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LEARNING OBJECTIVES

At the end of this lecture, the learner will be

able to:

* Evaluate alterations in antimicrobial pharmacokinetics
among patients with acute or chronic kidney disease.

* Use a systematic approach to antibiotic dosing in
patients with renal insufficiency.

* Describe strategies for incorporating optimal renal
dosing into antimicrobial stewardship programs.
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* Dr. Mueller reports receiving research grants from
Baxter Pharmaceuticals, Cidara Therapeutics,
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* His presentation will not include discussion of
unapproved or investigational uses of products or
devices.
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Outline for Today

* Estimating GFR as it relates to
dosing

* Augmented Renal Clearance

* Dosing In patients receiving Renal
Replacement Therapy — to be
discussed In second talk...




Pharmacist Orientation

We all learned to adjust most doses downward for
renal disease. If we didn’t adjust...

What is the last time you saw an antibiotic ADR
because an antibiotic dose was not adjusted low
enough?

How do you assess GFR?
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Many ways to estimate GFR

Table 1. Equations used to estimate renal function.

Name Equation

Cockeroft Cault CLer= ({140 - af:'e! >_<'.feight (kg))/(72 = Ser (mg/dL))
Multiply by 0.85 if female

MDED GFE = 186 = (5Cr (mg/dL))-1-15% = (age (vears))~0-203 = (0.742 if patient is female) = (1.21 if patient iz black)

MDED adjusted for BSA GFE.=MDED = BSA [ 1.73 m?

Jelliffe (((Volume of distribution = {Scr on day 1 — Scr on day 2)) + creatinine production) = 100/1440/average Scr
Substitute Adjusted SCr into Jelliffe equation

Modified Jelliffe Adjusted 5Cr = 5Cr {measured) = Correction Factor

Correction Factor = ((admit weight (kg) = 0.6) + Sum (Daily fluid balance)}/admit weight = 0.6

CLcr = creatinine clearance, MDRD = modification of diet in renal disease, GFR = glomerular filtration rate, BSA =

body surface area.

L. Awdishu, et al. J. Clin. Med. 2018, 7(8), 211
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How do you estimate your
patient's GFR?

 What do most of us use in your practice to
estimate your inpatient’s renal function?
« Cockcroft-Gault
« MDRD —used by your hospital to calculate E-GFR

« Most depend on creatinine and steady-state

« All creatinine-based equations are looking backwards

 Does It matter?
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Limitations of Using Creatinine as GFR Marker

» Factors that can alter Scr or Cl ., :
 Age, weight , gender, muscle mass
» Diet and nutritional status (Pharmacotherapy, P766, Tab 41-3)
 Diurnal variation

« Early renal disease/ acute renal failure (kidney function
less than 50% of normal)

 Fluid overload
* Interference with Cr secretion (Cimetidine, Trimethoprim)
* Interference of plasma assay (cephalosporins)

* Most GFR Estimating Equations use creatinine
 Cockcroft Gault, MDRD, CKD-EPI
« Each has merits... And downsides!
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Whether you use C-G,
MDRD, CKD-EPI, your
estimate of GFR is
poor, even at steady
state.

It Is even worse In
special populations...

Levey AS, et al. Ann Intern Med 2009:150.
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FIGURE 1: COMPARISON OF PERFORMANCE OF
MODIFICATION OF DIET IN RENAL DISEASE
(MDRD) STUDY AND CHRONIC KIDNEY DISEASE

EPIDEMIOLOGY COLLABORATION (CKD-EPI)
EQUATIONS BY ESTIMATED GFR IN THE
EXTERNAL VALIDATION DATASET*
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Creatinine “adjustments” for H20

 Creatinine is water soluble so should be adjusted for fluid
overload.

