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Background: To date, outcome data with a large sample size and data regarding the clinical 
outcomes of pharmacokinetic-guided (PK) dosing of vancomycin are limited.
Aim: We evaluated the pharmacokinetic and clinical outcomes of a PK-guided dosing 
advisory program, pharmacokinetic consultation service (PKCS), in vancomycin treatment.
Methods: We investigated vancomycin therapeutic drug monitoring (TDM) and PKCS use 
through a retrospective review of patients who had serum vancomycin trough concentration 
data from October 2017 to November 2018. Among these patients, we selected non-critically 
ill adult patients satisfying our selection criteria to evaluate the effect of PKCS. Target trough 
attainment rate, time to target attainment, vancomycin-induced nephrotoxicity (VIN), van-
comycin treatment failure rate, and duration of vancomycin therapy were compared between 
patients whose dosing was adjusted according to PKCS (PKCS group), and those whose dose 
was adjusted at the discretion of the attending physician (non-PKCS group).
Results: A total of 280 patients met the selection criteria for the VIN analysis (PKCS, 
n=134; non-PKCS, n=146). The incidence of VIN was similar between the two groups 
(PKCS, n=5; non-PKCS, n=5); however, the target attainment rate was higher in the 
PKCS group (75% vs 60%, P = 0.012). The time to target attainment was similar between 
the two groups. Further exclusions yielded 112 patients for the clinical outcome evaluation 
(PKCS, n=51; non-PKCS, n=61). The treatment failure rate was similar, and the duration of 
vancomycin therapy was longer in the PKCS group (12 vs 8 days, P = 0.008).
Conclusion: In non-critically ill patients, an increase in target trough achieved by PKCS did 
not lead to decreased vancomycin treatment failures, shorter vancomycin treatment, or 
decreased nephrotoxicity in vancomycin treatment. Considering the excessive amount of 
effort currently put into vancomycin dosing and monitoring, more selective criteria for 
individualized pharmacokinetic-guided dosing needs to be applied.
Keywords: vancomycin, pharmacokinetics, dosing, therapeutic drug monitoring, trough 
concentration, nephrotoxicity

Introduction
Vancomycin, a glycopeptide antimicrobial agent, plays an important role in the 
treatment of gram-positive infections,1 especially as the first-line therapy for treat-
ment of methicillin-resistant Staphylococcus aureus (MRSA) strains.2–4 

Vancomycin is a time-dependent killing antibiotics that is most effective when 
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the concentration at the infection site is maintained above 
the minimum inhibitory concentration (MIC) throughout 
the dose interval.5 In the light of accumulated evidences to 
date, a ratio of area under the curve over 24 hours to MIC 
determined by broth microdilution (AUC24/MICBMD) of 
≥400 is currently considered the optimal pharmacokinetic/ 
pharmacodynamics (PK/PD) efficacy target.3,6–9

Two major concerns exist with vancomycin. One is the 
emergence of vancomycin-resistant isolates due to failure 
of vancomycin therapy10,11 and the other is vancomycin- 
induced nephrotoxicity (VIN, which is used interchange-
ably with vancomycin-associated acute kidney injury).

Owing to the narrow therapeutic index, dosing and 
monitoring of vancomycin have been subject of delibera-
tion over the years.3,6,12–17 Along with monitoring of drug 
concentration, individualized (personalized) dosing via PK 
tools have been suggested as an assisting tool to obtain 
a more precise PK target.3,6,9,12,17–29

However, the evidence for PK-guided dosing is still 
insufficient.3,9,19,30 Although an abundant number of stu-
dies have evaluated the effectiveness of PK-guided dosing, 
most of them employed a pre-post intervention study 
design.20,27,31–39 Pre-post intervention studies do not 
have control over other elements that change at the same 
time as the intervention is implemented. Therefore, the 
changes in the outcome during the study period cannot 
be fully attributed to the evaluated intervention.40–42 

Among the limited number of studies employing retro-
spective observational study design which could confer 
temporality, the maximum number of sample size is only 
100 patients25 and among these retrospective studies, one 
that evaluated a clinical outcome with the largest sample 
size included only 43 patients43 that type 2 error could not 
be excluded.

