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Safe and effective use of vancomycin

SUMMARY
Vancomycin is an important antimicrobial for prophylactic, empirical and directed therapy of 
Gram-positive organisms.

Therapeutic drug monitoring is recommended for all patients expected to receive vancomycin for 
more than 48 hours to optimise drug exposure. Monitoring the area under the concentration–time 
curve over a 24-hour period (AUC24) for vancomycin is preferred over monitoring trough plasma 
concentrations. An AUC24 of 400 to 600 mg.hr/L is recommended for infections other than 
central nervous system infections.

Vancomycin may cause nephrotoxicity, ototoxicity, cutaneous reactions, hypersensitivity and 
haematological toxicity. Reducing the incidence of vancomycin-induced nephrotoxicity involves 
recognising and modifying risk factors where possible.

more is an appropriate target for clinical effectiveness.1 
Targets for other pathogens have been reported. 
For coagulase-negative staphylococci, an AUC (over 
the first 24 hours) of 300 mg.hr/L or above was 
associated with a 7.3-fold increase in bacteriological 
cure.2 For enterococcal bacteraemia, an AUC24/MIC 
target of 389 mg.hr/L or more was associated with 
reduced mortality.3

Data are lacking to inform an appropriate serum 
AUC24/MIC target for central nervous system (CNS) 
infections, where reduced penetration to the site of 
infection has previously resulted in higher trough 
concentration targets being recommended than for 
bloodstream infections.

Targets for toxicity
Vancomycin-induced nephrotoxicity is the result of 
drug accumulation in proximal tubular cells causing 
acute tubular necrosis, acute interstitial nephritis and 
tubular cast formation.4,5 The risk of vancomycin-
induced nephrotoxicity increases with increasing drug 
exposure (Figure 1); however, there is no ‘safe’ zone 
where the drug is devoid of risk. Using all available 
studies, an AUC24 exceeding 600 mg.hr/L, or a trough 
concentration above 15 mg/L (which likely indicates 
a supratherapeutic AUC24), increases the risk of 
nephrotoxicity compared with lower exposures.6-8 
Although trough concentrations have been linked 
to acute kidney injury (AKI) in many retrospective 
studies, animal models suggest that the AUC24 or 
peak vancomycin concentrations are more closely 
correlated with AKI.9 When patients experience AKI 
while receiving vancomycin, drug concentrations will 
increase because clearance is reduced, regardless of 
whether vancomycin was the cause.

Introduction
Vancomycin is an important antimicrobial for 
prophylactic, empirical and directed therapy of 
Gram‑positive pathogens. The use of vancomycin 
requires therapeutic drug monitoring to balance 
efficacy and toxicity.

Historically, trough plasma concentrations have been 
used for vancomycin therapeutic drug monitoring. 
Many guidelines now recommend monitoring the area 
under the concentration–time curve over a 24-hour 
period (AUC24) in most patients.

This article highlights important considerations 
around vancomycin use, including appropriate 
therapeutic targets and the use of AUC24-based 
monitoring compared with trough-based monitoring. 
The article also discusses the implementation of 
AUC24-based monitoring into clinical practice, and 
considerations in young infants and children.

Targets for vancomycin efficacy 
and toxicity
The pharmacokinetic/pharmacodynamic target that 
best predicts vancomycin efficacy is the area under 
the concentration–time curve over a 24-hour period 
to minimum inhibitory concentration (AUC24/MIC) 
ratio. If AUC24 monitoring is unavailable, trough-
based targets can be used (discussed in ‘Vancomycin 
monitoring and dosage adjustment’ section).

Targets for efficacy
Data for vancomycin AUC24/MIC efficacy 
targets relate primarily to infections caused by 
Staphylococcus aureus. For methicillin-resistant 
S. aureus (MRSA), multiple in vitro and in vivo studies 
suggest that an AUC24/MIC ratio of 400 mg.hr/L or 
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Other vancomycin toxicities are unlikely to be dose 
or concentration dependent. Vancomycin infusion 
reactions can occur and are related to the rate of 
vancomycin administration. Limiting the vancomycin 
infusion rate to 10 mg/minute or below can reduce the 
risk of an infusion-related reaction. Other vancomycin 
hypersensitivity reactions can occur (e.g. anaphylaxis, 
severe cutaneous adverse reactions), although a 
definite relationship between vancomycin exposure 
and toxicity remains unclear.10 Neutropenia is 
associated with prolonged durations of vancomycin 
use.11,12 Ototoxicity, which is rare, has not been reliably 
shown to be associated with vancomycin exposure.

