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Background: Concerns regarding increasing microbial resistance to vancomycin have re-
sulted in recommendations for a higher trough serum vancomycin concentration. This
study aimed to assess the dosage guidelines targeting vancomycin trough concentrations
of 15-20 mg/L.

Methods: About 216 adult patients (age, >60 yr) were treated with intravenous vancomy-
cin. The patients were divided into 2 groups according to their target vancomycin trough
concentrations: the previous guideline group (n=108) treated with targeted vancomycin
trough concentrations of 5-15 mg/L from Jan 2009 through April 2011 and the new guide-
line group (n=108) treated with targeted concentrations of 15-20 mg/L from November
2011 through July 2012.

Results: The 2 groups were not significantly different with respect to age, weight, initial se-
rum creatinine, initial creatinine clearance, predictive trough levels, doses, serum drug
concentrations, and area under the curve/minimal inhibitory concentrations. Regarding the
proportions of vancomycin trough concentrations, the target range was achieved in 50% in
the previous guideline group and in 16% in the new guideline group. In the previous and
new guideline groups, the trough concentrations of 10-20 mg/dL were observed in 32.4%
and 52.8% patients, respectively, and those of <10 mg/L were observed in 45.4% and
29.6%, respectively.

Conclusions: Compared to the previous guideline group, the new guideline group showed
higher proportions in the therapeutic range of 10-20 mg/L and lower proportions in trough
concentrations <10 mg/L. The strictly managed vancomycin therapeutic drug monitoring
in the new guideline group was assessed as more effective.
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the treatment of serious gram-positive infections involving meth-
icillin-resistant S. aureus (MRSA) [3, 4]. Despite limitations such
as poor tissue penetration, relatively slow antibacterial effects,
and the potential for toxicity, vancomycin is regarded as the gold
standard for antibiotic treatment of MRSA infections because of
its low cost and established clinical response [5, 6].

INTRODUCTION

Vancomycin is a glycopeptide antibiotic that has been in clinical
use for nearly 50 yr as an alternative to penicillin to treat penicil-
linase-producing strains of Staphylococcus aureus [1, 2]. It is
one of the most widely used antibiotics in the United States for
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With the rapid increase in microbial resistance and concerns
about the clinical consequences of underdosing, the efficient
achievement of target concentrations of vancomycin has be-
come increasingly important. Traditionally, “peak” and “trough”
concentrations were measured and the focus was on preventing
toxicity by avoiding what were perceived to be excessive troughs
[7, 8]. However, the monitoring of peak serum vancomycin con-
centrations is no longer recommended because this does not
decrease the frequency of nephrotoxicity and the concentrations
do not correlate with ototoxicity [9]. According to this approach,
revised vancomycin recommendations for adults were released
in 2009 [9]. On the basis of this guideline, trough serum vanco-
mycin concentrations are the most accurate and practical
method for monitoring vancomycin effectiveness. These recom-
mendations discuss the need for more aggressive dosing and
higher troughs based on the type of infection. Higher trough se-
rum concentrations of 15-20 mg/L are now recommended for
the following severe diseases: bacteremia, endocarditis, osteo-
myelitis, meningitis, and hospital-acquired pneumonia caused
by MRSA [10].

The use of vancomycin is associated with a number of ad-
verse effects, including infusion-related toxicities, nephrotoxicity,
and possible ototoxicity. Because the primary route of vancomy-
cin elimination is via renal excretion, the vancomycin dose must
be adjusted depending on the patient’s renal function. Vanco-
mycin should be used with caution in elderly patients, because
increasing age is associated with a progressive decrease in the
glomerular filtration rate (GFR) [11]. Thus, adjusting the doses
of vancomycin is important in elderly patients. This study aimed
to assess the dosage guidelines targeting vancomycin trough
concentrations of 15-20 mg/L in elderly patients.

METHODS

1. Study population and vancomycin assay

A total of 216 adult patients over 60 yr of age with normal renal
function, who had been treated with intravenous vancomycin at
Ewha Womans University Mokdong Hospital, were evaluated for
dosing and pharmacokinetic parameters in this retrospective
chart review. These patients had various diseases, including
pneumonia, wound infection, and surgical site infection. These
patients were divided into 2 groups: the previous guideline
group and the new guideline group. The previous guideline
group comprised 108 adults who were treated from January
2009 through April 2011 with a target vancomycin trough con-
centration of 5-15 mg/L, and the new guideline group com-
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prised 108 adults who were treated from November 2011
through July 2012 with a target concentration of 15-20 mg/L.
Severe diseases (bacteremia, endocarditis, osteomyelitis, men-
ingitis, and hospital-acquired pneumonia caused by MRSA)
were found in 13.0% patients (14/108) in the previous guideline
group and in 13.9% (15/108) in the new guideline group. Table
1 provides patient demographics, vancomycin dosage, and
concentration data. The 2 groups did not differ significantly with
respect to age, weight, initial serum creatinine, initial creatinine
clearance, predictive trough levels, doses, serum drug concen-
trations, AUC/MIC, and the presence of MRSA. MRSA, methicil-
lin-sensitive S. aureus (MSSA), coagulase-negative Staphylococ-
cus, and Enterococci were found in 38.9% (42/108), 2.8%
(3/108), 12.0% (13/108), and 1.9% (2/108), respectively, in the
previous guideline group and in 50.0% (54/108), 0.9% (1/108),
15.7% (17/108), and 4.6% (5/108), respectively, in the new
guideline group (data not shown).