In the year 2020, a revision was made to the 2009 
consensus guidelines with respect to serious MRSA 
infections.9 Based on study results showing increased 
VIN without improved outcomes via targeting a serum 
trough concentration of 15–20 ㎍/mL, maintaining an 
AUC24/MIC of 400–600 via AUC-monitoring was sug-
gested to minimize nephrotoxicity with maximum clinical 
effectiveness in serious MRSA infections.9,30,44–50

However, the evidence for this recommendation was 
only A-II, which means that the evidence for the recom-
mendation is good in quality, but is based only on retro-
spective studies without any randomized controlled 
trials.9,51 Although monitoring and targeting AUC has 
recently been associated with improved outcomes in 

MRSA infections,24,48,52–54 the prerequisites required to 
implement AUC monitoring, such as training and educa-
tion of the related medical professionals (ie, pharmacists, 
physicians, phlebotomists and nursing staff) and installa-
tion of third-party pharmacokinetic calculation or 
Bayesian software, makes it impractical for clinical use 
at most hospitals at this time.55–58 In contrast to the con-
siderable requirements for AUC monitoring, serum trough 
concentration is easily applicable on account of readily 
available serum vancomycin concentration assays, and 
many medical centers still monitor trough concentration.58

Considering the relatively weak quality of evidence 
compared to the effort that laboratories would need to 
invest in the implementation of AUC monitoring, and the 
subsequent prevalence of trough monitoring over AUC, 
we evaluated the pharmacokinetic and clinical outcomes 
of trough-based PK-guided dosing despite the newly 
revised guidelines. Moreover, we investigated the use of 
vancomycin TDM and PK-guided dose adjustment in 
a real clinical setting with a large sample size. Through 
this large-scale retrospective study, evaluating both phar-
macokinetic and clinical outcomes, we expect to add to the 
growing body of literature on the evidence for PK-guided 
dosing and help to establish a patient selection criteria for 
the application of PK-guided dosing.

Methods
Description of the Pharmacokinetic 
Consultation Service
In our institution, attending physicians can request 
a “pharmacokinetic consultation service” (PKCS), which 
is a pharmacokinetic dose adjustment advisory program 
based on therapeutic drug monitoring (TDM) provided by 
an institutional consultation team. In this study, we used 
the term TDM as the measurement of a specific drug level 
for optimal drug use. Upon receiving a request for PKCS, 
patient information is collected through communication 
with the attending physician and comprehensive review 
of electronic medical records regarding clinical informa-
tion, microbial information, drug regimen, actual drug 
administration history and laboratory data. By putting 
this information into the PK equation or Bayesian software 
program, Abbottbase® Pharmacokinetic Systems v 1.10 
(Abbott laboratories, Abbott Park, IL, USA) and 
MwPharm++ (Mediware, Praha, Czech Republic), the 
clinical pharmacist or laboratory medicine doctor provides 
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the best possible dosing and monitoring regimen to the 
physician.

In contrast, in patients for whom PKCS has not been 
prescribed, the dosing and monitoring of vancomycin are 
determined at the discretion of the physician.

Study Design and Population
This was a retrospective study conducted among hospita-
lized patients at Samsung Medical Center (Seoul, Korea), 
a 2000-bed academic medical center, from 
November 2017 to October 2018. This study was 
approved by the Institutional Review Board of Samsung 
Medical Center (approval number: SMC 2017–12-038- 
004). To minimize the risk of harm to subjects resulting 
from breach of confidentiality, precautions were taken to 
limit record review to specific, de-identified data. The need 
for written informed consent was waived due to the retro-
spective nature of the study.

Before evaluation of PKCS, we investigated utilization 
of vancomycin therapeutic drug monitoring (TDM) in our 
institution. We retrospectively analyzed 12,846 serum van-
comycin trough concentration results obtained from 2412 
patients using the following data: age, sex, hospitalization 

status (ie, hospitalized or outpatient), department to which 
the patient was admitted, and whether the patient received 
PKCS.