 Fluid overloaded patients have “artificially” lowered SCr
» Delays time to AKI recognition

== Crude sCr

- g men S o= F|Uid Ba|ance
= s Adjusted sCr
Q'. ;
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‘.m-‘ | melwiveosity |
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| Relative 50%increase from Reference sCr -

—» Late Diagnosis and/or Staging of AKI

200+

- —
ReferencesCr ~—— |

Day of AKI

MM | ElikRiacy Macedo et al. Crit Care. 2010; 14(3): R82.
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Influence of GFR estimate on dosing

° 30 patients Wlth Figure 1. Clearance estimates at peak of kidney injury.
AKI NOT on RRT This figure depicts the calculated median clearance using

the peak serum creatinine wvalue in each estimating

I’eCEIved _ equation. The circles represent outlier data points.
antibiotics in the

PICARD Trial

* GFR/CrCl —
estimated by §
different doses "1 —

Clearance (mL/min)

with CG deemed 1 -
“gold standard” |

M BLRRNIACY L. Awdishu, et al. J. Clin. Med. 2018, 7(8), 211
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Influence of GFR estimate on dose

m % “Correct” dose Discordance %

CG 100% (Standard)  ------
MDRD 89% 11%
MDRD BSA 91% 9%
Jelliffe 91% 9%
Modified Jelliffe 84% 16%

Correct = dosed as recommended in pkg insert

-Does NOT mean therapeutic or subtherapeutic!

M PHARMACY L. Awdishu, et al. J. Clin. Med. 2018, 7(8), 211
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Drugs "mis-dosed” in PICARD

All Drugs 30 (100%) 81% 68% 13%*

Ceftazidime 22 (69%) 70% 54% 16%*
Ciproflox 21 (66%) 96% 90% 6%
Fluconazole 15 (47%) 81% 71% 10%
Metronid 11 (34%) 100% 87% 14%
Cefazolin 7 (22%) 86% 64% 22%
Ganciclovir 7 (22%) 64% 45% 20%
Ampicillin 4 (13%) 63% 56% 6%
Pip-Tazo 4 (13%) 100% 94% 6%

* =p<0.005

M BLRRNIACY L. Awdishu, et al. J. Clin. Med. 2018, 7(8), 211
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Renal function estimation doesn’t just affect antibiotics

SUPPLEMENTAL TABLE 51 - Renal dose adjustment for NOAC as evaluated in the Clinical
Trials or indicated in the product monograph

Apixaban(1,2) Dabigatran(3) Edoxaban(4) Rivaroxaban(5)
Renal Clearance 25% BD% S0% 35%
Standard Dose 5 mg bid 150 mg or 110 mg bid 30 mg daily 20 mg daily
Reduced Dose 2.5 mg bid ?151:1:Ei??55n§5:: 15 mg daily 15 mg daily
Dose Reduction
- Trial Criteria If 2 of 3 criteria present:
;: ‘:f:i;iﬂﬁ S0 ke None eCrCl 30-49 mL/min | eCrCl 30-49 mL/min
3. Creatinine >133 umaol/L
- turope IS L eCrC1 30-49 mL/min | eCrCl15-49 mL/min | eCrcl 15-49 mL/min
- us Trial Criteria eCrCl 15-30 mL/min eCrCl 15-49 mL/min eCrCl 15-49 mL/min
- Canada Trial Criteria
(no dosing recommendation eCrCl 30-49 mL/min eCrCl 30-49 mL/min eCrCl 30-49 mL/min
if CrCl 15-24)
Exclusion
- Trial Criteria eCrCl <25 mL/min eCrCl <30 mL/min eCrCl <30 mL/min eCrCl <30 mL/min
- Europe eCrCl <15 mL/min eCrCl <30 mL/min eCrCl <15 mL/min eCrCl <15 mL/min
- Us . . eCrCl <15 mL/min .
eCrCl <15 mL/min eCrCl <15 mL/min oCrCl 505 mLirnin eCrCl <15 mL/min
- Canada eCrCl <15 mL/min eCrCl <30 mL/min eCrCl <30 mL/min eCrCl <30 mL/min

EU — Europe — European Medicines Agency; US — Food and Drug Administration; CAN — Canada
— Health Canada
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Eligibility for dabigatran, edoxaban, and
rivaroxaban using the estimated GFR/CrCl

15 mL/min threshold 25 mL/min threshold
MDRD MDRD

CG <15 215 Total CG <25 225 Total

<15 32 14 46 (6%) <25 182 = 64 246 (30%)
— 29 .................. - s e 103 ................. — esomn

