine 
»  Cisplatin 
»  Ifosfamide 
»  Radiocontrast agents  



A few words about markers 
of renal failure 



Relationship Between GFR and 
Serum Creatinine in ARF 
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Serum Creatinine 

• Creatinine is more specific at assessing renal 
function than BUN but it corresponds only 
loosely to GFR [13–15].  

•  For example, a serum creatinine (SCrt)of 1.5 
mg/dL (133 mmol/L), at steady-state, 
corresponds to a GFR of approximately 36 
mL/min in an 80-year-old white woman, but 
approximately  77 mL/min in a 20-year-old 
black man. 

 



Creatinine and the critical ill patient 

• Creatinine is formed from nonenzymatic 
dehydration of creatine in the liver; 98% of the 
creatine pool is in muscle.  

• Critically ill patients may have abnormalities in 
liver function and markedly decreased 
muscle mass.  

• Additional factors that influence creatinine 
levels include conditions of increased 
production (eg, trauma, fever, immobilization) 
or conditions of decreased  production (eg, 
liver disease, decreased muscle mass, aging).  



Creatinine and the  
critically ill patient 

•  In addition, tubular reabsorption (‘‘back-leak’’) may 
occur in conditions that are associated with 
decreased urine flow rate.  

•  Finally, the volume of distribution (VD) for creatinine 
(total body water) influences SCrt and may be 
increased dramatically in critically ill patients; in the 
short term, its concentration in plasma can be 
altered dramatically by rapid plasma volume 
expansion.  The creatinine is diluted by extra volume. 



Modification of Diet in Renal 
Disease (MDRD) Calculation for GFR 

The Cockcroft-Gault formula is calculated from the patient's age,  
body weight, and serum creatinine level.  
The MDRD uses the serum creatinine level and age alone to estimate GFR,  
with adjustments for sex and African American race. (>90 = normal)  

Cockcroft Equation:  GFR = 140 - AGE  X   Pt WT    X   0.85 
        Serum Creat         70           for female   



New markers for ARF 

• Creatinine is not very sensitive 
• Cystatin C may identify ARF 1.5 days 

earlier than creatinine 
–  KI 2004; 60:1115-1122 

• KIM-1 Kidney Integrelin Molecule 
• NGAL another Integrelin, which leaks 

into the urine after tubular cell death. 



Clinical Features of   
Acute Renal Failure 

General Management 
Pre-renal 

Pathophysiology of ATN 
Other Intrinsic Causes of ARF.  



Reason for Nephrology 
Consultation 

ARF

Fluid & Lytes

Other

60% 

15% 

25% 

Ref:  Paller Sem Neph 1998, 18(5), 524. 



Approach to ARF 

• Pre-Renal   
•  Intra-Renal 
• Post- Renal 
• Pseudo-ARF 

–  There are other things which can raise the 
BUN and Creatinine! 



Approach to ARF 

• Pre-Renal   
– Most common 
– Due to NPO, Diuretics, ACE inhibitors, 

NSAIDS 
– Due to renal artery disease, CHF with poor 

EF. 
– Usually BUN / creat ratio over 20. 
– Usually creat < 2.5 



Prerenal Acute Renal Failure  

•  BUN:Creatinine ratio 
–  > 20:1 

•  Urine indices 
–  Oliguria 

• usually < 500 mL/24 hours; but may be non-
oliguric 

–  Elevated urine concentration 
• UOsm > 700 mmol/L 
•  specific gravity > 1.020 

–  Evidence of high renal sodium avidity 
• UNa < 20 mmol/L 
•  FENa < 0.01 

–  Inactive urine sediment 



Intrinsic Renal Failure 

• Prerenal ARF 
•  Intrinsic ARF 

– acute tubular necrosis 
– acute interstitial nephritis 
– acute glomerulonephritis 
– acute vascular syndromes 
–  intratubular obstruction 

• Postrenal ARF 



Approach to ARF 

•  Intra-Renal 
– Most commonly pre-renal tipping over 

into true renal injury. 
– Acute Tubular Necrosis is result (70%) 
–  Tubulo-Interstitial Nephritis (20%) 
– Acute vasculitis/GN rare (5-10 %) 



