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V
ancomycin, a glycopeptide antibiotic, has been used 
for decades, yet knowledge gaps remain regarding 
the most appropriate dosing approach to optimize 
therapeutic effect while avoiding adverse effects in all 

patient populations. A committee composed of members of the 
American Society of Health-System Pharmacists, the Infectious 
Diseases Society of America, the Pediatric Infectious Diseas-
es Society, and the Society of Infectious Diseases Pharmacists 
reviewed data available since publication of the original 2009 
vancomycin dosing guidelines to provide new recommenda-
tions regarding vancomycin dosing and serum concentration–
monitoring in the empiric treatment of presumed or confirmed 
methicillin-resistant Staphylococcus aureus (MRSA) infections.1 

The new guidelines provide 25 recommendations encom-
passing the following topics: vancomycin dosing and monitor-
ing in adult, pediatric, and neonate care; vancomycin minimum 
inhibitory concentration (MIC) susceptibility testing; continuous 
infusion vs intermittent infusion; loading doses; dosing in obesi-
ty; and dosing in patients on hemodialysis and continuous renal 
replacement therapy. Because hospitalists in pediatric and adult 
care frequently prescribe vancomycin for empiric and targeted 
treatment of serious infections, they have a vested interest in en-
suring optimal vancomycin outcomes (ie, best efficacy with least 
toxicity) with use of therapeutic drug monitoring and personal-

ized dosing of vancomycin. Thus, it is important for hospitalists 
to be aware of the updated guideline and pivotal changes re-
garding therapeutic drug monitoring. In this guideline review, we 
will focus on the major differences from the 2009 guideline, spe-
cifically regarding therapeutic monitoring in adults and children.

The guideline includes pharmacology language and ter-
minology with which many clinicians may not be familiar. To 
better understand the rationale for the guideline changes, a 
few concepts will be reviewed. Overall, antibiotics are dosed 
based on preclinical studies to determine the needed drug 
exposure for optimal efficacy. β-Lactams, for example, are op-
timally dosed with longer drug exposure time above the MIC 
of the infectious organism. Alternatively, area under the con-
centration time curve (AUC) describes the efficacy and toxicity 
of many other antibiotics. Since AUC is derived from products 
of concentration (mg/L) and time (hours), the units are often 
mg × h/L. For vancomycin, both drug exposure (ie, AUC) and 
organism susceptibility (ie, MIC) are incorporated to determine 
optimal drug exposure, with the ratio of AUC to MIC being the 
ideal marker. Therapeutic drug monitoring of vancomycin has 
classically been conducted with trough concentration monitor-
ing, but with the updated guideline, there will be a transition 
to AUC monitoring that will affect patient care and experience.

KEY RECOMMENDATIONS FOR HOSPITALISTS 
TREATING ADULTS
The following is a summary of recommendations 1 to 6: 
•	 In adults, the optimal drug exposure for vancomycin should 

be an AUC to MIC ratio of 400 to 600 for MRSA, with the 
assumption of MIC to be 1 mg/L (evidence quality: A-II).
○	� The preferred method to monitor AUC is with a clinical 
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statistical software that uses two blood samples (1 to 2 
hours after completion of infusion and at the end of a dos-
ing interval [ie, trough]) (evidence quality: A-II). 

○	 An alternative approach would be to use first-order phar-
macokinetic equations at steady state with a peak and 
trough (evidence quality: A-II).

•	 These approaches replace the previously recommended 
trough-only monitoring. AUC-targeted exposure should gen-
erally be achieved within 48 hours; severity of infection does 
not justify higher AUC goals. Once the goal AUC is achieved, 
once-weekly monitoring is recommended for hemodynami-
cally stable patients, but more frequent or daily monitoring 
is advised in patients at high risk of nephrotoxicity or who are 
hemodynamically unstable (evidence quality: B-II).
The currently accepted optimal drug exposure for vancomycin 

is an AUC to MIC ratio of 400 to 600 to maximize efficacy and min-
imize nephrotoxicity.2 Due to clinical inconvenience of perform-
ing AUC-based monitoring for vancomycin in the past, previous 
guidelines recommended using trough concentrations as a sur-
rogate marker for an AUC to MIC ratio, with the goal trough be-
ing 15 to 20 mg/L for serious MRSA infections.3 However, trough 
values may not correlate well with AUC. For example, a trough 
of 15 mg/L may represent an AUC ranging from 400 to 1000 mg 
× h/L over 24 hours. Without knowing an accurate AUC, there is 
risk for ineffective bactericidal activity with low AUCs or nephro-
toxicity with high AUCs. Compared with trough-only monitoring, 
AUC-guided dosing is associated with decreased risk of acute 
kidney injury.4,5 Therefore, the recommendation to transition to 
two-sample collection with a peak and trough was included. 

Software programs are now readily available to compute the 
AUC and work best with peak and trough values rather than a 
single trough value because computing with two concentrations 
will rely more on specific patient data than it does on previous-
ly published vancomycin models. Trough-only monitoring (and 
without the support of clinical software) may still be possible 
when the exposures needed are further from the toxic range. 
To this end, trough-only monitoring may be reasonable when 
infections are not MRSA and are less invasive (eg, cellulitis) since 
the guideline found insufficient evidence for AUC monitoring in 
these scenarios. While specific targets are not provided, a pleth-
ora of historical literature demonstrated low kidney injury rates 
when troughs were maintained between 5 to 10 mg/L.