Total 61(7%) 770 (93%) 831 Total 285(3a%) 546 (66%) 831

Agreement=94.8% [95% Cl: 92.6%, 96.4%] Agreement=79.9% [95% Cl: 76.3%, 83.1%]
Under-treated=3.5% [95% CI: 2.2%, 5.4%] Under-treated=12.4% [95% CI: 9.9%, 15.5%]

Over-treated=1.7% [95% CI: 0.9%, 3.2%] Over-treated=7.7% [95% Cl: 5.7%, 10.3%]

COLLEGE OF
M PHARMACY Andrade JG, et al. Can J Cardiol 2018;34:1010-8.
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Best Practices

« Estimating GFR

At best you are +/- 30%, no matter the equation
« Don’t get hung up whether CrCL is 38 or 42 mL/min...
* |If you are not at steady-state SCr, anticipate where S Cr
IS going.
* Don’t forget importance of Urine Output

« Many biomarkers coming out to identify AKI Early

 Plasma and urine NGAL, urine KIM-1, and
IGFBP7xTIMP-2

 Furosemide Stress Test — 2 hr UO after a dose of Lasix

* New GFR estimating technologies to be in your
hospital and clinic soon
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Stuff | picked up at Nephrology
Meetings...

 Augmented Renal Clearance (ARC)
 Creatinine Clearance > 130mL/min

* Important to react early to Acute Kidney Injury
* Drug-induced nephrotoxicity

 Think like a NINJA?

< 2
~ -
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% Belgian MICU/SICU Patients
with ARC per Patient Day

12% Permanently expressed ARC throughout ICU stay
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Number of patients| 77 | 85 | 67 52 44 | 34 |26 |19 |18 |14 12121112 | 12
OCer<=130 0.70/0.65(0.55/0.62 0.61 0,66 0.73/0.63/0.67 0.64/0.75/0.58/0.55/0.67/0.67
'mCer=130 0.30(0.35 0.45 0.38 0.39 0.32 0.2710.37/0.33(0.36(0.25(0.420.45/0.33(0.33

Legend: Cor = creatining clearance: the 24-hour urinary creatinine clearance, exprassad in mL/'min1 T3Im®.
Craalning clearance results are oblained by a routinaly 24-haur uring guipul collection during ewary 1CU
patient day. Data are shown for days on anti-infective treatment.
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Udy et af. Critical Care 2013, 17R35 = - f?
wramensnins \NMNO 1S lIKely to have ARC

Table 2 Demographic, diagnostic and treatment-related data in those with and without augmented renal clearance.

Variable ARC inumber = 41} Mo ARC {number = 300 P-value
Ane wears, mean (500 341 (110 53.7(1595) <0001
Male nender, number () 31 (758) 14 (467 fmaz
Bo4, mz, mean (500 1.98 (0.29) 1.5 (D28 0850
APSCHE Il scare, mean (50) 1580 (533) 204 (740 0008
Madified SOFA seare, median [IC2RE] 324 43 &) o013
Use of vasopressors, number (35 Q22 11387 0173
Mechanical ventilation, number (%) 30 (e5.1) 27 (B0 0544
24 bir Fluid balance, ml, mean (500 428 (201 1) BET (1624 0237
i, Lfminfrnz, mean (500 447 (1.01) 300 03
CLep ml/mind1.73 rnz, mean (500 170329 BEA (205 <0001
Categary 24 (585 4113.3) <000
Trauma, riumber () 17 (41.58) 25 857 <000

Sepsis, number G545

APACHE II, Avute Physiology and Chronie Health Evaluation seore;, BSA, body surface area; O, cardiae indes; Cle-p, creatinine clearanee; 50F8, Sequential Crgan

Factor Odds ratio [95% confidence interval]
Age 0.93[0.91-0.96]
African-American race 3.45[1.40-8.50]
Sepsis severity 0.54[0.30-0.97]

African-American race and younger age significantly increased the risk for having ARC, while increasing
severity of sepsis was associated with a lower incidence of ARC.

Burnham JP, Micek ST, Kollef MH. PLoS ONE 2017; 12(7): e0180247.



