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Abstract: There are many determinants of vancomycin 
clearance, but these have not been analyzed separately in 
populations with different levels of renal function, which 
could be why some important factors have been missed. 
The aim of our study was to compare the pharmacoki-
netic parameters and factors that may affect vancomy-
cin pharmacokinetics in groups of patients with normal 
renal function and in those with chronic kidney failure. 
The study used a population pharmacokinetic modeling 
approach, based on plasma vancomycin concentrations 
and other data from 78 patients with chronic kidney 
failure and 32 patients with normal renal function. The 
model was developed using NONMEM software and vali-
dated by bootstrapping. The final model for patients with 
impaired kidney function was described by the following 
equation: CL (L/h) = 0.284 + 0.000596 x DD + 0.00194 x 
AST, and that for the patients with normal kidney function 
by: CL (L/h) = 0.0727 + 0.205 x FIB. If our results are con-
firmed by new studies on two similar populations, these 
factors could be considered when dosing vancomycin in 
patients with chronically damaged kidneys, as well as in 
patients with normal kidneys who frequently require high 
doses of vancomycin.

Keywords: Vancomycin; Population pharmacokinet-
ics; Renal insufficiency; Non-linear mixed effects model 
(NONMEM)

1  Introduction
Vancomycin is a hydrophilic antibiotic of the glycopeptide 
class that cannot pass cell membranes by simple diffusion 
[1]; therefore, it has to be administered intravenously to 
achieve systemic action. After intravenous administration 
it is distributed in extracellular space with an apparent 
volume of distribution of 0.4–1 L/kg. Approximately 10% 
to 50% of the drug in plasma is bound to albumin [1,2]. 
Inflammation increases penetration of vancomycin to the 
central nervous system, resulting in increased intersti-
tial fluid concentrations (e.g., from 0–3.45 mg/L in brain 
tissue of healthy adults to 6.4–11.1 mg/L in the brain of 
patients with meningitis) [3]. About 80%–90% of a vanco-
mycin dose is excreted in urine as the unchanged drug; its 
clearance is about 2.64 l/h [4].

A number of studies describe the pharmacokinetics 
(PK) of vancomycin and factors that influence its phar-
macokinetics. The study conducted in Spain suggested 
that clearance of creatinine and mechanical ventilation 
are related to vancomycin clearance [5].  Another study 
by Chinese authors discovered that serum creatinine and 
albumin infusion were significant covariates of vancomy-
cin clearance [6]. Interestingly, patients with hemorrhagic 
stroke had higher values of vancomycin clearance [7]. 
Renal function was identified as an important determi-
nant of vancomycin clearance in several other studies, but 
only in some studies it was observed that declining cre-
atinine clearance with old age contributed to decreased 
vancomycin clearance [8]. However, determinants of van-
comycin clearance were not analyzed separately in popu-
lations with different levels of renal function, which could 
be why some important factors could have been missed.  
The aim of our study was to compare the pharmacokinetic 
parameters and factors that may affect vancomycin phar-
macokinetics in groups of patients with normal and those 
with mild/moderately impaired renal function.
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2  Methods

