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Chronic Kidney Disease (CKD)
DefinitionDefinition

Evidence of structural or functional kidneyEvidence of structural or functional kidney 
abnormality (urinalysis, imaging study or 
histology) that persists for 3 months with orhistology) that persists for 3 months with or 
without decreased GFR

Or

Decreased GFR with or without structural 
damage to the kidneydamage to the kidney 



CKD Disease Classification

NKF projects ESRD patient numbers will double by 2010
NKF estimates 20 million people in the US are at risk for developing CKD
M di d l $18 billi St 5
The U.S. has one of the highest dialysis mortality rates of ~25%
Medicare spends nearly $18 billion on Stage 5 per year 



Progression of Kidney DiseaseProgression of Kidney Disease
Initial injury to the kidneyInitial injury to the kidney::j y yj y y

Diabetes Mellitus   Cystic Disease
Hypertension Glomerulonephritis
Nephrolithiasis Obstructive uropathy

Progression in CKD is largely due to secondary• Progression in CKD is largely due to secondary 
factors sometimes unrelated to activity of 
disease.

• Variable progression to ESRD.g



Diseases leading to ESRDDiseases leading to ESRD
18%

16%

5%
All Others

16%

Diabetes

Hypertensin

37%
24% Glomerulonephritis

Cystic DiseaseCystic Disease

US 2004: 472,099 patients were receiving treatment for , p g
ESRD according to the US Renal Data System.

USRDS 2006 Annual Report



Factors Contributing to Progression 
of CKD



Intraglomerular Intraglomerular 
hypertensionhypertension

Glomerular Glomerular 
hypertrophyhypertrophyhypertensionhypertension

Stage 1Stage 1

hypertrophyhypertrophy

Adaptive HyperfiltrationAdaptive Hyperfiltration
T b l i t titi lTubulointerstitial 

Disease

Stage 2Stage 2
Metabolic 
Acidosis

GlomerulosclerosisGlomerulosclerosis
Hyperlipidemia

Secondary Focal Segmental Glomerulosclerosis:  histologic Secondary Focal Segmental Glomerulosclerosis:  histologic 
manifestation of hemodinamically mediated renal injurymanifestation of hemodinamically mediated renal injury



Glomerular hypertension and hypertrophy 
i d l l i jinduce glomerular injury 

1. Direct endothelial cell 
ddamage

2. Detachment of 
glomerular epithelial 

ll f l lcells from glomerular 
capillary wall.

3. Deposit of large 
molecules Ig or

22

molecules Ig or 
complements in 
denuded areas

4 Narrowing of capillary
11

44

4. Narrowing of capillary 
lumen

5. Mesangial cells 
increase cytokine

55
increase cytokine 
production



NORMALNORMAL INJURYINJURY

Epithelial Epithelial 
cell cell --
Podocyte Podocyte Endothelium Endothelium GBMGBM

Endothelial Endothelial dot e adot e a
cell cell 

MesangiumMesangium



Factors Contributing to ProgressionFactors Contributing to Progression 
of CKD

Lesson learned from MDRDLesson learned from MDRD::

Glomerular hypertension
Greater ProteinuriaGreater Proteinuria

Higher Blood Pressure
Black Race

Lower serum HDL
Lower levels of serum transferrin



Proteinuria and CKD ProgressionProteinuria and CKD Progression

• Mesangial toxicityMesangial toxicity
• Tubular Overload and hyperplasia

T i it f filt d• Toxicity from filters compounds
• Induction of pro inflammatory cytokines
• Podocyte apoptosis may worsen 

proteinuria.p



Progression of renal disease increases with 
i i i t i tiincreasing urine protein excretion

AIPRD Study Group Annals of Internal Medicine 2003; 139:  244-252



Risk for progression of kidney disease 
i ith i i t li BPincreases with increasing systolic BP

AIPRD Study Group Annals of Internal Medicine 2003; 139:  244-252



Hypertensive patients with SBP 
between 120 to 130 loose 2 

ml/min/yr of their GFR.

Progress to ESRD in 20 yrs.