ARC Scoring System

* 6 points if patients are < 50 years old
3 points if they are admitted for trauma

1 point if their SOFA score is 4 or less upon
ICU admission.

* An ARC score >7 Is associated with 100%

sensitivity and 71.4% specificity for detecting
ARC.

 This correlates with a 75% positive predictive
value and a 100% negative predictive value.
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Joumnal of Critical Care (2013) 28, 695700

Journal of
Critical Care

é.r

ELSEVIER

Augmented renal clearance is a common finding with worse
clinical outcome in critically ill patients receiving
antimicrobial therapy ™™ ™

Barbara 0.M. Claus PharmD®*, Eric A. Hoste MD, PhD", Kirsten Colpaert MD",
Hugo Robays PharmD?, Johan Decruyenaere MD, PhD®, Jan J. De Waele MD, PhD"

“Pharmacy Depariment, Ghent Unive @ PLOS ONE
*Department of Critical Care Medici - =24 3

RESEARCH ARTICLE

Augmented renal clearance is not a risk
factor for mortality in Enterobacteriaceae
bloodstream infections treated with
appropriate empiric antimicrobials

Jason P. Burnham'*, Scott T. Micek?, Marin H. Kollef*

1 Division of Infectious Diseases, Washington University School of Medicine, St. Louis, Missoun, United
— States of America, 2 St. Louis College of Pharmacy, St. Louis, Missouri, United States of America, 3 Division

‘ ‘ of Pulmonary and Critical Care Medicine, Washington University School of Medicine, St. Louis, Missouri,
United States of America
COLLEGE OF
PHAR MACY Check for * kollefm @ wustl.edu
UNIVERSITY OF MICHIGA updates




Ignoring ARC = Subtherapeutic Vanco

Neurocrit Care
https://doi.ong/10.1007/512028-018-0583-z N E U R | C R I T I CA L

CARE SOCIETY

ORIGINAL ARTICLE

The Impact of Capping Creatinine @
Clearance on Achieving Therapeutic
Vancomycin Concentrations in Neurocritically IlI
Patients with Traumatic Brain Injury

Nicholas R. Nelson', Kathryn A. Morbitzer', J. Dedrick Jordan® and Denise H. Rhoney'”

Soence+Business Media, LLC, part of Sprimger Mature and Neurocnitical Care Society

“Capping” CrCl at 120 mL/min meant median vancomycin
troughs of 11.5 mg/L vs. 16.3 mg/L. P<0.00001
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ARC PK Trials

Table 2. Summary of the Phammacokinetic and Pharmacodynamic Literature in Patients with Augmented Renal Clearance

Ml it em

Creatinine Inhibitory
Pharmacodynamic Infusion Clearanoe Concentration
Antimicrobial Agent Target Used Dosage Time (hrs) (ml fmin) (/L) FTA
Fiperacillin- 5% fT = MIC 4.5 g loading dose, 3 Median 106 1l RO"
tazobactam ' ¥ then 4.5 g every 6 hrs (10R 1-143)*
Median 215 20"
(IOQR 100-246)"
4.9 g every 6 hrs 4 Median 132 B&*
(IQR 90-188)
r'\-'fll‘.l.'l!'pl‘.[]l‘.[:]-'; 5% T = MIC 1 g loading dose, 3 Median 106 2 gab
then 1 g every 8 hrs (IQR 91-143)*
Median 215 18"
(IQR 190-246)°
Cefazolin™ 500% fT = MIC 1 g every 6 hrs 0.5 130 2 86°
2 gevery 8 hrs BT
2 pevery 6 hrs Bo
) 215 B4
Coetepi mie i 6% fT = MIC 2 gevery 8 hrs 3 130 B B
2 gevery b hrs 130 00"
16 B
150 B o
16 83
Daptomycin’’ AUCMIC, 34 = 666 6 mg/kg/day 0.5 50% had ARC? 0.5 45
8 mghkpiday 72
10 mg'kgfday 86"
1 28
500 mygfday 0.5 63
790 myg/day 04
1 26
1000 mgdday 63

FTA = prohability of target attainment based on Monte Carlo simmlaton; fT = MIC = percentage of the dosing interval that free drug concen-
raton remains above the mindmum inhibitory concemtration; QR = interquartile range;, AUCo 2MIC = total area under the cwrve over
24 hours to MIC ratio,

"Measured creatinine cdearance using 24-hour urine collection.

