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Learning Objectives
Pharmacists

e Review the differences and limitations of equations
used to estimate GFR and creatinine clearance and
when each should be used ’ﬁwﬁ@i’ =
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e (Calculate creatinine clearance OT
dosing considerations as it ale
patient specific data &8



Learning Objectives
Techniclans

e Review the patient data needed to calculaté ;kg &
Cockcroft-Gault equation

e Describe the limitations of th&fﬁ
e Examine the meaning of ai’tﬁ
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Functions of the Kidney

Brief Review

Glomerular Filtration - Passive diffusion of water and
low molecular weight ions and molecules across the
glomerular-capillary membrane, into Bowman'’s capsule
and the proximal tubule!

e Molecules >60 kDa not filtered

e 9994 of filtrate is reabsorbed

e Filters ~180L/day

e Protein bound substances not filtered

e Measured by the Glomerular Filtration Rate (GFR)




Functions of the Kidney
Brief Review

Tubular Secretion - occurs primarily in the proximal tubule
via active transport il p,d,gﬁ&’ 4 s
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Glomerular Filtration Rate

e Accepted as the best overall index of kidney function
in health and disease

e Directly proportional to Renal Blood Flow (RBF)

Equation:

GFR = RBF x (60% Flasma) x (209%, Filtration Fraction)

Example: if RBF = 1000mL/min

GFR = (1000mL/min) x 60% x 20% = 120mL/min

e Quantifies renal function
- Decrease in GFR proceeds the onset of kidney failure

- Marker for disease staging and therapy (see table 1)



Table 1: Stages of chronic kidney disease and clinical action

) ] Diagnosis and treatment,
Kidney damage with _ _
slow progression, CVD risk
normal GFR _
reduction

Evaluating and treating
Moderate |GFR 30-59 L
complications
Preparation for kidney
4 Severe |GFR 15-29
replacement therapy
5 Kidney replacement therapy
Kidney Failure <15 (if uremia present and
patient desirable)

NEF. EDOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, Classification and Stratification’

_
Kidney damage with ] ] ]
2 ) 60-89 Estimating progression
mild JGFR




Glomerular Filtration Rate

Varies according to age, sex, and body size
* Young average sized adult: 120-130mL/min
e Declines with age

TABLE 2: AVERAGE MEASURED GFR
BY AGE IN PEOPLE WITHOUT CKD?

AGE AVERAGE MEASURED GFR
(Years) (mL/min/1.73 m?)

12-10-4004_FAQ-ABE.pdf. https://www.kidney.org/sites/default/files/12-10-4004 FAQ-ABE.pdf.
Accessed February 5, 2019.



Determining GFR - Cannot be measured directly

Calculated by measuring the urinary clearance of an ideal

filtration marker (Inulin, iothalamate, lohexﬁ
od - b"ﬂ!
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Creatinine - endogenous filtration
marker who's renal clearance is

traditionally used to estimate GFR

*  Product of creatine metabolism from muscle
 Amount produced is directly proportional to muscle mass or lean
body weight

- Under normal conditions, creatinine is released into serum at a constant
rate varying little from day to day



* Notan ideal substance to estimate glomerular filtration,

but close
- Passively filtered
- Notreabsorbed
- ~10-20% is actively secreted i
**Percent secreted increases as GFR decrease T

'R‘f‘ﬁ; " ‘
- Indirectly proportional to renal fﬂ N ctior

 Normal SCr: Male: 0.6-1.2mg/dL

Female: 0.5 -1.1mg/dL



TABLE 4: THE SAME SERUM CREATININE: VERY DIFFERENT eGFR

22-YR-OLD 58-YR-OLD 80-YR-OLD
BLACK MAN WHITE MAN WHITE WOMAN

Serum creatinine 1.2 mg/dL 1.2 mg/dL 1.2 mg/dL

GFR as estimated by

i 2 . 2 . 2
the MDRD equation 98 mL/min/1.73 m 66 mL/min/1.73 m 46 mL/min/1.73 m

Normal GFR or stage 1 CKD if Stage 2 CKD if kidney

Kidney function kidney damage is also present damage is also present

Stage 3 CKD

12-10-4004_FAQ-ABE.pdf. https://www.kidney.org/sites/default/files/12-10-4004 FAQ-ABE.pdf.
Accessed February 5, 2019.