Hypertensive patients with SBPHypertensive patients with SBP 
>150 loose 8 ml/min/yr of GFR.

Progress to ESRD in 5 yrs.



Patients with HBP and proteinuria have 
hi h i k f l di ihigher risk of renal disease progression

AIPRD Study Group Annals of Internal Medicine 2003; 139:  244-252



Other factors contributing to 
progression of CKDprogression of CKD

Angiotensin II: Generate fibrosis through stimulus of TGFβ and 
epidermal growth factorepidermal growth factor.

Phosphate Mesangial cell proliferation after LDL receptors p
retention: in mesangial cells activated.  Increases 

Macrophage chemo-attractant factors, ROS.

Aldosterone: Mineralocorticoid stimulus leads to vascular 
remodeling and renal fibrosis.

Metabolic 
Acidosis:

Remaining nephrons excrete more acid.  
Increased ammonia generation activates Acidosis: g
complements leading to tubulointerstitial 
damage.



Management of Chronic Kidney DiseaseManagement of Chronic Kidney Disease

I Treatment of reversible causes of renalI. Treatment of reversible causes of renal 
dysfunction

II. Preventing or slowing progression of 
disease

III. Treatment of complications of renal 
dysfunction

IV. Identification and adequate preparation 
of the patient in whom renal replacementof the patient in whom renal replacement 
therapy (RRT) will be required
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Reversible causes of renal 
d f idysfunction

•• Renal hypoperfusionRenal hypoperfusion •• Nephrotoxic drugsNephrotoxic drugsRenal hypoperfusionRenal hypoperfusion
– Hypovolemia
– Hypotension

Nephrotoxic drugsNephrotoxic drugs
– Aminoglycosides
– NSAID’syp

– Drugs lowering GFR
• NSAID’s 

– Contrast material

••Urinary TractUrinary Tract• ACE ••Urinary Tract Urinary Tract 
obstructionobstruction

• Cimetidine, and trimethoprim interfere with creatinine 
secretion.  
C f iti d fl t i i t f ith d t• Cefoxitin and flucytosine interfere with  assay used to 
measure serum creatinine.
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Slowing the rate of progressionSlowing the rate of progression
• Blood Pressure control slows progression of kidney 

di ti l l i ti t ith i ifi tdisease particularly in patients with significant 
proteinuria.

• Evidence in diabetic nephropathy and non-diabetic 
nephropathy that administration of ACE-I or ARB slows 
the progression of CKD with the greatest benefit in 
patients with higher degrees of proteinuriapatients with higher degrees of proteinuria

• The benefit is to be greatest if begun before a great deal 
f i h bof scarring has begun.

• Combination therapy with an ACE-I and ARB gives py g
additive antiproteinuric effect.
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Blood Pressure control slows progression 
of kidney diseaseof kidney disease

Hypertensive patients with SBP 
between 120 to 130 loose 2 

ml/min/yr of their GFR.

Progress to ESRD in 20 yrs.

Hypertensive patients with SBPHypertensive patients with SBP 
>150 loose 8 ml/min/yr of GFR.

Progress to ESRD in 5 yrs.



MDRD:  Aggressive BP control preserves 
l f ti i t i i ti trenal function in proteinuric patients

MDRD: Klahr, S, Levey, AS, Beck, GJ, et al, N Engl J Med 1994; 330:877



MDRD:  Tight BP control in patients with GFR 25-55 ml/min and 
non diabetic proteinuria (> 3g) led to decrease in GFR declinep ( g)

MDRD: Peterson, J. C. et. al. Ann Intern Med 1995;123:754-762

Group A:  Patients with GFR 25-55 ml/min



MDRD:  Tight BP control in patients with GFR 13-24 ml/min and 
non diabetic proteinuria (> 1g) led to less decline in GFR p ( g)

Peterson, J. C. et. al. Ann Intern Med 1995;123:754-762



Slowing the rate of progressionSlowing the rate of progression
• Blood Pressure control slows progression of kidney 

di ti l l i ti t ith i ifi tdisease particularly in patients with significant 
proteinuria.

