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Abstract 

Background: Despite the current clinical guideline recommendation, the optimal dosing 

regimen of intravenous vancomycin remains controversial. Achievement of therapeutic trough 

early in the course of illness may be beneficial.  

Objective: Our objective was to assess and validate the effectiveness of first dose adjustment in 

achieving target recommended goal in critically ill patients. 

Methods: Twenty critically ill patients with sepsis received loading dose of 25 mg/kg of 

vancomycin and then randomly assigned to 2 groups. Group 1 received maximum empirical 

doses of vancomycin as 15 mg/kg every 8 hours for a maximum of 24 hours. In the group 2, the 

doses were individualized based on serum concentrations of vancomycin. First dose non-steady 

state sampling was used to calculate pharmacokinetic parameters of the patients within 24 hours. 

Vancomycin doses were adjusted to achieve AUC=400−600 mg·hr/L and avoiding peak serum 

concentration higher than 40 mg/L.  

Results: Significantly more patients in group 2 had a trough higher than 15mg/L in day-3 and 

day-5, compared with group 1 (P=0.043, P=0.015). Also trough serum concentrations in day-3 
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was significantly higher in group 2 (19.4 ± 4.4) comparing group 1 (14.4 ± 4.3) respectively 

while it was not statistically significant in day-5 between two groups (12.3 ± 5.6 vs. 17.1 ± 1.8). 

AUCs in day-3 were significantly higher in group 2 (665.9 ± 136.5) comparing group 1 (490.7 ± 

101.1) while it was just marginally higher in day-5 (606.1 ± 76.0 vs. 484.0 ± 130.4). 

Conclusions:With early individualized dosing (within 48 hours) significantly more patients 

achieved peak and trough steady state concentrations without additional venous sampling. Also 

in the context of pharmacokinetic/pharmacodynamic goal of AUC/MIC 400, it seems if 

pharmacokinetic goal is achievement to trough serum concentration 15 mg/L and AUC 400 

mg.hr/L, maximum empirical doses of vancomycin can be used to achieve these goals. However, 

according to the differences of MIC in various centers, it is necessary to individualize doses of 

vancomycin in critically ill patients if pharmacokinetic target is to obtain trough serum 

concentration of vancomycin of 15 mg/L and AUC 600 mg.h/L. 

Keywords:Vancomycin, Critical Care, Therapeutic Drug Monitoring, Pharmacokinetic, Early 

Individualization 

 

Introduction 

Infections inintensive care unit (ICU) continue to be one of the maincauses of mortality and 

morbidity in critically ill patients [1-2]. Sepsis is defined as a life-threatening infection which has 

ability to damage multi organ systems and cause to fail them. Optimizing effective antimicrobial 

therapy as soon as possible is necessary in order to prevent multiple organ failure disorder and 

bacterial resistance [3-4]. Recent studies have emphasized on the increasing prevalence ofgram-
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positivemicroorganisms, especially methicilin-resistant Staphylococcus aureus (MRSA)[5-7]. 

Due to the increase in prevalence of antimicrobial resistance, efforts to treat gram-positive 

microorganisms led to reconsidering traditional antibiotics regimens like 

vancomycin.Vancomycin is a large glycopeptide antibacterial agent that inhibits bacterial cell 

wall synthesis by blocking glycopeptide polymerization through binding tightly to D-alanyl-D-

alanine portion of cell wall precursor. It has been wildly used for treatment of serious gram-

positive infections involving MRSA[8]. In the absence of consequences about the indication of 

vancomycin initiation in sepsis, depending on center base guidelines, it can be used as a first line 

of treatment for septic patients with un-known etiology, sepsis associated with un-stable 

hemodynamic, ventilation associated pneumonia (VAP), high clinical suspected for skin soft 

tissues or abdominal source of infection and catheter related infection [9-11]. Despite thevital 

roleofvancomycinin the treatment ofMRSAinfections, a completeconsensushas not been reached 

to therecommendeddose adjustmentofthis antibioticincritically ill patients. Traditional 

therapeutic regimens of vancomycin was administrated 1 g every 12 hours or 15 mg/kg every 12 

hours in order to set trough serum concentration of vancomycin in the range of 5-10 mg/L[12]. 