Acute Tubular Necrosis 

•  Ischemic 
• prolonged prerenal 

azotemia 
• hypotension 
• hypovolemic shock 
• cardiopulmonary 

arrest 
• cardiopulmonary 

bypass  

•  Sepsis 

• Nephrotoxic 
–  drug-induced 

• radiocontrast 
agents  

• aminoglycosides 
• amphotericin B 
• cisplatinum 
• acetaminophen 

–  pigment 
nephropathy 

• hemoglobin 
• myoglobin 



Approach to ARF 

• Post- Renal 
– Most commonly due to obstruction at 

bladder outlet 
• Prostate problems 
• Neurogenic bladder 
• Stone 
• Urethral stricture  (esp after CABG) 



Initial Treatment of ARF 

• Fluid Resuscitation 
• Always place Foley Catheter 
• Stop offending agents 

– NSAIDS, Contrast, ACE/ARB, potassium 

• Watch labs 
• Consider diuretics/Natrecor 



Acute Renal Failure 

• Other terms related to ARF: 
– Azotemia - the accumulation of 

nitrogenous wastes 
– Uremia - symptomatic renal failure 
– Oliguria - urine output < 400-500 mL/24 

hours 
– Anuria - urine output < 100 mL/24 hours 



Acute Renal failure 

Changes during acute renal failure 
 Hyperkalemia (à ECG abnormalities) 
 Decreased bicarbonate 
 Elevated urea 
 Elevated creatinine 
 Elevated uric acid 
 Hypocalcaemia 
 Hyperphosphatemia 

 



In many cases kidney can recover from acute renal failure 
 The function may need to be temporarily replaced by 
 dialysis  
 disturbed fluid or electrolyte homeostasis must be balanced 

 primary causes like necrosis, intoxication, sepsis or 
 obstruction must be treated 



Acute 
Tubular 
Necrosis 

Acute 
Interstitial 
Nephritis 

Acute 
GN 

Acute 
Vascular 

Syndromes 
Intratubular 
Obstruction 

Classification of the Etiologies of 
Acute Renal Failure 

Prerenal 
ARF 

Postrenal 
ARF 

Intrinsic 
ARF 

Acute 
Renal 

Failure 



Acute Tubular Necrosis 



Acute Tubular Necrosis 
Urinary Findings 



Acute Tubular Necrosis 

•  Urine indices 
–  Urine volume 

• may be oliguric or non-oliguric 
–  Isosthenuric urine concentration 

• UOsm ≅ 300 mmol/L 
•  specific gravity ≅ 1.010 

–  Evidence of renal sodium wasting 
• UNa > 40 mmol/L 
•  FENa > 0.02 

–  Urine sediment 
•  tubular epithelial cells 
• granular casts 

•  BUN: Creatinine ratio = 10:1 
•  Evidence of toxin exposure 



Phases of Ischemic ATN 

Prerenal 

Initiation 

Maintenance 

G
FR

 

Time: 2 days to 2 weeks typical 



Prognosis of 
Acute Tubular Necrosis 

• Mortality dependent upon comorbid 
conditions 
– overall mortality ~ 50% 

•  Recovery of renal function seen in ~ 90% of 
patients who survive - although not 
necessarily back to prior baseline renal 
function 



Renal Pathophysiology 
•  Pathophysiology  Hour 3 

–  Interstitial nephritis 
–  Glomerulonephritis 
–  Urinary tract infections 
–  Hemolytic uremic syndrome 
–  Reflux nephropathy 

•  Pathophysiology 
–  Kidney Stones 
–  Chronic Kidney Disease 
–  Progression of CKD 
–  Dialysis 
–  How to differentiate acute from Chronic kidney 

disease 

 
 



Acute Interstitial Nephritis, or 
TubuloInterstitial Nephritis TIN 

• Acute renal failure due to lymphocytic 
infiltration of the interstitium 

• Classic (but uncommon) triad of 
–  fever 
–  rash 
–  Eosinophilia 

• Common presentations:  
–  Nonoliguric ARF with normal BP,  
–  Diuretic Resistance, 
–  Eosinophiluria 
–  Hyperkalemia out of proportion to renal 

dysfunction 



Acute Interstitial Nephritis 

Note eosinophils 



Acute Interstitial Nephritis 

•  Drug-induced 
–  penicillins 
–  cephalosporins 
–  sulfonamides 
–  rifampin 
–  phenytoin 
–  furosemide 
–  NSAIDs 