Factors affecting SrCr concentrations

"Muscle mass - expect higher values in body builders and lesser
or unusual values in amputees, cachetic/elderly, or spinal cord
injury patients

s[ngestion of cooked meats - [SCr] can rise as much as 50%
within 2 hours of intake and remain elevated for 8-24 hours?3

mExercise - increase as much as 10%

=Diurnal variations - peak concentrations occur 7pm with nadir
in the morning (clinical unimportant)

*Medications - inhibit creatinine tubular secretion causing falsely
elevated [SCr]

<>cimetidine, trimethoprim, probenecid,

fibric acid derivatives (other than gemfibrozil)

=Kidney Disease - as GFR declines tubular secretion increases and
does so disproportionately. Leads to an overestimation of
creatinine clearance.



Creatinine Clearance to Estimate GFR

* (Can be measured directly or estimated through
calculations

orcl | TrueGFR W
120mL/min | 100mL/min |

96mL/min | 60mL/min |
T RN




Creatinine Clearance to Estimate GFR

Direct Measurement
e 24-hour Creatinine Clearance
- collect urine for 24 hours starting with an
empty bladder.

Equation:

Ug,= Unne [Cr]

Ver= Unne Volume (mL)
Scr= Serum Creatinine

t = Time (1440min = 24hr)

=Difficult for patients
=EXxpensive



Creatinine Clearance to Estimate GFR

Consider a 24-hour creatinine clearance when’:

sExtremes of age & body size
-Severe Malnutrition : 35

»Vegitarian diet ‘ ‘:'-:?;3.-', j |
=Rapidly changlng ‘ 7
-Pregnancy '



Estimate Creatinine Clearance to Estimate GFR

Estimate Creatinine Clearance (estCrCl)

* Formulas based on age, gender; Welght &
14 3 w:,d,gé .
SrCr .:ﬁv Tand &J?.,;
- Cockcroft & Gault Fg mula "f-jf 3 RIRiERRL
s0g Rl
- Jeliffe equatlons == 7
- Schwartz o %@Z ST

- Shull
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Estimate Creatinine Clearance to Estimate GFR

Cockcroft & Gault formula - Most commonly used by
pharmacists for medication dosing and monitoring

Equation:

CrCl (ml/min) = [140 —age] x IBW
72 X SCr

X 0.85 if female

*IBW — Ideal Body Wt *SCr — Serum Creatinine

IBW = Ideal Body Weight

Male = 50kg + (2.3kg x ht in inches >60)
Female = 45kg + (2.3kg x ht in inches >60)




Cockcroft & Gault Formula

Considerations:
o ifactual body weight is <IBW, use actual body weight
o ifactual weightis >120% of IBW, use adjusted body weight (ABW)

ABW =IBW + 0.4(TBW-IBW)

Limitations:
o Developed for Adults only

L e

o SCr must be at steady state

o (some clinicians say 1mg/ dL) P

o Use your head: Does the SrCr ma1l<e sense
can see

o Overestimates GFR at all points, particularly as GFR declines






MDRD4 Formula

Modification of Diet in Renal Disease (MDRD4 ) Formula

e Developed from multicenter, controlled trial of 1628 patients and
compared the effects of strict blood pressure control and dietary
protein restriction with a more typical protein diet to determine the
progression of chronic kidney disease. Results showed diet did not
affect the progression of CKD. This study group later became the
MDRD GFR study group.
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e A mathematical formulas was developed (based omza:r ) :,.
demographics and clinical chemistry) to 1mpro\z’é, redi ‘
accuracy of GFR X ;»7_1\ 37 sy

e Predicts GFR using four variables - serum Cr, . age ge ‘
« Directly estimates GFR (NOT CrCl) '

GFR (mL/min/1.73 m?) = 175 x (S) 1 x (Age)™®?% x (0.742 if female) x (1.210 if African American)



MDRD4 Formula

Considerations:

SCr should be rounded up to 0.8mg/dL
Only for adults 18 - 70 yo

Originally studied in CKD & is less accurate for persons with
normal renal function or mild impairment

= NKDEP - recommends reporting estimated GFR values above
60mL/min/1.73m? as “above 60mL/min/1. 73m2"rather than
the actual value z

conditions, or persons with extremes of body Slze”l m ;-“':'-
\3*'-{ q _.‘ ',
nutritional status R s
.1

When dosing medications eGFR should be unad]usté‘.d ' A
- In general, drug dosing is based on unadjusted GFR

BSA = W%%2° x H%72° x 0.007184
(kg) (cm)

GFR = estimate (ml/min) = GFR estimate (ml/min/1.73 m?) x BSA



MDRD4 Formula

Considerations:
o SCr should be rounded up to 0.8mg/dL

o Only for adults 18 - 70 yo

o Originally studied in CKD & is less accurate for persons with
normal renal function or mild impairment