Following the reports of increase in incidence of vancomycin-resistant S.aureus strains (VRSA) 

and germs with higher minimum inhibitory concentrations (MICs) for vancomycin, a large 

number of studies have performed to identify the determinants that influence bacterial resistance 

against vancomycin. Optimum area under the time concentration curve/minimum inhibitory 

concentration (AUC/MIC) and variety of trough concentration ranges has been studied. Finally 

the studies concluded that AUC/MIC 400 of vancomycin is the best factor in the success of 

treatment and prevention of vancomycin-resistant [13-14]. Considering that implementation of 

AUC/MIC in the setting of therapeutic drug monitoring requires expertise clinicians to adjust the 
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dose regarding calculated volume of distribution and clearance of the drug, a shift in the 

identified target trough concentrations of vancomycin of 5-10 mg/L to 15-20 mg/L has been 

recommended. American Society of Health-system Pharmacists (ASHP) therapeutic guidelines 

recommend that "For a pathogen with an MIC of 1 mg/L, the minimum trough serum 

vancomycin concentration would have to be at least 15 mg/L to obtain the target AUC/MIC 

400" [14]. It seems that majority of fixeddose regimensof vancomycinhavenot been successful 

inachieving these goals. On this basis, we planned a randomized two-arm prospective study to 

assess the role of therapeutic drug monitoring (TDM) in dose adjustment of vancomycin 

following maximum fixed doses and individualized therapeutic regimens in tailoring 

vancomycin dosing regimen in maintaining recommended targets of 

pharmacokinetic/pharmacodynamic (PK/PD) parameters in critically ill patients. 

Methods 

Study design and participants 

This study was designed as a randomized clinical trial. It was performed in two phases. In the 

first phase (cross sectional), in order to ensure avoidance of toxic serum concentrations following 

maximum empirical dosing of vancomycin and finding standard clinical laboratory to assay 

vancomycin levels, serum concentrations of vancomycin measured without any intervention in 

10-bed ICU patients. Patients admitted to general and emergency ICU ward of “Sina” Hospital 

affiliated to Tehran University of Medical Sciences (TUMS), Tehran, Iran, from October 2012 to 

August 2014 were screened for the study eligibility during ICU stay.In all cases informed 

consent was obtained from patients or their closest relatives. The study procedure and protocol 

SCIENTIFIC COOPERATIONS MEDICAL WORKSHOPS 21-22 July, 2015, Istanbul - TURKEY

SCIENTIFIC COOPERATIONS MEDICAL WORKSHOPS



were approved by the ethical committee of TUMS.Our clinical trial has been registered in 

Iranian Registry of Clinical Trials with code number of (IRCT201209291497N2). 

Inclusion in the study required that the patients to be older than 18 years old, normal renal 

function (defined as eGFR60 ml/min estimated with Cockcroft-Gault equation), evidence of 

sepsis following systemic inflammatory response syndrome (SIRS) (body temperature less than 

36_C or greater than 38_C, heart rate more than 90 beats per minute, respiratory rate more than 

20 breaths per minute or an arterial partial pressure of carbon dioxide less than 32 mmHg, white 

blood cell count less than 4000 cells/mm
3
 or more than 12000 cells/mm

3
), survival prognosis 

more than 72 hours, recent onset of vancomycin administration and no vancomycin 

sensitivity.Patients with the following conditions were excluded from the study:patient died 

within first 72 hours, acute renal injury development during the study (according to the criteria of 

RIFLE[15]), adverse reaction of vancomycin, change in treatment of vancomycin during the first 

