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Original Article
Predictive performance of  Vancomycin population pharmacokinetic 
models in Iranian patients underwent hematopoietic stem cell 
transplantation

Maryam Taghizadeh-Ghehi1, Saeed Rezaee2, Kheirollah Gholami3, Molouk Hadjibabaie3

ABSTRACT

Objective: Many hematopoietic stem cell transplantation (HSCT) patients receive 
vancomycin empirically during febrile neutropenia.  There are several models for estimation of 
vancomycin pharmacokinetic parameters and calculation of initial dosing regimen accordingly. 
However, the performance of these methods in HSCT patients remained to be evaluated. 
The aim of the study was to determine which of the vancomycin population pharmacokinetic 
methods best fit Iranian HSCT patients.
Methods: In order to evaluate predicted performance of seven vancomycin population 
pharmacokinetic models, the pharmacokinetic parameters of patients were estimated using 
each model’s equations. Then the predicted steady‑state trough vancomycin concentration was 
calculated based on each model’s parameters and using a formula based on Sawchuk–Zaske 
method.  The predicted steady‑state trough vancomycin concentration and the real measured 
concentrations were compared to see which method was the most precise and least biased 
using mean squared error (MSE) and mean prediction error (ME) respectively.
Findings: Forty‑six patients (65% men) were included in the study. Calculated metrics showed 
a range of 38% under‑prediction bias with Rodvold to 34% over‑prediction bias with Matzke and 
Burton models. Birt and revised Burton methods showed no significant bias (ME [95% confidence 
interval (CI)]: –0.067 [–0.235–0.101] and 0.066 [–0.105–0.238]). Birt and revised Burton were not 
different significantly considering MSE (95% CI) of 0.385 (0.227–0.544) and 0.401 (0.255–0.546), 
respectively. Comparisons of precision with naive predictors revealed a delta MSE (95% CI) 
of –0.128 (–1.379–1.890) for Birt and 0.026 (–0.596–0.940) for revised Burton models.
Conclusion: Although the Birt and Burton revised methods performed well, none of the 
studied models showed acceptable performance to be implemented as a routine method 
for initial dose calculation in HSCT patients. A vancomycin pharmacokinetic model specific 
for this high‑risk subpopulation of Iranian patients should be designed and validated.
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INTRODUCTION

Adequate empirical antibacterial therapy for febrile 
neutropenia is essential to reduce infection‑related 

morbidity and mortality in hematopoietic stem cell 
transplantation (HSCT) patients.[1,2] Many HSCT 
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patients receive vancomycin empirically during febrile 
neutropenia. However, the emergence and gradually 
increasing the prevalence of vancomycin‑resistant 
organisms in recent years necessitates careful selection 
of antibiotic and dosing‑regimen.[3] Determination 
of an optimal initial vancomycin dosing‑regimen is 
crucial to reach recommended serum concentrations 
as quickly as possible because it could results 
in better bacterial eradication and improved 
outcome.[4] The observed intra and inter‑patient 
variability in vancomycin pharmacokinetics led to 
the integration of vancomycin therapeutic drug 
monitoring and pharmacokinetic approaches into 
standard practice.[4‑6] Hence, without considering 
vancomycin pharmacokinetic characteristics in this 
specific population of patients, initial empirical 
vancomycin treatment may not be optimal.

The most commonly used methods for determining 
initial dosing‑regimen of vancomycin are recommended 
dosing by manufacturers and dosing nomograms.[7‑9] 
Neglecting variations in age, weight and renal function 
in addition to using fixed volume of distribution (Vd) 
are major limitations of these methods.[10] Application 
of these methods as routine clinical practice for 
vancomycin dose calculations in high‑risk patients 
could lead to suboptimal drug levels as were shown 
in previous studies included hematologic malignancy 
patients and in the recent one in the HSCT setting.[11,12]

Studies in patients with hematologic malignancies 
and neutropenic fever revealed different vancomycin 
pharmacokinetic parameters from other patients’ 
populations.[4,13‑15] Little is known about vancomycin 
pharmacokinetics in HSCT patients. A recent study 
showed 70–80% higher mean vancomycin clearance (CL) 
in HSCT patients than what had been observed in adult 
medical and surgical patients. However, in contrary to 
reported higher mean Vd of vancomycin in patients 
with hematologic malignancy and neutropenic fever, 
vancomycin Vd in HSCT was similar to what was 
observed in other medical patients.[12]

