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Introduction
• The 2012 KDIGO consensus definition of AKI has been very useful to 

classify patients & to compare the different studies of AKI. 

• This definition is based on urine output & serum Cr levels that are 
suboptimal markers of renal function. 

• Serum Cr depends not only on renal function, but also on muscular 
body mass, pr intake, hydration & medication,…

• The other parameter is urine flow, which lacks sensitivity & 
specificity. 
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Introduction
The gold standard of GFR assessment is direct measurement, wherein 

exogenous markers are administered (e.g., iohexol) & their clearance 
precisely quantified.

However, the technical complexity, turnaround time, & cost make 
routine GFR measurement impractical. 

Alternatively, timed urine collections can be used for measurement of 
Cr clearance. The accuracy of such measurements is inconsistent. 

For these reasons, GFR estimation equations are widely used to guide 
treatment decisions in critically ill patients, despite well described 
limitations. 
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Nonrenal determinants of Cr & the role of race

Miano TA. Critical Care Medicine. 2024



Implications of GFR  for Critical Care
1. GFR assessment is essential for drug dosing, as nearly 2/3 of 

medications used in hospitalized patients are renally
eliminated.

2. Evaluation of the risk vs. benefit of treatment with 
nephrotoxins requires accurate GFR assessment. This latter 
role is especially important, given that one in four drugs used 
in hospitalized patients is potentially nephrotoxic. 

3. Eligibility for organ transplantation & consideration for 
mechanical circulatory support. 
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IMPLICATIONS of GFR  for CRITICAL CARE
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1. GFR assessment is essential for drug dosing, as nearly 2/3 of medications used in hospitalized patients are 
renally eliminated.

2. Evaluation of the risk vs. benefit of treatment with nephrotoxins requires accurate GFR assessment. This 
latter role is especially important, given that one in four drugs used in hospitalized patients is potentially 
nephrotoxic. 

3. Eligibility for organ transplantation & consideration for mechanical circulatory support. 

4. Last, GFR assessment is important for the conduct of clinical 
trials, where baseline kidney function is frequently a 
criterion for enrollment. In trials of AKI therapeutics, GFR 
assessment plays a role in AKI phenotyping & the evaluation 
of renal recovery as a trial outcome
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AKI Phenotyping



KeGFR
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KeGFR
 Although KeGFR equations have previously been devised, they have 

not been widely practiced or taught. 

 This is unfortunate because we need to continue the favorable trend 
of interpreting kidney function not in terms of plasma Cr but of 
clearance. 

 In this regard, the clinical evaluation of CKD is more advanced, but 
the assessment of AKI & renal recovery can begin to catch up with the 
promulgation of Cr kinetic formulae. 
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KeGFR
 The earliest attempt at this was by:
 Jelliffe and Jelliffe in 1972

 Chiou and Hsu in 1975

 Moran and Myers in 1985

 Yashiro et al. in 2012

 Each may differ in their mathematical approach, algebraic or 
calculus based, but they are all essentially rooted in first 
principles of Cr mass balance.
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KeGFR
 To try to overcome the barriers to adoption, Dr. Chen has 

reformulated the core mathematical operations into a less 

intimidating & more pliable version at the bedside.
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KeGFR

• SSPCr= Steady State Plasma Cr

• ∆PCr= PCr (end) – PCr (start)   
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Methods
21

 The authors used the KeGFR & Jelliffe equations to estimate GFR in 
119 adult AKI patients, mostly from the ICU (63%). 

 It is the first to evaluate these equations compared with a validated 
GFR measurement in the AKI setting.

 They included a majority of moderate AKI patients (71% of Stage 1 
AKI), & oliguric patients were excluded. 

 GFR radioisotopic measurement was performed 24 h after inclusion 
in the majority of cases with a single 99mTcDTPA intravenous bolus.

Pelletier K. NDT. 2020



Conclusion
• The Jelliffe & KeGFR equations had good correlations with 

mGFR; however, they had wide limits of agreement. 

• Both equations performed better in patients with severe 

CKD, & KeGFR performed better in older patients. 
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Bairy M.Nephron. 2020
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Conclusions
In AKI, compared to CGeCrCL, using KeGFR may affect 

drug dosing significantly by changing the eGFR 
category. 

