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Background

• Several very important elements are 
already correctly addressed in the 
current dosing table

• Division in stages of renal insufficiency (> 
90, 89-60, 59-30, 29-15, < 15 mL/min) 
 corresponding to KDIGO stages for 
chronic kidney disease

• Standard dosing is provided for patients 
with > 90 mL/min

• Several dosing regimens are provided per 
antibiotic (e.g. for flucloxacillin: 4 x 1g; 4 x 
2g and 6 x 2g/day)

KDIGO = Kidney Disease: Improving Global Outcomes https://kdigo.org/guidelines/



Objectives

When thinking about an update of the IGGI renal dosing table, 
3 questions should be discussed:

• Q1.  How can renal function best be assessed in the context of dose 
adjustments in patients with renal insufficiency?

• Q2. Should we always adjust doses?
• Q3. Can the same renal dosing table be applied in septic/critically ill

patients?

« Quick » wins



Q1.  Assessment of renal function

Is this way of working really correct?
• Are estimators equal in accuracy when it comes to assessment of kidney function?
• Are estimators interchangeable when it comes to drug dosing?

http://www.bvikm.org/documenten



Q1.  Assessment of renal function

• HISTORY (1)

• Already in the late 50s , the relation between renal impairment
(measured as 24h CrCl)  and longer halflife of antibiotics was
documented

• First renal dose adjustment reported in patients with ‘uremia’ 
in the 1967

• First systematic methodology for dose adjustments published
by Dettli in 1970  - ‘Dettli’s rule for dose adjustment’ – basis 
for kidney dosing nomograms/tables

• Not much uptake of Dettli’s rule as a rapid and clinically
practical method for assessing kidney function was lacking -
only way to do this was measuring CrCl (surrogate for GFR) by 
24h timed urinary collection

Hudson & Nolin, Adv Chron Kidney Dis 2018; 25 (1): 14-20
Kunin CM et al. J Clin Invest 1959; 38: 1509-19

Dettli L JAMA 1970; 214: 1468-75.



• HISTORY (2)

1976 - publication of ‘Cockcroft-Gault formula’  (CG)

• Estimates CrCl, validated vs. measured CrCl
• Developed and validated only in caucasian men, small sample size 
• Knowledge of age, sex, weight, Scr
• Correction factor for female patients was hypothetical

• Rapidly taken up because of its simplicity and ease of use
• Used instead of mCrCl in Dettli’s rule
• Pushed development of other kidney dosing initiatives and real PK research

• Taken up in 1998 FDA guidance (and afterwards also by EMA) in order to conduct phase I PK 
research to define dose adjustments in patients with renal insuffiency

Q1.  Assessment of renal function

Hart L & Anderson G. Clinical Pharmacokinet 2018; 943-976.



HISTORY (3)

1999 – publication of Modification of Diet in Renal Disease formula (MDRD)
• Estimates GFR, validated vs. Iothalamate
• Developed and validated in 1070 patients (caucasian, blacks, m/f, DM, Tx, …)
• MDRD6, later adapted to MDRD4
• Knowledge of age, sex, race, Scr
• Results are indexed by a BSA of 1.73m2 – not accurate for very low or high BSA (de-

indexing necessary)

• Very accurate in GFR < 60 mL/min.1.73m2
• Underestimates true GFR > 60 mL/min
• Significantly improved precision and accuracy compared to CG

Q1.  Assessment of renal function

Hart L & Anderson G. Clinical Pharmacokinet 2018; 943-976.



HISTORY (4)

2009 – publication of Chronic Kidney Disease – Epidemiology Collaboration formula (CKD-EPI)

• Estimates GFR, validated vs. iothalamate and inulin
• Developed and validated in a very large dataset, including patients with high GFR

• As accurate as MDRD < 60 mL/min.1.73m2, more accurate in patients 60-90 mL/min.1.73m2
• CKD-EPI is nowadays automatically reported by laboratories in patients’ medical record

2005-2010:  Scr assay standardized to IDMS-traceable assay
• Scr concentrations 10-20% lower than before

• Improved accuracy of MDRD4 even more, when compared to CG
• CG equation can not be converted to IDMS-traceable Scr (samples used to validate CG are not 

available anymore)

• CrCl estimated by CG based on IDMS traceable are 5-10% higher than before

Q1.  Assessment of renal function

Hart L & Anderson G. Clinical Pharmacokinet 2018; 943-976.