•  Malignancy 
•  Idiopathic 

•  Infection-related 
–  bacterial 
–  viral 
–  rickettsial 
–  tuberculosis 

•  Systemic diseases 
–  SLE 
–  sarcoidosis 
–  Sjögren’s syndrome 
–  tubulointerstitial 

nephritis and uveitis 



Acute Interstitial Nephritis 

•  Urine findings 
– Proteinuria 

• non-nephrotic  

– hematuria 
– pyuria 
– WBC casts 
– eosinophiluria 



Acute Glomerulonephritis 

• Nephritic presentation 
– proteinuria 

• may be in nephrotic range (> 3 g/day) 

– hematuria 
– RBC casts 

• Diagnosis usually requires renal biopsy 



Acute Glomerulonephritis 



Acute Glomerulonephritis 

•  Etiologies 
–  Idiopathic or Hereditary GN 
– postinfectious glomerulonephritis 
– Membranoproliferative glomerulonephritis 
–  systemic vasculitis 
–  thrombotic microangiopathy  

• hemolytic-uremic syndrome 
• thrombotic thrombocytopenic purpura 

–  rapidly progressive glomerulonephritis  



Glomerular diseases 

•  Nephritic diseases 
–  Hematuria 
–  Oliguria 
–  Azotemia 
–  Hypertension 

•  Nephrotic diseases 
–  Massive proteinuria 
–  Hypoalbuminemia 
–  Edema 
–  Hyperlipidemia/hyperlipiduria 



Glomerulonephritis 

•  Acute poststreptococcal glomerulonephritis (PSGN) 
–  PSGN occurs after a throat or skin infection with 

certain strains of group A β-hemolytic 
streptococci 

–  The patient experiences a sudden onset of 
hematuria, edema, hypertension, and renal 
insufficiency 

–  Antigen-antibody complexes and complement 
are deposited in the glomerulus 

–  The immune complexes initiate inflammation and 
glomerular injury 



Glomerulonephritis 



Pathogenesis 

•  Antibody reaction with antigens in the glomerulus 
•  Entrapment of antigen-antibody complexes in the 

filtration membrane 



Pathogenesis 

Streptococcal infection (group A β hemolytic) 
↓ 

antigen-antibody reaction 
↓ 

formation of antigen-antibody complexes 
↓ 

entrapment in the glomerular basement membrane 
↓ 

Proliferation of the endothelial and mesangial cells of the 
glomerulus 

↓ 
Swelling of the glomerular-capsule membrane 

↓ 
Increased porosity of the membrane to plasma proteins 

and RBC’s 



Manifestations 
–  Oliguria 
–  Azotemia (↑BUN/CR) 
–  Proteinuria (varies) 
–  Hematuria 

• Cola colored urine 
–  Edema 
–  Hypertension 

•  Clinical Course 
–  Symptoms resolution in 10-14 days 
–  Possible residual proteinuria 

•  Diagnostics 
–  Antistreptolysin-O nonspecific,  anti 

DNA-ase B 
–  Decreased serum complement 

 



Nephrotic syndrome 
•  Condition that describes complex 

symptoms: 
–  Proteinuria 
–  Hypoproteinemia 
–  Hyperlipidemia 
–  Edema 
–  Transient hypertension and 

hematuria can occur 

•  Most common causes are  
•  Minimal change nephropathy: 

85% 
•  Focal segmental 

glomerulosclerosis (FSGS): 15% 
     



Pathogenesis for  
Minimal Change Disease 

• Etiology: unknown 
•  Increased glomerular permeability 

– Abnormal circulating T cells that injure the 
epithelial cells of the glomerulus 

–  Fusion of epithelial cell podocyte 



Manifestations 

• Severe edema 
• Hypertension 
• Sequela 

– Pulmonary edema 
– Pleural effusion 
– Ascites 
– Hyperlipidemia 
–  infection 



Focal Segmental 
glomerulosclerosis   

•  15% of children with nephrotic syndrome 
•  Pathogenesis: 

–  Thinning or deletion of epithelial 
podocytes 

–  Fibrosis and  
–  sclerosis 

– Proteinuria 
– HTN 
– Renal failure 



Hemolytic-uremic syndrome 

•  HUS is the most common cause of 
acute renal failure in children 

•  There is an association of HUS with 
bacterial and viral agents 
–  Escherichia coli O157:H7 

•  The bacterial toxin from E. coli 
damages red cells and 
endothelial cells 

•  The endothelial lining of the 
glomerulus becomes swollen and 
occluded with fibrin clots 



Pathogenesis of HUS 

•  Vertoxin from Ecoli is absorbed from the intestines 
and damages RBCs and endothelial cells. 