2.1  Patients and data

The study took place at Clinical Center Kragujevac, 
Serbia, a tertiary care health facility with 1,200 beds, and 
was conducted from March 1st, 2016 until October 31st, 
2017. The two groups of study patients comprised those 
with normal renal function (n = 32) and those with mild 
to moderate chronic renal failure (n = 78). Demographic 
and other characteristics in the study groups are shown 
in Table 1. The inclusion criteria were: age over 18 years, 
normal kidney function (Clcr≥90ml/min) or mild to mod-
erate kidney failure (Clcr from 30 to 89 ml/min); and 
intravenous administration of vancomycin for at least 3 
days without changes in the daily dose. Patients excluded 
were those with severe kidney failure (Clcr < 30 ml/min, 
those on dialysis; those younger than 18 years; those who 
received vancomycin for fewer than 3 days, and those who 
received vancomycin orally. All patients were prescribed 
intravenous infusion of vancomycin by their physicians 
independently from the study investigators, including 
determination of dose. Vancomycin was measured in 
serum samples taken from the patients at various time 
points during the dosing interval, but always after five 
dose intervals, i.e., after a steady-state was established. 
Serum concentrations of vancomycin were measured by 
immunoassay on Cobas® e601 analyzers (Roche Diagnos-
tics, Mannheim, Germany), according to the manufac-
turer’s instructions. In the group of patients with normal 
kidney function, 27 serum concentrations were recorded 
and 5 blood samples were taken 1h to 3h after administra-
tion. In the group of patients with kidney failure, 57 blood 
samples were taken before the drug administration and 21 
blood samples were taken 1h to 3 h after administration. 
The study protocol was approved by the Ethics Committee 
of the Clinical Center Kragujevac (N0 01-1267); informed 
written consent was obtained from all participants before 
the study procedures were undertaken. Principles of the 
Helsinki Declaration concerning protection of human 
subjects in clinical trials were strictly followed during the 
study.

The patients’ data were collected from their histo-
ries; these data included records related to patient demo-
graphic characteristics (body weight, age, and sex); values 
of laboratory tests (creatinine clearance, serum albumin, 
total bilirubin, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), C-reactive protein (CRP), fibrin-
ogen (FB), pro-brain natriuretic peptide (proBNP)); and 

clinical data (length of vancomycin administration, pres-
ence of sepsis, and concomitant medication). 

2.2  Population pharmacokinetics analysis

The data were analyzed separately for the two study 
groups, using NONMEM software version 7.3.0 (Icon 
Development Solution, MD,) with the FOCE (first-or-
der conditional estimation) approach with interaction 
between parameters integrated in our population phar-
macokinetics (PPK) modeling [9]. We evaluated two struc-
tural models (one-compartment and two-compartment) 
in accordance with the literature data related to vancomy-
cin pharmacokinetics. The base model was selected based 
on the range of the minimum objective function (defined 
as -2 multiplied by the log-likelihood - MOF) and by visual 
inspection of diagnostic plots. Subroutines ADVAN3 
and TRANS4 were used in a two-compartment model to 
describe pharmacokinetics of vancomycin and its clear-
ance fromthe central compartment. Our model assumed 
normal distribution of the individual pharmacokinetic 
parameters. At this phase of the study, we also investigated 
different models of error to report for both inter-individual 
and residual variability. The inter-individual variability 
was tested using additive and exponential error models, 
whereas residual variability was tested using an additive, 
exponential, constant coefficient of variation (CCV) and 
combined (additive and CCV) error models. 

The following demographic, clinical, and laboratory 
test data were collected for evaluation as potential covar-
iates: total body weight (TBW), age and sex of patients, 
length of  vancomycin administration, presence of sepsis, 
polytrauma, total daily dose of vancomycin, creatinine 
clearance, serum albumin, total bilirubin, AST, ALT, 
CRP, fibrinogen, proBNP and co-medication with colistin 
(COL), furosemide (FUR), piperacillin /tazobactam (PT), 
nonsteroidal anti-inflammatory drugs (NSAIDs), heparin 
(HEP) and angiotensin-converting enzyme (ACE) inhibi-
tors. All continuous variables examined in the study were 
not parameterized. The covariate model was built in step-
wise manner where each covariate was added one at a 
time in a linear or nonlinear manner.  To estimate whether 
a covariate had significant influence on vancomycin 
clearance, we used change in the MOF values and visual 
inspection of plotsin comparison to the base model. The 
decrease in the MOF produced by inclusion of a covari-
ate for at least 3.84 (p<0.05, d.f.=1) and also improvements 
of the plots were main criteria for inclusion of a covariate 
in the full model. The full model was created by placing 
all significant covariates at the same time. This model 
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was further tested by the backward deletion process for 
each covariate, one at a time, to obtain the final model. 
An increase in the MOF of at least 6.64 (p<0.01, d.f.=1) 
was used as the main criterion for retaining  a significant 
covariate in the final model. 