Considering these variations, a population‑specific 
pharmacokinetic model might be the most accurate 
approach. There are several models for estimation 
vancomycin pharmacokinetic parameters and 
calculation of initial dosing‑regimen accordingly.[7] A 
number of them are population‑based pharmacokinetic 
models that estimate patients’ parameters that 
are used to determine dosing‑regimen.[16] Most 
of the methods have been designed based on 
one‑compartmental pharmacokinetics and of these the 
Birt and Chandler,[10] Matzke et al.,[17] Burton et al.,[18] 
and Rodvold et al.[19] are more commonly cited. 
However, these methods may do their best in 
their own patients or similar population.[20] The 

performance of these models in specific population 
of patients, such as patients undergoing HSCT, needs 
to be evaluated. It is not clear which vancomycin 
population‑based pharmacokinetic method could 
precisely determine initial dosing‑regimen to achieve 
target trough concentrations in HSCT patients.

Therefore, we performed further analysis on data 
from our recent study,[12] to determine which of the 
vancomycin population pharmacokinetic methods 
best fit our HSCT patients.

METHODS

In order to evaluate the predictive performance of 
population pharmacokinetic methods, we performed 
further calculations and analysis on the gathered 
data from patients included in our recent study. 
The study was conducted at Hematology‑Oncology 
and Stem Cell Transplant Research Center, Tehran 
University of Medical Sciences, between December 
2012 and April 2013.[12] The protocol was reviewed 
and approved by the Institutional Review Board and 
Ethics Committee (Number: 92‑02‑36‑22903).

Adult patients who were treated with vancomycin and 
received at least three consecutive doses by intermittent 
intravenous infusion were included. Patients, for 
whom vancomycin was discontinued before third 
dose, were excluded. We collected blood samples 
within 30 min prior to the administration of the fourth 
dose and sent to the laboratory within 2 h of collection. 
Fluorescence polarization immunoassay (Cobas Integra 
400 system from Roche Diagnostics, Switzerland) was 
used to measure serum concentrations of vancomycin 
in steady state trough samples. The lower quantitation 
limit of this assay was 0.74 μg/mL, and the coefficients 
of variation % were 3.0% at 8.70 μg/mL, 2.2 at 26.3 μg/
mL, and 3.3% at 54.6 μg/mL.

Data including patient weight, height, sex, age, daily 
serum creatinine, vancomycin dose, administration 
time, duration of infusion, and sampling date and 
time were registered. Among one‑compartmental 
population pharmacokinetic models of vancomycin, 
seven more cited methods, including Ambrose 
and Winter,[21,22] Bauer,[23] Birt and Chandler,[10] 
Burton et al.,[18] revised Burton et al.,[18] Matzke et al.,[17] 
and Rodvold et al.[19] were selected. The patient 
information and dosing data were entered into an 
Excel spreadsheet (Microsoft, Redmond, WA) to 
estimate the relevant parameters in according to 
each method. The predicted vancomycin trough 
concentrations for every patient were calculated using 
estimated pharmacokinetic parameters based on each 
method [Table 1], dosing data and the following 
equation that is based on Sawchuk–Zaske method:[16,23]
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Where V is the Vd, k is the elimination rate constant, 
t' is the duration of infusion, τ is the dosage interval 
used, and t is the time when the concentration was 
measured after the end of the infusion.

The predicted concentrations and the real concentrations 
were then compared to see which method was 
the most precise and least biased using the mean 
squared error (MSE) and mean prediction error (ME), 
respectively.[27] Precision was determined by the 
MSE and a smaller MSE indicated that predicted and 
measured concentrations were matched more precisely. 
ME was used to determine bias that shows the tendency 
to overestimate or underestimate the measured 
concentrations. The 95% confidence interval (95% 
confidence interval [CI]) of the mean of MSE and ME 
was used to determine statistical significance. In order 
to compare the precision of those methods that revealed 
no bias with a naive predictor (mean of the true values), 
we calculated delta MSE.[24]

