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Abstract

Background Vancomycin is a glycopeptide antibiotic of choice for the treatment of serious infections caused by multi-resistant
Gram-positive bacteria. However, vancomycin-associated nephrotoxicity (VAN) often limits its use. Previous data suggested
a few risk factors of VAN, including higher mean vancomycin trough level, higher daily doses, old age, long duration of van-
comycin therapy, and concomitant nephrotoxins. Objective To evaluate the incidence and risk factors of VAN and determine
whether higher vancomycin trough concentrations were associated with a greater risk for VAN. Settings A retrospective,
observational, single-center study at the 1960-bed university-affiliated tertiary care hospital (Samsung Medical Center),
Seoul, Korea. Method A retrospective analysis of adult patients who received vancomycin parenterally in a tertiary care
medical center from March 1, 2013 to June 30, 2013 was performed. We excluded patients with a baseline serum creatinine
level > 2 mg/dL and those who had a history of end-stage renal disease and dialysis at baseline. The clinical characteristics
were compared between patients with nephrotoxicity and those without nephrotoxicity to identify the risk factors associated
with VAN. Main outcome measure Incidence of VAN and VAN-associated risk factors were analyzed. Results Of the 315
vancomycin-treated patients, nephrotoxicity occurred in 15.2% of the patients. In multivariate analysis, higher vancomycin
trough concentrations of >20 mg/L (OR 9.57, 95% CI 2.49-36.83, p<0.01) and intensive care unit (ICU) residence (OR
2.86, 95% CI 1.41-5.82, p<0.01) were independently associated with VAN. Conclusion Our findings suggest that higher
vancomycin trough levels and ICU residence might be associated with a greater risk for VAN. More careful monitoring of
vancomycin serum trough levels and patient status might facilitate the timely prevention of VAN.
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Impacts on practice Introduction

Vancomycin is a glycopeptide antibiotic used in the treat-

e Monitoring of serum vancomycin concentrations is nec-
essary to ensure that the concentration does not exceed
the upper limit of therapeutic concentration.

e Nephrotoxicity of vancomyxin should be closely moni-
tored, especially when it is used in critically ill patients.
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ment of severe infections caused by multi-resistant Gram-
positive bacteria, such as methicillin-resistant Staphylo-
coccus aureus (MRSA) and for Gram-positive bacterial
infections in patients who are allergic to penicillins [1,
2]. Despite its widespread use, vancomycin-associated
nephrotoxicity (VAN) is the most serious adverse effect of
parenteral vancomycin therapy. VAN can lead to discon-
tinuation or modification of treatment. However, the inci-
dence of VAN has not been well established yet [3], and
the reported incidence ranges from 5 to 43% depending on
the patient population [4—7]. Several conditions have been
proposed as probable risk factors for VAN, including higher
vancomycin daily dosages, longer duration of therapy, use
of concomitant nephrotoxic agents, and history of kidney
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disease [8—11]. However, these predisposing factors differed
between studies.

Correlations between serum vancomycin concentration
and nephrotoxicity remain unclear [12]. Early suggestions
have recommended a target vancomycin trough level rang-
ing from 5 to 10 mg/L [13]. However, treatment failures
were increasingly reported, particularly in patients infected
with MRSA, with a minimal inhibitory concentration (MIC)
of > 1 mg/L. Some studies have reported that serum van-
comycin trough concentrations < 10 mg/L are more likely
to produce MRSA with reduced vancomycin susceptibility
[14, 15]. Based on available evidence, a consensus review
from the American Society of Health-System Pharmacists,
the Infectious Diseases Society of America, and the Soci-
ety of Infectious Diseases Pharmacists published in 2009
recommended maintaining a vancomycin trough concentra-
tion above 10 mg/L in general. For complicated infections,
15-20 mg/L of vancomycin is recommended to improve
tissue penetration and increase the probability of achieving
target serum vancomycin concentrations [16]. After the pub-
lication of this guideline, preliminary studies have evaluated
the safety of achieving higher serum trough concentrations
and suggested that maintaining higher serum trough con-
centrations (i.e. > 15 mg/L) can increase the risk of nephro-
toxicity [17-19].

Aim of the study

The aim of the present study was to evaluate the incidence
of VAN and VAN-associated risk factors and to determine
whether higher vancomycin trough concentrations were
associated with a greater risk for VAN.

Ethics approval

This single-center retrospective study was approved by the
Institutional Review Board of Samsung Medical Center
(approval number: 2013-06-121). The requirement of for-
mal consent was waived owing to its retrospective nature.

