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Incidence and risk factors of acute kidney injury
associated with continuous intravenous high-dose
vancomycin in critically ill patients
A retrospective cohort study
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Abstract
For vancomycin therapy of severe infections, the Infectious Diseases Society of America recommends high vancomycin trough levels,
whose potential for inducing nephrotoxicity is controversial. We evaluated the incidence and risk factors of acute kidney injury (AKI) in
critically ill patients given continuous intravenous vancomycin with target serum vancomycin levels of 20 to 30mg/L.
We retrospectively studied 107 continuous intravenous vancomycin treatments of ≥48 hours’ duration with at least 2 serum

vancomycin levels ≥20mg/L in critically ill patients. Nephrotoxicity was defined according to the Kidney Disease Improving Global
Outcomes Clinical Practice Guideline for AKI (ie, serum creatinine elevation by ≥26.5mmoL/L or to ≥1.5 times baseline). Risk factors
for AKI were identified by univariate and multivariate analyses.
AKI developed in 31 (29%) courses. Higher serum vancomycin levels were associated with AKI (P<0.01). Factors independently

associated with AKI were highest serum vancomycin ≥40mg/L (odds ratio [OR], 3.75; 95% confidence interval [CI], 1.40–10.37; P<
0.01), higher cumulative number of organ failures (OR, 2.63 95%CI, 1.42–5.31; P<0.01), and cirrhosis of the liver (OR, 5.58; 95%CI,
1.08–31.59; P=0.04).
In this study, 29% of critically ill patients had AKI develop during continuous intravenous vancomycin therapy targeting serum levels

of 20 to 30mg/L. Serum vancomycin level ≥40mg/L was independently associated with AKI.

Abbreviations: AKI = acute kidney injury, AKIN = Acute Kidney Injury Network, ICU = intensive care unit, KDIGO = Kidney
Disease Improving Global Outcomes, RRT = renal replacement therapy, SAPS = Simplified Acute Physiology Score.
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1. Introduction

Vancomycin has been traditionally administered as brief
intravenous infusions in a dosage of 1g/12hours to achieve
trough vancomycin levels of 5 to 10mg/L.[1,2] This schedule has
been estimated to induce nephrotoxicity in 5% of patients.[1]

Guidelines issued by the Infectious Diseases Society of America in
2006 recommend increasing the vancomycin dosage in patients
with severe methicillin-resistant Staphylococcus aureus infections
to achieve trough levels of 15 to 20mg/L.[2–4] This recommenda-
tion is a response to reports of clinical treatment failure related to
the limited vancomycin susceptibility of some methicillin-
resistant Staphylococcus aureus strains. In patients with severe
infections requiring intensive care unit (ICU) admission, an
alternative vancomycin schedule is continuous intravenous
administration in a dosage of 30mg/kg/day after a loading dose
of 15 to 30mg/kg to achieve a serum plateau of 20 to 30mg/L
depending on the site of the infection.[5–7]

Following implementation of the latest Infectious Diseases
Society of America recommendation to target higher serum
vancomycin levels, several groups in the US reported an increase
in the frequency of nephrotoxicity, to 12% to 43%.[8–12] In a
recent meta-analysis, trough vancomycin level ≥15mg/L was an
independent risk factor for nephrotoxicity.[13]Most of the studies
included in this meta-analysis were done in patients with limited
illness severity who rarely required ICU admission and who
received vancomycin on an intermittent basis. Furthermore,
nephrotoxicity was defined using the traditional criterion of
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Table 1

Stages of acute kidney injury (AKI).

Stage Serum creatinine, mmol/L

1 1.5–1.9 times baseline or ≥26.5mmol/L increase
2 2.0–2.9 times baseline
3 3.0 times baseline

or
Increase in serum creatinine ≥354mmol/L
or
Use of renal replacement therapy

Stages of AKI are derived from the KDIGO Clinical Practice Guideline for Acute Kidney Injury.[15] AKI=
acute kidney injury, KDIGO=Kidney Disease Improving Global Outcomes.
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serum creatinine elevation by ≥44mmol/L or ≥50% versus
baseline.[14] The sensitivity of diagnostic criteria for acute renal
failure was recently improved via the development of the acute
kidney injury (AKI) concept, reported by the Kidney Disease
Improving Global Outcomes (KDIGO) Clinical Practice Guide-
line for AKI.[15] This concept facilitates the early detection,
standardized definition, and stratification of renal function
impairments.[15–18]

The objectives of this retrospective study were to determine the
frequency and to identify the risk factors of AKI associated with
continuous intravenous vancomycin therapy targeting high serum
vancomycin levels of 20 to 30mg/L in patients admitted to the ICU.