To validate the derived population pharmacokinetics 
(PPK) model and estimate its predictive performance, we 
applied a bootstrapping analysis. This non-parametric 
method is a re-sampling technique that includes large 
number of data replications (several hundreds or thou-
sands) with replacement from the index set using individ-
ual patients as the sampling unit. Each of the bootstrap 
data sets was fitted to the final model to obtain the boot-
strap estimated values of pharmacokinetic parameters, 
and their variability was tested using NONMEM soft-
ware. The mean values of estimated PK parameters and 
2.5th–97.5th percentile of the bootstrap data set were com-
pared to the final pharmacokinetic parameter estimates.

2.3  Statistics

Primary data were described by measures of central ten-
dency (mean) and dispersion (standard deviation and 
range).  Estimates of the model coefficients were calcu-
lated and presented as means with 95% confidence inter-
vals (± 1.96 x standard error of the estimate). For estimates 
obtained by bootstrap analysis, 2.5% and 97.5% percen-
tiles were also calculated and presented. All calculations 
were performed by SPSS for Windows, version 18. Differ-
ences between groups were measured by nonparametric 
tests.

3  Results
The baseline demographic, laboratory, and clinical data 
of the study groups are shown in Table 1. Mean values of 
total body weight were similar (78.52kg and 81.37kg) for 
patients in both groups (Мann-Whitney U Test, p>0.05), 
whereas the mean value for age was higher in the group 
with impaired renal function (67.00 versus 59.15years) 
(Мann-Whitney U Test, p<0,05). Vancomycin was admin-
istered intravenouslyto all patients, but the length of drug 
administration and its mean daily dose were different 
between the groups. Patients with impaired renal function 
were receiving lower daily doses of vancomycin (1.65±0.54g/
day) for longer time periods (up to 23 days) compared to 
patients with normal renal function(Мann-Whitney U 
Test, p<0,05). A two-compartment model best described 

serum vancomycin concentration-time data in the base 
data set. Analysis of various types of error showed that an 
exponential model best described the inter-individual var-
iability, whereas an additive error type was more appropri-
ate for residual error in both base models. The estimated 
typical population clearance of vancomycin was lower in 
the patients with normal renal function (0.655 L/h) com-
pared to the patients with impaired renal function (1.31 
L/h). In the base models, the central volume of distribu-
tion was 3-times larger in the group with renal impairment 
(22.7L vs. 7.12L). Inter-individual variability and residual 
variability were expressed as the coefficient of variation 
(%). The group with normal renal function had values of 
37.41% and 22.64% for inter-individual and residual var-
iability of vancomycin clearance, respectively. Inter-indi-
vidual and residual variability of the drug clearance were 
57.65% and 22.64% in the patients with impaired renal 
function, respectively. 

The effects of in total twenty-four covariates on PK 
parameters were explored in the base models of both 
groups, with one covariate more (presence of polytrauma) 
in patients with normal renal function (Table 1). The full 
PPK model of vancomycin clearance had four significant 
covariates (fibrinogen, presence of polytrauma, creati-
nine clearance estimated by CKDepi, MDRD) in the group 
of patients with normal renal function, and three signif-
icant covariates in patients with mild-to-moderate renal 
failure: a daily dose of vancomycin, aspartate aminotrans-
ferase, and co-medication with aminoglycoside antibiot-
ics. However, after backward deletion, only three covari-
ates remained as significant determinants of vancomycin 
clearance in both groups: 

CL (L/h) = 0.0727 + 0.205 x FIB (normal renal function)

CL (L/h) = 0.284 + 0.000596 x DD + 0.00194 x AST 
(impaired renal function)

The goodness-of-fit plots indicated fair fit of the data from 
the final regression model. Population-predicted (PRED) 
values of vancomycin concentrations versus its observed 
concentrations (DV) in the base model and the final model 
for patients with normal and impaired renal function are 
shown in the Figures 1 and 2, respectively.

