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The following is adapted from guidelines sponsored by the American Society of Health-System Pharmacists, the Infectious Diseases Society of America, and the Society of Infectious Diseases Pharmacists.
Decreased efficacy of vancomycin with suboptimal dosing
Fever, chills, phlebitis, and the “red man” syndrome
Nephrotoxicity
Ototoxicity
Neutropenia
Introduction:
Vancomycin is a glycopeptide antibiotic that has been in clinical use for nearly 50 years as a penicillin alternative to treat penicillinase-producing strains of Staphylococcus aureus. It is one of the most widely used antibiotics in the United States for the treatment of serious gram-positive infections involving methicillin-resistant S. aureus (MRSA). Early use of vancomycin was associated with a number of adverse effects, including infusion-related toxicities, nephrotoxicity, and possible ototoxicity. Upon further investigation, it appears that the impurities in early formulations of vancomycin caused many of these adverse events. 

Over the years, vancomycin has been one of the most studied antibiotics. Extensive pharmacokinetic studies in a variety of patient populations and the availability of commercial drug assays have allowed clinicians to target serum vancomycin concentrations precisely in a relatively narrow range. This approach has been advocated to lessen the potential for nephrotoxicity and ototoxicity and to achieve therapeutic concentrations. However, it should be noted that the practice of routine monitoring and adjusting of serum vancomycin drug concentrations has been the subject of intense debate for many years. The controversy has resulted from conflicting evidence regarding the use of serum vancomycin concentrations to predict and prevent drug-induced toxicity and as a measure of effectiveness in treating infections. Further, data derived from more recent studies appear to suggest that vancomycin has little potential for nephrotoxicity or ototoxicity when used at conventional dosages (e.g., 1 g every 12 hours [15 mg/kg every 12 hours]), unless it is used concomitantly with known nephrotoxic drugs or at very high dosages.
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Potential for decreased efficacy of vancomycin with suboptimal dose and trough concentrations:

Concern exists regarding vancomycin efficacy based on dosing and trough concentrations. While vancomycin is considered a bactericidal antibiotic, the rate of bacterial kill is slow when compared with that of β-lactams, and vancomycin’s activity is affected by the bacterial inoculum. Large bacterial burdens in the stationary growth phase or in an anaerobic environment pose a significant challenge to the speed and extent of vancomycin’s bactericidal activity.
In recent years, VISA or glycopeptide-intermediate susceptible S. aureus (GISA) and vancomycin- resistant S. aureus (VRSA) have appeared and raised questions about the overall utility of this antibiotic.  Although infection with these organisms is infrequent, there is fear that the organisms could become more prevalent if the high rate of use and exposure pressure of vancomycin continues. The discovery of inducible hVISA (i.e., strains with MIC values in the susceptible range of 0.5–2 mg/L in patients whose therapy with standard dosages of vancomycin has failed) raises further questions regarding current dosing guidelines and the overall use of this antibiotic. Concerns are related to treatment failures and the inability to easily detect hVISA isolates in clinical settings.
In 2006, the Clinical and Laboratory Standards Institute (CLSI) lowered the susceptibility and resistance breakpoints for the MIC of vancomycin from ≤4 to ≤2 mg/L for “susceptible,” from 8–16 to 4–8 mg/L for “intermediate,” and from ≥32 to ≥16 mg/L for “resistant.” The decision to move the breakpoints was primarily based on clinical data indicating that patients were less likely to be successfully treated with vancomycin if the S. aureus MIC was ≥4 mg/L. Despite the change in susceptibility and resistance breakpoints, two reports have suggested that patients with S. aureus isolates having vancomycin MICs of 1–2 mg/L are less likely to be successfully treated with vancomycin compared with patients with S. aureus isolates that demonstrate greater susceptibility. However, this information alone does not address whether the use of higher concentrations of vancomycin would improve overall effectiveness. Low serum vancomycin concentrations may also create problems, as there appears to be a direct correlation between low serum vancomycin levels and the emergence of hVISA, VISA, or both, at least with certain genotypes of MRSA. In addition, studies have suggested that trough serum vancomycin concentrations of <10 mg/L may predict therapeutic failure and the potential for the emergence of VISA or VRSA.
Studies of MRSA and hVISA bacteremia have revealed significantly higher rates of morbidity in patients infected with hVISA. These patients were more likely to have high bacterial load infections, low initial trough serum vancomycin concentrations, and treatment failure. It was recently reported that approximately 74% of hVISA strains and 15% of wild-type S. aureus strains were tolerant (minimum bactericidal concentration of ≥32 mg/L) to the effects of vancomycin, which contributes to a low probability of success in patients harboring these organisms. 