= NKDEP - recommends reporting estimated GFR values above
60mL/min/1.73m? as “above 60mL/min/1.73m?"rather than

the actual value

ggg‘lf) - Reference Range
e 135-148 MMOL/L
A 3.5-5.5 MMOL/L
ey 95-108 MMOL/L
ki 21.0-32.0 MMOL/L
60-95 MG/DL

BUN
CREATININE 3-62-51 IVCIJGI\{IICDS';DL

GFR Estimated
UNITS = ML/MIN/1.73m2
If patient is African-
American, multiply result by
1.21.
>60




MDRD4 Formula

Has not been validated: >70 yo, pregnancy, serious co-morbid

conditions, or persons with extremes of body size, muscle mass, or
nutritional status

When dosing medications eGFR should be unad]usted for BSA7
— In general, drug dosing is based on unadjusted GF R - .3 il gg;j@ ﬁ | |

BSA = W% x H*72° x 0.007184

(kg) (cm)
GFR = estimate (ml/min) = GFR estimate (ml/min/1.73 m?) x BSA



MDRD4 Formula

More accurate than measured 24-hr CrCl or estCrCl (Cockcroft-Gault)

Comparisons of Prediction Equations to !*°I-Iothalamate-measured GFR’

. ] ) Mean Absolute
Coefficient of Determination
Error

2
r
(r?) (1-r
Cockcroft-Gault
0.842 15.8%
(actual body weight)

Am J Health-Syst Pharm 2007;64(6): 652 660




MDRD4 Formula

**Endorsed by the American Kidney Foundation for routine
estimation of GFR

This is the equation used to report eGFR on Lab results

Nam

SQD[EM Reference Range

POTASSIUM 135-148 MMOL/L

CHLORIDE 3.5-5.5 MMOL/L

TOTAL CO2 95-108 MMOL/L
21.0-32.0 MMOL/L

GLU

COSE 60-95 MG/ DL

B
CHEATININE ;_525 iy
GFR Estimated oo MerbL
UNITS = ML/MIN/1.73m?2
If patient is African-
American, muitiply result by
1.21,
=60




MDRDA4 vs Cockcroft-Gault

e Generally MDRD equation often
overestimates estCrCL

e MDRD4 better to screen and monitor
chronic kidney disease (more accurately
predicts GFR)

e Cockcroft-Gault should be used for
routine drug dosing in renal insufficiency
until other equations are specifically
validated



Metformin

Dosing: Renal Impairment: Adulit

eGFR >45 mL/minute/1.73 m2: No dosage adjustment necessary; monitor renal function at least
annually. More frequent monitoring (every 3 to 6 months) and a maximum dose of 2 g/day has
been recommended for patients with eGFR >45 to <60 mL/minute/1.73 m? (ADA [Lipska
2011]; Inzucchi 2014).

eGFR 30 to 45 mL/minute/1.73 m?:

Preexisting impairment: Use is not recommended for initiation of therapy by some experts
(AACE [Garber 2017]; ADA [Lipska 2011]; Inzucchi 2014); however, others recommend
that in the absence of active kidney disease and/or conditions that predispose to
hypoperfusion and hypoxemia (eg, acute heart failure, dehydration), therapy may be
initiated at half the usual initial dose (eg, 250 mg/day) with close monitoring and titration
(maximum: 1 g/day) (McCulloch 2018c).

If eGFR falls between 30 and <45 ml/minute/1.73 m? during therapy: Consider benefits/risks
of continuing therapy. If continuing therapy, a dosage reduction of 50% (maximum: 1
g/day) and monitoring of renal function every 3 months is recommended (ADA [Lipska
2011]; Inzucchi 2014).




Zolendronic Acid
GEEENY

Dosing: Renal Impairment: Adult Note: Prior to each dose, obtain serum creatinine
and calculate the creatinine clearance using the Cockcroft-Gault formula.

Nononcology uses: Note: Use actual body weight in the Cockcroft-Gault formula when calculating

clearance for nononcology uses.

CrCl 35 to 80 mL/minute: No dosage adjustment is necessary; use with caution.

CrCl <35 mL/minute: Use is contraindicated.
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62 yo female

Wt: 120 lbs (54.5kg)
Ht: 5’3

SrCr: 0.85 mg/dL

MDRD4 Formula

CG Formula
Serum creatinine .85 mg/dL

Creatinine asﬁayﬂ IDMS [175) Sex ' Male (1)
Non-IDMS (186) © Female (0.85)

Age 62 yr Age 62 yr
SexD Female (0.742) Serum creatinine 0.85 mg/dL

IMale (1)
Race Black (1.21)
© Nonblack (1)

Creatinine clearance 58.97
Estimated GFR &7.77 mL/min/1.73 m2

Reported as >60mL/min/1.73m?