THE PROBLEM:

Until 2008, only the CG equation was mentioned in both FDA and EMA guidance for phase IPK 
research in patients with renal impairment

 for the majority of currently marketed drugs, CG estimated CrCl is used to recommend dose 
adjustment in renal impairment

Clinical laboratories are now reporting CKD-EPI or MDRD4 in the medical record of the patient

CG is not well validated, estimates CrCl and overestimates since IDMS-Scr

 Can CKD-EPI instead of CG be used for dose adjustment in renal insufficiency?

Q1.  Assessment of renal function





Package insert?

PIPTAZO

MEROPENEM

CEFTA-AVI

AMOXI

VANCO



IS IT REALLY A PROBLEM?

How discordant are CKD-EPI (or MDRD4) and CG ?

• Park – dose adjustments for 26 approved drugs –
comparison of MDRD (with de-indexed BSA) vs. CG

• 12% discordance in recommended drug
dosages

• The majority of patients will receive the same
dose

• MDRD  or CKD-EPI leads to significantly
higher eGFRs in old patients (> 80 yrs), low
weight (< 55 kg) or low SCr values Golik et al. Pharmacotherapy, 2013

Q1.  Assessment of renal function

Hart L & Anderson G. Clinical Pharmacokinet 2018; 943-976.

Park EJ. Ann Pharmacother 2011; 1130-44.



• THE SOLUTION?

• Sound clinical judgement
• Both CKD-EPI and CG are estimates (and not measurements) of kidney function, 

influenced by many factors such as creatinine production, muscle mass, body 
weight (or BSA) etc

• The need for dose adjustment also depends on the drug itself, and its
therapeutic margin

• When dose adjustment recommendations are not the same, the risk/benefit
should drive the choice for a specific dose – a more aggressive dose might be
preferred for e.g. betalactams

(and then it is not a problem that CKDEPI and MDRD overestimate CG in some
situations)

Q1.  Assessment of renal function



• Can be performed by CKD-EPI  (can be adapted in next IGGI)

• CG is not accurate, not wel validated and not reliable anymore since IDMS-
traceable Scr assay

• Using the same formula for diagnosis & management of kidney disease, 
drug development and dosing would be ideal

• CKD-EPI overestimates CG in some situations, but this is not a problem for 
AB

• In patients with overweight or obesity, CKD-EPI will underestimate CG – so
a higher dosing might be preferred

• FDA has already taken up CKD-EPI in the 2010 draft guidelines for phase I 
PK in renal impairment

Q1: Assessment of renal function?



Q2: Should we always reduce the dose?

• The goal of renal dose adjustments is off course to achieve equal
exposures in patients with normal vs. impaired renal function, in 
order to avoid toxicity without compromising efficacy

• However, in many of the recently approved new antibiotics, a lower
efficacy has been shown in patients with moderate renal impairment

• Precautionary statements in SmPCs of e.g. ceftazidim-avibactam, 
ceftolozane-tazobactam and telavancin – all stating that clinical
response is reduced in patients with CrCl 30-50 mL/min



Mazuski JE et al. CID 2016; 62:1380-9.



• Renal dose adjustments are based on AUC measurements in phase I 
studies including a small number of healthy patients with CKD  

• In many acutely infected patients, renal impairment will be acute and 
transient, rather than chronic, especially in hospitalized patients

• Renal dosing protocols , based on data gathered in not acutely ill
patients with CKD

• Are usefull for adjusting chronic medication (NOAC, metformin, …) in patients 
with CKD

• ! But might lead to inappropriate antibiotic dose reduction in acutely infected
patients potentially explaining the lower efficacy in moderate renal
impairment

Crass RL. CID 2018

Q2: Should we always reduce the dose?