2. Methods

2.1. Study design and patient population

We performed a single-center, observational, retrospective study
in our 18-bed medical-surgical adult ICU between November
2006 and January 2010. Complete case ascertainment was
achieved by searching the hospital pharmacy database for
delivery of vancomycin to ICU patients. Inclusion criteria were
age >18 years, continuous intravenous vancomycin therapy for
at least 48hours, and at least 2 serum vancomycin levels ≥20mg/
L. Patients with probable or documented infection were eligible.
Exclusion criteria were prophylactic vancomycin therapy,
vancomycin therapy for less than 48hours, one or no serum
vancomycin level ≥20mg/L, concomitant oral vancomycin
administration, chronic dialysis, and pregnancy.

2.2. Treatment schedule and monitoring definitions

Vancomycin was routinely administered by continuous intrave-
nous infusion via an electrical pump connected to a dedicated
central venous catheter. Injectable powdered vancomycin
(Sandoz, Holzkirchen, Germany) containing 1g vancomycin
base per vial was reconstituted with isotonic saline to obtain a
final concentration of 20mg/mL. A loading dose of 15mg/kg
injected over 60 minutes was followed by a continuous pump
infusion of 30mg/kg/day. Doses were computed using the most
recent available body weight.
Monitoring involved samples of the plateau vancomycin levels.

Samples were collected once daily starting on the 2nd day of
vancomycin therapy. Blood was drawn into standard dry tubes,
which were kept at 4 °C, for less than 4hours. An automated
fluorescence polarization assay was performed using the Cobas
Integra 800 analyzer (Roche Diagnostics, Basel, Switzerland).
Patients with below-target vancomycin levels below 20mg/L
received an additional bolus and/or a higher daily dosage.
Vancomycin levels above 30mg/L were managed by interrupting
the infusion and/or decreasing the daily dosage. No specific
instruction was given to physicians for adjusting the vancomycin
dosage to renal function.
For each course, we computed the dosage during the 1st 24

hours (D1 dosage) as the sum of the loading dose and
continuously administered dose; as well as the overall mean
daily dosage over the entire course, including the initial loading
dose. Vancomycin therapy duration was recorded as the number
of days with vancomycin therapy. We recorded the peak serum
vancomycin level during the ICU stay.

2.3. Definition of nephrotoxicity

Renal function was monitored by repeatedly measuring the
serum creatinine level and calculating the estimated glomerular
2

filtration rate (using a glomerular filtration rate estimating
equation derived from the serum creatinine value). We recorded
the serum creatinine levels at the following time points: baseline
(ie, just before vancomycin initiation), day of vancomycin
discontinuation, and 3 and 7 days after vancomycin discontinu-
ation. We also recorded the peak serum creatinine level between
vancomycin initiation and 72hours after vancomycin discontin-
uation, and we computed the serum creatinine increase from
baseline to this peak (expressed as the absolute value and
percentage).
We defined nephrotoxicity as AKI, using criteria derived from

the KDIGO Clinical Practice Guideline for AKI (serum creatinine
increase by ≥26.5mmol/L or to ≥1.5 times baseline).[15] AKI
severity was categorized as shown in Table 1. The initiation of
conventional dialysis before, during, or after vancomycin therapy
was recorded.
2.4. Study variables

We recorded age, gender, body weight, and body mass index.
Comorbidities were classified as follows: cardiovascular (heart
failure, coronary artery disease, and hypertension), diabetes,
respiratory (chronic obstructive pulmonary disease and chronic
respiratory failure), chronic renal dysfunction, cirrhosis of the
liver, chronic alcohol abuse, solid malignancy, hematological
malignancy, and immunosuppression (acquired immune defi-
ciency syndrome, corticosteroid therapy, anticancer chemother-
apy, and other immunosuppressants).
The Simplified Acute Physiology Score (SAPS) version II and