Methods
Study design and setting

This single-center retrospective observational study was con-
ducted at Samsung Medical Center (Seoul, Korea) between
March 1, 2013 and June 30, 2013. Our hospital launched a
computerized clinical decision support system (CDSS) for
antibiotic prescription in 2008. The institutional policy states
that the prescription of intravenous antimicrobials, including

vancomycin, beyond 2 days requires prior authorization. The
institution limits the duration of vancomycin use after the
days approved by infectious disease clinicians. A prescribing
physician can discuss antimicrobial treatment options with
infection specialists and pharmacists for dosage, adminis-
tration routes, and other patient-specific pharmacokinetic
factors. Clinical pharmacists monitored vancomycin use and
intervened via clinical pharmacokinetic services in multidis-
ciplinary team round.

Inclusion and exclusion criteria

Patients older than 18 years of age who received a minimum
of 48 h of intravenous vancomycin were included. The exclu-
sion criteria were baseline serum creatinine level >2 mg/dL
[8, 20-22], known history of kidney disease, hemodialy-
sis or continuous renal replacement therapy at baseline, no
serum creatinine recorded at baseline, or incomplete medical
records.

Variables and outcome

Data were extracted from electronic medical records of Sam-
sung Medical Information System. The endpoint was devel-
opment of VAN. Data collected for each patient included
sex, age, height, weight, serum creatinine levels, length of
hospital stay, and intensive care unit (ICU) admission sta-
tus during hospitalization. Baseline serum creatinine was
defined as the value recorded within 24 h before the initia-
tion of vancomycin therapy.

Acute kidney injury after vancomycin use was consid-
ered as VAN. Nephrotoxicity was defined as an increase in
serum creatinine > 0.5 mg/dL or > 50% from baseline in at
least two consecutive measurements based on the 2009 con-
sensus review of the American Society of Health-System
Pharmacists [16].

Information regarding vancomycin therapy was collected
to assess the relationship with VAN as a risk factor. Inde-
pendent variables in statistical analysis included indication
for use, total daily doses based on actual body weight, dura-
tion of therapy, vancomycin serum trough concentration,
and concomitant nephrotoxic agents. The trough concentra-
tions were measured in blood samples collected just prior
to administration of the next dose. Receipt of nephrotoxic
agents, including aminoglycosides, loop diuretics, angioten-
sin II receptor blockers, and angiotensin-converting enzyme
(ACE) inhibitors, was recorded.

Subgroup analysis was performed for patients in the
nephrotoxicity group. Relationship of vancomycin trough
concentration with ICU stay and concomitant use of nephro-
toxic agents in the nephrotoxicity group was also analyzed.
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Statistical analyses

All statistical analyses were performed using SAS version
9.3 (SAS Institute Inc., Cary, NC, USA). Nephrotoxicity was
recorded as a binary variable to indicate whether nephro-
toxicity developed in a patient. For univariate analyses, cat-
egorical variables were compared using x> test or Fisher’s
exact test, whereas continuous variables were compared
using Wilcoxon Rank-Sum test. All continuous variables
were reported as median and interquartile range (IQR). We
used multivariable logistic regression to analyze the risk fac-
tors for VAN. In the multivariable logistic regression, vari-
ables with p < 0.1 from Wald test in univariate analysis were
included. However, variables with variance inflation factor
(VIF) exceeding 3 were excluded to avoid multicollinearity
issue. For comparisons of three groups in subgroup analysis,
Fisher’s exact test and y? test were used for categorical vari-
ables, whereas Kruskal-Wallis test was used for continuous
variables. For all analyses, p <0.05 was considered statisti-
cally significant.

Results

In total, 409 patients treated with vancomycin from March
1, 2013 to June 30, 2013 at Samsung Medical Center were
enrolled in this study. Ninety-four patients were excluded
owing to baseline serum creatinine level > 2 mg/dL (n=12),
known history of kidney disease, hemodialysis or continuous
renal replacement therapy at baseline (n=19), no serum cre-
atinine recorded at baseline or incomplete medical records
(n=41), and vancomycin therapy <48 h (n=22). Finally,
315 subjects were included for analysis.