Estimated lean body weight 120 b

mbL/min

Generally MDRD equation often overestimates estCrCL



Nitrofurantoin

Dosing: Renal Impairment: Adult

CrCl 260 mL/minute: There are no dosage adjustments provided in the manufacturer's labeling.
CrCl <60 mL/minute:

Limited data suggest nitrofurantoin is safe and effective for short-term treatment of
uncomplicated acute cystitis in patients with an eGFR or CrCl 30 to 60 mL/minute (Cunha
2017; Oplinger 2013; Santos 2016; Singh 2015). The Beers Criteria recommends
avoiding use in geriatric patients 265 years with a CrCl <30 mL/minute (Beers Criteria
[AGS 2015]).

Manufacturer's labeling: Dosing is based on product labeling and may not reflect current
clinical practice: Use is contraindicated.




Canagliflozin

Dosing: Renal Impairment: Adult

eGFR 260 mL/minute/1.73 m2: No dosage adjustment necessary.

eGFR 45 to <60 mL/minute/1.73 m2: Maximum dose: 100 mg once daily. If patient receiving
concurrent UDP-glucuronosyl transferase (UGT) enzyme inducers (eg, rifampin, phenytoin,
phenobarbital, ritonavir) and eGFR 45 to <60 mL/minute/1.73 m? at baseline, consider the
use of another antidiabetic agent.

eGFR 230 to <45 mL/minute/1.73 m2: Use not recommended for initiation of therapy or when
eGFR is persistently <45 mL/minute/1.73 m2.

eGFR <30 mL/minute/1.73 m2: Use is contraindicated.




A\ 74 yo male

gif "N Wt: 265 Ibs (120kg)
S Ht: 5’10

SrCr: 1.8 mg/dL

NP CH2ADS2 Score = 3

IBW = 73kg
AdjBW = 91.8kg

Rivaroxaban

Nonvalvular atrial fibrillation:
CrCl >50 mL/minute: No dosage adjustment necessary.

CrClI 15 to 50 mL/minute: 15 mg once daily with food; assess renal function as clinically
indicated and adjust dose accordingly; discontinue use in patients who develop acute renal
failure. According to the AHA/ACC/HRS, may consider dose reduction in patients with
moderate to severe chronic kidney disease (CKD), although safety and efficacy of this
approach has not been established (AHA/ACC/HRS [January 2014]).

CrCl <15 mL/minute: There are no dosage adjustments provided in the manufacturer's labeling;
discontinue use in patients who develop acute renal failure. Some recommend avoiding use

in patients with CrCl <15 mL/minute (Xarelto Canadian product labeling 2018). Note: In

patients with seveie or end-stage chronic kidney disease, warfarin remains the
anticoagulant of choice (AHA/JACC/HRS [January 2014]).
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74 yo male

Wt: 265 lbs (120kg)
Ht: 510

SrCr: 1.8 mg/dL
CH2ADS2 Score = 3

IBW = 73kg
AdjBW = 91.8kg

SexD Male (1)
Fermale (0.85)

Age 74 yr
Serum creatinine 1.8 mg/dL

Estimated lean body weight 91.8 kg

Creatinine clearance 46.75 mL/min

Dosing: Renal Impairment: Adult Note: Clinical trials evaluating safety and efficacy
utilized the Cockcroft-Gault formula with the use of actual body weight (weight range of patients
enrolled in clinical trials: 33 to 209 kg) (Janssen Pharmaceuticals Inc, written communication, May

2012).




é 74 yo male =
&) Wt 265 1bs (120kg) - 1BW = 73kg
AdjBW = 91.8kg

, 4
SrCr: 1.8 mg/dL

L] CH2ADS?2 Score =3

Sex Male (1)
IFemale (0.85)

Age 74 Wr
Serum creatinine 1.8 mg/dL

Estimated lean body weight 120 kg

Creatinine clearance 61.11 mL/mirn B
Rivaroxaban Dose = 15mgtday 20mg/day



JACC Vol. 51, No. 10, 2008
Coclfc.roft. Gault V.ers.us . March 11, 2008:991-6
Modification of Diet in Renal Disease

Importance of Glomerular Filtration Rate Formula
for Classification of Chronic Kidney Disease in Patients
With Non-ST-Segment Elevation Acute Coronary Syndromes

Chiara Melloni, MD, MHS,* Eric D. Peterson, MD, MPH,* Anita Y. Chen, MS,*

Lynda A. Szczech, MD, MSCE,* L. Kristin Newby, MD, MHS,* Robert A. Harrington, MD,*
W. Brian Gibler, MD,f E. Magnus Ohman, MD,* Sarah A. Spinler, PHARMD, FCCP F
Matthew T. Roe, MD, MHS,* Karen P. Alexander, MD*

Objectives Our purpose was to compare formulae for estimating glomerular filtration rate (GFR) in non-5T-segment eleva-
tion acute coronary syndromes (NSTE ACS) patients.