:'E'tl':fnr_agt of patients who achieved plarmacokineticpharmacodyrmamic target (piperacillinftazobactam [n=33/41], meropenem [n=9/11]).
“PTA target achieved in patients with ARC (= 85%).

“ARC based on daptonmyein clearance.

COLLEGE OF
M | PhaRmACY Hobbs ALV, et al. Pharmacotherapy 2015;35:1063-75
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Proposed dosing in ARC

Table 3. Proposed Antimicrobial Dosing Recommendations in Patients with Augmented Renal Clearance®

Pharmacodynamic

Antimicrobial Dosage Regimen Target

Pharmacokine tic-
Pharmacodynamic
Breakpoin ol myg/L)

CLS1 Susceptibility
Breakpoint (mg/L)™

'H.'IH.[:II.:I:‘[:]':-'L:l[:I-IH' i 25-30-mg'kg AUCMLC = 400
loading dose,
then 15-20 mg/'kg
every 8-12 hrs®
Gentamicin, T [:J&-‘l-;ﬂ-‘d.u}"i C e ™MIC = 8-10
llr'hrH.[:]‘_n'lZl[]G; .

Ciprofloxacin®™ 400 mg every 8 hrs AUCMIC = 125

Levofloxacin® 750 mg once/day AUCMIC = 125

Da Flll?[:I:-'L:l[]-'T AUCMIC = bbb

10 mg/kg/day
Piperacillin- 50% T > MIC
Tazobactam™

Meropenem™

4.5 g every 6 hrs
(4-hr inlusion)
2 g every 8 hrs 4% T > MIC
(3-hrs infusion)®
1 g every 6 hrs or
2 gevery 6-8 hrs
2 gevery 6-8 hrs
(3-hr inlasion)

Cefazolin™ 50% T = MIC

60% T > MIC

Cefepime™

1

-

B (16 tor every 6 hrs)

2 (Staphylococcus oureus)

4 (Pseudomonas aemuginosd,
Enterobac e naceae )
1 (P. arruginosa,
Enterobac te riaceae )
2 (P. arruginosa,
Enterobac te naceae )
1 (5. aureus),
4 ( Enferococous specics)
16 (F. arruginosa,
Enterobac b raceae )
2 (P. aeruginosa) 1
( Emterobactenaceac)
2 (Enterobactenaceae)

B (P. amruginosa)
2 {Enterobacte naceac®)

» Hobbs ALV, et al. Pharmacother 2015:35:1063-75
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Recent Review:

Implications of Augmented Renal Clearance on Drug
Dosing in Critically Ill Patients: A Focus on Antibiotics

Athena L. V. Hobbs,'* Katherine M. Shea” Kirsten M. Roberts,” and Mitchell ] I_'}:ilf::,','+
'Department of Pharmacy, Baptist Memorial Hospital - Memphis, Memphis, Tennessee; *Innovative Delivery
Solutions, Cardinal Health, Houston, Texas; *Department of Pharmacy, Northwestern Memorial Hospital,
Chicago, 1llinois; *Department of Pharmacy, Seton Healthcare Family, Austin, Texas

Augmented renal clearance (ARC) has been reported in approximately 30-65% ol patients in the inten-
sive care unit (ICU) despite the presence of a normal serum creatinine concentration. In certain 1CU
patient populations (e.g., patients with sepsis or trauma), the incidence increases to roughly 50-85%.
Risk factors for ARC include the following: age younger than 50-535 years, male sex, higher diastolic
blood pressure, fewer comorbidities, and a lower Acute Physiology and Chronic Health Evaluation II
(APACHE II) or modified Sequential Organ Failure Assessment (SOFA) score at 1CU admission. In addi-
tion, patient populations with the highest reported incidence of ARC include those with major trauma,
sepsis, traumatic brain injury, subarachnoid hemorrhage, and central nervous system infection. Due to
the high incidence of ARC in patients with a normal serum creatinine concentration, clinicians should
consider screening 1CU patients deemed high risk by using the ARC scoring system or the identification
and assessment algorithm provided in this review. In addition, an 8-hour continuous urine collection
should be considered to assess a measured creatinine clearance for evaluating the necessity of medication
dosage adjustments. There is a clear association between ARC and subtherapeutic antibiotic concentra-
tions as well as literature suggesting worse clinical outcomes; thus, the risk of underdosing antibiotics in
a patient with ARC could increase the risk of treatment failure. This review examines strategies to over-
come ARC and summarizes current pharmacokinetic and pharmacodynamic literature in patients with
ARC inan ellort to provide dosing guidance for this patient population.