Estimates of parameters in the final models are shown 
in the Tables 2 and 3. The final models led to reduction of 
objective function values for 9.517 and 43.247 units in com-
parison to the base models of vancomycin clearance in 
groups with normal and impaired renal functions, respec-
tively. Moreover, decrease of variability was recorded in 
the final models. Inter-individual and residual variabil-
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ity were 24.65% and 22.64%, respectively, in the group of 
patients with normal renal function. Conversely, inter-in-
dividual variability was 38.02% and residual variability 
21.45% in patients with impaired renal function. Two 
hundred bootstrap runs were included in the bootstrap 
analysis for validation purposes. Tables 2 and 3 show sum-
maries of parameter estimates and their 95% confidence 
intervals for the final PPK models. Mean values of param-
eter estimates using the bootstrap method were compara-
ble with the values obtained from the original NONMEM 
analysis, indicating accuracy and stability of the models.

4  Discussion
Our study showed difference in factors affecting clearance 
of vancomycin among patients both with normal and 
reduced renal function. Main determinants of vancomy-
cin clearance in patients with normal renal function were 
levels of fibrinogen in plasma, whereas elimination of 
the same drug in patients with mild or moderate chronic 
kidney failure was influenced by daily dose and serum 
levels of AST. 

Table 1: Baseline demographic, laboratory and clinical data from the study groups.

Characteristics Index set
(mean values ± 
standard deviation) - 
patients with impaired 
kidney function

Range for the
index set

Index set
(mean values ± 
standard deviation) - 
patients with normal 
kidney function

Range for the
index set

Number of patients 78 32

Number of observations 78 32

Gender (male/female) 46/32 21/11

Total body weight (kg) 78.52±16.64 60-180 81.37±10.11 60-103

Age (years) 67.00±10.74 33-86 59.15±14.46 27-86

Vancomycin dose (g/day) 1.65±0.54 0.5-3 1.93±0.43 1-3

Length of vancomycin administration (day) 6.23±3.27 3-23 5.78±2.76 3-15

Creatinine in serum (mmol/l) 128.24±47.21 57-250 61.59±17.12 32-99

Creatinine clearance-CKD epi ( ml/min) 50.00±19.35 21.9-89.5 99.84±12.58 90-120

Creatinine clearance -MDRD (ml/min) 53.07±20.59 23.9-121.2 108.53±15.62 72-120.0

Creatinine clearance-Cockroft-Gault (ml/
min) 54.38±17.70 30-87 112.90±10.94 90-120

Serum albumin (g/l) 32.16.±7.68 13-45 34.70.±7.68 19-46

Total bilirubin (µg/l) 12.09±8.49 4.4-69.0 33.35±94.59 4.5-493.5

AST concentration (IU/l) 95.91±543.49 9-4810 26.68±17.64 13-99

ALT concentration (IU/l) 68.55±317.00 5-2790 24.96±16.47 4-89

C-reactive protein (mg/l) 94.36±81.22 1.04-423.5 104.91±85.88 5-292

Fibrinogen (g/l) 3.68±1.55 1.59-9.4 3.21±0.89 1.81-6.77

proBNP  (pg/ml) 1593.44±5575.45 300-35000 307.90±63.40 209-644

Presence of sepsis (yes/no) 9/69 2/30

Presence of polytrauma - 2/30

Vancomycin + comedication with:
Colistin
Furosemide
Piperacillin/tazobactam
NSAIDs
Aminoglycosides
Heparin
ACE inhibitors

5 (6%)
29 (37%)
7 (8.9%)
15 (19%)
4 (5.1%)
49 (62%)
16 (20%)

