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NKF-K/DOQI Definition of
Chronic Kidney Disease (CKD)

Structural or functional abnormalities of the kidneys for >3
months, as manifested by either:

I. GFR <60 ml/min/1.73 m?, with or without kidney damage
2. Kidney damage, with or without decreased GFR, as defined

L

by

e pathologic abnormalities

* markers of kidney damage
—urinary abnormalities (proteinuria)
—blood abnormalities (renal tubular syndromes)
—1maging abnormalities

* kidney transplantation




Stages and Classifications of Chronic
Kidney Disease (CKD)

Stage Description GFR Related terms

(mlmin per 1,73 m2)

] Kidney damage with > 00 albuminuria,
Normal of increased GFR profeinunag, hemaluna
2 Kidney damage with 60 10 89 albuminuria,
Mild decreased GI'R proteinuriz, hematuria
3 Maderate decreased GFR 301059 chronic renal insufficiency

carly renal insufficiency

A re e e

4 Severe decreased GFR 151029 chronic renal insufficiency
late renzl insufficiency
pre-ESRD

3 Kidnay failure <15 {or dialysis) Renal failure, uremia,
ESRD

* CKD: either kidney damage or GFR<60mI/min/1.73m2 for 3 months
¢ Kidney damage: pathologic abnomalities or markers of damage i.e. abnormalitics in
blood or urine (ests or imaging ests




NKF K-DOQI CKD Staging

m Stage |: eGFR>90 ml/min/1.73 m? with
albuminuria, hematuria

m Stage Il (mild): eGFR 60-30 ml/min/1.73
m2<
Stage 111 (moderate): eGFR 30-59
ml/min/1.73 m?
Stage 1V (severe): eGFR 15-29 ml/min/1.73
m2
Stage V (ESRD): eGFR <15 ml/min/1.73 m?




Direct Measures of GFR

m Unlabeled tracers
— "Cold” 10thalamate

m Radio-labeled tracers
— [nulin
— 125]-]othalamate
— 9M Tc-DTPA
- EDTA

Correlation between measurement techniques is
reported to be very high (r>0.90)




Measured creatinine clearance as
an approximation of GFR

Two 24-hour urine collections (averaged)
CrCl=[Ug, (Mmg/dL) x 24h vol (mL)]/[S¢, (Mmg/dL) x 24 h]

Collection procedure and collection error result in no
advantage of measured CrCl over CCG in AASK (Coresh et
al., AJKD, 1998)

Tubular secretion of creatinine means measured CrCl
overestimates true measured inulin GFR by 50 to over
100% (Berlyne et al., Lancet, 1964), especially with

advanced kidney disease and with heavy proteinuria
(Kim et al., BMJ, 1969, Shemesh et al., Kidney Int, 1985)




Serum creatinine: An endogenous
filtration marker for GFR

m Metabolite of creatine and phosphcreatine
m Filtered and not reabsorbed
m [ubular secretion increases with advanced

kidney failure and with heavy proteinuria
(Shemesh et al., KI, 1985)

m Affected by age, gender, race, proteinuria,
muscle mass, and medications (tmp/smz,
cimetidine)

= [nterpretation of levels depends on steady-
state levels of serum creatinine




ldeal Biomarker for GFR

m Filtered and not reabsorbed
m NO tubular secretion

= Not affected by age, gender, race,
weight, medications, and physiology
(proteinuria, inflammation)




Chronic Kidney Disease
1s a Public Health Problem

o CKD 1s common

— Affecting 50 million people world wide wiss e
Kidney Int Supp] 98:51-86. 20053)

- 1 l% Of US ZidUltS (NKF-KDOQI Outcomes Quality Initiative Am J kidney Dis
39:51-266. 2002)
o CKD 1s harmful
— Increased risk for CVD

— Complications of decreased kidney function
— Progression to kidney failure

o We have treatment




, Medicare CKD Population by Age
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CKD and Gender