Acute Physiology and Chronic Health Evaluation version II
severity scores were recorded, as well as the reason for ICU
admission (medical, emergent surgical, or scheduled surgical),
hospital stay length, and vital status at ICU discharge. Organ
failure was categorized as follows: respiratory (mechanical
ventilation and/or PaO2/FiO2<200), hemodynamic (mean
arterial pressure <65mmHg and/or vasoactive or inotropic
drug therapy), hematological (platelet count �80,000/mm),
hepatic (serum bilirubin ≥35mmol/L), and neurological (Glas-
gow Coma Scale score �6 without sedation). The peak serum
lactic acid value was recorded. For continuous variables, we
recorded the highest value found during vancomycin therapy or
within 72hours after vancomycin discontinuation.
Exposures to other nephrotoxic agents within 72hours before

vancomycin therapy, during vancomycin therapy, and within 72
hours after vancomycin discontinuation were recorded. These
agents were defined as intravenous iodinated contrast agents,
aminoglycosides, loop diuretics, other diuretics (thiazides,
aldosterone antagonists), angiotensin-converting enzyme inhib-
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itors, angiotensin II receptor antagonists (Sartans), and nonste-
roidal antiinflammatory drugs. For each exposure, the dose and
duration were recorded.
2.5. Statistical analysis

Quantitative parameters were described as median (interquartile
range) and qualitative parameters as number (percentage). We
compared categorical variables using Fisher exact tests and
continuous variables using Wilcoxon rank-sum tests. To identify
associations between patient characteristics and AKI occurrence,
we used a logistic regression model. Odds ratios are reported with
their 95% confidence intervals. The final multivariate model was
built using a backward stepwise procedure based on Akaike
criterion. Continuous variables were checked for log-linearity, and
when found to be nonlog-linear, they were categorized. Factors
included in the multivariate regression model were selected as
clinically relevant among variables yielding P values smaller than
0.20 by univariate analysis. Variables included in the model were
as follows: number of organ failures (excluding AKI), highest
vasoactive drug infusion rate, number of concomitant nephrotoxic
agents, cirrhosis of the liver, and peak serum vancomycin ≥40mg/
L. Given their low numbers, missing values of covariates were
handled by median imputation. Le Cessie-Van-Houwelingen
goodness-of-fit tests were applied to final models. All tests were
2-sided, and P values<0.05 were considered significant. Analyses
were performed using R statistical software version 2.14.0 (R
Foundation for Statistical Computing, Vienna, Austria; http://
www.R-project.org. Accessed June 29, 2016).
2.6. Ethical considerations

Our local ethics committee (Comité de Protection des Personnes of
Paris, Ile de France VI) approved this study (#220114) and waived
the need for informed consent. For each patient, the study datawere
Vancomycin courses
n=120

Included vancomycin courses
n=107

Exc
n=

AKI
n=31

No AKI
n=76

Figure 1. Flowchart of the study. Acute kidney injury (AKI) defined as se

3

collected ina standardized case-report form.Patientswere identified
only by a study inclusion alphanumeric combination.
3. Results

We identified 120 courses of intravenous vancomycin adminis-
tered continuously using an electrical pump during the study
period. Among them, 13 were excluded, for the following
reasons: duration<48hours (n=6), less than 2 serum vancomy-
cin levels ≥20mg/L (n=2), concomitant oral vancomycin (n=1),
chronic dialysis (n=2), and incomplete or unavailable medical
records (n=2) (Fig. 1). The remaining 107 vancomycin courses
were studied. They were administered to 102 patients, of whom 5
received vancomycin courses during 2 different stays in our ICU.
Table 2 reports the main patient characteristics (demographics,

comorbidities, and ICU management), characteristics of vanco-
mycin therapy, and concomitant use of nephrotoxic agents.
Bacteriological documentation of the infection was obtained for
68 (66%) patients. The selection of vancomycin was probabilistic
in 43 (36%) courses. Febrile bone marrow aplasia was the reason
for vancomycin initiation in 8 (7%) patients. Table 3 reports the
reasons for vancomycin treatment, bacteriological data, and
infection sites.
AKI developed during 31 (29%) courses. AKI severity was

stage 1 in 17 (54.8%) patients, stage 2 in 4 (12.9%) patients, and
stage 3 in 10 (32.3%) patients. Baseline serum creatinine values
were not significantly different between patients with and
without AKI. Of the 7 patients who required de novo renal
replacement therapy (RRT), only 1 survived with a return to the
previous level of kidney function. Of the 31 courses with AKI, 17
(54.8%) were followed by recovery of normal renal function; 2
(6.5%) required continuation of RRT started before vancomycin
initiation; and 12 (38.7%) were in patients who died with
persistent renal dysfunction, including 6 (6/31, 19.4%) after
receiving de novo RRT.
luded
13