5 (15%)
7 (21%)
1 (3%)
12 (37%)
1 (3%)
16 (50%)
7 (21%)
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Although serum values of AST and ALT in our patients 
with chronic renal failure were within the normal limits 
in most cases (mean AST and ALT values were above the 
upper limit of normal values in only 6.7% of patient), the 
actual level of AST was linked with extent of vancomycin 
clearance. It has recently been shown that reduced serum 
aminotransferase levels (within the normal limits) were 
proportional to the decrease of the glomerular filtration 
rate in chronic kidney disease patients [10], which might 
explain why the opposite was observed in our study: AST 

levels were associated with elevated vancomycin clear-
ance in the final model.

Higher doses of vancomycin were associated with 
larger clearance of vancomycin and lower trough-serum 
concentration of vancomycin in our study. This result is 
not the first one reported, as complex relationship between 
vancomycin dose and mode of administration on one 
side, and its plasma concentrations and clearance on the 
other side has been observed in many studies [11]. Cam-
passi et al. demonstrated that patients with augmented 

Figure 1: Predicted vancomycin concentrations versus measured concentrations for population with normal kidneys in the base model (A) 
and the final model (B), respectively.

Figure 2: Predicted vancomycin concentrations versus measured concentrations for population with impaired kidney function in the base 
model (A) and the final model (B), respectively

Table 2: The final model parameter estimates in population with normal renal function

Parameter NONMEM Bootstrap analysis

Estimate 95% CI* Estimate 95% CI**

Clearance of vancomycin – CL (L/h) 0.0727 0.0586–0.0868 0.0754 0.0599-0.0909

Central volume of distribution – V1 (L) 7.47 5.90–9.04 7.55 5.87–9.23

Fibrinogen  (g/L) 0.205 0.156–0.254 0.201 0.143–0.259

Interindividual variance of clearance - ω2CL 0.059 0.042–0.076 0.056 0.032–0.080

Residual variance - σ2 0.05 0.026–0.074 0.055 0.024–0.086

* (Estimate)±1.96*(standard error of the estimate)
** 2.5th and 97.5th percentile of the ranked bootstrap parameter estimates
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renal clearance had lower serum concentrations of van-
comycin during the first days of therapy despite higher 
doses, and none of the patients reached therapeutic levels 
on the first day of therapy [12]. Some authors have pro-
posed that increased loading doses and higher dose fre-
quencies or continuous infusions are necessary to achieve 
higher success rates [13]. On the other hand, vancomycin 
serum concentrations during the first days of therapy will 
also depend on creatinine clearance, and low creatinine 
clearance levels can result in supratherapeutic vancomy-
cin concentrations [14]. One of the possible explanations 
of the relationship between higher doses of vancomycin 
and its larger clearance could be reduced reabsorption of 
vancomycin from ultra-filtrate resulting from the tubular 
toxicity of this drug. Indeed, necrosis of tubular cells has 
been confirmed in histological studies of kidney biopsies 
taken from the patients who experienced vancomycin-in-
duced renal toxicity, and vancomycin is both secreted and 
reabsorbed by renal tubular cells [15,16]. In addition, a 
correlation between daily doses of vancomycin and renal 
toxicity was demonstrated when some authors used daily 
doses up to 4 grams [11].  