RESULTS

Forty‑six patients were included in the study of them 
65% were men. The baseline and clinical characteristics 
of patients are summarized in Table 2. Among study 
patients, 28.2% (13 patients) were more than 30% 
above their ideal body weight. Median (interquartile 
range) steady‑state trough serum concentration 
of vancomycin was 9.3 (6.4) μg/mL. The results of 
predictive performance metrics, MSE, and ME are 
presented in Table 3. Calculated metrics showed a 
range of 38% under‑prediction bias with Rodvold to 
34% over‑prediction bias with Matzke and Burton. 
With respect to ME, Birt and revised Burton methods 
showed no significant bias. They demonstrated 
biases of −0.067 and 0.066, respectively that are 
close to zero. All of the methods showed relatively 
poor precision. Birt and revised Burton were not 
different significantly considering MSE. Comparisons 
of precision with naive predictors revealed a delta 
MSE (95% CI) of −0.128 (−1.379–1.890) for Birt and 
0.026 (−0.596–0.940) for revised Burton. A summary of 
the percentage of predictions based on each method 
that were within 2.5 and 5 mg/L and 25% and 50% of 
the measured concentrations is described in Table 4. 
The Birt and revised Burton methods predicted 
trough concentrations within 25% of the measured 
values in 35% and 30% of the cases, respectively. 
The characteristics of patients (age, body weight, 
estimated creatinine CL) included in the study based 
upon every mentioned population method was 
developed are summarized in Table 5.

DISCUSSION

Given the substantial intra and inter‑patients 
variability in vancomycin pharmacokinetic parameters, 
it is necessary to develop population‑specific 
methods. Various population‑based methods have 

Table 1: Equations of vancomycin population 
pharmacokinetic models
Method 
(references)

Equation used to estimate parameters

Ambrose and 
Winter[21]a,b

CL vancomycin (mL/min)=CLcr
V (L)=(0.17×[age in years])+ 
(0.22×[ABW in kg])+15

Bauer[23]c CL vancomycin (mL/min/kg)= 
(CLcr [mL/min/kg]×0.695)+0.05
V=0.7 L/kg

Birt and 
Chandler[10]a,d

CL vancomycin (mL/min)=(CLcr×0.674)+13.45
V=0.54 L/kg

Burton et al.[18]e CL vancomycin (mL/min/kg)= 
([CLcr (mL/min)×0.0075]+0.04)
V=0.47 L/kg

Burton et al. 
revised[18]e

CL vancomycin (L/h)=CLcr (mL/min)×0.048
V=0.706 L/kg

Matzke 
et al.[17]a,f

CL vancomycin (mL/min)=(CLcr×0.689)+3.66
V=0.72 L/kg, if CLcr is >60 mL/min
V=0.89 L/kg, if CLcr is 10-60 mL/min
V=0.9 L/kg, if CLcr is <10 mL/min

Rodvold 
et al.[19]a,d

CL vancomycin (mL/min)=(CLcr×0.79)+15.7
V=0.5 L/kg, if CLcr is >70 mL/min/70 kg
V=0.59 L/kg, if CLcr is 40-70 mL/min/70 kg
V=0.64 L/kg, if CLcr is 10-39 mL/min/70 kg

aV was estimated using the patient’s ABW, bCLcr was estimated using 
the Cockcroft-Gault method,[24] but the weight to be used is not stated. 
Elsewhere in the same textbook, it is recommended that an BWadj be used, 
so this approach is assumed and used. The method for estimating BWadj 
is IBW+0.4 (ABW−IBW), where IBW=Ideal body weight, cUses the Salazar-
Corcoran[25] approach to estimate CLcr in obese patients (defined as ABW/
IBW≥1.3). Uses Cockcroft-Gault[24] and ABW to predict CLcr for nonobese 
patients. V estimated using ABW up to ABW/IBW=1.3. After that, IBW is 
used, dCLcr estimated using the Cockcroft-Gault method,[24] but the weight 
to be used is not stated. Since Cockcroft-Gault used ABW in their study, this 
approach is assumed and used, eV estimated using BWadj if ABW>IBW; 
ABW used if ≤IBW. IBW=0.73×height (cm)−59.42, fCLcr estimated using 
the Cockcroft-Gault method[24] and the patient’s ABW. IBW is calculated 
using the formula of McCarron and Devine[26] for all methods except 
Burton’s. IBW (males)=50 kg +2.3 (height [inch]−60) kg, IBW (females)=45.5 
kg+2.3 (height [inch]−60) kg. CL=Clearance, V=Volume of distribution, 
CLcr=Creatinine clearance, ABW=Actual body weight, BWadj=Adjusted 
body weight