•  Endothelial lining of the glomerular arterioles 
becomes swollen and occluded with platelets and 
fibrin clots 

•  Decreased GFR with hematuria and proteinuria 
•  Narrowed vessels damage RBCs as they pass 

through, these damaged cells are removed by the 
spleen causing acute hemolytic anemia 

•  Thrombocytopenia 
–  Thrombotic thrombocytopenic purpura 



Manifestations of HUS 

•  Preceded by URI or GI illness by 1-2  weeks 
•  Sudden onset 

–  Pallor 
• Bruising/purpura 
•  Irritability 
• Oliguria 

–  Fever 
–  Vomiting & bloody diarrhea 
–  CNS 

•  Seizures 
•  Lethargy 

–  Renal failure 



Urinary Tract Infections 
•  Common bacterial 

infection in infants 
–  UTIs are most common in 

7-11 year: girls 
–  E coli primary pathogen 

•  Cystitis: infection of the 
bladder 
–  Mucosal inflammation & 

congestion 
•  Acute pylonephritis 

–  Infection in the kidneys 
•  Fever, chills, & flank/

abdominal pain 

•  Diagnosis: history + Urine 
Culture 
–  Treatment? Cranberry juice 





Acute Vascular Syndromes 

•  Renal artery thromboembolism 
•  Renal artery dissection 
•  Renal vein thrombosis 

• Atheroembolic disease 
–  Think about this whenever you consider Contrast 

Induced Nephropathy! 







Normotensive ischemic 
acute renal failure 

[N Engl J Med] 2007 Aug 23; Vol. 357 (8), pp. 797-805  



Normal and Impaired Autoregulation of the Glomerular Filtration Rate during 
 reduction of Mean Arterial Pressure. In normal autoregulation, GFR is maintained 
 until the mean arterial pressure falls below 80 mm Hg. 
With impaired autoregulation, the GFR falls below normal values while 
 the mean arterial pressure remains within the normal range, 
 resulting in normotensive ischemic acute renal failure. 





Intratubular Obstruction 

•  Intratubular crystal deposition 
–  tumor lysis syndrome 

• acute urate nephropathy 

– ethylene glycol toxicity  
• calcium oxylate deposition 

•  Intratubular protein deposition 
– multiple myeloma 

• -Bence-Jones protein deposition 



Postrenal Acute Renal 
Failure 



Postrenal ARF 

•  Mechanical obstruction of the 
urinary collecting system 
–  Renal pelvis, ureters, bladder, or 

urethra 

•  Causes of obstruction  
–  Bladder dysfunction due to meds 
–  Stone disease 
–  Stricture 
–  Intraluminal, extraluminal, or 

intramural tumors 



Postrenal Acute Renal Failure 

• How severe depends on  

–  level of obstruction 
• upper tract (ureters) 
• lower tract (bladder outlet or urethra) 

– degree of obstruction 
• partial 
• complete 



Postrenal Acute Renal Failure 



Postrenal Acute Renal Failure 



Urinary tract obstruction 

Obstructions in the urinary 
tract reduce the urinary flow 
and impair the renal function 
 
A frequent effect of a partial 
or complete obstruction is a 
dilation of the renal pelvis 
(hydronephrosis)  
Obstructions of the urinary 
tract can be painful and need 
immediate treatment due to 
the loss of renal function 
(reduced GFR) 



Obstructions of the urinary tract 
Types and locations 

Congenital pelviureteric 
junction obstruction 

Retroperitoneal fibrosis, 
tumors, hemorrhage 

Functional: 
vesicoureteric reflux 
Neurogenic bladder 

Cancer of  
- Ovary 
- Cervix 
- Uterus 

Bladder cancer 
Prostatic hypertrophy 
or cancer 

Calculi 



Types of obstruction 

Extrinsic 
- Trauma 
- Tumor 
- Inflammation 
- Infection 
- Hemorrhage 
- Fibrosis 