There are many reports about increased clearance of 
hydrophilic antibiotics like vancomycin in patients with 
sepsis, provided that renal function remains unaffected 
by complications of the infection itself [17]. Increased 
heart output and hyperkinetic circulation increase per-
fusion of kidneys, elevating the glomerular filtration rate 
and bringing a greater number of drug molecules to the 
tubule lumen; if a molecule of an antibiotic is hydrophilic, 
it could not be reabsorbed and will be excreted in the 
urine. Therefore, it is not surprising that plasma levels of 
fibrinogen, which is elevated in infection [18], are associ-
ated with clearance of vancomycin (which is a hydrophilic 
drug)—i.e., increased fibrinogen levels and increased van-

comycin clearance go together. Indeed, the mean serum 
level of C-reactive protein, another marker of sepsis, was 
above 100 mg/l in patients with normal renal function 
(104.91±85.88 [SE] mg/l). Although sepsis was present in 
our patients with renal failure as well (mean CRP 95.4 ± 
9.2 [SE] mg/l), their vancomycin clearance remained unaf-
fected by its extent (fibrinogen did not enter final model), 
as increased renal perfusion could not result with large 
enough increasein the glomerular filtration rate.

Authors in Thailand have found a relationship 
between creatinine and vancomycin clearance [19]. 
Similar results were also described by authors in other 
countries [20-22]. We did not observe this relationship in 
our patients; furthermore, other studies supported our 
observation [23, 24]. The existence of a nonrenal mech-
anism for vancomycin elimination may explain the rela-
tively high values of vancomycin clearances observed in 
patients with compromised renal function. Hepatic con-
jugation of vancomycin would seem the most possible 
nonrenal route of excretion. The vancomycin particle has 
a molecular weight of 1,450 and has structural chemical 
groups for essential conjugation with other compounds 
[25]. Some authors have reported measurable vancomycin 
concentrations in the bile after intravenous administra-
tion of vancomycin, which also supports the possibility of 
an extrarenal path for vancomycin elimination [26].

In some earlier pharmacokinetic studies, it was sug-
gested that patients with malignancy had increased 
clearance of vancomycin [25]. Conversely, other authors 
reported that patients with acute myeloid leukemia had 
lower clearance of vancomycin [26]. It was also noted 
that body weight may affect clearance of vancomycin, 
as an increase in weight was related to higher values of 
both clearance and volume of distribution [27, 28]. Finally, 
some authors showed that furosemide may influence van-

Table 3: The final model parameter estimates in population with impaired renal function

Parameter NONMEM Bootstrap analysis

Estimate 95% CI* Estimate 95% CI**

Clearance of vancomycin – CL (L/h) 0.284 0.216–0.352 0.281 0.216-0.343

Central volume of distribution – V1 (L) 29.9 23.86–35.94 30.7 22.69–38.71

Daily dose  (mg/day) 0.000596 0.00045–0.00074 0.000602 0.000444–0.00076

AST (IU/L) 0.00194 0.00122-0.00266 0.00191 0.00121-0.00261

Interindividual variance of clearance - ω2CL 0.135 0.092–0.178 0.137 0.082-0.192

Residual variance - σ2 0.045 0.021–0.069 0.041 0.019–0.062

* (Estimate)±1.96*(standard error of the estimate)
** 2.5th and 97.5th percentile of the ranked bootstrap parameter estimates
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comycin clearance, whereas others concluded that con-
comitant drugs had no influence on clearance [29, 21]. 

The main limitations of our study are the relatively 
small number of patients, and only one measurement of 
vancomycin concentration per patient. This could be a 
reason why so many covariates with significant influence 
after univariate analyses were eliminated in the backward 
deletion phase, indicating a wider array of influences on 
vancomycin clearance than we were unable to demon-
strate.

5  Conclusion
In conclusion, our study generates the hypothesis that 
elimination of vancomycin is dependent on different 
covariates in patients with normal renal function and 
mild-to-moderate chronic kidney failure. Clearance of 
vancomycin in patients with chronically impaired kidney 
function was positively correlated with the administered 
daily dose of that drug and significantly increased by 
serum level of AST. Clearance of vancomycin in patients 
with normal kidney function was increased in patients 
with higher levels of fibrinogen. If our hypothesis is con-
firmed by future studies using two similar but larger pop-
ulations, when dosing vancomycin, clinicians should 
account for the differences between the populations in 
factors that have influence on clearance of this drug.    
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