Key Worps augmented renal clearance, pharmacokinetics, critically ill, pharmacodynamic dosing,
hyperfiltration, antibiotics, creatinine clearance.

(Pharmacotherapy 2015;35(11):1063-10753) doi: 10.1002/phar. 1633
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Drug-Induced Nephrotoxicity

Acute Tubular Necrosis
Allergic
Interstitial
L Nephritis

" Papillary
Necrosis

Hemodynamicall
Mediated Renal
Failure

Glomerulo-
nephritis

Pseudo-Renal Chronic
Failure Interstitial

M Nephritis

Obstructive Nephropathy

MEOrror
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IS nephrotoxicity a big deal?

CRITICAL
, CARE
SAUNDERS CLINICS

Crit Care Clin 22 (2006) 357374

Drug-Associated Renal Dysfunction

Stephanie S. Taber, PharmD™, Bruce A. Mueller, PharmD

Department of Clinical Sciences, University of Michigan College of Pharmacy,
1500 East Medical Center Drive, UHB2D301 Box 0008, Ann Arbor MI 48109, USA
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We Use Nephrotoxic Drugs in the ICU...

 Taber et al. Crit Care Clinics. 2006

« Of the Top 100 drugs used most commonly in U
Michigan Adult ICUs:

« 22.5% were potentially nephrotoxic

« Of the Top 100 drugs used most commonly in U
Michigan Pediatric ICUs
« 25.2% were potentially nephrotoxic

¢ 39.9% (11,153/27,924) of Pediatric ICU Drug orders were
for a potentially nephrotoxic drug

* |s that a big deal?
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Costs of AKI

45000
40000
35000
30000
25000
20000
15000
10000

5000

0 x
No AKI AKIN 1 AKIN 2 AKIN 3 no AKIN 3
dialysis dialysis

M Total Cost

M Incremental
Cost

Admission to 1-yr for Hospitalized Adults

Collister D et al. Clin J Am Soc Nephrol 2017: 12:1733
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Transitioning from Acute
Kidney Injury to Chronic
Kidney Disease

AKD- acute kidney disease
CKD- chronic kidney disease

AKI AKD CKD

Days O 7 90

 Patients with AKI have a substantial risk of
progressing to CKD
* About 30% of patients who have AKI progress to CKD
 Dialysis dependence for AKI survivors is 40%

Chawla LS et al. Nat Rev Nephrol 2017;13:241.
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Risk Factors for AKI/D-AKI

Susceptibilities Age, black race, female, history of diabetes, history of
hypertension, previous AKI episode, elevated baseline
serum creatinine

Exposures Nephrotoxin administration, trauma, burn, circulatory
shock, sepsis, high risk surgery, hypotension, fluid overload

Drug-specific Exposure Nephrotoxin treatment duration, cumulative dose, total
daily dose, phar inetic and pharmacodynamic drug
interaction€_nephrotoxic burden

= Concomitant nephrotoxin administration was an
independent predictor of AKI

=  53% greater odds of developing AKI for every
nephrotoxic drug received (OR 1.53; Cl 1.09-2.14)

