2aKYxapwdng AlaBnrTng
& XpOVvIa VEPPIKN VOO OGS

PadiolocoToTTIKN

EKTIMNON

™mg
VEQPPIKNG AgITOUPYIOG

24" ETHEIO ZYNEAPIO [ N

25-27 NOEMBPIOY 2010 OF L.‘»A \O\H\l l 'NO ITTTOKpPGTEIO

E":whu_\ 10 mia Pa



( ELOOD lﬁ‘ﬂ_

/ \
,jE_ F]LTFI:ATII,‘JN
TEA LEAVES =
BLOOD CELLS
AND PROTEINS

- 3= I'l'“ BOWMAN'S
_ __.} CAPSULE
el

LARGE WOL UME OF

PROTEN-FREE PLASMA.

AS SALTY, SWEET, SOUR etc
ASPLASMA, BECAUSEIT IS PLASMA

GFR : Glomerular filtration rate

“GFR Is widely accepted as the best index
of kidney function in health and disease,

and

accurate values are needed for
optimal decision making in many clinical settings”

Stevens LA & Levey AS, JASN 2009



CKD staging (NKF — K/DOQI 1997)

Stage 1:

Normal or
increased GFR,
with other
evidence of
kidney damage

Stage 2:

Slight decrease
in GFR, with
other evidence
of kidney
damage

Stage 3:

Moderate
. decrease in
. GFR, with or
. without other
evidence of

kidney damage

Stage 4: Stage 5:

Established
renal failure

Severe
decrease in
GFR, with or
without other
evidence of
kidney damage

Estimated GFR, in ml/min/1.73m?




Clinical conditions where assessment of GFR is important

Clinical

oA Current Level of GFR Change in Level of GFR
Decisions

Diagnosis ~ Detection of CKD Detection of AKI
Evaluation for kidney donation Detection of CKD progression
Prognosis ~ Risk of CKD complications Risk for kidney failure
Risk for CVD
Risk for mortality
Treatment ~ Dose and monitoring for medications  Treatment of AKI
cleared by the kidney
Determine safety of diagnostic tests Monitoring drug toxicity
or procedures
Referral to nephrologists
Referral for kidney transplantation
Placement of dialysis access

Stevens LA & Levey AS, JASN 2009



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Chronic Kidney Disease and the Risks of Death,
Cardiovascular Events, and Hospitalization

Alan S. Go, M.D., Glenn M. Chertow, M.D., M.P.H., Dongjie Fan, M.S.P.H.,
Charles E. McCulloch, Ph.D., and Chiyuan Hsu, M.D.

Events (per 100 person-yr)

ins
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I I_T_I T T T
=60  45-%9 3044 15-19 =13
Estimated GFR [mlfminf1.73 m?)

No. of Events 73 108 34690 18580 8809 3824

Apgo-Standardized Rate of Cardiovascular

(per 100 parson-yr)
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Age-Standardized Rate of Hosptalkzation
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45-59 30-44 15-29 <IS
Estimated GFR (mlfminf 173 m?)
Mo. of Events 25803 11569 7802 4408 1842 No. of Events 366,757 106543 49177 20581 11563

Go AS et al, N Engl J Med 2004



All-cause and cardiovascular mortality in diabetic subjects
increases significantly with reduced estimated glomerular

filtration rate (eGFR): 10 years’ data from the South Tees
Diabetes Mortality study

Estimated GFR ar baseline (ml/min/1.73 m?)