KEY RECOMMENDATIONS FOR PEDIATRIC 
HOSPITALISTS
The following is a summary of recommendations 18 to 20:
•	 In pediatric care, based on a target AUC to MIC ratio of 400 

to 600 with the assumption of MIC to be 1 mg/L, initial vanco-
mycin dosage for MRSA is as follows (evidence quality: A-II) :
○	 60 to 80 mg/kg per day, divided into four doses, each 

given 6 hours apart, for children 3 months and older but 
younger than 12 years

○	 60 to 70 mg/kg per day, divided into four doses, each  
given 6 hours apart, for children 12 years and older

•	 As recommended in adults, use of a statistical software pro-
gram to measure AUC is the optimal approach in pediatric 

care because it can account for age, weight, and renal function, 
which should be monitored closely. Monitoring should begin 
within 48 hours of therapy. Vancomycin AUC and trough con-
centrations should be less than 800 µg × h/mL over 24 hours 
and 15 µg/mL, respectively, to minimize acute kidney injury (ev-
idence quality: A-II). 
All the recommendations for pediatrics are new for the up-

dated guideline. Pediatric data to support these recommen-
dations are fewer in comparison with adult literature. Given 
MRSA infections are felt to be similar in adults and children, 
many pediatric recommendations are extrapolated from adult 
data and recommendations. The strongest level of evidence 
in children is the association of acute kidney injury with higher 
vancomycin exposure, especially with troughs exceeding 15 to 
20 mg/L.6 In addition, one pediatric study found an AUC expo-
sure of greater than 800 mg × h/L over 24 hours was strongly 
associated with risk for acute kidney injury.7 These findings sug-
gest that high vancomycin exposure correlates with nephro-
toxicity, so with AUC monitoring, the goal exposure should be 
less than 800 mg × hr/L over 24 hours. 

Only one study has evaluated statistical software and pre-
diction of AUC in pediatrics.8 A two-concentration approach 
(peak and trough) outperformed trough-only monitoring for 
accuracy and precision in determining AUC. While limited 
to one study, the results are similar to the studies complet-
ed in adults, thereby leading to the recommendation of the 
two-concentration technique in children.

Prospective outcome data are lacking, but multiple ret-
rospective studies have examined S aureus bacteremia in 
children. Thus far, there have been no studies that have de-
termined the optimal vancomycin exposure required for suc-
cessful outcomes.9,10 The proven risks of toxicity are the prima-
ry driver for the pediatric guideline change with the outcomes 
extrapolated from adult data.

CRITIQUE
Methods in Preparing Guideline
The main strength of the guideline is that the committee was 
represented by multiple organizations, which created a multi-
disciplinary panel of pharmacists and infectious disease physi-
cians with clinical and research expertise in vancomycin dosing. 
Evidence was graded using an adaptation from the Canadian 
Task Force on the Periodic Health Examination.11 The draft was 
peer-reviewed by the society organizations and allowed for 
comments, suggestions, and recommendations. 

Sources of Potential Conflict of Interest or Bias
Disclosures of all authors were reported and identified in the 
guideline. While many members are involved with pharmaceu-
tical companies through research or speakers’ roles, vancomy-
cin, a generic drug, should have minimal conflicts of interest or 
bias from this involvement. 

Generalizability
Implementation of vancomycin AUC dosing will be hospital de-
pendent due to the implementation-related increase in human 
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resources and the cost of clinical software; many hospital sys-
tems do not already have the software integrated into their clin-
ical practice. Local guidelines will have to be developed to help 
clinicians determine which clinical situations require AUC-based 
dosing vs trough-only monitoring. Pharmacists at many hospi-
tals are primarily responsible for vancomycin monitoring and 
provide dosing recommendations to physicians. Depending 
on a hospital system’s decision, the workload to determine the 
optimal vancomycin dose may increase, and it will be important 
to have close collaboration between hospitalists, pharmacists, 
and infectious diseases clinicians to appropriately educate clini-
cians who might be required to dose/monitor vancomycin. One 
potential way to decrease the burden of monitoring with two 
concentrations is to use specialized software that can perform 
complex assessments with only a single concentration. These 
software applications will still require serious collaboration of 
the aforementioned practitioners to implement. The variation 
in guideline adoption will likely be even more significant in pe-
diatrics because the literature is extrapolated and the increased 
blood draws can be more problematic in pediatric patients. 

Furthermore, clinicians should understand the dosing guide-
line is specifically addressing treatment of MRSA infections and 
extrapolation to other organisms such as coagulase-negative 
staphylococcal or methicillin-susceptible S aureus infections 
should be cautioned. Another caveat to note is that, when the 
MRSA isolate has an MIC of 2 mg/L or higher, these infections 
are associated with poor outcomes when vancomycin is used 
and alternative agents are recommended.

AREAS IN NEED OF FUTURE STUDY
Research gaps still remain with appropriate vancomycin drug 
exposure. In pediatrics, determining the appropriate AUC 
target will be important given that current recommendations 
extrapolate from adult data. Future studies can focus on pro-
spective outcome data in both pediatric and adult patients for 
infections outside of bacteremia or pneumonia, notably cen-
tral nervous system and osteomyelitis infections. Thresholds 
for kidney injury will need to be more clearly defined for both 
adult and pediatric patients. There should also be research 
emphasis on the appropriate dosing for other non-MRSA  
invasive infections, notably coagulase-negative staphylococcal 
infections.
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