The ASHSP/IDSA/SIDP guidelines conclude that, based on evidence suggesting that S. aureus exposure to trough serum vancomycin concentrations of <10 mg/L can produce strains with VISA-like characteristics, it is recommended that trough serum vancomycin concentrations always be maintained above 10 mg/L to avoid development of resistance (Level of evidence = III, grade of recommendation = B) and that, based on the potential to improve penetration, increase the probability of optimal target serum vancomycin concentrations, and improve clinical outcomes for complicated infections such as bacteremia, endocarditis, osteomyelitis, meningitis, and hospital- acquired pneumonia caused by S. aureus, total trough serum vancomycin concentrations of 15–20 mg/L are recommended. Trough serum vancomycin concentrations in that range should achieve an AUC/MIC of ≥400 in most patients if the MIC is ≤1 mg/L. (Level of evidence = III, grade of recommendation = B)
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Fever, chills, phlebitis, and the “red man” syndrome:

The most common vancomycin adverse effects are unrelated to serum drug concentration and include fever, chills, and phlebitis.  “Red man” syndrome may be associated with histamine release and manifests as tingling and flushing of the face, neck, and upper torso. It is most likely to occur when larger dosages are infused too rapidly (>500 mg over ≤30 minutes). Vancomycin should be administered intravenously over an infusion period of at least 1 hour to minimize infusion-related adverse effects. For higher dosages (e.g., 2 g), the infusion time should be extended to 1.5–2 hours.
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Nephrotoxicity:

The exact mechanism and incidence of vancomycin nephrotoxicity have been investigated in animals and humans. The filtration and energy-dependent transport mechanisms found in the proximal tubular epithelium render the kidneys susceptible to toxicant-induced injury. Vancomycin exposure in renal proximal tubule epithelial cells results in increased cell proliferation. The stimulation of oxygen consumption and the increase in ATP concentrations support the role of vancomycin as a stimulant of oxidative phosphorylation. In rats, antioxidants protect kidneys against vancomycin-induced injury, in theory, by inhibiting free oxygen radical production. Human data suggest toxicity from vancomycin (or aminoglycosides) is not confined to the proximal tubule but may also involve the medullary region (loop of Henle and collecting duct) of the nephron. Vancomycin destruction of glomeruli and necrosis of the proximal tubule are thought to be due to oxidative stress.

Human trials have suggested that trough serum vancomycin concentrations of >10 mg/L are associated with an increased risk of nephrotoxicity. No correlation has been observed between peak vancomycin concentrations and nephrotoxicity.  Studies that investigate vancomycin-associated nephrotoxicity are intriguing but often limited by small sample size, retrospective design, and questionable methodology. Additional data are needed, including the timing of the relationship between high vancomycin levels and nephrotoxicity (i.e., which one precedes the other). In addition, while statistically relevant, the clinical significance of minor and transient changes in creatinine clearance can be debated.  However, a patient should be identified as having experienced vancomycin-induced nephrotoxicity if multiple (at least two or three consecutive) high serum creatinine concentrations (increase of 0.5 mg/dL or ≥50% increase from baseline, whichever is greater) are documented after several days of vancomycin therapy in the absence of an alternative explanation.
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Ototoxicity:

Vancomycin-induced hearing loss is controversial. Vancomycin has not been found to be ototoxic in animal models. Early literature attributed ototoxic events to impurities or to concurrent ototoxic agents. Early studies indicated that other ototoxic agents, such as the aminoglycosides kanamycin and streptomycin, may have additive or synergistic toxicity when used in combination with vancomycin. The frequency of ototoxicity in humans has been reported to range from 1% to 9% and to be associated with serum vancomycin concentrations above 40 mg/L. This most likely represents an inflated occurrence rate due to impurities associated with the older formulation or poor documentation of cause and effect as they relate to serum concentrations. The true risk of ototoxicity from vancomycin monotherapy is low without concurrent therapy with ototoxic agents.

Severe ototoxicity induced by vancomycin is rare and characterized as damage to the auditory nerve that initially affects high-frequency sensory hairs in the cochlea, then the middle- and low-frequency hairs, and eventually can lead to total hearing loss. High-tone deafness occurs before low-tone deafness at all frequencies and is permanent. Inability to hear high-frequency sounds and tinnitus are ominous signs that should result in discontinuation of vancomycin. Also rare is reversible ototoxicity such as tinnitus, which can occur with or without high-tone deafness.

Monitoring serum vancomycin levels to prevent ototoxicity is not recommended because this toxicity is rarely associated with monotherapy and does not correlate with serum vancomycin concentrations. Monitoring may be more important when other ototoxic agents, such as aminoglycosides, are administered.
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Neutropenia:

Neutropenia is an infrequent complication of vancomycin therapy and appears to be unrelated to serum concentration.
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