Treatment duration < 48h
n=6

< 2 serum vancomycin levels ≥20 mg/L
n=2

Chronic dialysis
n=2

Concomitant oral vancomycin
n=1

Incomplete data
n=2

rum creatinine elevation by ≥26.5mmol/L or to ≥1.5 times baseline.
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Table 2

Variables associated with AKI.

N, %, or median (interquartile range) Univariate analysis Multivariate analysis
∗

Overall
n=107 (100)

No AKI
n=76 (71)

AKI
n=31 (29)

OR
(95%CI) P value

OR
(95%CI) P

Demographics
Age, years 63 [50.5–74] 65.5 [50.7–74] 58 [50–71.5] 0.99 (0.96–1.01) 0.29
Male 64 (59.8) 44 (57.9) 20 (64.5) 1.32 (0.56–3.14) 0.53
Obesity 26 (24.3) 17 (22.3) 9 (29) 1.42 (0.55–3.65) 0.47

Reason for admission 0.55
Scheduled surgery 3 (2.8) 2 (2.6) 1 (3.2) 1 –

Medical 61 (57) 41 (54) 20 (64.5) 0.98 (0.08–11.4) 0.98
Emergent surgery 43 (40.1) 33 (43.4) 10 (32.2) 0.61 (0.05–7.40) 0.69

Comorbidities
Diabetes 17 (15.9) 13 (17.1) 4 (12.9) 0.72 (0.21–2.40) 0.59
Heart failure 19 (17.8) 14 (18.4) 5 (16.1) 0.85 (0.28–2.61) 0.78
Coronary artery disease 14 (13.1) 10 (13.1) 4 (12.9) 0.98 (0.28–3.39) 0.97
Hypertension 49 (45.8) 38 (50) 11 (35.5) 0.55 (0.23–1.30) 0.17
Chronic respiratory failure 15 (14) 12 (15.8) 3 (9.7) 0.57 (0.15–2.18) 0.41
Cirrhosis of the liver 9 (8.4) 4 (5.2) 5 (16.1) 3.46 (0.86–13.9) 0.08 5.68 (1.08–31.59) 0.04
Chronic renal dysfunction 16 (15) 12 (15.8) 4 (12.9) 0.79 (0.23–2.67) 0.70
Creatinine at baseline, mmol/L 91 [65–144] 88 [64–146] 94 [75–141] 1.00 (1.00–1.01) 0.26
eGFR at baseline, mL/min/1.73m2 71 [43–97] 71.5 [42–100] 65 [44–90] 1.00 (0.98–1.01) 0.52
Malignancy 38 (35.5) 24 (31.6) 14 (45.1) 1.78 (0.16–4.20) 0.19
Haematological 18 (47.4) 9 (37.5) 9 (64.3) 1 –

Solid 20 (52.6) 15 (62.5) 5 (35.7) 0.33 (0.08–1.31) 0.12
Immunodepression 27 (25.2) 16 (21) 11 (35.5) 2.06 (0.82–5.17) 0.12

Severity scores at ICU admission
SAPS II 51 [40–66] 50 [39–64] 55 [43–69] 1.01 (0.99–1.04) 0.21
APACHE II† 23 [18–30] 23 [18–30] 23 [17–32] 1.00 (0.95–1.05) 0.91

ICU management
Mechanical ventilation 98 (91.6) 69 (90.8) 29 (93.5) 1.47 (0.29–7.51) 0.64
Lowest PaO2/FiO2 ratio

† 161 [104–235] 166 [110–250] 160 [83–225] 1.00 (0.99–1.00) 0.23
Hemodynamic failure 92 (86) 63 (82.9) 29 (93.5) 2.99 (0.63–14.1) 0.17
Severe sepsis 14 (13.1) 10 (13.2) 4 (12.9) – –