• Evidence in diabetic nephropathy and non-diabetic 
nephropathy that administration of ACE-I or ARB slows 
the progression of CKD with the greatest benefit in 
patients with higher degrees of proteinuriapatients with higher degrees of proteinuria

• The benefit is to be greatest if begun before a great deal 
f i h bof scarring has begun.

• Combination therapy with an ACE-I and ARB gives py g
additive antiproteinuric effect.



ACE-I reduces likelihood of doubling 
C %PCreat by 50% in proteinuric DM-I patients

Lewis, EJ, Hunsicker, LG, Bain, RP, Rohde, RD, N Engl J Med 1993; 329:1456



Benazepril trial:  ACE-I reduce risk for 
di i b 53%disease progression by 53%

Hou, FF, Xhang, Xun, Zhang, GG, et al. Efficacy and Safety of Benazepril for 
Advanced Chronic Renal Insufficiency. N Engl J Med 2006; 354:131



REIN:  GFR stabilized in continued ramipril use 
REIN: Greater kidney survival in long term ACE useREIN: Greater kidney survival in long term ACE use  



Slowing the rate of progressionSlowing the rate of progression
• Blood Pressure control slows progression of kidney 

di ti l l i ti t ith i ifi tdisease particularly in patients with significant 
proteinuria.
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the progression of CKD with the greatest benefit in 
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• The benefit is to be greatest if begun before a great deal 
f i h bof scarring has begun.

• Combination therapy with an ACE-I and ARB gives py g
additive antiproteinuric effect.



COOPERATE:  Combined ACE and ARB 
decreases risk of kidney disease y

progression

COOPERATE Lancet 2003; 361: 117-124



COOPERATE:  There is an added benefit 
to dual blockade in decreasing proteinuriato dual blockade in decreasing proteinuria

COOPERATE Lancet 2003; 361: 117-124



Slowing Progression in 
Diabetic Nephropathy







Tight glycemic control with aggressive 
insulin therapy and effect on Diabeticinsulin therapy and effect on Diabetic 

Nephropathy:  Kumamoto Study
• Normoglycemia wasNormoglycemia was 

obtained in the 
patients receiving 
intensive insulin 
therapy by the third 

thmonth.  
• This tight control was 

sustained throughoutsustained throughout 
the remainder of the 
study periodstudy period.

Y. Ohkubo et al. /Diabetes Research and Clinical Practice 28 (1995) 103-117



Tight glycemic control with aggressive insulin 
therapy and prevention of nephropathy:  

Kumamoto Study
A.A. In patients without 

ti th d / UAE 30 AAretinopathy and / or UAE <30 
mg/24hrs the percentage of 
patients who developed 
nephropathy after 6 years was 
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Intensive glycemic control by 
multiple insulin injections reduced 

the average risk of worseningthe average risk of worsening 
nephropathy by 70% during the 

i d i dentire study period



Other strategies to slow progression: 
Protein Restriction

• MDRD largest trial to evaluate protein restriction effect on disease 
progression.

• Randomized to 1.1 g/kg or 0.7 g/kg of protein per day.Randomized to 1.1 g/kg or 0.7 g/kg of protein per day.
• Little overall benefit with low protein diet.

– Low protein:  greater fall in GFR in first 4 mo, then slower progression 

Recommendation:  A reasonable regimen consists of rigorous blood pressure 
control and the intake of 0.8 to 1.0 g/kg of high biologic value protein per day.



Management of Chronic Kidney DiseaseManagement of Chronic Kidney Disease

I. Treatment of reversible causes of renal 
dysfunction

II Preventing or slowing progression of diseaseII. Preventing or slowing progression of disease

III Treatment of complications of renalIII. Treatment of complications of renal 
dysfunction

IV Id ifi i d d i f hIV. Identification and adequate preparation of the 
patient in whom renal replacement therapy 
(RRT) will be required( ) q



Volume 
Overload

Decreased ability to respond to rapid infusion of 
Na+ overload.Overload
Tx.Tx. Na+ restriction and diuretic therapy 

H k l i Develops in oliguric patients high K+ dietHyperkalemia Develops in oliguric patients, high K+ diet,  
increased tissue breakdown or hypoaldo.
Could be due to ACE-I or ARB.
TxTx.. low K+ diet and loop diuretic.
Consider low dose Kayexalate if persists.