72 hours, discontinuation of vancomycin during the first 72 hours of treatment, loss of the 

samples of the first 48 hours and failure of individualization due to pharmacokinetic, physicians 

and nurses miscommunication.In the second phase (clinical trial) 20 patients who had indication 

of treatment with vancomycin following sepsis, received loading dose of 25 mg/kg based on 

actual body weight at a rate of 1000 mg/hr and then maximum empirical doses of vancomycin as 

15 mg/kg every 8 hours was administrated for all patients. Then the 

patientswererandomlydivided into two groups and depending on the group, treatment was 

continued. One of the groups (group 1) received the same maximum empirical doses of 

vancomycin as 15 mg/kg every 8 hours for a maximum of 24 hours. In the other group (group 2), 

the doses were individualized based on serum concentrations of vancomycin.  
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Demographic and clinical data were obtained from the medical notes of patients. These included 

sex, age, body weight, height and estimated glomerular filtration rate (eGFR) upon initiation of 

vancomycin. Sepsis workup and SIRS criteria exploration was performed for every patient at the 

baseline. All relative routine critical care laboratory tests are followed and documented by daily 

visits.  

Patients were blinded to antibiotic regimen during the experiment. Serum concentrations of 

vancomycin in patients receiving fixed doses regimen were not available for the medical team 

for dose adjustment of vancomycin. Serum concentrations of vancomycin were taken at 6 times 

included: 1- 1 hour after the end of first dose infusion, 2- 4-6 hours after the first sample, 3- 1 

hour after the end of fifth dose infusion (fifth dose peak), 4- 1 hour before the sixth dose infusion 

(fifth dose trough), 5- 1 hour after the end of ninth dose infusion (ninth dose peak) and 6- 1 hour 

before the tenth dose infusion (ninth dose trough), within during 5-days of study. After 

centrifugation, plasma samples were analyzed within 2 hours by means of fluorescence 

polarization immunoassay (Siemens Healthcare Diagnosis, United Kingdom, EMIT).  

Pharmacokinetic calculation and early individualization 

By measuring both of trough and peak serum concentration of first dose of vancomycin, we 

calculated pharmacokinetic parameters such as elimination rate (Kel), volume of distribution 

(Vd), half-life (t1/2), clearance of vancomycin (Clvanco) and AUC individually for each patient. 

These parameters were calculated based on Andrew DeRyke et al., methods [13]. Early 

individualization of vancomycin was performed with dose adjustment to achieve AUC=400−600 

mg·hr/L while avoiding peak serum concentration higher than 40 mg/L,within first 24 hours in 

divided doses of every 6 to 12 hours daily. Calculations were performed by the clinical 

pharmacists but the results were not communicated to the ICU physicians.  
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According to doses of 15 mg/kg every 8 hours as usual empirical doses of vancomycin in our 

center, we frequently observe patients with AUC less than 400 mg.hr/L. Regarding the 

pharmacokinetic goal of AUC 400 mg.hr/L, we estimated that less than %70 of patients may 

achieve AUC 400 mg.hr/L. Considering the study power %80 and level of significance of 0.05, 

the sample size of study calculated to be 42 patients (21 patients in each groups).  

Data analysis 

Trough and peak serum concentration of vancomycin and AUC were compared in two groups 

during 5-days of study. The AUC/MIC was calculated based on the assumption that MICs were 

1−1.5 mg/L for all cases. Goal target of pharmacokinetic was defined as AUC/MIC 400. All the 

analyses were performed using SPSS statistical package, version 20 for windows. All variables 

were tested for normality of distribution with Kolmogorov-Smirnov test. Levene's test for 

equality of variances was used to compare the means and the results were analyzed based on 

Independent t-test.  Pearson chi square test or Fisher's exact test was used for ordinal and 

nominal data. Odds ratio was used when results were statisticallysignificant or marginally 

significant. P-value of <0.05 was considered statistically significant for all tests. 