More men than women of Medicare and EGHP patients
had CKD: 4.9 vs 3.9% in Medcare and 0.82 vs 0.62% in
EGHP. Gender differences were also observed in patients
with preexisting conditions of DM and HTN
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Cost of CKD 1n US

The total costs for management
of kidney disease in USA 18
approaching 24% of Medicare
expenditures; about double that
of 10 years ago

Ani J Kidwev Dis 49(2), suppl 2, D807 pp 52142




Fewer than 20% with CKD
Know They Have the Disease
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Probability of ordering Dx tests for high
risk patients to assess CKD within a year

I+ micro-albuminuria or
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Take-Home Message

« CKD is “under-diagnosed™ and “under-
treated” in the United States

» Prevalence of CKD 18 rising

* Qutcomes of CKD is poor

« The cost to manage CKD 1s high




Measuring GFR

¢ Inulin not practical

» Serum creatinine has some
limitations




72 S,

MDRD Study equation

GFR (ml/min/1.73 m?) = 186 x (S_)!'1>* x (age)~*" x
(0.742 if female) x (1.210 if African American)

All labs will be reporting GFR within a few years

On Line Calculator: www.kidney.org




Cockcrofit-Gault Equation

CrCl (mi/min)= (140-age) x wgt (kg) x 0.85 (if Temale)
72 x sCr (mg/dl)

Cockcroft-Gault Equation (2)

= Methods (con't)

— Jellife and Edwards and Whyte (EV/) formulae compared
with newly derived formula derived from mathematical
regression (NOTE: y=a + bx linear relation betvween
predicted and measured CrCl assumed)

— Average of two SCr used in estimation formulas
— Average of two 24hr measured CrCl used
= Results
— aged 18 to 92, mean age not reported
— 72 kg wvwas the average vvweight

— r=0.99 for predicted vs. measured CrCl in 236 pts in Group

11, but r=0.83 for 505 pts in Group | (r=0.73-0.80 for Jeliffe,
r=0.74 for EVV)

— 15924 reduction in est. CrCl in women “"appears appropriate”




PCr estimation equations
for GFR and CrCI

m Cockcroft-Gault (CrCl)

m MDRD 6-variable and 4-variable
equations (GFR)

m Other equations for CrCl: Jellife,
Mawer, Bjornsson, Gates, Salazar-

Corcoran, Schwartz (pediatric) wosr
HAVE AGE AND WEIGHT IN EQUATION)




Serum Creatinine versus eGFR

A sCr of 1.2 mg/dl represents:

e GFR of 102 in an 18 yo African
American male

e GFR of 66 in a 57 yo Caucasian male

e GFR of 59 in a 62 yo African American
female

e GFR of 46 1n a 76 yo Caucasian female




Factors Affecting Creatinine Generation

Factor Affect on serum Cr

Age Decrease
Female Sex Decrease

Race African American Increase
Hispanics Decrease
Asian Decrease
Body Habitus
Muscular Increase
Amputation Decrease
Obesity No change
Chronic Illness
Malnutrition, Inflammation. de-conditioning Decrease
Neuromuscular discase Decrease.
Diet  Vegetarian Diet Decrease
Ingestion of Cooked Meats Increase

Stevens at. NEIM 2006: 354:2473-83




Serum creatinine is not
standardized

= sCr bias reported to be +0.23 mg/dl at

NHANES |11 lab vs. MDRD lab (Coresh et
al., AJKD, 2002)

a This translates to underestimation of
GFR based on most lab results, but
recalibration of sCr resulted In

improved bias but decreased accuracy
(Hallan et al, AJKD, 2004)




Cystatin C: An Alternative
Endogenous Filtration Marker

= Cystatin C: reported to have constant production,
not affected by clinical factors

s However:

- Cross-sectional study of 8058 inhabitants of the city of
Groningen, The Netherlands, 28 to 75 years of age.
Creatinine clearance was determined from the average of
two separate 24-hour urine collections

- "Older age, male gender, greater weight, greater height,
current cigarette smoking, and higher serum C-reactive
rotein (CRP) levels were independently associated with
igher serum cystatin C levels after adjusting for
creatinine clearance.”"(Knight et al, Ki, 2003

s Cardiovascular Health Study results (Shlipak et al..
NEJM 2005) deserves clarification




Does Cystatin C allow for more
accurate estimation of eGFR?