Stage 1 (> 90) Stage 2 (60-89)

IHD mortalityt

Adjusted HR (95% CI) 1.53 (1.04, 2.26)
Cerebrovascular disease mortality}

Adjusted HR (925% CI) 1.08 (0.58, 2.01)
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Log rank P < 0.0001

Stage 3 (30-59)

3.61(2.44,5.32)

1.86 (0.97, 3.59)

eGFR =29

eGFR 3059

Stage 4 and 5
combined (< 29)

8.08 (4.26, 15.34)

5.94 (1.88, 18.78)

Nag S et al, Diabetic Medicine 2007



Urea

Plasma / Serum Creatinine levels
Cystatin C

Creatinine clearance

Mean of Urea + Creatinine Clearance

Inulin Clearance  ex (ﬁ ‘

Radiotracer clearance

( )

Non-radioactive contrast agent clearance (lohexol)

Imaging methods (y-camera . Gates, MRI) ‘

Predicting Equations




Creatinine

The closest to an ideal endogenous GRR tracer

Almost exclusively a product of the metabolism
of creatine and phosphocreatine in skeletal muscle

In stable renal function : Cr levels usually constant,
daily variability = 8%

Renal handling : freely filtered
not reabsorbed
up to 15% actively secreted

by the tubules™
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[Cr], at normal GFR

greatly varies between
individuals

Cr production may not
remain constant






Determinants of the serum level of endogenous filtration markers

UxV=GFRxP—TR+TS |
G-E-GFRxP-TR+TS
GFA=(G+TR-TS-EJP |

Stevens LA & Levey AS. JASN, 2009



Non-GFR determinants of creatinine

Effect on Serum

Accounted
for in GFR

Creatinine Independent

of GFR

Direction

Estimating

Mechanism Equations

Age

Female gender

Race
African American
Hispanics
Asian

Body habitus
Muscular
Amputation
Obesity

Chronic illness

Malnutrition, inflammation,

deconditioning
Neuromuscular diseases
Liver disease
HIV
Diet
Vegetarian diet
Ingestion of cooked meat
Medications |
Cimetidine
Trimethroprim
Antibiotics

Decrease
Decrease

Increase
Decrease
Increase/Decrease

Increase
Decrease
No change

Decrease

Decrease
Decrease
Decrease?

Decrease
Increase

Increase
Increase
Increase

Yes
Yes

Generation
Generation
Generation
Yes
No
Yes

Generation

Generation

Generation

Tubular secretion
Tubular secretion
Extrarenal elimination

Stevens LA & Levey AS, JASN 2009



RELATIONSHIP OF P,z AND I/IP.; TO GFR

PLASMA Cr CONC., mg 1P
20 1.0r
1ﬁ-| 0.8~
12} 0.6
I|
8l 04
4 0.2
‘-l-\_"‘-—-__l_l_
I | i I | I | j

i |
0 20 40 60 BOD 100 0 20 40 60 B0 100
PERCENT OF NORMAL GFR

The curvilinear relationship between P., and GFR makes it difficult to
discern the degree of change in the GI'-Fﬁ of a patient but calculation of
/P, makes it much easier.

For example, the degree of fall in GFR necessary to produce arise in P,
from 1 to 1.5 mg%is difficult to assess in graph A but a calculation of
1/P,, indicates that GFR has fallen to 67% of normal (graph B).



GFR is the best overall index of kidney
function

Gold-standard GFR techniques are not
practical for the entire CKD population

Estimates of GFR are better/more practical
than creatinine clearance

Estimates of GFR are more sensitive for
CKD than creatinine alone



estimated GFR :
how to construct a GFR prediction equation

PCr (xU) or Cys C or both

+
age
T GFR
sex measured
N L with an
exogenus
ethnicity marker

+

body size




Gockroft and Gault equation

: y HAl-3018) % we
Estimated creatinine clearance (Gl ) = [140-age) x weight x 1.2

% (055 if female]
SGr

where age is exprassed in years, SCrin pmol/], and weight in kg™

G-variable MDRD
170 3 (5, /B8 41299 o age ™17 o (SUA0 3570170 se (SAIb e 1004412 {0,762 if female) x (1.180 if black)

where 5, = serum creatinine in pmoll, SU = serum urea in mmoll, 54lb = serum albumin in g/,

and age 15 exprassed in years

4-variahle MDRD™

186.3 x (5,/88.4) 118 age ™20 x (0,742 if female) x (1.21 if black)
whera 5., = serum creatinine in pmol’l, and age 1s exprassed in years