Septic shock 74 (69.2) 49 (64.5) 25 (80.6) – –

Filling volume, L† 6.3 [3.5–9.5] 5 [2.5–8.9] 7.4 [5.3–11.5] 1.05 (0.99–1.12) 0.12
Catecholamines 81 (74.7) 56 (73.7) 25 (80.6) 1.49 (0.53–4.16) 0.45
Vasoactive drugs 80 (74.8) 55 (72.4) 25 (80.6) 1.59 (0.57–4.43) 0.37
Inotropic drugs 22 (20.6) 17 (22.4) 5 (16.1) 0.67 (0.22–2.00) 0.47

Highest vasoactive drugs
infusion rate, mg/kg/minute

0 [0–0.5] 0 [0–0] 0 [0–1] 2.21 (1.07–4.57) 0.03 – –

Peak serum lactic acid, mmol/L† 2.7 [2.2–4.3] 2.6 [2–4] 3.5 [2.5–7] 1.19 (1.02–1.39) 0.03
Other organ failure‡ 85 (79.4) 58 (76.3) 27 (87.1) 2.09 (0.65–6.79) 0.22
Hepatic failure 6 (5.6) 1 (1.3) 5 (16.1) 14.4 (1.61–129.2) <0.01
Hematological failure 22 (20.6) 9 (11.8) 13 (41.9) 5.38 (1.98–14.6) <0.01
Neurologic failure 29 (27.1) 22 (28.9) 7 (22.6) 0.72 (0.27–1.90) 0.50

Number of organ failures (excluding AKI) 2 [2–3] 2 [2–3] 3 [2–3] 2.49 (1.37–4.53) <0.01 2.63 (1.42–5.31) <0.01
Mechanical ventilation duration, days 15 [7–29.5] 15.5 [6–28.5] 15 [7.5–29.5] 1.01 (0.98–1.03) 0.65
ICU stay length, days 21 [11–39.5] 21 [11–36.5] 21 [11–44] 1.00 (0.98–1.01) 0.78
Death 33 (30.8) 21 (27.6) 12 (38.7) 1.65 (0.69–3.99) 0.26

Vancomycin therapy
Dosage
Day 1 dosage, mg/kg† 45.1 [34.8–52.9] 45.4 [38.6–53.1] 36.9 [30.6–52.4] 0.97 (0.93–1.00) <0.01
Overall median dosage, mg/kg/day† 33 [24.4–43] 34.5 [27.4–45.7] 27.2 [19.8–35.9] 0.95 (0.91–0.98) <0.01

Peak serum vancomycin, mg/Lx 34.9 [29–41.6] 34.1 [27.5–40] 40.6 [32–45.3] 1.04 (1.00–1.08) <0.01
≥25jj 94 (87.8) 66 (86.8) 28 (90.3) 1.41 (0.36–5.53) 0.62
≥30jj 75 (70.1) 49 (64.5) 26 (83.9) 2.87 (0.99–8.32) 0.06
≥40jj 32 (29.9) 16 (21.1) 16 (51.6) 4.00 (1.64–9.79) <0.01 3.75 (1.40–10.37) <0.01

Duration of vancomycin, days 7 [4.5–11] 7 [4–10.5] 8 [6–11.5] 1.04 (0.97–1.11) 0.27
Concomitant nephrotoxic agents
Concomitant use of nephrotoxic agents 103 (96.2) 74 (97.4) 29 (93.5) 0.39 (0.05–2.91) 0.36
Number of concomitant nephrotoxic agents 3 [2–3] 3 [2–3] 2 [2–3] 0.59 (0.38–0.93) <0.01 0.53 (0.29–0.89) 0.02
Aminoglycosides 84 (78.5) 64 (84.2) 20 (64.5) 0.34 (0.13–0.89) <0.01
Gentamicin dose, mg/kg 4.6 [3.8–5.7] 4.7 [3.9–5.7] 3.9 [2.6–5.7] – –

Amikacin dose, mg/kg 22.1 [19–25] 22.4 [19–26] 21.3 [17–24] – –

Intravenous contrast agents 64 (59.8) 49 (64.5) 15 (48.4) 0.52 (0.22–1.20) 0.13
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[15,20]

N, %, or median (interquartile range) Univariate analysis Multivariate analysis
∗

Overall
n=107 (100)

No AKI
n=76 (71)