Table 2: Patients’ characteristics
Characteristics Value
Gender (male/female) 30/16
Transplantation type

Allogeneic PBSCT 31
Autologous PBSCT 15

Age 32.9 (12.4)
ABW (kg) 74.8 (16.6)
IBW (kg) 63.5 (12.1)
CLcr (mL/min) 102.5 (35.3)

Data presented as number of patients, or mean (SD). ABW=Actual body 
weight, CLcr=Estimated creatinine clearance (calculated based on IBW, using 
Cockcroft-Gault formula), IBW=Ideal body weight, PBSCT=Peripheral blood 
stem cell transplantation, SD=standard deviation
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been developed and used to estimate vancomycin 
pharmacokinetic parameters and improve initial 
dose calculation. However, these methods might 
not perform well when being used in a different 
population of patients.[20]

Considering the predictive performance of 
studied methods, we observed a wide variation. 
Among selected models, Birt and revised Burton 
had no significant bias in the prediction of 
trough concentrations. Although the Birt method 
demonstrated better precision than the revised 
Burton, the difference was not significant. Moreover, 
none of them revealed a significant difference in 
precision when compared with the naive predictor.

To the extent of our knowledge, there is no report 
regarding the predictive performance of these 
seven population pharmacokinetic models in HSCT 
and/or hematological malignancy patients. In a study 
performed by Murphy et al. in the United States, 
the predictability of these methods was evaluated in 

hospitalized patients.[16] Based on the study results, 
they judged that Matzke method had the least 
bias and acceptable precision. The Birt and Burton 
revised models showed significant bias and very poor 
precision in this study. The mean (standard deviation) 
of the patients’ age, actual body weight, and 
estimated creatinine CL in the mentioned study were 
62 (18) years, 85.3 (26.2) kg, and 72.5 (39.6) mL/min, 
respectively. In addition, 61% and 31% of their patients 
were 20% and 50% above their ideal body weight, 
respectively.[16]

On the contrary, the Matzke method had a significant 
over‑prediction bias in our study. In comparison, 
our study patients were younger and had lower 
weight and better creatinine CL that may correspond 
to the different observations. Another source for 
observed dissimilarities might be the different 
proportions of male and female patients. In the study 
by Murphy et al., nearly half of the patients were 
male but this proportion was 65% in our study.[16] 

Table 3: Predictive performance of the seven selected models of vancomycin pharmacokinetic
Method MEa (95% CI) Mean predicted/observed ratiob (95% CI) MSEc (95% CI)
Ambrose −0.459 (−0.650-−0.269) 0.631 (0.521-0.764) 0.703 (0.393-1.130)
Bauer 0.260 (0.092-0.429) 1.297 (1.100-1.536) 0.452 (0.275-0.629)
Birt −0.067 (−0.235-0.101) 0.935 (0.790-1.106) 0.385 (0.227-0.544)
Burton 0.297 (0.040-0.555) 1.346 (1.040-1.742) 0.985 (0.584, 1.369)
Burton revised 0.066 (−0.105-0.238) 1.069 (0.901-1.269) 0.401 (0.255-0.546)
Matzke 0.294 (0.126-0.462) 1.342 (1.134-1.588) 0.469 (0.287-0.651)
Rodvold −0.466 (−0.676-−0.255) 0.628 (0.509-0.775) 0.629 (0.494-1.134)
aME was calculated using data transformed into natural logarithmic scale, bMean predicted/observed ratio was calculated using untransformed data, cMSE was 
calculated using data transformed into natural logarithmic scale. 95% CI=95% confidence interval of mean, ME=Mean (prediction) error, MSE: Mean squared error