Muodified 4-variable MDRD (traceable by isotope dilution mass spectrometry)’®
Fx 175 % (588,405 x age ™™ 5 (0.742 if female) x (1.21 i black)

where F = comection factor, 55, = serum creatining in pmol’l, and age is expressed in years




16 March 1999 Volume 130 Number 6

Annals of Internal Medicine

A More Accurate Method To Estimate Glomerular Filtration Rate
from Serum Creatinine: A New Prediction Equation
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Creatinine Clearance Estimated by Using the
Cockcroft—Gault Equation, mL/min per 1.73 m?
8

120 150 180 210 50 90 120 150 180 210
GFR, mL/min per 1.73m? GFR, mL/min per 1.73 m? GFR, mLimin per 1.73m"

Levey AS et al . Ann Intern Med, 1999
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A New Equation to Estimate Glomerular Filtration Rate

Race and Sex Serum Creatinine pmol/L. (mg/ Equation
dL.)

Black

Female <62 (<0.7) GFR = 166 x (Scr/0.7)"7% x (0.993)"e
>62 (>0.7) GFR = 166 x (Scr/0.7 _'--'”" « (0.993 )=
Male <80 (<0.9) GFR = 163 * (Scr/0.9 r-“” % (0.993)4ee
~80 (=0.9) GFR = 163 % (Scr/0.9y 2% x (0.993 )4

White or other
Female =62 (=0.7) GF 144 = (Scr/0.7) 0329, (0. k}ﬂ‘:r \ge
=62 (>0.7) GFR = 144 % (Ser/0.7) 2% » (0,993
Male <80 (<0.9) GFR = 141 .mum 4T (0.993)4e
=80 (=0.9) GFR = 141 % (Scr/0.9) 2% x (0.993)"

Underestimate

CKD-EPI MDRD Study

Measured-Estimated GFR. (mL/min/1 _73m2)
Overestimate

T T T T
60 Q0 120 80 90 120

Estimated GFR (mL/min/1.73 mQ) Estimated GFR (mL/min/1.73 m2}|

Levey AS et al. Ann Intern Med, 2009




MDRD GFR Calculator - (With Sl Units)

by Stephen Z. Fadem, M.D., FACF, FASN

an & All other
& Male © Female

GFR Value:50 mLimin/1.73 m?

S1Cr EDTA GFR =57 ml/min/1,73 m?



Role of age, sex, ethnicity, muscularity on PCr levels & eGFR

MDRD GFR Calculator - (With Sl Units) MDRD GFR Calculator - (With SI Units)
by Stephen Z. Fadem, M.D., FACP, FASN

Serum creatinine M2
® mg/dL © pmolL '

[ Creatinine methods recalibrated to be traceable to IDMS

by Stephen Z. Fadem, M.D., FACP, FASN

Age [s0  lyears
other races® Race O African American ® All other races®
Gender C Male ® Female

; ; 2
GFR Value:102 mL/min/1.73 m* GFR Value:46 mL/min/1.73 m



Mean MDRD-eGFR —°1Cr-EDTA-GFR differences

eGFR —%1Cr-EDTA-GFR
(ml/min/1.73 m?)

—
_5- —
-10- —
-15- —
-20-
<60 60-90

GFR (ml/min/1.73 m?)

G Arsos et al. EJNMMI, S2006



How Reliable Is Estimation of Glomerular
Filtration Rate at Diagnosis of Type 2
Diabetes?

-

IGFR mi/min/1.73m=<

o™
=
™
™~
€
£
E
x
W
Q

200 50 100 150 200
eGFR (CG) ml/min/1.73m= eGFR (MDRD) ml/min/1.73m"

“In newly diagnosed type 2 diabetic patients, particularly those with a
GFR >90 ml/min per 1.73m?, both CG and MDRD equations significantly
underestimate iIGFR.

