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Understanding the mechanism of action of vancomycin and the various factors that impact its clinical efficacy will help clinicians make decisions about appropriate dosing and therapy monitoring.








Guidelines for vancomycin therapy have been published by a consensus group of infectious disease specialists.














Vancomycin: Updated Dosing and Monitoring Recommendations








Vancomycin has been in clinical use for decades and is an important drug in the treatment of serious gram-positive infections. It is often utilized in the institutional and home care settings for methicillin-resistant Staphylococcus aureus (MRSA)-related infections but has a reputation for potentially serious toxicities. Since MRSA and other resistant infections appear to be on the rise, the current challenge is to find the optimal management techniques for this old drug so that it can be used as effectively and safely as possible.





New guidelines for therapeutic monitoring of vancomycin are available that may help clinicians manage this drug more effectively, while also reducing some of the time and expense of the lab tests used to monitor the therapy. This article will present some of the recommendations found in a consensus statement from the American Society of Health-System Pharmacists (ASHP), the Infectious Diseases Society of America (IDSA) and the Society of Infectious Diseases Pharmacists (SIDP). The consensus statement was developed by a committee, with peer review from the organizations involved. For further information, please refer to the original article1. 





Less potential for toxicity than first thought?  Vancomycin has been associated in the past with serious adverse events such as nephrotoxicity and ototoxicity, and clinicians have historically been very concerned about avoiding these potentially significant drug-related effects. Various treatment and monitoring protocols have been developed over the years with the intent of limiting drug toxicity while also maintaining treatment efficacy. Vancomycin has now been widely studied, and it is currently believed that many of the reports of serious toxicity were from older, impure forms of the drug and are thought to be a result of elevated vancomycin serum concentrations. Newer forms of the drug have a much lower association with nephro- and ototoxicity. Data from more recent studies appear to suggest that vancomycin has little potential for nephro- or ototoxicity when used at conventional doses (e.g. 15 mg/kg every 12 hours). 





Mechanism of action and pharmacokinetics: The initial dosing strategies for vancomycin were formed in the 1950s, well before the development of antibiotic pharmacodynamics. The original recommended serum peak and trough concentrations for vancomycin were 30-40 mcg/mL and 5-10 mcg/mL, respectively. These serum concentrations easily achieved the goal concentration of two to four times the minimum inhibitory concentration (MIC). However, there is a lack of evidence to support that this original recommendation actually makes sense based on what is now known about the drug’s mechanism of action. In addition, vancomycin’s penetration into tissues is variable; both inflammation and disease state can affect how much drug reaches the infected area. 





A detailed discussion of pharmacokinetic principles is beyond the scope of this article; however, it has now been shown that vancomycin’s efficacy is related more to its properties of time-dependent killing rather than to a concentration-dependent mechanism of action. There is saturation of the bacterial killing rate once the drug concentration approaches the minimum inhibitory concentration (MIC). The area under the serum drug concentration-versus-time curve (AUC) and the MIC are now felt to be the most important parameters for determining a vancomycin dosing protocol. The consensus statement referred to at the beginning of this article concludes that, “an AUC / MIC ratio of ≥ 400 has been advocated as a target to achieve clinical effectiveness with vancomycin”. To reach this goal, many patients will require a higher trough concentration than the original 5-10 mcg/mL trough target.

















MICs and resistant organisms: In 2006, the Clinical and Laboratory Standards Institute lowered the MIC for vancomycin from ≤ 4 to ≤ 2 mcg/mL for “susceptible” isolates. In some recent studies, however, isolates with a vancomycin MIC of 1 – 2 mg/L have been correlated with a poorer response to treatment, even with achieved vancomycin trough levels of 15 – 20 mcg/mL. This raises the question of whether the MIC should be lowered still further.





Another challenge in treating infectious diseases is the relatively recent appearance of vancomycin-intermediate S. aureus (VISA) and vancomycin-resistant S. aureus strains. Although these strains are still apparently infrequent, there is fear that they could become more prevalent if vancomycin continues to be used at a high rate, or at doses that do not eradicate the infecting organism. 





Vancomycin Recommendations: The consensus committee reviewed relevant peer-reviewed studies of vancomycin published from 1958-2008, and evaluated them based on the quality of evidence. The group then made various recommendations about how to optimally administer and monitor vancomycin therapy. Some of the recommendations with the strongest evidence are listed here:


 


Vancomycin should be dosed on actual body weight (ABW). For obese patients, use ABW as a starting point and adjust the dose based on serum vancomycin concentrations to achieve therapeutic levels.


Intermittent dosing protocols are preferred; continuous dosing is unlikely to provide added benefit.


Trough serum vancomycin concentrations are the most accurate and practical method for monitoring vancomycin effectiveness and can be used as a surrogate marker for AUC. Troughs should be obtained at steady-state (usually achieved after the 4th dose), just before the next dose.


Trough concentrations should always be maintained above 10 mcg/mL to avoid development of resistance.


For complicated infections (bacteremia, endocarditis, osteomyelitis, meningitis, and hospital-acquired pneumonia caused by S. aureus, total trough serum vancomycin concentrations of 15 – 20 mcg/mL are recommended. This should achieve the target AUC/MIC of ≥ 400 in most patients if the MIC is ≤ 1 mcg/mL.


A loading dose of 25 – 30 mg/kg may be considered for seriously ill patients to achieve rapid attainment of the AUC/MIC target of ≥ 400.


A targeted AUC/MIC of ≥ 400 is not achievable with conventional dosing methods if the MIC is ≥ 2 mcg/mL in a patient with normal renal function. Alternative therapies should be considered.


Vancomycin doses of 15-20 mg/kg (based on ABW) given every 8-12 hours are required for most patients with normal renal function to achieve the suggested serum concentrations when MIC is ≤ 1 mcg/mL. Individual adjustments and verification of serum target concentrations are recommended.


Extend the infusion period to 1.5 – 2 hours for doses over 1 gram.


Data is limited and conflicting regarding a causal relationship between vancomycin serum concentrations and nephrotoxicity. Available evidence does not support monitoring peak serum vancomycin concentrations to decrease the frequency of nephrotoxicity.


Trough serum concentrations should be monitored in patients on aggressive dosing (targeted to produce sustained trough concentrations of 15 – 20 mcg/mL), those at high risk of nephrotoxicity (such as patients on other nephrotoxins), those with unstable or changing renal function, and those receiving prolonged courses of therapy. Weekly monitoring is recommended in cases with a target trough of 15 – 20 mcg/mL; unstable patients may require more frequent monitoring. The level of monitoring is a matter of clinical judgment.


All patients on prolonged therapy should have a least one steady-state vancomycin serum trough concentration obtained. Repeated trough concentrations for patients on short courses (3 – 5 days) or lower-intensity dosing (where serum trough levels are targeted below 15 mcg/mL) are not recommended.


Monitoring serum vancomycin levels to prevent ototoxicity is not recommended unless other ototoxic agents are also being administered. Ototoxicity does not correlate with vancomycin levels and is rarely associated with monotherapy.





Clinicians should have an understanding of the mechanism of action of vancomycin and the various factors that impact its clinical efficacy. Clinical decisions regarding vancomycin therapy should be made with consideration of all the pertinent information relative to an individual patient’s case.
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