Patient demographics are summarized in Table 1. Of the
315 patients, 210 (66.7%) were males. The median age of
all patients was 58 years (IQR 45-69 years). Their median
baseline serum creatinine level was 0.68 mg/dL (IQR
0.55-0.92 mg/L). The most common indication for vanco-
mycin use was pneumonia (26.7%). The median vancomy-
cin daily dose was 30.70 mg/kg/day (IQR 24.37-37.44 mg/
kg/day). The median duration of vancomycin therapy was
8 days (IQR 5-13 days). Nephrotoxic agents were used in
137 (43.5%) patients. The most frequently used drug was
furosemide (34.0%). Nephrotoxicity occurred in 48 (15.2%)
of 315 vancomycin-treated patients. The median time from
the start of vancomycin to onset of VAN was 5 days (IQR
3-8 days).

Renal function results are presented in Table 2. The
median change in serum creatinine level at the time of occur-
rence of VAN from baseline serum creatinine was 0.63 mg/
dL (IQR 0.51-0.98 mg/L). Of 48 episodes of VAN, 9
(18.8%) patients had subsequent reductions in serum creati-
nine levels toward baseline values before hospital discharge.
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Table 1 Patient demographics

Characteristics Value
Male sex, n (%) 210 (66.67)
Age, years (range) 58 (45-69)
Baseline serum creatinine, mg/dL 0.68 (0.55-0.92)
Length of hospital stay, days 28 (16-46)
ICU residence, n (%) 133 (42.22)
Vancomycin indication, n (%)
Pneumonia 84 (26.67)
Sepsis/Septic shock 73 (23.17)
Skin/skin structure infections 45 (14.29)
Bacteremia 38 (12.06)
Others 75 (23.81)
Vancomycin daily dose, mg/kg 31.48 (25.94-38.53)
Days of vancomycin therapy, days 8 (5-11)
Duration of vancomycin therapy, days 8 (5-13)
Receipt of nephrotoxic agents, n (%)
Loop diuretics 107 (33.97)
Angiotensin receptor blockers 29 (9.21)
Aminoglycosides 17 (5.40)
Polyenes 14 (4.44)
Polypeptides 4(1.27)
Calcineurin inhibitors 2 (0.63)
Platinum analogs 1(0.32)
Angiotensin-converting enzyme inhibitors 1(0.32)

Values are expressed as median (interquartile range) unless indicated
otherwise

The results of comparison between group with nephro-
toxicity and group without nephrotoxicity are shown in
Table 3. The following variables showed significant asso-
ciations with the occurrence of nephrotoxicity: longer
duration of therapy, higher vancomycin trough concentra-
tion, concomitant use of nephrotoxic agents, and ICU resi-
dence. The proportion of patients who received furosemide
was significantly higher in the group with nephrotoxicity
than in the group without nephrotoxicity (50.0 vs. 31.1%,
p=0.01). The group with nephrotoxicity received a higher
median furosemide daily dose than the group without
nephrotoxicity (58.40 vs. 28.00 mg/day, p=0.01). Portions
of higher vancomycin trough concentrations were signifi-
cantly larger in the group with nephrotoxicity than in the
group without nephrotoxicity. Vancomycin trough concen-
trations of 15-20 mg/L were achieved in a higher percent-
age of patients in the group with nephrotoxicity than in the
group without nephrotoxicity (45.8 vs. 25.8%, p<0.01).
Trough concentrations > 20 mg/L were also achieved in a
higher percentage of patients in the group with nephro-
toxicity than in the group without nephrotoxicity (14.6
vs. 4.5%, p<0.01) (Fig. 1). Two variables (concomitant
use of nephrotoxic agents and in particular, concomitant
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Table 2 Clinical characteristics

. . o Characteristics
of patients with nephrotoxicity

Value

Serum creatinine at the time of occurrence of nephrotoxicity, mg/dL
Serum creatinine change from baseline, mg/dL

Elapsed time to onset of nephrotoxicity, days

Return of renal function to baseline, n (%)

Elapsed time to return of renal function to baseline, days

1.39 (1.06-1.81)
0.63 (0.51-0.98)
5(3-8)

9 (18.75)
5(2-13)

Table 3 Comparison of clinical

.. . Characteristics
characteristics between patients

No nephrotoxicity (n=267) Nephrotoxicity (n=48) p value

with and without nephrotoxicity Male sex, n (%)

Age, years

Baseline serum creatinine, mg/dL
Length of hospital stay, days

ICU residence, n (%)

Average vancomycin daily dose, mg/kg

Days of vancomycin therapy, days

Duration of vancomycin therapy, days
Vancomycin trough concentration, mg/L
Receipt of nephrotoxic agents, n (%)

Concomitant furosemide use, n (%)

Furosemide daily dose, mg

175 (65.54) 35(72.92) 0.3184
58 (46-69) 57 (44-67) 0.7293
0.69 (0.55-0.93) 0.63 (0.49-0.84) 0.0693
27 (16-46) 34 (21-48) 0.2466
103 (38.58) 30 (62.5) 0.002