Results 

In the middle of the study due to achievement of significant differences in our primary outcome 

of frequency of patients who failed achieve to AUC 400 mg.hr/L on 20 patients (10 patients in 

each group), we stopped the study to avoid wasting of resources. 108 samples of vancomycin 

serum concentrations were assayed. A total of 25 patients were assigned to the second phase, 5 

cases excluded based on the exclusion criteria. Demographic information and pharmacokinetic 
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parameters of the included patients are shown in table 1. The difference between study groups 

was not significant regarding gender, age, body weight and eGFR at the baseline. 

Trough serum concentrations in day-3 was significantly higher in group 2 (19.4 ± 4.4 mg/L) 

comparing with group 1 (14.4 ± 4.3 mg/L) (P=0.029) while it was not statistically significant in 

day-5 between two groups (12.3 ± 5.6 mg/Lvs. 17.1 ± 1.8 mg/L) (P=0.137).AUCs in day-3 were 

significantly higher in group 2 (665.9 ± 136.5) comparing with group 1 (490.7 ± 101.1) 

respectively (P=0.008) while it was just marginally higher in day-5 (606.1 ± 76.0 vs. 484.0 ± 

130.4) (P=0.054). There are no significant differences regarding average vancomycin dosage 

between two groups in day-3(44.9 ± 3.8 mg/kg vs. 49.4 ± 13.1 mg/kg) and day-5 (46.3 ± 3.3 

mg/kg vs. 47.1 ± 12.5 mg/kg)respectively (P=0.33, P=0.87).  

Table 2 describes frequencies of patients who failed to achieve pharmacokinetic goals of trough 

serum concentrations of more than 15, 12.5 and 10 mg/L and AUC of less than 400 and 600 

mg.hr/L. Frequencies of trough serum concentration less than 15 mg/L in day-3 and day-5 were 

significantly lower in group 2 (%10, %0) comparing with group 1 (%62.5, %66.7) respectively 

(P=0.043, P=0.015).  Frequencies of AUC less than 400 mg.hr/L in day-3 and day-5 were 

significantly lower in group 2 (%0, %0) comparing with group 1 (%14.3, %40) respectively 

(P=0.041, P=0.012) while frequencies of AUC less than 600 mg.hr/L in day-3 and day-5 did not 

differ between two groups (P=0.05, P=1). 

According to serum concentrations of vancomycin, %80 of patients in group 2 required 

individualization. It means the need to increase or decrease the dose of 250 mg or to change in 

dosing interval from 8 hours to 6 or 12 hours. There are no significant differences in frequencies 
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of patients with vancomycin toxicity regarding trough and peak serum concentrations more than 

25 and 40 mg/L respectively between two groups during the study (P=1, P=1) (Table 3). 

Discussion  

This study describes the evaluation of dose adjustment of vancomycin in critically ill patients. 

The results demonstrate that an individualized regimen of vancomycin is more likely to result in 

PK/PD targets of AUC/MIC 400. Patients received individualized regimen, are 14 and 15 times 

more likely to have AUC 600 and trough serum concentration 15 mg/L than patients received 

maximum empirical doses regimen respectively. 

According to consensus review of ASHP, IDSA and SIDP guideline, empirical doses of 

vancomycin as 15-20 mg/kg every 8-12 hours can be used for most patients with normal renal 

function to achieve therapeutic serum concentration of 15-20 mg/L and AUC/MIC 400 when 

MIC is less than 1 mg/L [14]. But the results of present study show that considerable percentage 

of patients treated with almost fixed doses of vancomycin of 15 mg/kg every 8 hours fails to 

achieve these goals, while individualized regimen of vancomycin could put the patients in 

achieving therapeutic serum concentrations. 