Intramural 
- Transitional cell cancer 
- Fibrosis 
- Inflammation 
- Infection 

Intraluminal 
- Calculus 
- Blood clot 
- Renal papilla 



Etiologies of Postrenal  
Acute Renal Failure 

•  Upper tract 
obstruction 
–  Intrinsic 

• nephrolithiasis 
• papillary necrosis 
• blood clot 
•  transitional cell 

cancer 

–  Extrinsic 
•  retroperitoneal or 

pelvic malignancy 
•  retroperitoneal fibrosis 
• endometriosis 
• abdominal aortic 

aneurysm 

•  Lower tract 
obstruction 

• benign prostatic 
hypertrophy 

• prostate cancer 
•  transitional cell 

cancer 
• urethral stricture 
• bladder stones 
• blood clot 
• neurogenic 

bladder 



Postrenal ARF 
•  Bladder neck obstruction  

–  Tricyclic antidepressants 
–  Facilitates urine storage by 

decreasing bladder contractility 
and increasing outlet resistance.  

•  Imipramine  
•  Desipramine 
•  Trimipramine 
•  Clomipramine 
•  Lofepramine 
•  Amitriptyline 
•  Nortriptyline 
•  Protriptyline 
•  Dothiepin hydrochloride 
•  Doxepin  

–  Ganglion blockers 
•  Trimethaphan 
•  Mecamylamine  

–  ACEIs 
–  Gentamicin 



Micturition 



Micturation 

• The Pontine Micturation Center is 
affected by emotions, which is why some people 
may experience incontinence when they are 
excited or scared.  

•  The ability of the brain to control the PMC is part of 
the social training that children experience during 
growth and development. Usually the brain takes 
over the control of the pons at age 3-4 years, which 
is why most children undergo toilet training at this 
age. 



Renal Calculi 

Renal Calculi develop by precipitation of soluble 
salts in the collecting tubule or connecting tubule 
of the urinary tract 
 
The formation of calculi is related to   
- impairment of the metabolism   

 (overproduction of metabolites) 
   à filtration thresholds are exceeded! 
- Impairment of renal filtration or re-absorption  
- Impairment of renal production of inhibitors to 
stone formation. 



Kidney stone (calculi) 

obstruction 



Renal Calculi 
Types 

Composition % Radio-
opaque 

Appearance Pathogenesis 

Calcium 
oxalate 

60 +++ Small, 
smooth or 
spiky 

Hyperparathyroidism, 
hypercalciuria, hypocitraturia, 
hyperoxaluria, hyperuricosuria 

Calcium 
phosphate 

20 +++ Slightly 
larger more 
friable 

Distal renal tubular acidosis 

Uric acid  <10 - May be large Low urinary pH, Hyperuricosuria 

Struvite <10 ++ Staghorn Infection with urease-producing 
microorganisms 

Cystine <5 + Pale yellow, 
may be large 

Cystinuria 





Urate stone 

Cystine Stone 



Calcium Oxalate stone 
Calcium Oxalate stone  
Formed on a Urate Nidus 



Oxalate Crystals 



Consequences of urinary tract 
obstruction 

•  Reduced glomerular filtration rate 
•  Reduced renal blood flow (after initial rise) 
•  Impaired renal concentrating ability 
•  Impaired distal tubular function 

–  Nephrogenic diabetes insipidus 
–  Renal salt wasting 
–  Renal tubular acidosis 
–  Impaired potassium clearance 

•  Postobstructive diuresis (after treatment) 



Acute urinary tract obstruction 
Functional consequences 

0 6 12 18

Ureteric and tubular pressure

Renal blood flow (RBF)

GFR

Hours 

baseline 

Phase A Phase B 

Due to increase in Renin, BP 



Pathophysiology of Renal Failure 
in Obstructive Uropathy 

•  Early 
–  Increased intratubular pressure 
–  Initial increase followed by decrease in renal 

plasma flow 

•  Late 
–  Normal intratubular pressure 
–  Marked decrease in renal plasma flow 
–  Interstitial Edema 
–  Alteration in Distal Tubular function with 

