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Anti-infective agent is a broad term that encompasses medications that target bacteria, fungi, viruses, and parasites. Unlike most other medication classes, select anti-infective agents have readily available assays for therapeutic drug monitoring. Because anti-infective agents are most frequently used for a short duration of time in
patients who are acutely or critically ill, the pharmacokinetics (PK) and pharmacodynamics (PD) of these agents
must be considered alongside patient-specific factors that are dynamic. Additionally, because of their varied
mechanicms of action, recommendations for dosing many agents in renal dysfunction or concurrently with
renal replacement therapy may depend on the time in the patient’s treatment course and response to therapy.

ANTIBACTERIAL AGENTS
See Table 2-1 at the end of this section on antibacterial agents for more information and a tabular breakdown
of medications, adjustments for renal dysfunction, intermittent hemodialysis (IHD), continuous renal replacement therapy (CRRT), peritoneal dialysis, and drug-induced acute kidney injury (AKI).

Aminoglycosides
Aminoglycosides (amikacin, gentamicin, and tobramycin) have a narrow therapeutic index necessitating therapeutic drug monitoring. They are used for treatment of gram-negative infections or gram-positive synergy. Two
dosing schemes exist:
1.

Traditional, intermittent regimens (lower dose, shorter interval)

2.

Extended-interval (sometimes called once-daily) regimens (higher dose, longer interval).

Extended-interval dosing is typically preferred due to aminoglycoside pharmacodynamic properties
(concentration-dependent killing) in patients with stable renal function. Traditional dosing is often used for
gram-positive synergy or patients without stable renal function.
Various aminoglycoside dosing regimens for patients with renal dysfunction exist. Initial loading dose and
maintenance doses can be calculated using population parameters and estimated renal function. The typical
goal peak is 8–10 times the minimum inhibitory concentration (MIC). Subsequent doses should be based on
levels using a peak and trough (traditional dosing). Some traditional dosing aminoglycoside algorithms use a
standard loading dose and a scaled percentage of the loading dose as maintenance dosing based on estimates
of renal function and dosing interval. Extended-interval dosing is not typically used in patients on dialysis due
to decreased clearance and concern for toxicity. A comprehensive discussion on dosage calculations is beyond
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the scope of this text and can be found elsewhere.1
There are also dosing algorithms/nomograms, such
as the Urban and Craig, that can assist with dosing
decisions.
 Kinetics
Aminoglycosides have minimal protein binding
and are water soluble with an estimated population volume of distribution (Vd) of 0.2-0.3 L/
kg. One study reported a Vd of 0.39 ± 0.15 L/kg
based on ideal body weight in patients on IHD,
most likely due to fluid overload.2 Aminoglycosides are primarily eliminated via glomerular filtration. In adults with normal renal function, the halflife is 2 ± 1 hour. The half-life increases to 40–60
hours in patients with renal failure, 10–20 hours
in patients on peritoneal dialysis, 4.2 ± 2.3 hours
in patients on IHD, and approximately 8 hours in
patients on continuous venovenous hemodiafiltration (CVVHDF).1
 Dialysis Clearance
Approximately 40–60% of an aminoglycoside dose
is eliminated during a typical IHD session using
modern hemodialysis methods.1 Clearance during
(CRRT) is variable and highly dependent on the
dialysis mode and ultrafiltration rate. Drug removal
efficiency is expected to occur by the following
scale: CVVHDF more than continuous venovenous
hemofiltration (CVVH) more than IHD. Extracorporeal clearance with ultrafiltration rates of >1,000
mL/hr can increase total body clearance 2- to
3-fold.3 One study of patients receiving sustained
low-efficiency dialysis (SLED) observed a 70%
clearance of gentamicin when using a high-flux
filter.4 These data suggest frequent serum concentration level monitoring is necessary in both IHD
and CRRT.
 Rationale for Adjustment and

Monitoring

Significant variability in both Vd and clearance
have been observed for aminoglycosides. Delayed
aminoglycoside distribution has been observed,
and peak concentrations should be drawn 2–3
hours following a dose.2 Redistribution can occur
up to 4 hours following an IHD session, often
making it difficult to accurately measure post-dialysis and/or peak aminoglycoside levels.5 Therefore, predialysis level monitoring is commonly
performed. Although posthemodialysis dosing of

aminoglycosides is most commonly performed,
there is some concern for toxicity due to higher
concentrations. A higher, predialysis dose has been
proposed as an alternative dosing method.1 This
method has shown favorable pharmacokinetic
outcomes in several studies but poses the risk of
toxicity if the dialysis session is not performed or
completed.5-9 One study described better gentamicin area under the curve (AUC) target achievement with 1 mg/kg, predialysis dosing versus
postdialysis dosing.8 In contrast, a semi-mechanistic pharmacodynamic prediction model for
gentamicin found similar mean AUC targets when
comparing 1.5 mg/kg dosed after dialysis versus
3.4 mg/kg dosed prior to dialysis.9 In this model,
a trough goal of less than 2 mg/L was attained
approximately 25% of the time in the predialysis
dosing group compared to 79% in the postdialysis group. These data suggest predialysis dosing
could be considered for the treatment of a gramnegative infection to achieve a higher peak:MIC
ratio while post-dialysis dosing may be preferred
when lower serum concentrations are targeted
(e.g., synergy dosing).9 Although there are limited
data correlating aminoglycoside levels and efficacy, one study found that maintaining gentamicin/
tobramycin peak levels of 7–10 mg/L and predialysis
levels of 3.5–5 mg/L in IHD patients yielded a 91%
treatment success rate for the treatment of various
infections.2 Clinicians should be cognizant of pathogens that have high MICs when designing regimens
for patients on IHD or CRRT. A recent Monte-Carlo
simulation analyzing amikacin levels in critically
ill patients receiving CVVH and CVVHDF showed
a larger dose of 25 mg/kg every 48 hours may be
needed for higher MIC pathogens.10
 Drug-Induced Kidney Injury
The risk of nephrotoxicity with aminoglycosides
is significant (>50% incidence) and has been
well reported. Higher incidence has been associated with higher trough concentrations, concomitant nephrotoxic medications, and hypotension.11
Targeting troughs less than 2 mg/L for gentamicin/
tobramycin and less than 8 mg/L for amikacin are
recommended to reduce this incidence. Extended
interval dosing should allow for an undetectable
trough for several hours, allowing for a post-antibiotic effect and potentially lower nephrotoxicity
profile.