Metabolic 
Acidosis

Bone buffering of H+ can release Ca++  and 
PO4= from bone - worsens bone disease.Acidosis
Uremic acidosis can increase skeletal muscle 
breakdown and diminish albumin synthesis 
lean body mass loss.y
Tx.Tx. Alkali therapy sodium bicarbonate 0.5-
1meq/kg/d. Avoid sodium citrate



Hyperphosphatemia and 
P h i f SHPTPathogenesis of SHPT

↓ ↓ Renal FunctionRenal Function

Phosphate retentionPhosphate retention
↓ ↓ Intestinal Ca++ Intestinal Ca++ 

absorptionabsorptionabsorptionabsorption

Altered 1,25(OH)2DAltered 1,25(OH)2D
MetabolismMetabolism

HyperphosphatemiaHyperphosphatemiaHypocalcaemiaHypocalcaemia
AlteredAltered ParathyroidParathyroidAlteredAltered Parathyroid Parathyroid 

GlandGland FunctionFunction

Hyperparathyroidism & Renal OsteodystrophyHyperparathyroidism & Renal Osteodystrophy



CKD Progression

CKD C iA i k

g
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Bone and mineral issues are 
prevalent in CKD 

90%

100%

70%

80%

90%
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High Phosphorus
Abnormal PTH

10%

20%

30%

% High Phosphorus

Stages 3 and 4, >4.6 
mg/dL

Stage 5 >5.5 mg/dL

0%
GFR
>60

GFR
50 - 59

GFR
40 - 49

GFR
30 - 39

GFR
20 - 29

GFR
15 - 19

GFR
<14

Abnormal PTH

Stage 3, >70 pg/mL

Stage 4, >110 pg/mL

Stage 5 >300

Meta-analysis of published data: St. John, Nephron 1992; Fajtova, CTI 1995; Kates AJKD 1997; 
Marinez AJKD 1997; Smith ASN Abstract 2002; Winkelmayer KI 2003

Stage 1, 2 Stage 3 Stage 4 Stage 5

Stage 5 >300



K/DOQI Guidelines on Bone and 
Mineral Metabolism

CKD CKD 
Stage 3Stage 3

CKD CKD 
Stage 4Stage 4

CKD CKD 
Stage 5Stage 5

Phosphorus Phosphorus 
(mg/dL)(mg/dL)

2.72.7--4.64.6 2.72.7--4.64.6 3.53.5--5.55.5

Calcium  Calcium  
(mg/dL)(mg/dL)

“Normal”“Normal” “Normal”“Normal” 8.48.4--9.5; 9.5; 
Hypercalcemia Hypercalcemia 

>10.2>10.210.210.2

Intact PTH  Intact PTH  
(pg/mL)(pg/mL)

3535--7070 7070--110110 150150--300*300*
(pg/mL)(pg/mL)

*Evidence



K/DOQI Guidelines on Anemia 
Management

Parameter RecommendationRecommendation

Diagnosis Diagnosis Hb <13.5 in malesgg
of Anemiaof Anemia Hb< 12 in females

Target HbTarget Hb > 11 g/dLgg g
Caution with Hb > 13 g/dL

Target TSAT Target TSAT 
and ferritinand ferritin

TSAT > 20%
Ferritin > 200 in HDD-CKD

F iti 100 i HDD CKDFerritin > 100 in non HDD-CKD
Ferritin > 500 not recommended



CREATECREATE

• CKD not on dialysisCKD not on dialysis
• Epoetin beta

H b 10 5 11 5 13 15• Hgb 10.5-11.5 vs 13-15
• Increased rate of progression of CKD
• No significant difference in CV outcomes