• Illustration of the dynamic nature of renal
impairment in acutely infected patients

• Retrospective study
• 18500 patients included with cUTI (41%) or acute 

bacterial pneumonia (11%) or SSI (32%) or cIAI
(16%)

• Total population: 
• Rate of AKI on admission: 17.5%
• Kidney injury resolved in 57% of patients after 48h

• Subgroup with moderate RI (16.4%)
• Rate of AKI on admission: 38%
• Kidney injury resolved in 46% of patients after 48h



• Conclusion
• Adequate antibiotic exposure is very important in the first 48h  - the authors

call this ‘THE CRITICAL PERIOD’

• For antibiotics with a wide safety margin (e.g. betalactams) dose adjustments
should be deferred until 48h after initiation when the trajectory of the 
patient’s renal function is better known

• If renal impairment persists: dose adjustment should be carried out on day 3 
to minimize toxicity



• Dose adjustments in RI go back to small regulatory studies carried out 
in patients with CKD

• AKI might be transient during infection
 Renal dosing tables might overestimate dose reductions in AKI

The following recommendations should be added in the IGGI table:
• For betalactams: dose reductions should be postponed to 48h
• For vancomycin, aminoglycosides, colistin: dose reductions should not 

be deferred as this carries a risk for toxicity

Q2: Should we always reduce the dose?



Q3: Can the same renal dosing table be applied in septic patients/ICU?

YES…
BUT… a specific text should be added in IGGI on ‘considerations to be taken into account for renal
dosing in critically ill patients’

1) Assessment of renal function
• None of the estimators (CG, MDRD4, CKD-EPI) have been validated in critically ill patients
• Creatinine clearance should be measured via 24h timed urinary collection  - CrCl (mL/min) 

=[Ucreat] x Vdiuresis/ [Screat] x 1440
2) Importance of high loading doses

3) Maintenance doses
• Standard dosing can be maintained during ‘the critical period’ (first 48h)
• Higher maintenance dosing might be necessary in septic patients

4) Renal replacement therapy: additional category for drug dosing during IHD and CVVH
5) Recommendation to perform TDM if possible



• In the future, we might also think about adding an extra category on 
dosing in patients with ‘augmented renal clearance’ (ARC)

• ARC has been shown to strongly correlate with lower exposure of hydrophilic
antibiotics

• Literature on the link between ARC and worse clinical outcome is more 
conflicting

• Ongoing studies (popPK modeling) are seeking optimal maintenance dosing
regimens for hydrophilic antibiotics in patients with ARC

• Potential impact of ARC on loading doses should be evaluated

Q3: Can the same renal dosing table be translated to septic patients/ICU?



Q3: Can the same renal dosing table be translated to septic
patients/ICU?

As critically ill infected patients 
• have a high mortality risk,  
• show a significantly altered and unpredictable PK and 
• are often treated with hydrophilic AB for which underdosing is far more 

common than overdosing

A specific guidance is needed in IGGI on how to use the renal dosing table in 
this setting

When taking these recommendations into account, maintenance doses can be
reduced accordingly to what is mentioned in the table



www.antibioticagids.be



« Quick » wins

• Loading/first doses are not mentioned in the current table
• Potential risk that reduced maintenance dose is given instead of loading dose
• Important to add that loading doses never should be adjusted to the patient’s renal

function

• Addition of antifungals (candins, L-AmB, azoles), tuberculostatics
(pyrazinamide, rifabutin, isoniazide), other antimicrobials (dapto, cefta-avi)

• Addition of dose adjustments for patients on IHD & CVVH

• Calculator to estimate CKD-EPI & Schwartz (for children) can be added



Conclusion  Discussion

• Do you agree that
• CKD-EPI can be used as estimator for patient’s renal function?

• Maintenance doses of betalactams should not be adjusted during the first 
48h in acutely ill patients ?

• A specific guidance is needed when the table is used in the ICU?

• The quick wins can be realized in the next version?