Background Assessment of GFR s important for antithrombotic dose adjustment in NSTE ACS patients.

Methods We assessed estimated glomerular filtration rate (eGFR) with Cockcroft-Gault (C-G) and Modification of Diet in
Renal Disease (MDRD) formulae in 46,942 NSTE ACS patients from 408 CRUSADE (Can Rapid risk stratification
of Unstable angina patients Suppress ADverse outcomes with Early implementation of the American College of
Cardiology/American Heart Association Guidelines) hospitals. Formula agreement was shown continuously and
by chronic kidney disease (CKD) stages. We determined in-hospital outcomes and the association between anti
thrombaotic dose adjustment and bleeding for moderate CKD as determined by each formula.

Results The median (interquartile range [IQR]) eGFR was 53.2 m|/min (34.7, 75.1 ml/min) by C-G and 65.8 ml/min
(47.6, B3.5 ml/min) by MDRD. The mean eGFR was higher with MDRD (9.1 ml/min), but this difference was
greater in age, weight, and gender subgroups. Chronic kidney disease classification differed in 20% of the popu-
lation and altered when antithrombotic dose adjustment was required by C-G versus MDRD (eptifibatide: 45.7%
vs, 27.3%; enoxaparin: 19.0% vs. 9.6%).

Conclusions Important CKD disagreements occur in —20% of acute coronary syndrome patients, affecting dosing adjustments in
those already susceptible to bleeding. Dosing based on C-G formula is preferable, particularly in the small, female, or
elderly patient. (J Am Coll Cardiol 2008:51:991-6) © 2008 by the American College of Cardiclogy Foundation
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' “When presented with different kidney function estimates that
~ potentially translate into different drug dosing regimens,

clinicians must choose the regimen that optimizes the risk-benefit

ration given the patient-specific clinical scenario. readily
available.”

American College of Clinical Pharmacy

Nyman HA, Dowling TC, Hudson JQ, St. Peter WL, et al. Use of the Cockcroft-Gault versus'fhe MDRD Study Equation

to Dose Medications: An Opinion of the Nephrology Practice and Research Network of the American College of Clinical
Pharmacy. Pharmacotherapy. 2011;31(11):1130-44.




CKD-EPI Formula

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) Formula

Developed in an effort to create a formula more accurate than the
MDRD formula, especially when actual GFR is greater than 60 mL/min
per 1.73 m?

Estimates GFR from: SrCr, Age, Race, Sex

TABLE 3: CKD-EPI EQUATION FOR ESTIMATING GFR ON THE NATURAL SCALE
EXPRESSED FOR SPECIFIED RACE, SEX, AND STANDARDIZED SERUM®

RACE SERUM CREATININE (mo/dL) EQUATION

SEX
CBao [ wee | s | momsssan o
T 7 ™~ T - BTN Y
Cwsoromer | wae | =os | Gm-wisisasexosme
Cwe | sas | emewicseemsesm

CKD-EPIl equation expres=ad as a single equation: GFR = 141 x miniS_ Mk, 11= x maxd3_ Sk, 1722 x 0.923% x 1.018 [if femals] x 1.158 [if bladk] whare
5, i= standardized serum creatinine in mafdL, «is 0.7 for farmalss and 0.9 for males, a = -0.229 for females and -0.411 for males, min indicatas the
minimurm of SEr'h" ar icates the mecimurm of 5 feor 1.

o
*Reprinted with parmission from the American Sacisty of Nephralogy via the Copyright Clearance Center. Stevens LA, Lewvey AS.

JAm Soc Nephrol. 2000; 20:2205-2313.

12-10-4004_FAQ-ABE.pdf. https://www.kidney.org/sites/default/files/12-10-4004 FAQ-ABE.pdf.
Accessed February 5, 2019.



CKD-EPI Formula

e As accurate as MDRD4
equation for
eGFR <60mL/min/1.73 m?

Underestimate
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Overestimate

e More accurate than MDRD4
equation for
eGFR>60mL/min/1.73m?

Underestimate

MDRD Study

Measured-Estimated GFR, mL/min per 1.73 m?
Overestimate

60 90

Estimated GFR, mL/min per 1.73 m?

Ann Int Med. 2009:150
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