This highlights a limitation in the use of eGFR in the majority of diabetic
subjects outside the setting of chronic kidney disease.”

Chudleigh RA et al. Diabetes Care, 2007



Development and validation of GFR-estimating equations using
diabetes, transplant and weight
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m MDRD Study equation 1+ CKD-EPI equation

“The CKD-EPI equation, based on creatinine, age, sex and race, has
been validated and is more accurate than theMDRDstudy equation.
The addition of weight, diabetes and transplant does not
significantly improve equation performance.”

Stevens LA et al. Nephrol Dial Transplant, 2010



Diagnostic accuracy of various glomerular filtration rates
estimating equations in patients with chronic kidney
disease and diabetes

References Proposed formulae

Levey et al” MDRD=186x(Scr/88.4) " xage™ % x(0.742 if female)

Perkins et al® eGFR =100/(cystatin C)

Macisaac et al® eGFR=(86.7/cystatin C)—4.2

Rule et al™ eGFR=66.8x(cystatin C" ")

Stevens et al™” eGFR=177.6%(Scr/88 4)" ﬁ';xr:}-'at:{tin E":"j?f:{ge':'::f{ﬂ.ﬁi if female)
: EG].:RF1'593{{5!:1'"5-5.—“ljl_.:l'ﬂg"ﬂf}'ﬂaﬁﬂ c” ﬂ?{age'ﬂ ljjx{ﬂ.ﬂi if female)

Estimated GFR Bland-Altman bias Accuracy within

formulae (mlmin™173m~) (mlmin™173m™)  15% 30% 50%
MDRD 76.35+18.10° ~10.4 3736 6923 | 96.70
Stevens 83.29+22 62 ~36 35.16 7033 |86.81°
Ma 95.81+26.79" 9.0 36.26 6154 |81.32°
Rule 87.83+36.21 1.0 2747 47.25% | 75.82¢
Macisaac 101.16+34.47 143 3187 5495 |72.53°
Perkins 121 46+39 96" 346 21.98° 43.96° | 60.44°

Li H et al.Chin Med J, 2010



BERIEF REVIEW | www.jasn.org

Measured GFR as a Confirmatory Test for Estimated GFR

Lesley A. Stevens and Andrew S. Levey

Tufts Medical Center, Boston, Massachusetts

Extremes of age and body size

Severe malnutrition or obesity

Disease of skeletal muscle

Paraplegia or quadriplegia

Evaluation for kidney donation

Vegetarian diet

Before administration of prolonged courses
of toxic medications

Stevens LA & Levey AS. JASN, 2009
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Schwartz G et al. Pediatr Nephrol 2007
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Fig. 2. System for which the equations of the ap- I=163110°
pendix arc derived. The excretory clearance is desig-
nated G, and is the virtual (not the actual) volume

leaving V, for the outside.

G2 IaTm S miA.
w= | SOml fmin,
¥, =3.93 litera
V=297 liters

CREATIMINE (0.D.%1,000)

G = ITITE B (1) '\"::—:‘muou
Avys + By

L
-] 20 e 40 a0 L 1]

where G is the glomerular filtration rate in milliliters TIME e

per minute, I is the dose of creatinine in milligrams Fig. 1. Plsamw’;mmﬂ curves ffcrif Uiaqn“étol and
i s B creatinine after single injection in a dog » Y1y ¥
injected and the other terms have the significance V. Vi, Vewans Gor.. Guann., and a have the significance

already noted. given in the text. See also fig. 2.

Sapirstein LA, Vidt DC, Mandel MJ, Hanusek G. Yolumes
of distribution and clearances of intravenously injected
creatinine in the dog. Am J Physiof 1955;181:330-6.