31.93 (26.67-38.8) 30.26 (23.8-34.17) 0.0339
8 (5-11) 9 (6-12.5) 0.1293
8 (5-12) 10 (6.5-13) 0.0360
13 (9.44-15.84) 16.47 (13.63-18.38)  <0.0001
109 (40.82) 28 (58.33) 0.0243
83 (31.09) 24 (50.00) 0.0109
20 (16-35) 28.78 (20-72.74) 0.0127

Values are expressed as median (interquartile range) unless indicated otherwise

Fig. 1 Distribution of vancomy- 80
cin trough levels as categorical

variables between group with
nephrotoxicity and group with-
out nephrotoxicity (p <0.01)

B No nephrotoxicity group

Proportion of patients (%)

Nephrotoxicity group

15-20 >20

Average trough level, mg/L

furosemide use) were excluded owing to high VIF (> 3) in
multivariable logistic regression.

Vancomycin trough concentration and ICU residence were
independently associated with nephrotoxicity (Table 4). Both
vancomycin trough concentration of 15-20 mg/L (odds ratio
[OR] 4.01, p<0.01) and>20 mg/L (OR 9.57, p<0.01) were
associated with significantly greater risk of nephrotoxicity
than vancomycin trough concentration < 15 mg/L. Baseline
serum creatinine level was also a risk factor of VAN. Accord-
ing to our analysis, lower baseline serum creatinine level was

associated with nephrotoxicity. In the subgroup analysis for
group with nephrotoxicity, ICU residence or concomitant use
of nephrotoxic agents showed no significant association with
vancomycin trough concentration.
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Table 4 Logistic regression analysis of independent risk factors for
renal toxicity

Variable OR (95% CI) p value
Univariate analysis
Male sex 0.71 (0.36-1.40)  0.3203
Age 0.10 (0.98-1.02)  0.7792
Baseline serum creatinine, mg/dL 0.31 (0.09-1.03)  0.0560
ICU residence 2.65(1.41-5.00)  0.0026
Vancomycin trough concentration, 0.0003
mg/L
15-20 3.12 (1.45-6.74)  0.0018
>20 5.71 (1.73-18.86)  0.0022
Receipt of nephrotoxic agents 2.03 (1.09-3.79)  0.0261
Concomitant furosemide use 2.22(1.19-4.13)  0.0122
Median furosemide daily dose, mg 1.02 (1.01-1.03)  0.0044
Multivariate analysis
Baseline serum creatinine, mg/dL 0.10 (0.02-0.39)  0.0010
ICU residence 2.86(1.41-5.82)  0.0036
Vancomycin trough concentration,
mg/L
<15 1 [Reference]
15-20 4.01 (1.74-9.24)  0.0004
>20 9.57 (2.49-36.83)  0.0003

CI confidence interval, OR odds ratio

Discussion

This study evaluated the incidence and associated risk fac-
tors of VAN in adult patients. Previous studies have reported
a wide range of VAN incidence and risk factors. The true
prevalence of VAN remains unclear. In this study, nephro-
toxicity occurred in 15.2% of 315 patients who received van-
comycin. VAN occurred more frequently in patients who had
higher vancomycin trough concentration, ICU residence, and
low baseline serum creatinine level.

Vancomycin trough concentration has been commonly
evaluated as a potential predictor of nephrotoxicity in differ-
ent patient populations. A prospective multicenter trial has
reported that the incidence of VAN in patients with initial
trough concentrations > 20 mg/L, > 25 mg/L, and > 30 mg/L
is 32, 45, and 50%, respectively [17]. We previously con-
ducted a multivariate logistic regression analysis and found
that the initial vancomycin trough concentration expressed as
a continuous variable is independently associated with VAN
(adjusted OR 1.13,95.0% CI 1.05-1.21, p=0.001) [21]. In
addition, many other studies have reported that the rate of
nephrotoxicity is significantly increased in patients who
received higher initial and steady-state trough concentra-
tions [18, 20, 22, 23]. Two recent studies reported conflict-
ing results concerning vancomycin serum trough concentra-
tions and clinical outcomes [24, 25]. However, in both the
studies, renal adverse events occurred more frequently in the
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group receiving higher trough concentration [24, 25]. The
results of our study support this finding. In the present study,
multiple logistic regression analysis revealed that patients
with vancomycin trough concentrations of 15-20 mg/L
were four times more likely to develop VAN, while patients
with vancomycin trough concentrations > 20 mg/L were
9.6 times more likely to develop VAN than patients with
vancomycin trough concentrations < 15 mg/L. According
to the 2009 consensus statement, S. aureus exposure to
vancomycin trough concentrations < 10 mg/L can produce
resistant strains, which are associated with a higher likeli-
hood of vancomycin therapeutic failures [16]. It is recom-
mend that vancomycin trough concentrations are maintained
at 15-20 mg/L enough to penetrate into the infected tissue
and to achieve more effective overall antibiotic exposure in
severe infectious diseases. Therefore, when health caregiv-
ers target higher vancomycin concentrations, ongoing drug
level monitoring accompanied by proper dosage adjustment
should be performed to ensure that vancomycin levels do not
exceed 20 mg/L. Moreover, the patients’ clinical condition
should be carefully evaluated and a decision should be taken
on whether the vancomycin trough level has to be main-
tained at a high level within the therapeutic range.