Rule et al., K| 2006: 460 adults who underwent iothalamate
clearance

At same cystatin C, mGFR 19% higher in transplant ¢/w CKD

Stronger association with cystatin C and mGFR in CKD than
healthy adults; derived cystatin C equation with CKD only
(n=204) and found slightly higher model fit ¢/w SCr (r* =
0.853 vs 0.825)

Conclusion: "Cystatin C should not be interpreted as purely a
marker of GFR. Other factors, possibly inflammation or
immunosupression therapy, affect cystatin C levels.”

ASN 2006 meetings: a few abstracts comparing cystatin C vs.
SCr in estimation equations showed no significant difference




Cystatin-C based estimation
equations

= CKD-EPI Collaborations project

— Populations: MDRD, AASK, CSG (n=1045)
(validation on clinical population from Paris,
France n=439)

= Accuracy within 30%: 81%, 83%, 89% for
Cys-C equations #1-#3 respectively

= Accuracy within 30% for MDRD: 85%
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Stevens LA et al., AJKD 2008, 51:395




SUMMARY (1)

s Early detection of CKD is considered an
important strategy in decreasing ESRD

burden

Directly measured GFR is cumbersome, time-
consuming, and impractical

SCr alone is an insensitive measure of kdney
function, especially in those with co-
morbidities that influence muscle mass or

advanced age

eGFR is the most commonly used measure of
"renal function” — 24 hour urine cofectons
are rarely needed




At what level of creatinine does a 65-
year-old white woman have chronic

kidney disease (CKD)?
77 % of physicians said:

Creatinine > 1.5 mg/dL

Actual eGFR at this creatinine = 37
mL/min/ 1.73m2_ _.

Creatinine = (.94 mg/dL when
eGFR = 60 mL/min/1.73 m*

Coresh, et al. J Am Soc Nephrol 2005:16: 180-188.



GEFR estimation (eGFR)

Detection and diagnosis of CKD

Estimation of prognosis depending on Stage of
CKD

Guidance of appropriate dosing of medications

to avoid drug toxicity.
Monitoring the rate of progression of CKD
over time

Identification of patients with reduced GFR
despite “normal” serum creatinine, who may
be at increased risk of acute renal failure




Lesser Accuracy of eGFR in
Populations without CKD

Explanation
e Lack of standardization, calibration differences of serum Cr
o Measurement error and biological variation in GFR

« Limitations of generalizing equations developed in patients
with CKD to people without CKD

Solutions
» Report numeric eGFR only when < 60 ml/min/1.73 m?
 Interpretation of CKD tests according to clinical setting

» Screening for CKD in high risk populations (HTN, DM,

CVD, family HX of CKD) Levy-GER report 2007




x: Hemoglobin < 12.0 g/dL
i Unable to walk 1/4 mile s Serum albumin < 3.5 g/dL
s Serumn calcium < 8.5 mg/dL & Serum phosphorus > 4.5 mg/dL|
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Increase in LVH with
Worsening Renal Function
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Cause of Death 1in Patients with
Renal Failure

2 Cardiac # Cardiovascular [ Other Known
] Unknown & Infection Malignancy

Source: USRDS




Proteinuria and kidney disease

e Correlation between amount of proteinuria
and extent of renal damage on biopsy

e Proteinuria is an independent determinant
of progression of renal disease

e Patients with more proteinuria have more
rapid deterioration of renal function (GFR)

e Reduction of proteinuria leads to slowing
of deterioration of renal function (GFR)
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Other complications of proteinuria

e Hypoalbuminaemia
e Edema

e Hyperlipidaemia
 Thromboembolism
e Infection

o Malnutrition

* Renal failure




Anemia in CKD
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Anemia in CKD patients