818 APRIL 15, 1967

Preliminary Communications

MEASUREMENT OF GLOMERULAR
FILTRATION-RATE IN MAN USING
A Cr/[EDETIC-ACID COMPLEX

51Cr complexed with edetic acid
(*1Cr-E.D.T.A.) can be prepared in a form
which is stable when autoclaved and in vivo. It does not
bind to protein or enter red blood-cells and excretion via
the gut is insignificant, The renal clearance, as measured
by the continuous-infusion technique, is the same as that
of inulin, Egquilibration with interstitial fluid in non-
cedematous patients takes less than 2 hours and there is no
detectable extrarenal uptake so that the * slope ” method
based on 2-4-hour plasma-activity measurements can be
used as a simple routine procedure. Results obtained in
this way accord well with 24-hour endogenous creatinine-
clearance data, but the technique is not applicable to
cedematous patients where equilibration is delayed.
51Cr-g.D.T.A. seems to be eminently suitable for clinical
use,

Summary

INTRODUCTION
THE preparation of ®*Cr complexed with edetic acid
(E.D.T.A.) and its use as an inert rumen marker have been
described by Downes and McDonald.! Subsequentl

PRELIMINARY COMMUNICATIONS

200

Cr-ED.TA. CLEARANCE (ml. per min. )

57

50 100 150 200

INULIN CLEARANCE (ml. per min.)

Comparison between “Cr-E.D.T.A. and inulin clearance data from

continuous-infusion measurements.

Inulin clearance (ml. per minute)=1:075 x *Cr-E.D.T.A. clearance
(ml. per minute)— 3-06.

Standard error +5‘1 ml. per minute; r=0-9095. The 95%, con-
fidence limits are indicated by dashed lines.

Garnett ES et al. Lancet, 1967
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>1Cr-EDTA :

acommon
GFR tracer
In Europe




S1Cr-EDTA GFR determination
(BSNM protocol)

1) Bolus i.vinjection of 3.7 MBq >'Cr-EDTA

2) 10 ml blood sampling at 2 and 4 hours p.i. from a
different vein

3) Activity counting of 1 ml plasma samples (x2)

4) Clearance calculation (with fast component correction)

5) Normalization for body surface area

Fleming S et al, Nucl Med Commun 2005



°I1Cr-EDTA GFR determination
(“Hippokration” protocol)

1) Bolus i.vinjection of 3.7 MBq >'Cr-EDTA

2) 5 ml blood sampling at 2 and 4 hours p.i. from the
same vein route

3) Activity counting of 1 ml plasma samples (x1)

4) Clearance calculation (with fast component correction)

5) Normalization for body surface area

Fleming S et al, Nucl Med Commun 2005






Separate injection—sampling vs single route method

Vein - Angiocath correlation

R=0.997, p<0.0001
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Angiocath GFR (ml/min/1.73 m2)

Vein GFR = 1.02 Angiocath GFR -1.25

Arsos G et al, EINMMI S2008



Repeatability of a simplified GFR measurement method based
on a single vein route and simple plasma samples determinations

C1, C2 first and second counting

C1 - C2 correlation C1 - C2 difference analysis
r2=0.996, p<0.00001

GFR¢, (MI/min/1.73 m?)

GFRc, (ml/min/1.73 m?) (GFRqy+ GFR,)/2 (ml/min/1.73 m2)

bias (---): 0.0 ml/min/1.73 m?

95% CI (—) : - £ 4.0 ml/min/1.73 m?

Arsos G et al, EJINMMI S2010



Radiation dose to the patient
from GFR determination with >!Cr-EDTA

Normal GFR : 0.01 mSv
Reduced GFR : 0.02 mSv

UL AT a5

Radiation Dose to
Patients from
Radiopharmaceuticals

\ |
ACR : effective dose = 0.1 mSyv




The Village Doctor

David Teniers the Younger, 1610 - 1690-
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