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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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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? 



Many ways to estimate GFR 

L. Awdishu, et al. J. Clin. Med. 2018, 7(8), 211 



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? 
 

 

 



Limitations of Using Creatinine as GFR Marker 

•  Factors that can alter Scr or Clcr :   
• Age, weight , gender, muscle mass                                          
• Diet and nutritional status 
• 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! 

 

(Pharmacotherapy, P766, Tab 41-3)  



Levey AS, et al. Ann Intern  Med 2009:150. 

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… 



Creatinine “adjustments” for H2O 
• Creatinine is water soluble so should be adjusted for fluid 

overload. 

• Fluid overloaded patients have “artificially” lowered SCr 

• Delays time to AKI recognition 

    Macedo et al. Crit Care. 2010; 14(3): R82. 



Influence of GFR estimate on dosing 

• 30 patients with 
AKI NOT on RRT 
received 
antibiotics in the 
PICARD Trial 

 

• GFR/CrCl 
estimated by 
different doses 
with CG deemed 
“gold standard” 

L. Awdishu, et al. J. Clin. Med. 2018, 7(8), 211 



Influence of GFR estimate on dose 

Equation % “Correct” dose Discordance % 

CG 100% (Standard) ------ 

MDRD 89% 11% 

MDRD BSA 91% 9% 

Jelliffe 91% 9% 

Modified Jelliffe 84% 16% 

L. Awdishu, et al. J. Clin. Med. 2018, 7(8), 211 

Correct = dosed as recommended in pkg insert 
 
  -Does NOT mean therapeutic or subtherapeutic! 



Drugs “mis-dosed” in PICARD 
Drug # Patients (%) % Correct CG 

dose 
% Correct Mod 

Jelliffe dose 
Discordance 

% 

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% 

L. Awdishu, et al. J. Clin. Med. 2018, 7(8), 211 

* =p<0.005 



Renal function estimation doesn’t just affect antibiotics 

Andrade JG, et al. Can J Cardiol 2018;34:1010-8. 



Eligibility for dabigatran, edoxaban, and 
rivaroxaban using the estimated GFR/CrCl 

Andrade JG, et al. Can J Cardiol 2018;34:1010-8. 

15 mL/min threshold 25 mL/min threshold 



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 

IGFBP7×TIMP-2 

• Furosemide Stress Test – 2 hr UO after a dose of Lasix 

• New GFR estimating technologies to be in your 
hospital and clinic soon 

 

 



Stuff I 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? 

 



% Belgian MICU/SICU Patients 
with ARC per Patient Day 

• Claus et al. J Critical Care 2013; 28: 695-700 

12% Permanently expressed ARC throughout ICU stay 



Who is likely to have ARC? 

• Young male trauma patients w/o other organ dysfunction 

• African American  

 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. 



 



Ignoring ARC = Subtherapeutic Vanco 

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



ARC PK Trials 

Hobbs ALV, et al. Pharmacotherapy 2015;35:1063-75 



Proposed dosing in ARC 

• Hobbs ALV, et al. Pharmacother 2015;35:1063-75 



Recent Review: 



Drug-Induced Nephrotoxicity 
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Is nephrotoxicity a big deal? 



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 

• Is that a big deal? 



Costs of AKI  

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 

• 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% 

 

AKI- acute kidney injury 
AKD- acute kidney disease 
CKD- chronic kidney disease 

Chawla LS et al. Nat Rev Nephrol 2017;13:241. 

AKI AKD CKD 

Days 0 7 90 



Risk Factors for AKI/D-AKI 
Description Risk Factors for Critically Ill  

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, pharmacokinetic and pharmacodynamic drug 
interactions, 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; CI 1.09-2.14)  

 Significant association between cumulative 
number of exposures and risk of AKI (p = 0.02) 
but no association between the each type of 

exposure and AKI (p = 0.22) 

Kane-Gill SL, Goldstein SL. Crit Care Clin 2015;31:675 
Cotner SE et al. AAC 2017;61:e00871 
Cartin-Ceba R et al. Crit Care Res Pract 2012; article 691013  
Ostermann M et al. Crit Care Med 2018: ahead of print 







Initial AKI prevalence rates 10-fold higher than CAUTI rates and 3-fold higher than CLBSI 
rates at CCHMC 





NINJA 
• Electronic Health 

Record automatically 
identified children at 
AKI risk 

• >3 days of an 
aminoglycoside 

• 3 nephrotoxic 
medications 

• Pharmacist received 
daily report 

 

Kidney International  
Volume 90, Issue 1, Pages 212-221 (July 2016)  



NINJA 

Kidney International 2016 90, 212-221DOI: (10.1016/j.kint.2016.03.031)  

• Kidney International 2016 90, 212-221DOI: (10.1016/j.kint.2016.03.031)  

Nephrotoxin exposure rate ↓ 38% 



Kidney International 2016 90, 212-221DOI: (10.1016/j.kint.2016.03.031)  

AKI rates ↓ 64% 



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 



The NINJA Process 

Pharmacists 
create/receive 
daily reports, 

verify & 
validate 

Provide SCr 
screening 

suggestions if 
necessary 

Data Analyst 
compiles 

registry from 
Pharmacist 
reports…  

…and 
generate 

metrics, run 
charts  

Share with AKI 
team, 

leadership, 
other 

stakeholders 



How might 
NINJA interface 
with ID 
Stewardship? 



Formulary 

NINJA Pharmacist 

ID Stewardship 
Pharmacist 



Formulary 

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 



 



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! 

 

 



Best Practices in Renal Dosing 

• Augmented Renal Clearance: 
• It 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! 

 

 



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! 

 



Assessments 

• Which one of the following has no effect on 
creatinine clearance estimations based on 
serum creatinine values? 

A. Age 

B. Weight 

C. Gender 

D. Muscle mass 

E. Insulin use 

 



• Which one of the following is true regarding the 
“E-GFR” that appears in the hospital chart? 

A. It is based on Cockcroft Gault equation 

B. It is based on  the MDRD equation 

C. It is a non-steady state equation 

D. It is the most accurate renal function estimate that 
is available 

 



• 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 

 



The NINJA study sought to reduce drug induced 
nephrotoxicity by using which one of the 
following methods? 

A. Feeding all patients a diet of rice and sushi 

B. Giving all patients a fluid bolus at admission 

C. Providing pharmacists with a list of nephrotoxic 
medications taken by patients 

D. Removing aminoglycosides from the formulary 

 



• Which of the following statements is true 
regarding creatinine clearance or GFR 
estimations in patients who have stable renal 
function? 

A. Cockcroft Gault equation is most accurate method 

B. MDRD is most accurate method 

C. CKD-EPI is most accurate method 

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

 