AKI
n=31 (29)

OR
(95%CI) P value

OR
(95%CI) P

Loop diuretics 88 (82.2) 64 (84.2) 24 (77.4) 0.64 (0.23–1.83) 0.41
Other nephrotoxic drugs 29 (27.1) 22 (29) 7 (22.6) 0.72 (0.27–1.90) 0.50
ACE inhibitors 19 (17.8) 15 (19.7) 4 (12.9) – –

Sartans 2 (1.9) 1 (1.3) 1 (3.2) – –

Other diuretics¶ 6 (5.6) 5 (6.6) 1 (3.2) – –

Continuous variables are described as median (interquartile range) and categorical variables as N (%). Values of P<0.05 were considered statistically significant. Factors included in the multivariate regression
model were selected as clinically relevant among variables yielding P values smaller than 0.20 by univariate analysis. Variables included in the model were as follows: number of organ failures (excluding AKI),
highest vasoactive drug infusion rate, number of concomitant nephrotoxic agents, cirrhosis of the liver, and peak serum vancomycin ≥40mg/L. ACE=angiotensin-converting enzyme, AKI= acute kidney injury,
APACHE II=Acute Physiology and Chronic Health Evaluation version II, CI= confidence interval, eGFR= estimated glomerular filtration rate, ICU= intensive care unit, OR=odds ratio, SAPS II=Simplified Acute
Physiology Score version II, Sartans= angiotensin II receptor antagonists.
∗
Goodness of fit (Le Cessie-van Houwelingen) P value, 0.87. Area under the ROC curve estimated by c statistic, 0.79.

†Missing data: 6 patients had missing data for the APACHE 2 score, 1 patient for the lowest PaO2/FiO2 ratio, 5 patients for filling volume, 2 patients for peak serum lactic acid, and 1 patient for D1 vancomycin
dosage and overall median vancomycin dosage.
‡ Hepatic, hematological, or neurologic failure.
x Peak vancomycin level during treatment.
jj Compared to patients with peak serum vancomycin <25mg/dL.
¶ Aldosterone antagonists or thiazide diuretics.
#AKI defined as serum creatinine elevation by ≥26.5mmol/L or to ≥1.5 times baseline.
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By univariate analysis (Table 2), the clinical variables
associated with AKI were peak serum lactic acid level, cirrhosis
of the liver, and higher cumulative number of organ failures
(excluding AKI and including hepatic failure and hematological
failure). Higher peak serum vancomycin levels were significantly
associated with AKI (Figs. 2 and 3). Lower values of D1 dosage
and overall dosage were also associated with AKI (Table 2).
Aminoglycoside exposure and total number of concomitant
nephrotoxic agents were more common in the group without AKI
(Table 2).
By multivariate analysis (Table 2), factors independently
associated with AKI were peak serum vancomycin ≥40mg/L,
higher cumulative number of organ failures (excluding AKI), and
cirrhosis of the liver. The number of concomitant nephrotoxic
agents was associated with a lower risk of AKI.
4. Discussion

In this retrospective cohort of 107 patients with severe acute
illnesses requiring ICU admission, the frequency of AKI during
high-dose continuous intravenous vancomycin therapy targeting
plateau concentrations of 20 to 30mg/L was 29%. Factors
independently associated with AKI were peak serum vancomycin
≥40mg/L, higher cumulative number of organ failures (excluding
AKI), and cirrhosis of the liver. The number of concomitant
nephrotoxic agents was associated with a lower risk of AKI.
Our work is a pragmatic study in a large cohort of ICU patients

who had multiple comorbidities and organ failures. The high
SAPS II and Acute Physiology and Chronic Health Evaluation
version II scores reflect the severity of the acute illnesses in our
patients. In contrast to others, we did not exclude patients with
preexisting acute or chronic renal dysfunction, iodinated contrast
agent exposure, or neutropenia.[9–12,19] Our results highlight the
strong associations linking organ failures and comorbidities to
AKI development in ICU patients: cirrhosis of the liver, high
serum lactic acid level (reflecting circulatory failure), and
cumulative number of organ failures (excluding AKI) including
hepatic failure and hematological failure were associated with a
higher risk of AKI by univariate analysis. By multivariate
analysis, a higher cumulative number of organ failures and
cirrhosis of the liver remained independent risk factors for AKI.
5