hyperkalemia and acidosis out of proportion to 
renal dysfunction 



Acute urinary tract obstruction 
Functional consequences 

Intraluminal  
pressure 

RBF GFR 

Phase A # due to 
       obstruction 
h Peristalsis 

# due to 
Vasodilation 
- Prostacyclin 
- Prostraglandin E2 

maintained 
briefly due to 
h Intratubular and 
systemic pressure 
 

Phase B $ due to 
Disorganised 
peristalsis dilation 
of tubules and 
ureter 

$ due to 
Vasoconstriction 
- Angiotensin II 
- Thromboxane A2 

$ due to 
- Continuing 
obstruction 
- vasoconstriction 



Postrenal Acute Renal Failure 

•  BUN: Creatinine ratio > 20:1 
• Marked Hyperkalemia and acidosis 
•  Unremarkable urine sediment 
•  Variable urine chemistries 
•  Post-void residual bladder volume 

–  > 100 mL consistent with voiding dysfunction 

•  Hydronephrosis 



Urinary Tract Infections 
•  Common bacterial 

infection in infants 
–  UTIs are most common in 

7-11 year: girls 
–  E coli primary pathogen 

•  Cystitis: infection of the 
bladder 
–  Mucosal inflammation & 

congestion 
•  Acute pylonephritis 

–  Infection in the kidneys 
•  Fever, chills, & flank/

abdominal pain 

•  Diagnosis: history + Urine 
Culture 
–  Treatment? Cranberry juice 



Vesicoureteral Reflux (VUR) 

•  Retrograde flow of urine from the 
bladder into the ureters 

•  Reflux encourages infected urine 
from the bladder to be swept up into 
the kidneys 

•  Leads to frequent pyelonephritis 
•  Caused by a congenital abnormality 

or ectopic insertion of the ureter into 
the bladder 

•  Diagnosed by a voiding 
cystourethrogram (VCUG) and an 
intravenous pyelogram (IVP) 





Voiding cystourethrogram 
(vcug) 

•  Megaureter and 
vesicoureteral reflux. 
Postvoid image from a 
voiding 
cystourethrogram 
(VCUG) shows 
bilateral vesicoureteral 
reflux and bilateral 
ureterovesical junction 
obstruction caused by 
stenosis of the distal 
ureters (arrows). 



Vesicoureteral Reflux (VUR) 
•  Most common cause for hypertension  

–  In teenage girls 
•  Leads to hypertension, proteinuria 

–  And can lead to progressive renal failure 
in adults 

•  In adults, VUR is suggested by  
–  Presence of duplicated ureter/ collecting 

system 
–  Unilateral kidney stone formation or 

atrophy 
•  Treat by preventing infection/ treating 

bacteriuria, ACEi for high BP. 



Conclusion: Acute renal failure 

• Acute renal failure is an abrupt impairment 
of renal function 

• Acute renal failure has many different 
causes like necrosis, obstruction or 
intoxication 

•  Kidney can recover from acute renal failure 
with suitable treatment (dialysis, medication) 



Chronic Renal Failure 

Pathophysiology 
Staging 

Actions at each stage 
Progression 

Indication for Dialysis 



Chronic renal failure 
• progressive disease that presents by an 

ongoing loss of kidney function and 
performance 

• process normally has a duration of 
several years leading to end-stage 
renal failure 

•  In this stage dialysis or kidney 
transplantation become obligatory 



Chronic renal failure: 
Presentation 

• Asymptomatic serum biochemical 
abnormality 

• Asymptomatic proteinuria/hematuria 
• Hypertension 
• Edema 
• Symptomatic primary disease 
• Symptomatic uremia 
• Complications of chronic renal failure 



Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation Classification and Stratification 
American Journal of Kidney Diseases, February 2002 
 

Who is at risk? 



Chronic renal failure 
…and diabetes mellitus 

Pathology of diabetic nephropathy 
 early events: 

 
 thickening of the glomerular basement membrane 
 expansion of the mesangium 
 thickening of efferent and afferent arterioles 

 
 often superimposed by hypertensive or infective   
 damage 
 à progression of thickening of arteries and  
  arterioles  
 à scarring and fibrosis 

 

one primary presentation of diabetes  

 excretion of glucose with resulting excessive water excretion  
 à early influence on kidney function 



Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation Classification and Stratification 
American Journal of Kidney Diseases, February 2002 
 



Chronic renal failure 
Stages of chronic renal failure 
Stage of 
chronic 
renal failure 

GFR (mL/
Min) 