= Significant association between cumulative

Kane-Gill SL, Goldstein SL. Crit Care Clin 2015;31:675

Cotner SE et al. AAC 2017:61:¢00871 number of e>.<po'sures and risk of AKI (p =0.02)
Cartin-Ceba R et al. Crit Care Res Pract 2012; article 691013 but no association between the each type of
Ostermann M et al. Crit Care Med 2018: ahead of print exposure and AKI (p = 0.22)
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PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Electronic Health Record Identification of Nephrotoxin Exposure and Associated
Acute Kidney Injury
Stuart L. Goldstein, Eric Kirkendall, Hovi Nguyen. Joshua K. Schaffzin. John
Bucuvalas, Tracey Bracke. Michael Seid. Marshall Ashby. Natalie Foertmeyer., Lon
Brunner. Anne Lesko. Cynthia Barclay. Carole Lannon and Stephen Muething
Pediatries: originally published online August 12, 2013;
DOI: 10.1542/peds.2013-0794
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Distribution of High NTMx Medications and Medications

30.0

associated with AKI

27.1

24.9

m % High NTMx exposures involving each medication

25.0 —

20.0

B % AKI episodes involving each medication

15.0

Percentage

10.0

5.0

0.0

Medications

Pediatrics 2013:132:e756—e767

FHAR VA
UNIVERSITY OF MICHIGAN




Rate of AKI Patients per 1000 non-ICU patient-days
{Using p chart)
10.0
8.0 N e
Increased # i" vaf
8.0 of BMT patient _ " 1
- Pharmacy began L. Y ' [l
20 11 using automated + ! ' 1
ol [ T Trigger Reports ~ - 1
SThe TESTESY- IR ——eaa T S
@ 6.0 ¥ [ * i
® = + [
L A STV
§ 5.0 4 * Avg:
4.0 | . * + L
o *o o . o " Avg:
3.0 A * » L ] 2.6
* v 'S s * *
2.0 4 0 “’ ’ ’ “ .‘ ﬁ\rg;
- * * 2.0
1.0 " - _ ‘ +4+4 |

Initial AKI prevalence rates 10-fold higher than CAUTI rates and 3-fold higher than CLBSI
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FIGURE 5

Weekly average AK| development rates as measured by patient number with AKI per 1000 noncritically ill patient hospital days. The AK rates initially increased
above, and then decreased below, the baseline rate. Each data point represents 1 week beginning from Monday to the following Sunday. BMT, bone marrow
transplantation.
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NINJA

e Electronic Health Kidney International
Record automatlcally Volume 90, Issue 1, Pages 212-221 (July 2016)
identified children at Table 4| List of nephrotoxic medications
AKl r|Sk Acyclovir Enalaprilat Mesalamine
Ambisome” Foscarnet Methotrexate
° >3 days Of an Amikacin Gadopentetate dimeglumine” Nafcillin
PR . Amphotericin B Gadoextate disodium®’ Piperacillin/tazobactam
amlnoglyCOSIde Captopril Ganciclovir Piperacillin
i Carboplatin Gentamicin Sirolimus
* 3 ne_phr(_)tOXIC Cefotaxime Ibuprofen Sulfasalazine
medications Ceftazidime Ifosfamide Tacrolimus
] ] Cefuroxime lodixanol * Ticarcillin/clavulanic acid
* Pharmacist received Cdofovic bk 19y
. Cisplatin lopamidol Topiramate
da| Iy e port Colistimethate loversol” Valacyclovir
Cyclosporine Ketorolac Valganciclovir
Dapsone Lisinopril Vancomycin
Enalapril Lithium Zonisamide

*Medications counted for 7 days after administration toward exposure due to their
long half-life. All other listed medications count for 48 additional hours after
exposure.
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NINJA

Nephrotoxic medication exposure rate per 1000 non-ICU patient days
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AKIl rates |, 64%

AKI rate per 1000 non-ICU patient days
(Using p chart)
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Nationalized NINJA Implications

 Costs incurred
« Daily creatinine
 Follow up clinic and labs since AKI detected
* Medications to slow CKD progression

 Potential cost savings (earlier detection)
« AKI avoided
« CKD avoided
« ESRD avoided

* With an estimated annual incidence of 1 million
cases of AKI in patients in the United States, a
reduction in mortality from 10.2% to 9.4% could
translate into 8000 lives saved per year

* Processes of care were not studied with granularity
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The NINJA Process

Pharmacists . Data Analyst Share with AKI
: Provide SCr : ...and
create/receive compiles team,

daily reports, >creening registry from generate leadership,

verify & SUEHESIIEN Pharmacist metrics, run other

validate necessary reports... ATl stakeholders
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How might
NINJA interface
with ID
Stewardship?