 Further studies of KeGFR for drug dosing will need 
therapeutic drug monitoring & pharmacokinetic 
studies for validation.
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Methods
• Retrospective analysis on septic ICU patients who developed AKI. 

• The reference standard for AKI was KDIGO classification. 

• Prediction of AKI was based on stages defined by KeGFR & UO. 

• Classifications were compared by:
• Length of ICU stay (LOS)

• Need for RRT

• 28-day mortality. 

• Predictive performance & time between prediction & diagnosis 
were calculated.
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Results

• Of 2492 patients in the cohort, 62.0% were diagnosed with 
AKI by KDIGO & 68.5% by KeGFR criteria.

• Disease stages had agreement of kappa = 0.77, with KeGFR
sensitivity 93.2%, specificity 73.0% & accuracy 85.7%. 

• Median time to recognition of AKI Stage 1 was 13.2 h faster 
for KeGFR, & 7.5 h & 5.0 h for Stages 2 & 3. 

• Outcomes revealed a slight difference in LOS & 28-day 
mortality for Stage 1.
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Highlights

• Classical estimations of GFR are not reliable for patients with 
non-steady state Cr levels

• In non-steady state Cr levels, KeGFR offers time advantage 
to diagnosis

• Performance of KeGFR in patient recognition, staging & 
outcome prediction is similar to KDIGO

• KeGFR may shift the actionable window for preventing & 
mitigating renal insufficiency
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Shortened CrCl
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Shortened CrCl
 Rosenthal & colleagues used a 2-hour CrCl in stable patients & 

found an acceptable & repeatable correlation with the 24-hour 

CrCl.

 The accuracy & utility of a shortened collection in unstable 

patients were questioned by 2 studies conducted in patients 

with AKI. 
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Shortened CrCl
This limitation may relate to:
Reduced production of Cr in sepsis

Increased production of Cr with trauma

Increased metabolism including the use of glucocorticoids

The changing of GFRs during the collection periods.

 Until such studies are conducted, confidence for using a CrCl
may be limited.
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4 hour CrCL for monitoring renal function in 
critically ill patients

 Pickering & colleagues set out to determine the clinical utility 
of a 4-hour (CrCl), compared with plasma Cr, for diagnosing 
AKI.

 CrCl increased the likelihood of diagnosing AKI; a decreasing 
CrCl correlated with increased kidney injury severity, death, or 
dialysis; & the CrCl was most helpful when patients began 
with a serum Cr in the normal range. 

 The study was a small pilot study.
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• Urinary CrCl was measured in a 6-hour urine collection from 
patients with AKI. 

• The correlations between different formulas including the 
modified CG, MDRD, CKD-EPI, Jelliffe, kinetic GFR, Brater, & 
Chiou formulas were considered.

• The pattern of the prescribed antimicrobial agents was also 
compared with the patterns in the available resources. 
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Measured versus eCrCl in critically ill patients 
with AKI: Methods



Measured versus eCrCl in critically ill patients 
with AKI: Results

• Ninety-five patients with AKI 

• Mean age : 63.11±17.58 ys old. 

• The most patients (77.89%) were in stage 1 of AKI according to the AKIN 
criteria, followed by stage 2 (14.73%) & stage 3 (7.36). 

• None of the formulations had a high or very high correlation with the 
measured CrCl. 

• In stage 1, Chiou (r=0.26), & in stage 2 & 3, kinetic-GFR (r=0.76 & 
r=0.37) had the highest correlation coefficient. 

• Antibiotic over- & under-dosing were frequently observed in the study. 
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Measured versus eCrCl in critically ill patients 
with AKI: Conclusions

•None of the static methods can predict the measured CrCl in 
the critically ill patients. 

• The dynamic methods such as kinetic-GFR can be helpful for 
patients who do not receive diuretics & vasopressors. 
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dynamic AKI 
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medication 
dosing in 

the critically 
ill patients



Medication Management in AKI

Cr exhibits a 48–72 hours lag time…

 The so-called “creatinine-blind” period…
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Approach to medication dosing in critically ill patients 
with AKI with or without the use of KRT



Conclusion
Today, the direct measurement of GFR in AKI is 

performed in clinical research, not in routine practice, 

but in the future, if technically feasible, & if a 

therapeutic intervention becomes available, it may be 

required at the early infra-clinic phase. 
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