Symptoms 
of uraemia 

Serum 
biochemical 
derangement 

Comment 

Mild renal 
impairment > 75 None None Not clearly 

progressive 

Mild 60 – 75 None Subtle Early bone disease 

Moderate 30 – 60 Mild Mild Anaemia starts 

Severe 15 – 30 Moderate Moderate Salt and water 
retention evident 

End-Stage < 15 - 10 Severe Severe 
Dialysis or 
transplantation 
necessary 



Chronic renal failure 
Main consequences 

Mechanism Example Consequence 
Decreased 
excretion 

Uremic toxins 
Salt and water 
Phosphate 
Acid 
Potassium 

Uremic syndrome 
Volume overload, hypertension 
Hyperparathyroidism 
Metabolic acidosis 
Hyperkalemia 

Decreased 
biosynthesis 

Erythropoietin 
Activation of vitamin D 
 

Anaemia 
Osteomalacia, 
Hyperparathyroidism 

Altered 
metabolism 

Dyslipidemia 
Sex hormones 

Atherogenesis 
Abnormal reproductive function 



Chronic renal failure 

Factors causing progression 
•  sustaining primary disease 
•  systemic hypertension 
•  Intraglomerular hypertension 
•  Proteinuria 
•  Nephrocalcinosis 
•  Dyslipidemia 
•  Imbalance between renal energy 
demands and supply 

 

Progression of chronic renal failure 



Chronic renal failure 

Impaired renal function causes pathologic changes 
in different secondary organ systems 
Cardiovascular system à hypertension 
Bone à  disturbed vitamin D, parathyroid 

  hormone metabolism à changed Ca2+ 
  metabolism 

Neuromuscular à neuropathies by uremic toxins 
Blood à Anaemia by Erythropoietin deficiency 
Skins  à metastatic calcification 
Endocrine system à disturbed hormone 
production, can mimic adrenal insufficiency, 
impaired insulin clearance leads to hypoglycemia. 
 

Impact on other organ systems: 



Conclusion – chronic renal failure… 
• Progressive chronic disease leading to end-stage renal 
failure 
• Different primary disease can cause chronic renal 
failure (hereditary, Glomerular disease, Autoimmune) 
• Diabetic nephropathy is the most common cause for 
chronic renal failure (over 50%). 
• Symptoms can be very different and depend on primary 
disease and stage of chronic renal failure 
• Stages of renal failure associated with a progressive 
decrease of GFR and indicate what to watch for. 
• The consequences are complex according to the     
multiple functions of the kidney and involve many     
organ systems    



Renal Failure 
Differentiation between acute and chronic renal failure 

Acute Chronic 

History Short         
(days-week) 

Long         
(month-
years) 

Hemoglobin 
concentration Normal Low 

Renal size Normal Reduced 

Renal osteodystrophy Absent Present 

Peripheral neuropathy Absent Present 

Serum Creatinine 
concentration 

Acute reversible 
increase 

Chronic 
irreversible  



Preparation of the Patient 

• Manage CRF • Control BP 
–  Preferential use of 

ACE inhibitors 

• Control glucose 
–  stop oral agents! 

•  Prevent Hyper PTH 
–  Vit D 
–  Calcium acetate 
–  Phosphate binder 

• Diet Education 

May need to Stop ACE!  



Preparation of the Patient 

• Manage Fluids 
• Dialysis education 
• Access Placement 
•  Prevent anemia 
•  Prevent Malnutrition 

• metolazone 
• NKF program 
• AV fistula, PD cath 
•  Epogen, Iron 
•  This can get tricky 



Progression of CRF 
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Transition to End Stage 
Effect of Malnutrition 
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Indications for Dialysis 

• A acidosis 
• E  electrolyte abnormalities  
•  I   intoxication/poisoning 
• O  fluid overload 
• U  uremia symptoms/complications 



PD cycler and catheter 



Hemodialysis using AV fistula 



Implantable Artificial Kidney 

Fissell et al.  Cleveland Clinic Glickman Urology Institute 2017 



Kidney Transplant 
in right pelvic fossa 



How do you differentiate ARF 
from CRF. 

• What physical exam finding tells you 
the pt has Chronic Kidney Disease? 

• What Would you see on renal 
Ultrasound for a pt with CKD? 



Acute vs Chronic Renal Failure 
Lindsey’s Nails  



Atrophic Kidneys on CT 




