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In the United States, there is an age-adjusted chronic kidney disease (CKD) prevalence rate of 14.8% (95% CI
[confidence interval] 13.6–16%).1 Estimates of CKD using the sex-specific 95th percentile for serum creatinine
(SCr) (1.4 mg/dL for women and 1.5 mg/dL for men) demonstrate rates of 8–9% in the Framingham Heart Study,
and data utilizing a glomerular filtration rate (GFR) < 60 mL/min/1.73 m2 showed rates of 11–13% according to
the National Health and Nutrition Examination Survey.2 These high rates demonstrate the importance of understanding the impact of renal function on medication safety and efficacy. The leading causes of CKD are diabetes
mellitus and hypertension.3 These disease states often require multiple medications for appropriate management, many of which may need adjustment in patients with renal impairment. The importance of pharmacist
involvement in medication therapy in those with CKD has been demonstrated repeatedly with reductions in
hospitalizations, incidence of end-stage renal disease (ESRD), anemia, and other clinical outcomes.4
To properly adjust therapy, understanding current interpretation of renal function is vital. To begin this
discussion, one should note the distinction between creatinine clearance (CrCl) and estimated glomerular
filtration rate (eGFR). The eGFR is normalized for the patient’s body surface area (mL/min/1.73 m2) whereas
CrCl is expressed in mL/min, the preferred unit for drug dosing. Each of these equations was developed based
on different criterion standards and with different goals in mind (a detailed discussion of this is offered later
in the chapter). The eGFR can be converted to the same units as CrCl (mL/min) by multiplying by the body
surface area/1.73. When reviewing medication-dosing recommendations, pharmacists should assess whether
suggested adjustments have been validated with a specific eGFR or CrCl equation.

RENAL CLEARANCE OF MEDICATIONS
Understanding the different approaches used to estimate renal function is vital to the safe and efficacious use of
medications in those with renal impairment as approximately 60% of medications are cleared via the kidneys.5
Evidence repeatedly demonstrates the frequency of inappropriate prescribing in patients with renal dysfunction. One study showed that 62% of patients with an eGFR < 60 mL/min/1.73 m2 were at “renal-risk” due to
improper dosing or drug interactions. In a study of 498 potential adverse drug events in a U.S. cohort, 91%
could have been anticipated due to renal impairment.5 It is clear that understanding renal function along with
proper medication dosing adjustments will benefit patient care.
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DEMYSTIFYING DRUG DOSING IN RENAL DYSFUNCTION

Numerous pharmacokinetic changes can
occur in the setting of kidney dysfunction, most
notably altered renal clearance of medications.6
The total result of glomerular filtration, tubular
secretion, and tubular reabsorption determines renal clearance (CLR):
CLR = filtration + secretion – reabsorption.
Outside of passive clearance by glomerular
filtration, active elimination occurs via organic
anionic transporters (OATs), organic cationic transporters (OCTs), and P-glycoprotein (P-gp) transporters.7 Impairment of any of these transporters
is likely to have an effect on medications that are
secreted by the kidney. Dosing depends on the
renal elimination of the medication and the stage
of kidney disease. Specific medications are detailed
throughout the text and will not be addressed
directly in this chapter.
Medication adjustments are individualized
based on the therapy. Common methods of dose
adjustment are to reduce the dose while maintaining the common dosing interval, maintain
the dose while extending the dosing interval, or
a combination of the two. All dose adjustments
should be looked at as a clinical decision weighing
the risk versus benefit of making the adjustment.
As the following discussion on approaches used
to estimate renal function describes, it is important to note that all manners currently available to
evaluate renal clearance are estimations with limitations making the clinical evaluation imperative.

ESTIMATION OF RENAL
FUNCTION
“True” glomerular filtration rate can be assessed by
measuring the plasma or urinary disappearance of a
freely filtered exogenous compound such as inulin,
iothalamate, or iohexol that is neither secreted nor
reabsorbed. These tests are technically complex,
expensive, and only represent a moment in time;
therefore, at the bedside, endogenous biomarkers
are used to estimate renal function to guide drug
dosing. Although there are multiple methods to estimate renal function, each has limitations.
The most common endogenous marker used
to assess renal function is SCr as it is almost exclusively cleared by glomerular filtration although there
is some secretion within the proximal tubule.8,9

Initially, this tubular secretion was thought to be
minimal (approximately 10–15% of clearance) but
newer assessments suggest this secretion may
be higher leading to a more significant overestimation of GFR.10 Creatinine can be measured
easily; however, many nonrenal factors can affect
the creatinine concentration leading to difficulty
in application. Examples of these factors include
age, sex, race, dietary intake, and body composition.10 While creatinine is commonly utilized, it is
not perfect as creatinine is a metabolic by-product
of muscle catabolism, meaning patients with lower
or higher than average muscle mass will demonstrate different values than expected based on their
renal function.10 Medications including cimetidine
and trimethoprim can also impact the secretion of
creatinine in the proximal tubule.8 An interesting
factor in those with CKD is that extra-renal creatinine excretion can be increased due to degradation
of creatinine by bacterial overgrowth in the small
bowel.8 Taking into account this increased clearance as well as the chance of decreased muscle
mass, those with CKD can have a lower than
expected SCr leading to an overestimation of GFR.8
The use of serum creatinine to estimate renal
function is reliant on the renal function to be
consistent. In instances where the SCr is changing,
such as acute kidney injury (AKI) or a hypercatabolic process involving muscle breakdown,
these estimates are not appropriate. In addition to
change in renal function having an impact on the
calculations, in those with a lower GFR, equations
that use creatinine tend to less accurately predict
measured GFR.5 Alternative methods to assess
renal function in these situations must be considered and will be discussed.
Historically, many clinicians have utilized a
24-hour urine collection to determine CrCl, but
this has not been shown to be more reliable than
estimation of GFR utilizing predictive equations.8
In fact, a majority of studies show that a calculated
GFR utilizing SCr has a lower error rate for prediction of measured GFR than the 24-hour CrCl,
likely due to variation in daily creatinine excretion, diurnal variation in GFR, or tubular secretion
of creatinine.8,11 Although not commonly done,
use may be justified when there are significant
contributing factors impacting the SCr, such as low
muscle mass or consumption of creatine supplements. Data are lacking to support a 24-hour creatinine collection in these populations, even though
theoretically there may be a benefit.