® Decreased production of erythropoietin
(GFR 50-60 ml/min)

® Direct marrow suppression by uremic toxins
® Shortened red cell survival

B Increased blood loss — GIT, platelet
dysfunction

® Jron and folate deficiency
¥ Resistance to erythropoietin




CKD patients receiving ESAs,
by physician type
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Importance of Treating Anemia

e Improvement in well being

» Reduction in cardiovascular disease
* Improved cognitive functioning

e Improved sleep pattern

* Reduced hospitalization

...but 7 target




Renal Bone Disease

Renal Disease

BGFR (< wmllm\

31 25(OH)203
] Phosphate |

1] PTH

Y

Osteomalacua
Secondary

hyperparathyroidism
== |Renal Osteodystrophy




Relationship between Phosphate and
Relative Mortality Risk (n=6407)

/P< 0.0001

“P<0.03
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Nutrition

e Malnutrition -- an important marker for
poor outcome

e Patient’s with renal disease
spontaneously eat less

e Patient’s may be having ongoing
protein losses e.g. proteinuria.

e Only 50% patients have seen a
dietician when they start dialysis




Malnutrition at Start of Dialysis 1s
Associated with Increased Mortality
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Hospitalization in CKD Patients

% Patients with an AKF Hospitalization
who develop ESRD in the following year
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Elcoywyn

pIkK) N6cog (XNN) emrnpedadlel 1o 10-
UOMOU TTOYKOOMIWG, €XEI KOKIN
poyvwon I01aITEPO O€ a0OEVEIC TTOU TN OTIYHNA TNG
IyVWwong Exouv cofapou BaBuou eTTnpeaocHév
PIKN AEITOUPYIO KOOI CNMAVTIKA AEUKWHATOUpPIA.

Asioyneia Twv acBevwv pe XNN Tre@aivouv
/ @Odoouv OTO TEAIKO OTADIO VEPPIKAG
OQVETTAPKEIOG EXOVTUG QUENMEVO KivVOUVO EN@PAVIONG
KOPOIOYYEIOKNG VOOOU, O OTTroiog OXETICETAI ME TNV
ocofapornta TnG XNN.



2. KOTTOG

poUCag MEAETNG Eival va TTEPIYPAYEI
@AIVOTUTTO TWV 0a0B0evwv Trou
EVO VEQPOAOYIKO 10TPEIO VIO TOV

OXpova, N apXIKN MEAETN aTroTeAEi TNV Bdaon
TNV TTaparnenon £§€AiEng Tng XNN otnv opdda
TWV aoBevwy Kal Tnv avayvwpion mmoavwy
TTOPAYOVTWY KIVOUVOU BvNTOTNTOG KOl ETTIOEIiVWONG
NG XNN.



obeveic-MeBooor (I)

XNN otadiou 2-3-4 o1 otroiol Ogv
106 HMOPYPNG OAVOOCOKATOUOTOAIN.

D yIa EAEyXO Kal TTapakoAoudnon midaviig XNN.
o0eveic aurtoi utToBdaAAovTal apXIKd Ot évav

N KAIVIKOEPYOOTNPIOKO €AgyXxo ME AQWN
1POUG IOTPIKOU ICTOPIKOU.




AocBeveic-MeBodoi (ll)

210 OoToIXEia TwWV aocBevwyv TTOU OUAAEyovTal TTEPIAAuBAvovVTal @UAO,
nAiKia, TTpwTtoTTaBég aiTio XNN, Utrapén | 6x1 AsuKwpaToupiag, n UTrapen
N OXI apTNPIAKNG UTTEPTAONG Kol OiVETOl €J@OON OTHV UTTapén n oxi
0E£PATTEUTIKOU OXMOTOG ME OVOOTOAEN METATPEITTIKOU g£vCUpou (a MEA)
Kal/f avaoToAéa Twv utTTodoXEWYV TNG ayyelotevaoivng (ATIN).