Acute kidney injury occurred in approximately 6% of
critically ill patients staying in the ICU, with approximately
two-thirds of these patients requiring renal replacement
therapy [26]. A retrospective study indicated that the risk of
nephrotoxicity is greater in ICU patients [21]. Our findings
are consistent with the results of these studies. In our evalu-
ation, ICU residence was associated with VAN in both uni-
variate and multivariate analyses. Critically ill patients are
known to have increased sickness severity associated with
a vast array of pathophysiological changes, which can alter
renal perfusion and antibiotic pharmacokinetics, thereby
increasing the risk of acute kidney injury [27-29].

Baseline serum creatinine has been reported as a signifi-
cant risk factor of VAN in a previous study [7]. However, our
results indicated that lower baseline serum creatinine level
might increase VAN risk. Although it was statistically sig-
nificant in multivariate analysis, it may have no significant
effect in clinical practice. As shown in Table 3, the baseline
serum creatinine values in group without nephrotoxicity and
group with nephrotoxicity were in the normal range (0.69
and 0.63 mg/mL), with no significant difference (p =0.0693)
between the two groups.

There were significant differences in median vancomycin
daily dose and duration of therapy between patients with
VAN and those without VAN. However, the daily dose of
vancomycin therapy did not always increase the incidence
of nephrotoxicity. It has been reported that a vancomycin
dose of >4 g/day can increase the incidence of VAN [8].
Meaney et al. [11] suggested that daily dose of vancomycin
is not associated with nephrotoxicity status. Nevertheless,
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another study described an inverse relationship between the
average daily vancomycin dose based on actual body weight
and nephrotoxicity [30]. In a previous study, the nephrotox-
icity group received a significantly lower average daily dose
(mean + SD 24.00 + 15.22 mg/kg/day) than the no nephro-
toxicity group (30.59 +15.56 mg/kg/day; p=0.02) [30],
similar to that in the present study. This might be because
the vancomycin dose was reduced after development of
nephrotoxicity. Regarding duration of therapy, prolonged
duration of vancomycin therapy as a continuous variable
or dichotomous variable has been found to be a significant
independent risk factor of VAN [18, 20, 23]. Similarly, we
found that the total duration of therapy was significantly
longer in the group with nephrotoxicity than in the group
without nephrotoxicity. However, differences in individual
days of therapy between the two groups were not statistically
significant. Thus, we could not exclude the possibility that
longer duration of vancomycin therapy was due to, but not a
source of occurrence of nephrotoxicity, considering that we
defined duration as the total period from the start to the end
of the treatment. Therefore, vancomycin daily dose and dura-
tion of therapy were not included in multivariable analysis.

Our study has a few limitations. First, this was a single-
center and retrospective study. It is recommended that the
blood samples for trough concentrations should be drawn
within 60 min prior to the planned dosing. However, owing
to the retrospective nature of this study, we could not
strictly control the actual time of blood sample collection.
There could be some time gap between the recommended
time and actual sampling time. Second, the small sample
size might have limited the statistical power to detect more
significant findings. Finally, many factors that could affect
nephrotoxicity, such as intravenous contrast dye and vaso-
pressors, were not reviewed together because of the small
number of such cases.

Conclusion

Higher vancomycin trough concentrations and ICU resi-
dence are statistically significant risk factors for VAN.
Maintaining the vancomycin trough concentrations within
the proper therapeutic range (not exceeding 20 mg/L) and
early detection of mild changes in renal function of ICU
patients could facilitate prompt intervention to prevent
VAN. Further research is needed to develop useful strate-
gies for safe vancomycin use.
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