Our results confirm previous findings. The KDIGO Clinical
Practice Guideline for AKI states that critical illness, circulatory
shock, and chronic diseases including liver disease are common
causes of AKI.[15] More recently, the multinational Acute Kidney
Injury–Epidemiologic Prospective Investigation study reported
specific data on the epidemiology of AKI in ICU patients.[20] In
this cohort, the frequency of AKI was nearly 60%, and illness
severity (ie, higher SAPS III score) was also an independent risk
factor of AKI. Similarly, shock, organ failures including liver
failure, and comorbidities including cirrhosis were associated
with a higher frequency of AKI.[20] These results are consistent
with ours and emphasize the very high risk of AKI in ICU
patients: in this specific population, assessing the risk of AKI is a
priority, as identifying high-risk patients may help to avoid
additional iatrogenicis. Nephrotoxic treatments such as high-
dose vancomycin must be prescribed with caution and monitored
closely by daily serum vancomycin assays.
Available data on the nephrotoxicity associated with high

vancomycin dosages are scant and somewhat conflicting. The
overall frequency of nephrotoxicity in a meta-analysis of studies
published between 2003 and 2007 was 14.6%.[21] A 2013 review
reported considerable variation in the incidence of nephrotoxicity
across studies (from 5% to 43%).[13] Most studies identified
trough vancomycin level ≥15mg/L and treatment duration ≥7
days as the most common risk factors.[13,21,22] In 188 ICU
patients, initial trough vancomycin level ≥15mg/L was associat-
ed with higher frequencies of nephrotoxicity ranging from 15%
to 25%.[19] More recently, Hanrahan et al[23] reported
nephrotoxicity in 20% of 1430 critically ill patients; higher
serum vancomycin concentrations and longer treatment duration
were independently associated with higher odds of nephrotoxi-
city. Furthermore, continuous infusion was associated with a
lower frequency of nephrotoxicity compared with intermittent
infusion.[23]

Vancomycin nephrotoxicity was usually defined in previous
studies as creatinine elevation ≥44mmol/L or ≥50% of the
baseline value.[8–12,19] Instead, we used the AKI concept
described in the KDIGO Clinical Practice Guideline for
AKI.[15] This concept combines the definitions issued by the
international Acute Kidney Injury Network[16,17] and the RIFLE
classification developed by the Acute Dialysis Quality Initiative
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Table 3

Bacteriological data and infection sites.

Infection site n=107 Bacteria
∗

n=68

Pulmonary 51 Methicillin-resistant Staphylococci
Intraabdominal 30 Staphylococcus aureus 13
Catheter related 14 Coagulase-negative Staphylococcus 33
Urinary tract 4 Streptococci
Bone and joint 4 Enterococci 18
Skin and soft tissue 2 Streptococcus pneumoniae 1
Central nervous system 2 Other streptococci 2
Bloodstream† 17 Other bacteria 1
∗
Bacteriological documentation of the infection was obtained for 68 patients (66%).

† Bloodstream infection was associated either to catheter related infection (n=8), pulmonary infection (n=4), intraabdominal infection (n=4), or urinary tract infection (n=1).

 
Figure 2. Acute kidney injury (AKI) according to peak serum vancomycin level. The difference between the 2 groups was statistically significant (P<0.01). AKI
defined as serum creatinine elevation by ≥26.5mmol/L or to ≥1.5 times baseline.

Lacave et al. Medicine (2017) 96:7 Medicine
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Figure 3. Boxplot of peak serum vancomycin (mg/L) according to stages of acute kidney injury (AKI). A boxplot is shown for each of the four each AKI stages. The X
axis shows the 4 AKI stages (0–3) and the Y axis the peak serum vancomycin level (mg/L). The shaded box indicates the middle 50% of the data; the lower and
upper ends of this box are the lowest and highest quartiles, respectively. The solid black horizontal line through each shaded box indicates the median value. The
circles above the vertical solid black lines are individual outliers. The P value is for the overall comparison of peak serum vancomycin levels for each AKI stage. The
AKI stages are defined in the Kidney Disease Improving Global Outcomes Clinical Practice Guideline,[15] reported in Table 1.