The vancomycin drug concentrations were analyzed by Archi-
tect iVancomycin (Abbott, Wiesbaden, Germany) using the Ar-
chitect i1000 SR analyzer (Abbott Laboratories, North Chicago,
IL, USA). Architect iVancomycin is an in vitro chemiluminescent
microparticle immunoassay (CMIA) for the quantitative mea-
surement of vancomycin in human serum or plasma. The ana-
lytical measurement range (AMR) of the Architect iVancomycin
assay was 0.24 pg/mL to 100 pg/mL and the clinical reportable
range (CRR) of the Architect iVancomycin assay was 0.5 pg/mL
to 80 pg/mL. The inter-assay coefficients of variation were 10%
at 8.2 mg/L, 10% at 24.2 mg/L, and 9% at 42.0 mg/L.

Table 1. Patient demographics and vancomycin dosing character-
istics according to trough level guidelines

Previous guideline  New guideline P

Number of patients 108 108 1.00
Males (%) 50.9 50.9 1.00
Age (yr) 720+7.6 72.9+8.0 0.43
Weight (kg) 59.6+11.4 572+9.8 0.09
Initial SCr (mg/dL) 0.9+0.2 0.8+0.2 0.18
Initial CCr (mL/min) 65.9+23.4 65.0+£22.3 0.76
Trough level, predicted (mg/L) 144+11.2 13.7+6.5 0.23
Dose (mg/kg/day) 29.4+10.7 31.1+95 0.25
Concentration (mg/L) 194+147 152482 0.13
AuC/MIC 335.0+147.7 3449+130.2 028
Vancomycin duration (day) 13.6+13.0 9.1+79 0.01
Number of MRSA 42 (38.9%) 54 (50.0%) 0.10

Abbreviations: SCr, serum creatinine; CCr, creatinine clearance; AUC/MIC,
area under the curve/minimal inhibitory concentration; MRSA, methicillin-
resistant Staphylococcus aureus.

http://dx.doi.org/10.3343/alm.2014.34.1 .1



Oh SJ, et al.
TDM of vancomycin in new guidelines

2. Pharmacokinetic analysis

The serum vancomycin predictive trough concentrations were
calculated by using Abbott’s PKS software program. The follow-
ing clinical factors were investigated for their influences on the
pharmacokinetics of vancomycin: gender, age, height (cm),
weight (kg), serum creatinine (mg/dL), serum albumin (g/dL),
vancomycin dose (mg/kg/day), vancomycin concentration (mg/
L), and days of therapy.

A data file containing all clinical, dosage, and concentration
data recorded for patients in the evaluation dataset was created.
Individual estimates of vancomycin pharmacokinetic parame-
ters were then obtained for each patient by Bayesian analysis
using Abbott’s PKS software program. The area under the curve
(AUC) was calculated from the daily dose amount (mg/day)/
[(creatinine clearancex0.79)+15.4]/0.06 [7]. The creatinine
clearance was calculated by using the Cockcroft-Gault formula,
(140-age) xweight (kg)x (0.85 if female)/serum creatinine (mg/
dL)/72. The minimal inhibitory concentration (MIC) of vancomy-
cin was measured using the VITEK 2 Compact Microbial Identi-
fication System (bioMerieux, Marcy I'Etoile, France).

The reference range of the laboratory target vancomycin
trough concentration changed from 5-15 mg/L to 15-20 mg/L
after October 2011.

3. Statistical analysis

The 216 patients were divided into 2 groups, the previous
guideline group and the new guideline group, and these groups
of patients were compared. The Chi-square test or Fisher's ex-
act test was used for categorical variables and the Wilcoxon—
Mann-Whitney U test was used for continuous variables. All P
values were considered significant at P<0.05. Statistical analy-
ses were performed using SPSS 18.0 for windows (SPSS Inc.,
Chicago, IL, USA).