Recommendations of individual pharmacokinetic adjustments and verification of achievement of 

target serum concentrations is recently highlighted by IDSA led to improve clinical outcomes of 

patients [16].Unlike the methods of individualization of vancomycin noted in clinical guidelines 

that recommend to measure serum concentration at steady state conditions [13-14], we found that 

early individualization and first dose monitoring of vancomycin let the patients to achieve 

therapeutic serum concentrations earlier. The results in 3th and 5th day of study show that the 

first dose monitoring of vancomycin within the first 24 hours of initiation of treatment has been 
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effective in achieving pharmacokinetic goals in less than 48 hours. In other words, by calculation 

of pharmacokinetic parameters at non-steady state conditions, there is no need for waiting to 

reach steady state and delaying interventions for at least 72 hours, especially in terms of MIC 1 

mg/L. Crumby et al. [17]performed a similar study in 108 patients and compared nomogram-

based and individualized vancomycin regimens in neonates. Significantly more patients achieved 

peak and trough steady state concentrations after first dose pharmacokinetic dose adjustment. 

This study also confirmed the benefits of early individualized dosing without additional venous 

sampling.  

Nephrotoxicity associated with vancomycinmonotherapy is uncommon, but recent studies 

demonstrate that excessive serum concentrations can led to nephrotoxicity[18-19]. Lodis et 

al.,[20] concluded that high doses regimens of vancomycin of more than 4 g/day are related to 

higher incidence of nephrotoxicity exacerbated by some factors including ICU residence. In 

other hand another study showed that vancomycin doses greater than 2 g/dose did not show a 

significant increase in serum creatinine[21]. Therapeutic monitoring of serum concentrations 

would allow interventions that reduce toxicity[13-14]. The results of present study did not show 

a statistically significant in toxic trough and peak serum concentrations between two groups. In 

other words maximum empirical doses vancomycin as did not show increase in toxicity. 

Therefore due to the lack of efficacy of fixed dose regimens to achieve targets of 

pharmacokinetic and the risk of vancomycin toxicity with higher empirical doses, individualized 

regimens are necessary for patients to achieve specific pharmacokinetic goals.    

 Due to MICs of vancomycin against S.aureus were commonly 1 mg/L or less, trough serum 

concentrations of vancomycin of 5-10 mg/L were considered acceptable [22]. These results show 

that patients who receive maximum empirical doses of vancomycin may almost achieve this 
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trough serum concentration. However according to increased vancomycin MICs and guidelines 

suggestion of trough serum concentration of 15-20 mg/L, it seems that individualized regimens 

are preferred. Lodise et al. [23]found vancomycin MIC 1.5 mg/L to be associated with a 2.4-

fold increase in treatment failure in MRSA bacteremic patients when compared with patients 

isolate with MICs of 1 mg/L (%36.4 vs. %15.4 respectively, P=0.049). In addition, failure or 

success did not correlate with attainment of primary trough of at least 15 mg/L irrespective of 

MIC[13].     

Conclusion 

Although maximum empirical doses of vancomycin have low risk of toxicity and can be used in 

all septic patients with normal renal function under therapeutic drug monitoring, PK/PD targets 

of AUC/MIC 400 may not to be achieved in terms of relative antimicrobial resistance. 

Therefore according to the increase in the incidence of VRSA and germs with higher MICs, it is 

necessary to individualize doses of vancomycin in critically ill patients. In addition delay in 

pharmacokinetic parameters calculation to reach the steady state condition may put the patients 

in the risk of under-treatment for at least 72 hours. In summary, our study suggests that first dose 

pharmacokinetic monitoring and early individualization of vancomycin should be considered for 

critically ill patients in order to achieve pharmacokinetic goals of trough serum concentration 

more than 15 mg/L and AUC 400 mg.hr/L.   
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Table 1. Patients' demographics and pharmacokinetic parameters in two groups. 