Minimum inhibitory concentration 
determination
The MIC of the pathogen is the denominator in the 
AUC24/MIC ratio; however, there are challenges 
with using MICs in clinical practice. Individual 
vancomycin MICs are often not reported for every 
clinical isolate and MIC determination methods 
differ between sites. Although there can be 
discrepancies in the MIC obtained with different 
methods, the AUC24/MIC target should not be 
altered based on the MIC determination method.13 

To simplify practice, an MIC of 1 mg/L may be 
assumed for vancomycin-susceptible pathogens 
in AUC24/MIC calculations. Although the European 
Committee on Antimicrobial Susceptibility Testing 
breakpoint for S. aureus includes an MIC of up to and 
including 2 mg/L,14 if an MIC of 2 mg/L is used in the 
pharmacokinetic/pharmacodynamic calculation, the 
AUC24 target becomes 800 mg.hr/L, which carries an 
unacceptable risk of toxicity. 

Controversy remains about the use of vancomycin 
for isolates with an MIC above 1 mg/L, and some 
guidelines recommend considering an alternative 
antimicrobial in this situation.1

Vancomycin monitoring and dosage 
adjustment
To optimise drug exposure and minimise toxicity, 
therapeutic drug monitoring is recommended for all 
patients expected to receive vancomycin for more 
than 48 hours. Therapeutic drug monitoring includes 
dose individualisation (i.e. dose modification) to 
ensure a patient achieves target drug exposure. 

The recommended vancomycin drug exposure is an 
AUC24 of 400 to 600 mg.hr/L for infections other 
than CNS infections. Traditionally, vancomycin trough 
plasma concentrations of 15 to 20 mg/L have been 
recommended because of the high mortality from 
MRSA bacteraemia and an underappreciation of 
the risk of AKI at these exposures. However, trough 

concentrations of 15 to 20 mg/L often result in an 
AUC24 exceeding 600 mg.hr/L (especially if using 
12-hourly vancomycin dosing). Additionally, trough 
concentrations do not reliably predict the AUC24.

15,16 

Most patients with a trough concentration of 10 to 
15 mg/L and who are not critically unwell will achieve 
an AUC24 greater than 400 mg.hr/L, making this 
trough concentration range a reasonable alternative 
to AUC24-based monitoring if unavailable.17

Pre-dialysis concentrations between 16 and 
20 mg/L are recommended for patients receiving 
haemodialysis to achieve a target AUC24 of 400 to 
600 mg.h/L.18 AUC24-based monitoring may not be 
possible in patients with rapidly changing kidney 
function, where redosing can occur as vancomycin 
trough concentrations fall below 15 or 20 mg/L.19

Methods of AUC24 monitoring
The use of AUC24 monitoring has increased with freely 
available dosing software programs that calculate 
the AUC24 and provide dosing recommendations 
using one or two vancomycin concentrations. This 
monitoring method has resulted in lower vancomycin 
daily doses, lower trough concentrations and 
decreased rates of AKI without compromising 
effectiveness.20,21 Alternatively, the AUC24 can be 
calculated using basic pharmacokinetic equations. The 
advantages and disadvantages of different methods 
for monitoring the AUC24 are in Table 1. 

Figure 1   �Correlation between vancomycin exposure and 
acute kidney injury6

AUC24 = area under the concentration–time curve over a 24-hour period
Figure adapted from reference 6

0.5

0.4

0.3

0.2

0.1

0.0Pr
op

or
ti

on
 o

f p
at

ie
nt

s 
w

it
h 

ac
ut

e 
ki

dn
ey

 in
ju

ry

Vancomycin exposure (AUC24 mg.h/L)

200 300 400 500 600

australianprescriber.tg.org.au


56

ARTICLE

VOLUME 48 : NUMBER 2 : APRIL 2025

Full text free online at australianprescriber.tg.org.au

Safe and effective use of vancomycin

For patients on a continuous infusion of vancomycin, 
provided the infusion has not been paused 
within the preceding 24 hours, the vancomycin 
concentration can by multiplied by 24 to determine an 
approximate AUC24. 

Implementation of vancomycin AUC24 
monitoring 
To transition to AUC24-based monitoring, engagement 
is required from a variety of stakeholders, including all 
vancomycin prescribers (not just infectious diseases 
physicians and clinical microbiologists), pharmacists, 
nurses and pathology staff.

Depending on resources, sites may prefer to start 
with a smaller group of patients for AUC24-based 
monitoring to ensure a safe and manageable process 
is in place. Patients suggested for prioritisation of 
vancomycin AUC24-based monitoring are provided 
in Box 1. Vancomycin trough concentrations cannot 
provide accurate estimations of the AUC24 and it is 
not guaranteed that a trough concentration of 10 to 
15 mg/L is achieving an AUC24 of more than  
400 mg.hr/L. Therefore, in patients where the 
risk of not achieving target AUC24 is unacceptable 
(e.g. critically ill; severe, necrotising or deep-seated 
infections; suspected or confirmed S. aureus 
bacteraemia), AUC24-based monitoring is preferred. 