RESULTS

1. Patient characteristics

The data were compared between the 2 groups to evaluate the
association between the presence of kidney toxicity and severe
disease. Kidney toxicity was defined as an increase of >0.5 mg/
dL (or a >50% increase) in serum creatinine over baseline in
consecutively obtained daily serum creatinine values. Kidney
toxicity was found in 6.5% (7/108) of the previous guideline
group and in 11.1% (12/108) of the new guideline group, and
severe diseases were found in 13.0% (14/108) of the previous
guideline group and in 13.9% (15/108) of the new guideline
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group. Kidney toxicity and disease severity did not differ be-
tween the 2 groups (P=0.23 and P=0.84, respectively).

The AUC/MIC above 400 was 73.1% (79/108) in the previous
guideline group and 71.3% (77/108) in the new guideline
group. The proportions above 400 for AUC/MIC were not differ-
ent between the 2 groups (P=0.761).

2. Proportions of predicted vancomycin trough
concentrations according to different guidelines

The percentages of patients in whom the target vancomycin
trough concentrations comprised the target ranges in the previ-
ous and new guideline groups were 50% (54/108) and 14.8%
(16/108), respectively. The percentage of patients with trough
concentrations of 10-20 mg/dL was 32.4% (35/108) in the pre-
vious guideline group and 52.8% (57/108) in the new guideline
group, and the percentage of patients in whom it was <10 mg/
L was 45.4% (49/108) and 29.6% (32/108), respectively,
(P=0.004) (Fig. 1).

3. Therapeutic drug monitoring parameters that comprised
the target ranges

The percentages of patients in whom the target vancomycin
trough concentrations comprised the target ranges in the previ-
ous and new guideline groups were 50% (54/108) and 14.8%
(16/108), respectively (Table 2). All further analyses described
in this section were conducted in the patients, in whom these
target ranges were achieved. Analysis of these patients revealed
that the AUC/MIC over 400 was observed in 16.7% (9/54) in
the previous guideline group and in 62.5% (10/16) in the new
guideline group (P<0.001). The mean dose was 27.3+9.5 mg/

45
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W Previous guideline
= New guideline

Number of patients

<5 5-<10 10-<15 15-<20 20-<40 =40
Trough level, predicted (mg/L)

Fig. 1. Number of patients and predicted vancomycin trough con-
centrations to show the target vancomycin trough concentrations
comprised the target ranges according to different guidelines.
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Table 2. Therapeutic drug monitoring parameters that comprised
the target ranges

Previous guideline  New guideline

N=54(500%) N=16(148%)
AUC/MIC
<400 45/54 (83.3%) 6/16 (37.5%) <0.001
>400 9/54 (16.7%)  10/16 (62.5%)
Dose (mg/kg/day)
Range 8.5-47.6 15.6-72.7 0.425
Median 30.8 28.7
Mean+SD 27.3+9.5 320128
Dose interval (hr)
Range 6.0-24.0 6.0-12.0 <0.001
Median 12.0 12.0
Mean+SD 141+48 104+22
Initial SCr (mg/dL)
Range 0.4-14 0.6-1.2 0.454
Median 0.8 0.8
Mean +SD 1.0£0.2 0.9+0.2
Initial CCr (mL/min)
Range 31.9-122.2 39.3-87.1 0.063
Median 65.3 54.8
Mean +SD 67.9+20.9 57.6+13.2
Trough level, predicted (mg/L)
Range 5.1-145 1.6-151 <0.001
Median 8.8 17.2
Mean =+ SD 93+28 17.2+16
Vancomycin duration (day)
Range 1.0-65.0 5.1-14.5 0.151
Median 10.0 9.5
Mean +SD 146+139 9475
MIC=2 (%) 72.2 62.5 0.459

Abbreviations: AUC/MIC, area under the curve/minimal inhibitory concentra-
tion; SCr, serum creatinine; CCr, creatinine clearance; MIC, minimal inhibito-
ry concentration.

kg/day and 32.0+12.8 mg/kg/day in the previous and new
guideline groups, respectively, without significant difference
(P=0.425); however, the dose interval was shorter in the new
guideline group (14.1+4.8 hr vs. 10.4+2.2 hr) (P<0.001).
Analysis of initial serum creatinine levels revealed that the mean
level was 1.0+0.2 mg/dL and 0.9+0.2 mg/dL in the previous
and in the new guideline group, respectively (P=0.454). Fur-
ther, the mean initial creatinine clearance level was 67.9+20.9
mL/min in the previous guideline group and 57.6+13.2 mL/min
in the new guideline group (P=0.063). The predictive trough
level was higher in the new guideline group (9.3+2.8 mg/L vs.
17.2+1.6 mg/L) (P<0.001), whereas the vancomycin duration
was not significantly different between the 2 groups (14.6+13.9

Oh SJ, et al.
TDM of vancomycin in new guidelines

days in the previous guideline group vs. 9.4+7.5 days in the
new guideline group, P=0.151). The proportion of patients with
MIC=2 was 72.2% (39/54) in the previous guideline group and
62.5% (10/16) in the new guideline group (P=0.459). Analysis
of our data yielded the following predictive equation: trough
concentration=8.662+0.086 x dose, r=0.213, P=0.077.