Drueke TB et al. N Engl J Med. 2006 Nov 16;355(20):2071-84. CREATE study



CHOIRCHOIR

• Hgb 11 3 g/dL vs 13 5 g/dLHgb 11.3 g/dL vs 13.5 g/dL
• CKD not on dialysis

St d l b f CV• Stopped early because of excess CV 
adverse outcomes in higher Hb group

• No QOL benefit in higher Hb group

Singh AK et al. N Engl J Med. 2006 Nov 16;355(20):2085-98. CHOIR study



CHOIR and CREATE Impartial 
C l iConclusions

“ Taken together these two studies suggest Taken together, these two studies suggest 
caution in the full correction of anemia in 
patients with chronic kidney diseasepatients with chronic kidney disease … 
Although we need more information about 
the ideal target level and should considerthe ideal target level and should consider 
the present guidelines incomplete, it 
seems wisest to refrain from COMPLETECOMPLETEseems wisest to refrain from COMPLETE COMPLETE 
correction of anemia in patients with 
chronic kidney disease ”chronic kidney disease.

Remuzzi G et al. N Engl J Med. 2006 Nov 16;355(20):2144-6.



Management of Chronic Kidney DiseaseManagement of Chronic Kidney Disease

I Treatment of reversible causes of renalI. Treatment of reversible causes of renal 
dysfunction

II. Preventing or slowing progression of 
disease

III. Treatment of complications of renal 
dysfunction

IV. Identification and adequate preparation 
of the patient in whom renal replacementof the patient in whom renal replacement 
therapy (RRT) will be required



Preparation for and Initiation of 
R l R l ThRenal Replacement Therapy

• Early referral of patients with CKD to nephrologist.y p p g
– GFR < 60 ml/min
– Male S Cr > 1.5 mg/dl
– Female S Cr > 1.2 mg/dlg

• Apply strategies to slow progression of disease.

• Once GFR drops < 30 ml/min educate patient with regards 
to RRT

• Offer counseling with multi-disciplinary team
– Dietitian
– Nurses– Nurses
– Social Worker



Absolute clinical indications to 
i i i RRTinitiate RRT

• Pericarditis
• Fluid overload or pulmonary edema refractory to 

diuretics
• Accelerated Hypertension• Accelerated Hypertension
• Progressive uremic encephalopathy or 

neuropathyp y
• Bleeding diathesis
• Persistent nausea and vomiting

Pl C 12 /dl BUN 100 /dl• Plasma Creat > 12 mg/dl or BUN > 100 mg/dl
• 2006 K/DOQI GFR < 15 mL/min/1.73m2 or 

higher GFR but patient with declining health duehigher GFR but patient with declining health due 
to loss of kidney function. 



Intermittent vs ContinuousIntermittent vs. Continuous
Advantages of 
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Renal Replacement Therapy (RRT)Renal Replacement Therapy (RRT)

CKD Stage V: ESRD

1. Hemodialysis
2. Peritoneal Dialysis
3. Kidney transplant



HemodialysisHemodialysis

• Intermittent treatmentIntermittent treatment 
offered 4 hours three 
times a week.

• In center therapy
• Requirementsq

– Arterio-venous access
– Filter
– Nurses



AccessAccess

Always Avoid Subclavian Catheters:  Have 40 % Superior 
Vena Cava Stenosis after first implanted



Fistula First:  Good Practice

•2006 K/DOQI 
guidelinesguidelines 
recommend  that a 
fistula be placed at 
l t 6 th i tleast 6 months prior to 
the anticipated start of 
hemodialysis.

•End to side vein to 
artery anastomosis of 

h li i dcephalic vein and 
radial artery. (20 yr 
life))

•Evaluate non 
maturing AVF



AV Graft: polytetrafluoroehylrnr (PTFE)AV Graft: polytetrafluoroehylrnr (PTFE)

• Usually mature in 2Usually mature in 2 
weeks.

• 2006 K/DOQI Q
guidelines 
recommend that a 
synthetic graft be 
placed at least 3-6 
weeks prior toweeks prior to 
anticipated start of 
dialysisdialysis.