Although AUC24 monitoring has become easier 
with dosing software, education and training of 

appropriate clinical staff in calculating and interpreting 
AUC24 results are required to ensure safe and 
appropriate recommendations are made. Different 
pharmacokinetic models can produce different 
AUC24 results, so appropriate model selection and 
interpretation are essential.24 Incorporating some 
clinical sense checks (e.g. maximum doses) is 
important so that dosing software recommendations 
are not blindly followed.

Local protocols for AUC24 monitoring should be 
developed. See Box 2 for examples of information to 
be included in a protocol.

Changes to target ranges should be updated and 
displayed on electronic systems where vancomycin 
concentrations are reported. Ongoing education, 
review and auditing are needed after implementation 
of AUC24 monitoring.

Reducing the incidence of 
vancomycin-induced nephrotoxicity 
Reducing the incidence of vancomycin-induced 
nephrotoxicity involves reviewing the patient for risk 
factors (Box 3), modifying these where possible, 
and ensuring adequate patient hydration and 
organ perfusion.

In adults, continuous infusion of vancomycin is 
associated with a lower risk of AKI.7,26 In children, 
a reduction in the rate of nephrotoxicity was not 
seen when continuous infusion was compared with 

Table 1   �Advantages and disadvantages of different methods for monitoring the area under the 
concentration–time curve over a 24-hour period (AUC24)

Monitoring 
approach

Description Advantages Disadvantages Examples 
[NB1]

Pharmacokinetic 
equations

Uses basic pharmacokinetic 
equations to calculate 
vancomycin clearance and 
volume of distribution, and 
subsequently, the AUC 

Minimal data entry

Easy and quick 

Requires 2 vancomycin concentrations over a 
dosing interval for best accuracy. If only one 
concentration available, population estimates 
can be used; however, these are less accurate

Generally, can only be used at steady state 

ClinCalc

Sanford

Bayesian dose 
optimisation 
software (also 
known as model-
informed precision 
dosing)

Uses a vancomycin 
population 
pharmacokinetic model 
to provide baseline 
pharmacokinetic values, 
then refines these 
estimates based on the 
patient’s observed drug 
concentration(s)

Requires one vancomycin 
concentration

Plasma sample can be 
taken at any time after drug 
administration

Can be used after the first 
dose; does not need to be at 
steady state

Calculates a patient-specific 
dosing regimen

Time consuming

Requires training in appropriate 
model selection and interpretation of 
recommendations 

TDMx

PrecisePK

ID-ODS

DoseMe

KidsCalc

AUC = area under the concentration–time curve
NB1: At the time of writing, freely available pharmacokinetic calculators or software programs include ClinCalc, TDMx and KidsCalc. Pharmacokinetic 
calculators or software programs that require a subscription include Sanford, PrecisePK, ID-ODS and DoseMe.
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intermittent dosing of vancomycin in a randomised 
controlled trial.27

Multiple observational studies showed an increased 
risk of AKI with concomitant use of vancomycin 
and piperacillin+tazobactam compared with 
vancomycin and other antipseudomonal beta-
lactam antimicrobials; however, this risk was not 
seen in a recent randomised controlled trial and 
may represent pseudonephrotoxicity (an increase in 
serum creatinine concentrations without true kidney 
damage).28,29 Data supporting nephrotoxicity from 
concurrent use of vancomycin and flucloxacillin 
are more compelling; a randomised controlled trial 
showed nephrotoxicity where the combination was 
used for 7 days.8,30

Important considerations in young 
infants and children
Young infants (aged zero to 90 days) and children 
(aged 3 months and older) exhibit different 
pharmacokinetics and pharmacodynamics from 
adults. Specialised guidance is provided for:

	• loading doses – there is limited evidence to 
support vancomycin loading doses in children. 
A small randomised controlled trial found no 
difference in AUC24 target attainment and a 
trend toward an increased risk of infusion-related 
reactions in children.31 A larger multicentre 
randomised controlled trial found no difference 
in clinical outcomes in young infants; however, 
there was a risk of harm (i.e. ototoxicity) when 
vancomycin loading doses were given32