Lacave et al. Medicine (2017) 96:7 www.md-journal.com
group. Only 3 other previous studies used the AKI concept to
define nephrotoxicity.[20,21,24] Changes in the definition of
nephrotoxicity over time may lead to spurious variations in
incidence. The AKI concept has been reported to improve the
early detection of nephrotoxicity and the management of patients
treated with vancomycin.[18] A single previous study evaluated
the nephrotoxicity of continuous intravenous vancomycin in ICU
patients using AKI criteria.[25] Of 129 retrospectively evaluated
patients, 38 (29.5%) experienced AKI, in keeping with our
findings. AKI developed in only 8% of patients whose serum
vancomycin levels remained within the 15 to 25mg/L range and
was associated with longer vancomycin exposures (14.9 vs 9.2
days in patients without AKI).[25] Treatment duration was not
7

associated with AKI in our study. This apparent discrepancy may
be related to the overall shorter treatment duration in our study
(median, 7 days).[4–12]

Several characteristics of our study are worth noting. The
continuous vancomycin delivery and high target serum level are
original features. In most of the available studies, vancomycin
was given as twice-daily injections, with dosage adjustments
based on trough serum vancomycin levels. Many studies
support high-dose continuous vancomycin administration to
produce a serum plateau of 20 to 30mg/L in ICU
patients.[5–7,26–28] In previous studies, the independent variable
was either the mean of all serum vancomycin levels available
for each patient[9,10,12] or the serum vancomycin levels during

http://www.md-journal.com


[8,11,19,29]

Lacave et al. Medicine (2017) 96:7 Medicine
the 1st few treatment days. We looked at individual
assays to identify the peak serum level in each patient. This
parameter is useful in clinical practice to adjust the dosage to
the target. An unexpected finding from our study is the lower
frequency of AKI in patients given concomitant nephrotoxic
therapy including aminoglycosides. A possible explanation is
selection bias due to the retrospective study design, with
preferential aminoglycoside use in patients at lower risk of AKI.
In contrast to early studies,[30,31] recent work found little
evidence of heightened toxicity with concomitant aminoglyco-
side and vancomycin therapy. However, concomitant amino-
glycoside therapy was an independent risk factor for
nephrotoxicity in a multicenter retrospective study of patients
with pneumonia.[19]

There are several limitations to our study. First, the
observational single-center design and small sample size may
have failed to detect confounding by unmeasured factors (such as
age, severity scores, and emergency admission) and may limit the
general applicability of our findings. Given the small number of
patients with AKI stages 2 and 3 (n=14), a statistical analysis of
AKI determinants in the patient subgroupwith severe impairment
was not feasible. Second, the oliguria criterion in the KDIGO
Clinical Practice Guideline for AKI was not used in our study.[15]

ICU patients frequently exhibit multifactorial functional or
organic renal dysfunction with preserved urine output. In
addition, urine output is often noninterpretable because of the
concomitant use of loop diuretics (82% of our patients). We
therefore elected not to consider oliguria. Third, the retrospective
design is an important limitation to our work. Only prospective
randomized studies could show whether vancomycin exposure is
a cause of AKI. Conceivably, the higher serum vancomycin levels
in the group with AKI may be ascribable to decreased drug
clearance due to renal dysfunction, since vancomycin is excreted
almost entirely by the kidneys.[9,10,13,22] Vancomycin dosages
differed significantly between the groups with andwithout AKI in
our study. Given our finding that baseline renal function was
similar in the group with and without AKI, the significantly lower
overall median vancomycin dosage in the AKI group is probably
ascribable to dosage reduction in response to high serum
vancomycin levels.
5. Conclusions

AKI developed in 29% of high-dose continuous intravenous
vancomycin treatments targeting serum levels of 20 to 30mg/L in
ICU patients with severe acute illnesses. Peak serum vancomycin
level ≥40mg/L, higher cumulative number of organ failures, and
cirrhosis of the liver were independently associated with AKI. A
higher number of concomitant nephrotoxic agents were
associated with a lower risk of AKI. In ICU patients exhibiting
multiple risk factors for AKI and receiving vancomycin with high
serum level targets, assessing the risk of AKI is crucial to avoid
additional injury, and close monitoring by daily serum
vancomycin assays is in order. Prospective randomized studies
are needed to determine the serum vancomycin levels above
which ICU patients are at risk for AKI and to determine whether
vancomycin exposure is a cause of AKI.
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