DISCUSSION

In this study, we investigated the relationship between vancomy-
cin trough concentrations and several therapeutic drug-monitor-
ing (TDM) parameters in 216 elderly patients with normal renal
function. This study used data collected during routine TDM to
determine population estimates of vancomycin pharmacokinetic
parameters, to develop new dosage guidelines, and to evaluate
these new guidelines prospectively.

Vancomycin has been used as the primary therapeutic agent
to treat MRSA infections for the past 50 yr [1-3]. Until recently,
vancomycin was usually administered intravenously to adults at
a dosage of 1,000 mg every 12 hr, with the targeted serum
trough level between 5 and 10 mg/L [12, 13]. Recently, the
American Society of Health-System Pharmacists (ASHP), the In-
fectious Diseases Society of America (IDSA), and the Society of
Infectious Diseases Pharmacists (SIDP) advised that vancomy-
cin should be given in doses sufficient to achieve a trough level
between 15 to 20 mg/L for the treatment of MRSA. Further, the
British National Formulary (BNF) recommendation for intrave-
nous pulsed infusion of vancomycin has recently been changed
to 1,000-1,500 mg twice daily, and this value is reduced to 500
mg twice daily or 1,000 mg daily in patients over 65 yr of age
[14]. Daily doses of >2,000 mg are usually required for patients
with normal renal function to achieve trough concentrations
above 10 mg/L, particularly if they are critically ill [15, 16]. The
optimal doses and trough levels of adults remain controversial
because of the pharmacokinetic and pharmacodynamic proper-
ties of vancomycin [17], lack of well-designed randomized clini-
cal evaluations, and lack of data to support a clear relationship
between specific serum concentrations and patient outcome.
The present study demonstrated that the new guidelines would
achieve vancomycin trough concentrations of 15-20 mg/L earlier
and more consistently than previous dosage guidelines.

In this study, the percentages of patients in whom the target
vancomycin trough concentrations comprised the target ranges
in the previous and new guideline groups were 50% and 14.8%,
respectively. The percentage of patients in whom the trough
concentration was 10-20 mg/dL was 32.4% in the previous
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guideline group and 52.8% in the new guideline group, and the
percentage of patients in whom it was <10 mg/L was 45.4%
and 29.6%, respectively. These findings indicate that the new
guideline group tended to reach the ideal vancomycin trough
concentration. Trough serum vancomycin concentrations of
<10 mg/L may predict therapeutic failure and the potential for
the emergence of vancomycin-intermediate S. aureus (VISA) or
vancomycin-resistant S. aureus (VRSA) [18, 19].

The AUC/MIC robustly predicts treatment outcomes when
treating MRSA infections with vancomycin, and an AUC/MIC ra-
tio of =400 has been advocated as a target to achieve clinical
effectiveness with vancomycin [9]. Vancomycin dosages of 15-
20 mg/kg given every 8-12 hr are required for most adult pa-
tients with normal renal function to achieve the suggested se-
rum concentrations when the MIC is <1 mg/L [9]. In the pres-
ent study, 28.7% of patients were predicted to achieve a satis-
factory AUC/MIC, if the new guidelines were followed. The pro-
portions above 400 for the AUC/MIC were not significantly dif-
ferent between the 2 groups. However, when analyzing the pa-
tients who comprised the target ranges in each group, the per-
centage of patients in whom AUC/MIC over 400 was 16.7% in
the previous guideline group and 62.5% in the new guideline
group (P<0.001).

In this study, the dose intervals were expected to be more fre-
quent and the predicted trough levels were higher in the new
guideline group. Increased dosing will be required, if higher
trough concentrations are necessary.

Analysis of our data yielded the following predictive equation
regarding trough concentration and dose: trough concentration=
8.662+0.086xdose, r=0.213, P=0.077. This predictive equa-
tion should be formally assessed for efficacy, safety, and out-
come before being applied in clinical practice.

In conclusion, we have confirmed new vancomycin trough
concentration guidelines by following a population analysis of
routine vancomycin concentration data. We observed that the
new guideline group was more likely, than the previous guideline
group, to achieve a trough concentration in the therapeutic
range of 10-20 mg/LL and was less likely to achieve a trough con-
centration of <10 mg/L. Further, among patients in whom the
target ranges were achieved in each group, the proportion of pa-
tients with AUC/MIC over 400 was greater in the new guideline
group. The strict management of vancomycin TDM in the new
guideline group appears to have been more effective. Further
studies on clinical efficacy before increases in the target trough
level are recommended.
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