	• individualised vancomycin dosing for young 
infants – given the wide interindividual variability 
in vancomycin pharmacokinetics in young 
infants due to rapid changes in organ function, 
individualised dosing may be preferred. A 
vancomycin intermittent dosing calculator 
(KidsCalc) for infants aged zero to 90 days is 
recommended for individualised dosing in young 
infants. The calculator is based on an Australian 
infant 2-compartment pharmacokinetic 
model,2,27 and has been prospectively validated 
in Australia.33 Use of the doses recommended 
by the calculator achieves target trough 
concentrations and AUC24 more rapidly, and 
has not been associated with nephrotoxicity or 
infusion-related reactions33 

	• vancomycin dose interval – although 12-hourly 
vancomycin dosing is used in adults, many 
paediatric centres recommend 6-hourly dosing 
in children as it has the most supporting 
pharmacokinetic data to indicate target 
AUC24 attainment 

Box 1   �Adults in whom monitoring the area under the 
concentration–time curve over a 24-hour period 
(AUC24) for vancomycin should be prioritised22

Monitoring the area under the concentration–time curve over a 24-hour period (AUC24) 
for vancomycin should be prioritised in adults who:

	• are critically ill or unstable

	• have severe, necrotising or deep-seated infections

	• have suspected or confirmed Staphylococcus aureus bacteraemia

	• have obesity

	• have augmented renal clearance [NB1]

	• are at high risk of acute kidney injury (e.g. patients on concomitant nephrotoxins or 
who have chronic kidney disease).

NB1: Augmented renal clearance is a term used to describe the enhanced renal 
function seen in critically ill patients. The use of unadjusted doses of renally eliminated 
antimicrobials in these patients may result in treatment failure.23

Reproduced with permission from: Approach to vancomycin dosing and monitoring 
in adults [published 2025 Mar]. In: Therapeutic Guidelines. Melbourne: Therapeutic 
Guidelines Limited; accessed 2025 Mar 13 https://www.tg.org.au

Box 2   �Information to be included in local hospital protocols 
about vancomycin area under the concentration–
time curve over a 24-hour period (AUC24) monitoring

	• Patient inclusion (e.g. specific patient groups or indications that are not suitable for 
AUC24 monitoring)

	• Vancomycin monitoring method for patients who are excluded from AUC24 monitoring

	• Method for vancomycin AUC24 calculation

	• Timing of collection of plasma samples – if the hospital is implementing a hybrid approach 
(i.e. AUC24 monitoring for only a selected patient group), it may be simpler to continue 
trough concentration sampling, or the AUC24 calculation method may mandate specific 
collection times or number of concentrations (although for many dosing software 
programs, samples can be taken at any time from about one hour after administration)

	• Method for dosage adjustment when the vancomycin plasma concentration is outside 
of the target range

	• Selection of an appropriate minimum inhibitory concentration

	• Training (including who will be trained and who will perform the training)

	• Responsibility for AUC24 calculation and interpretation of results (including after hours)

	• Requirements for monitoring of kidney function – if kidney function significantly 
changes, previous predictions from dosing software will no longer be accurate

Box 3   �Risk factors for vancomycin-induced nephrotoxicity7,25

	• High vancomycin dosage

	• Intermittent infusion of vancomycin (in adults)

	• Trough concentrations above 15 mg/L

	• Area under the concentration–time curve over a 24-hour period (AUC24) above 600 mg.hr/L

	• Obesity

	• Critically ill status

	• Severe infection

	• Pre-existing kidney disease

	• Concurrent administration of nephrotoxins or drugs that can affect kidney function 
(e.g. aminoglycosides, nonsteroidal anti-inflammatory drugs, amphotericin B, loop 
diuretics, flucloxacillin)

australianprescriber.tg.org.au
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	• vancomycin monitoring – AUC24 monitoring is 
recommended in children.15,34,35 Studies have 
shown better target attainment and fewer dose 
adjustments with AUC24 monitoring compared with 
trough concentration monitoring in young infants 
and children.36 A reduction in AKI was also found 
when a paediatric hospital changed from trough 
concentration monitoring to AUC24 monitoring.37 
Similarly to adults, trough concentrations of 
15 mg/L or greater are associated with an increased 
risk of AKI in children.38

Conclusion

To optimise vancomycin efficacy and minimise 
toxicity, AUC24-based monitoring is recommended 
and should be prioritised in many patient groups. A 
target AUC24 of 400 to 600 mg.hr/L is recommended 
for most infections (except CNS infections). If AUC24 
monitoring is unavailable, trough concentration 
monitoring can be used; however, a lower trough 
concentration target of 10 to 15 mg/L is now 
recommended for most clinically stable patients. 
The patient’s clinical context when deciding on a 
monitoring method should be considered. Hospitals 
need to consider a safe and sustainable transition 
plan to AUC24 monitoring, including education 
and training of health professionals. Following 
implementation, ongoing review and auditing are 
needed to identify gaps and ensure patient safety 
and drug effectiveness. 
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