ID Stewardship
Pharmacist




ID Stewardship Pharmacist Ninja Pharmacist

Vancomycin is first line therapy! Use Daptomycin to avoid nephrotoxicity!
Pip-Tazo is our “go-to” agent Pip-Tazo is highly nephrotoxic!
Aminoglycosides after dialysis Give Aminoglycosides BEFORE hemodialysis
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Clin ] Am Soc Nephrol 13: 1254-1263, August, 2018 Pharmacokinetics and Drug Dosing: Applications, Roberts et al. 1261

25- -=-- 200 mg post-hemodialysis

— HDx
3 Sl — — 200 mg pre-hemodialysis
E £ — 80 mg post-hemodialysis
25 15-
c.9 Te--es
28 ., T TETIr S(ri=4
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Time (h)

Figure 5. | The timing of gentamicin administration affects the concentration-time profile in patients using hemodialysis. Simulation on the
basis of a 30-minute intravenous infusionof 200 or 80 mg gentamicin, using median values from Sowinski et al. (43) including Vdof 13.5 L, endogenous
elimination , , of 39.4 hours, and elimination ¢, ;, during hemodialysis (HDx) of 1.6 hours. Administration prehemodialysis maximizes the Cmax:MIC
ratio (ratio of Cmaxtothe minimum inhibitory concentration of the bacteria; see part 1 [2]) and decreases the overall exposure. This demonstratesthat a
large dose can be administered immediately predialysis to take advantage of the concentration-dependent killing and postantibiotic effect of this
antibiotic class. This maximizes the antibiotic concentration-time profile and drug effect, and the clearance achieved by dialysis allows for the
aminoglycoside to be rapidly cleared to a less toxic concentration. Other antibiotics that also have a concentration-dependent killing and therefore
may also benefit from a large dose immediately before dialysis are daptomycin (44) and the fluoroquinolones (45,46).
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Best Practices in Renal Dosing

« Renal Fx estimation: Don’t get too hung up on
math...
« Whatever you calculate — you are only +/- 30%
 Anticipate where renal function is going!
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Best Practices in Renal Dosing

 Augmented Renal Clearance:
* |t is real (10-30% of your ICU patients)

* You will find it frequently in young people without
other organ failure

* You may need to doses far greater than package
Insert doses to be therapeutic

* The only way to find it is to measure it!
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Best Practices in Renal Dosing

Drug Induced Nephrotoxicity
- Contributes heavily to morbidity and mortality
- Needs to be “front of mind” on rounds
- Be a NINJA!

NINJA
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Assessments

* Which one of the following has no effect on

creatinine clearance estimations based on
serum creatinine values?

Age

Weight

. Gender
Muscle mass
Insulin use

A.
B.
C
D.
E.
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* Which one of the following is true regarding the
“E-GFR” that appears in the hospital chart?

It is based on Cockcroft Gault equation

It is based on the MDRD equation

It is a non-steady state equation

It IS the most accurate renal function estimate that
IS avallable

o0 w>
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* Augmented Renal Clearance is best described
as which one of the following?
A. Drug clearance provided by dialysis

B. Calculated creatinine clearance in fluid
overloaded patients

C. Creatinine clearance that is enhanced with
diuretics

D. Creatinine clearance >130 mL/min
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The NINJA study sought to reduce drug induced
nephrotoxicity by using which one of the
following methods?

A.
B.
C.

D.

COLLEGE OF

Feeding all patients a diet of rice and sushi
Giving all patients a fluid bolus at admission

Providing pharmacists with a list of nephrotoxic
medications taken by patients

Removing aminoglycosides from the formulary
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* Which of the following statements is true
regarding creatinine clearance or GFR
estimations in patients who have stable renal
function?

Cockcroft Gault equation is most accurate method

MDRD is most accurate method

. CKD-EPI is most accurate method

No matter what method you use, your answer Is
probably only within 30mL/min of actual GFR

00w
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