MapdAAnAa avayvwpilovial wg SEXWPIOT) Oopada ol ao0eveiS ME
COKXaPwWoN d1aBATN WG TTPWTOTTAOEG AITIO THS VEQPIKAS VOO OU.

Kartaypd@eTal TO ICTOPIKO KAPOIOYYEIOKWY CUMBAMATWY EVW OTTO TOV
epyaoTnpliokd éAeyxo OiveTal €u@OON OTOUG OOCOEVEIGC ME avalpia Kal
OeguTePOTTAO UTTEPTTAPABUPEOEISICHO TNV OTIYMN TNG TTAPAMUTTOMTING, KAl
KOTAOYPA@PETAI Trolol XPEIAlovTal KATTolaG Hop®ns aywyn (oidnpo,
gpuBpotroinTivn, Oepartreia 0oOTIKNG VOoOU, Ka).  AgloAoyEital €Tions n
METPpNON OEIKTWYV PAgypovis (CRP).




N TPWTN @Aon TnNG HMEAETNG aKoAouBei n
KAIVIKAG TTOPEiag TwV acOevwyv ocUN@WVA HE TO

a T1n OldpkKela . TTapakoAouBnong agioAoyouvtal T
I0YYEIOKA OUUBAMATA, ) OUXVOTNTA VOONAEIwWV Kal 0 puBuog
Ivwong TnNG VEQPPIKNG AEITOUpPYIaG.

ANAa KaTaypa@eTal N KATAANEN Twv aoBevwyv (CTACINOTNTA,
Ivwon, TEAIKO OTADIO VEQPIKNG AVETTAPKEING, BAVATOG).

aon auty TnG TrapakoAouBnong agioAoyouvTtal OTOIXEid
KO-OIKOVOMIKOU-HOPPWTIKOU  €mITTESOU, TpOTTOU  CWNG,
AVOPWITOMOPPOAOYIKA XOPAKTNPIOTIKA (Tr.X. Traxuocapkia), &vw
¢nTEITAI KOl EAEYXOG OTOMATIKNG UYIEIVIG ME EUPAOn OTNV UTTapsn N
oI TTEPIOBOVTITIONG.



QUTA onMacia yia Tnv agioAdynon tng
0 aocBevoug £xel O UTTOAOYIONOG TOU
pUBHOU ETTIOEIVIONG TNG VEPPIKNAG AEITOUpPYIOG.
OTOOO N METPNON auTr OtV gival TTAVTA €UKOAN
TI N MHEIWON TNG VEPPIKNG A&iTOUpyiag ME TNV
POoOO0 TOU XPOVOU OTTavia OKOAOUOEI ypauMIKA
opeia kol Otgv utrapxel otnv BiBAloypagia o
VIKOG TPOTTOG METPNONG.

TTapouca MEAETN kABe aocBevhigc Oa £xel 4-6
METPNOEIG TOU e GFR (mpoodlopiopéveG HE TV
MDRD study) péoca og didotnua 12-60 pnvwyv TToUv
Bewpseital Evag akpIifng TPOTTOG UTTOAOYIOMOU TOU
PUBHOU ETTIOEIVWONG TNG VEPPIKNG AEITOUPYIOG.
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oTeAéopaTa (1)

Méon e GFR 31,78 mil.min / 1,73 m2 (e0pog :15 - 60)
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Take-Home Message

The risk of CVD is significantly increased in patients with any
reduction of GFR. Identification and treatment of
cardiovascular risk factors are important

All patients at increased risk for CKD should be screened for
proteinuria

Anemia in CKD is associated with adverse patient outcomes,
including increased hospitalizations, cardiovascular disease,
cognitive impairment, and mortality

Levels of calcium, phosphorus, intact plasma parathyroid
hormone (iPTH) should be measured in all patients with eGFR
< 60 ml/min/1.73 m2

Malnutrition should be identified and addressed at the time of
diagnosis of CKD




Stages in Progression of Chronic
Kidney Disease and Therapeutic

Strategies /

Complications
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