 Measures Group 1  Group 2  Sig. (2-tailed) 

  Mean ± S.D Mean ± S.D  

 Number of patients 10 10 − 

 Sex (male/female) 8/2 8/2 0.610 

Baseline Age (year) 48.5 ± 18.3 47.7 ± 20.9 0.933 

 Body weight (kg) 66.0 ± 12.1 73.0 ± 12.2 0.245 

 Height (cm) 170.1 ± 9.1 171.5 ± 13.9 0.784 

 eGFR (ml/min) 99.8 ± 49.8 112.4 ± 45.7 0.586 

 Number of patients 8 10 − 

 eGFR (ml/min) 111.1 ± 57.2 113.2 ± 45.9 0.933 

 Total dose (mg/kg) 44.9 ± 3.8 49.4 ± 13.1 0.328 

 Trough (mg/L) 14.4 ± 4.3 19.4 ± 4.4 0.029 

Day-3 Peak (mg/L) 28.1 ± 6.0 33.7 ± 6.7 0.076 

 Vd (L/kg) 0.65 ± 0.12 0.68 ± 0.10 0.609 

 Clvanco (ml/min) 45.1 ± 54.8 79.3 ± 53.7 0.202 

 AUC (mg.hr/L) 490.7 ± 101.0 665.9 ± 136.5 0.012 

 Number of patients 5 8 − 

SCIENTIFIC COOPERATIONS MEDICAL WORKSHOPS 21-22 July, 2015, Istanbul - TURKEY

SCIENTIFIC COOPERATIONS MEDICAL WORKSHOPS

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lodise%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=18591266
http://www.ncbi.nlm.nih.gov/pubmed/?term=Graves%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18591266
http://www.ncbi.nlm.nih.gov/pubmed/?term=Evans%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18591266
http://www.ncbi.nlm.nih.gov/pubmed/?term=Graffunder%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18591266
http://www.ncbi.nlm.nih.gov/pubmed/?term=Helmecke%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18591266
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lomaestro%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=18591266


 eGFR (ml/min) 115.5 ± 72.3 125.2 ± 51.2 0.764 

 Total dose (mg/kg) 46.3 ± 3.3 47.1 ± 12.5 0.873 

 Trough (mg/L) 12.3 ± 5.6 17.1 ± 1.8 0.137 

Day-5 Peak (mg/L) 21.8 ± 2.7 31.4 ± 4.9 0.002 

 Vd (L/kg) 0.97 ± 0.58 0.68 ± 0.11 0.330 

 Clvanco (ml/min) 111.2 ± 39.9 103.6 ± 32.0 0.712 

 AUC (mg.hr/L) 484.0 ± 130.4 606.1 ± 76.0 0.054 

eGFR: Estimated Glomerular filtration rate, AUC: Area Under the Curve, Cl: Clearance, Vd: 

Volume of distribution, Vanco: Vancomycin. 

 

 

 

 

 

Table 2. Frequencies of patients who have sub therapeutic levels regarding specific 

pharmacokinetic goals. 

 Frequencies Group 1  Group 2  Sig. (2-sided) Odds Ratio 

  % %   

 Number of patients 8 10 − − 

 Trough 15 (mg/L) 62.5 10 0.043 15 

 Trough 12.5 (mg/L) 50 0 0.023 − 

Day-3 Trough 10 (mg/L) 12.5 0 0.444 − 

 AUC 400 (mg.hr/L) 14.3 0 0.041 − 

 AUC 600 (mg.hr/L) 85.7 30 0.050 14 

 Number of patients 5 8 − − 
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 Trough 15 (mg/L) 66.7 0 0.015 − 

 Trough 12.5 (mg/L) 50 0 0.055 − 

Day-5 Trough 10 (mg/L) 50 0 0.055 − 

 AUC 400 (mg.hr/L) 40 0 0.012 − 

 AUC 600 (mg.hr/L) 80 62.5 1 − 

AUC: Area Under the Curve. 

 

 

 

 

Table 3. Frequencies of patients who have toxic levels regarding specific pharmacokinetic goals 

during the study. 

Frequencies Group 1  Group 2  Sig. (2-sided) Odds Ratio 

 % %   

Trough >25 (mg/L) 12.5 20 1 − 

Peak >40 (mg/L) 0 10 1 − 
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