Tunneled catheter: should be short duration 
til t hi duntil permanent access achieved



HEMODIALYSISHEMODIALYSIS



DiffusionDiffusion ConvectionConvection

Diffusion: HDDiffusion: HD Convection:  HFConvection:  HF

1. Movement of solutes from area of 
higher concentration to area of lower 
concentration

1.  Movement of solutes with water flow, 
SOLVENT DRAG.

2 Certain membrane materials display
2. Dialysate used to create 

concentration gradient across a 
semi-permeable membrane

2. Certain membrane materials display 
adsorptive characteristics

- Surface adsorption to the membrane 

3. Dialysis uses a semi-permeable 
membrane for selected diffusion

- Bulk adsorption within the membrane 
when molecules can permeate it



Peritoneal DialysisPeritoneal Dialysis

Parietal 
Peritoneum

Peritoneal 
Cavity

Catheter

Visceral 
Peritoneum



Advantages of Peritoneal DialysisAdvantages of Peritoneal Dialysis

• Independent lifestyle: work and travelIndependent lifestyle:  work and travel
– More flexible holidays and travel
– Higher employment ratesHigher employment rates

• Different diet: less K restriction lessDifferent diet: less K restriction, less 
protein restriction, less volume restriction

• Treatment of choice for infants and young 
childrenchildren



Advantages of Peritoneal DialysisAdvantages of Peritoneal Dialysis

• Similar survival to HD, with superior survival in , p
the first 2-3 years

• Considerable reductions in peritonitis and 
catheter related infections

• Adequate solute clearance 

• Better tolerated hemodinamically, ideal for 
patients with heart diseasepatients with heart disease



Advantages of Peritoneal DialysisAdvantages of Peritoneal Dialysis

• Better BP and fluid control in the first few yearsBetter BP and fluid control in the first few years 
of dialysis

• Better preservation of residual renal function 
versus HD

• Higher hemoglobin levels, less rhUePOg e e og ob e e s, ess Ue O

• Better outcomes after transplantBetter outcomes after transplant



Advantages of Peritoneal DialysisAdvantages of Peritoneal Dialysis

• Ability to expand patient numbers in aAbility to expand patient numbers in a 
dialysis center with limited need for 
resources and major capital investmentsresources and major capital investments.

L t ff t ti t ti th t HD• Lower staff to patient ratio than center HD

• Less costly than center HD



DisadvantagesDisadvantages
• Higher technique 

failure in PD compared 
1414

p
to HD.

• Low rate of achieving

1414
363655

2020Low rate of achieving 
long term PD due to 
changing membrane

2525

2020

• Survival rate at 10 
years after initiating 
PD is 20% Peritonitis

• Reasons for therapy 
change to HD (see pie

Inadequate dialysis
Not copingchange to HD (see pie 

graph) Catheter
OtherJASN 13: S104-116, 2002.



DisadvantagesDisadvantages

• Hands on individual therapyHands on, individual therapy

P t i l k it h i f• Protein loss make it a poor choice for 
malnourished patients



TransplantTransplant

• Evaluation of potentialEvaluation of potential 
recipient and living 
donor if available.

• Timely referraly



Conclusion Slow Progression of DiseaseConclusion Slow Progression of Disease

• Aggressive BP and proteinuria controlAggressive BP and proteinuria control
• Protein excretion 500-1000 mg
• BP reduction 130/80 mmHg• BP reduction 130/80 mmHg
• Lower BP in patients with >1g proteinuria

Add ARB t ti t ACE• Add ARB to patient on ACE
• Add Ace to pt on ARB
• Protein intake 0.8-1.0 g/kg/d ???
• Treat complication of CKD



ConclusionConclusion

I Treatment of reversible causes of renalI. Treatment of reversible causes of renal 
dysfunction

II. Preventing or slowing progression of 
disease

III. Treatment of complications of renal 
dysfunction

IV. Identification and adequate preparation 
of the patient in whom renal replacementof the patient in whom renal replacement 
therapy (RRT) will be required



Questions?Questions?