Table 4: Predicted concentrations relative to measured concentrations of vancomycin
Percent of predicted concentration Ambrose Bauer Birt Burton Burton revised Matzke Rodvold
Within 2.5 mg/L of true value 39 28 37 17 33 24 33
Within 5 mg/L of true value 61 46 61 35 54 46 57
Within 25% of true value 28 24 35 13 30 22 17
Within 50% of true value 52 52 65 33 57 50 50

Table 5: Characteristics of patients included in the study of each model and the current study
Study/references Number of 

patients
Gender 

(male/female) (%)
Mean (SD)

Age (years) ABW (kg) CLcr (mL/min)
Rushing and Ambrose/[22] 107 56/44 53.4 (17.2) 77.1 (23.1) Not reported
Birt and Chandler/[10] 22 NR 52.4 (14.7) 71 (23.8) 97.4 (35.7)
Burton et al./[18] 53 100/0 61.5 (13.6) 78.3 (14.4) 67.8 (30.9)
Burton et al. revised/[18] 12 100/0 56.8 (12.6) 65.8 (14.9) 65.0 (25.0)
Matzke et al. (group 1)/[17] 7 71/29 46.5 (16.6) 67.8 (5.2) 87.6 (22.3)
Matzke et al. (group 2)/[17] 13 53/47 66.8 (17.0) 69.7 (8.9) 37.4 (17.1)
Rodvold et al. (group 1)/[19] 10 70/30a 46.3 (11.6) 86.4 (19.7) 93.4 (28.3)
Rodvold et al. (group 2)/[19] 14 70/30a 49.5 (14.3) 73.7 (24.2) 51.0 (8.3)
Current study 46 65/35 32.9 (12.4) 74.8 (16.6) 102.5 (35.3)
aThe percentage of each gender was not reported in each group separately and was reported in all (both groups) study patients. ABW=Actual body weight, 
CLcr=Estimated creatinine clearance, NR=Not reported, SD=standard deviation
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In our study, the selected methods predicted trough 
concentrations within 25% of the measured ones 
in 13–35% of cases and Birt and Burton revised, 
performed more accurately than others. In the 
study performed by Murphy et al., predicted levels 
by the methods were within 25% of the measured 
concentrations in 7.9–31.2% of cases that is relatively 
similar to our findings.[16]

In a study by Buelga et al., a population 
pharmacokinetic model was developed and validated 
in hematological malignancy patients in Spain.[11] The 
study revealed significant effects of age, body weight, 
serum creatinine, and gender on pharmacokinetic 
parameters of vancomycin in these patients. Similarly, 
we found a significant relationship between creatinine 
CL and vancomycin CL in our previous study.[12] 
Considering creatinine CL and actual body weight 
of the patients [Table 5], Birt and Chandler study 
seemed to be relatively similar to the current study.[10] 
Birt and Chandler study patients had the most similar 
creatinine CL to our study patients. Difference in 
methods of serum creatinine measurement among 
studies might results in different creatinine CL 
estimations, which affect the pharmacokinetic 
parameters. However, either Birt or Burton et al. 
revised study did not mention the methods of 
measuring serum creatinine.[10,18]

The Birt and Chandler study suggested 
0.54 L/kg using actual body weight for calculating Vd 
of vancomycin. We found a mean Vd of 0.6 L/kg for 
vancomycin in our previous pharmacokinetic analysis 
in these HSCT patients.[12] Except for actual body 
weight, the characteristics of patients included in 
the Burton et al. revised study were not similar to 
our study patients [Table 5].[18] Similarity of patients’ 
body weight and comparable vancomycin Vd may 
correspond to the better predictive performance of 
Birt model in our patients.

Due to limitations of sampling in clinical setting only 
trough samples were taken and one‑compartmental 
models used. However, two‑compartmental models 
would be more accurate in describing vancomycin 
pharmacokinetics.[28] Another major limitation of the 
study was small number of HSCT patients.

In conclusion, although the Birt and Burton revised 
methods had no bias and better precision, none of the 
seven studied models performed well in prediction 
trough concentrations of vancomycin and was reliable 
enough to be implemented as a routine method for 
initial dose calculation in HSCT patients. A model 
should be designed specifically for HSCT patients 
and be compared with methods that were developed 
in similar patients considering both pharmacokinetic 
predictive performance and clinical outcomes.
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