The study design and patient selection for evaluation of 
PKCS are summarized in Figure 1. A total of 280 patients 
were enrolled in the evaluation of incidence of VIN. 
Patients were included if they were >18 years old, hospi-
talized in the general ward of the surgery department, 
received vancomycin for more than 48 h, met the criteria 
for vancomycin TDM according to the 2009 vancomycin 
TDM guidelines (ie, patients receiving aggressive dosing 
targeted to produce sustained trough drug concentration of 
15–20 ㎍/mL, receiving concurrent nephrotoxic agents, 
having unstable renal function, or receiving prolonged 
course of therapy longer than three to five days)6 and 
with available steady-state serum vancomycin trough con-
centration data. We excluded patients with a history of 
admission to the critical care unit during vancomycin 
treatment or who were hospitalized in the neurosurgery 
department. We also excluded patients who had insuffi-
cient data regarding clinical indications for vancomycin 
therapy, vancomycin dose regimen, or serum creatinine 
level during vancomycin treatment. Patients whose 

Figure 1 Study design and patient population. 
Abbreviations: TDM, therapeutic drug monitoring; PK, pharmacokinetic; ASHP, American Society of Health-System Pharmacists; ICU, intensive care unit; VIN, vancomycin 
induced nephrotoxicity; PKCS, pharmacokinetic consultation service; MRSA, methicillin resistant Staphylococcus aureus.
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vancomycin dosing was managed by a primary physician 
without PKCS served as controls (non-PKCS group, 
n=146), and patients whose dosing regimen was managed 
following the PKCS recommendations were stratified into 
the PKCS group (n=134).

Among the 280 patients, we selected 258 patients with 
at least two steady-state serum trough concentrations and 
compared the target concentration attainment rate between 
the control (non-PKCS, n=132) and intervention (PKCS, 
n=126) groups. Of these 258 patients, the time to initial 
target trough from the start of vancomycin therapy was 
compared between those who both received PKCS within 
the first 72 h from the start of vancomycin therapy and 
succeeded in attaining target trough (n=67) and the control 
group patients who attained target trough (n=79).

Clinical outcome assessment was performed in 112 
patients with culture-confirmed infection of any bacteria 
for which vancomycin was indicated (non-PKCS, n=61; 
PKCS, n=51). Those with gram-negative results, without 
a positive culture result or infected with vancomycin- 
resistant organisms were excluded. We also excluded 
patients whose vancomycin treatment outcome was not 
assessable, such as patients who ceased vancomycin ther-
apy due to side effects or who were transferred to another 
hospital before the treatment outcome could be assessed. 
We also examined clinical outcomes in a subset of patients 
with culture-confirmed MRSA infection (non-PKCS, 
n=25; PKCS, n=28).

Data Collection
Following data were collected from the electronic medical 
records of eligible patients: age, sex, weight, height, diag-
nosis for vancomycin therapy, comorbidities, hospitaliza-
tion department, site of infection, target trough range, 
concomitant nephrotoxic agents, incidence of VIN, culture 
results, MIC for vancomycin in MRSA infection, duration 
of vancomycin therapy, vancomycin drug regimen (ie, 
dose, dose frequency, dose duration, route of administra-
tion), actual drug administration history, serum vancomy-
cin concentration with sampling time, serum creatinine, 
estimated glomerular filtration rate (GFR), white blood 
cell (WBC) count, C-reactive protein (CRP) from two 
days before and after the vancomycin therapy period, 
frequency of trough measurement, frequency of drug regi-
men change, and clinical outcomes. Diagnoses including 
comorbidities, site of infection and clinical outcome were 
identified through physician’s notes. The baseline and final 
serum creatinine was determined as the first and the last 

serum creatinine value and recorded between 24 h before 
the initiation of vancomycin therapy and 48 h after the 
completion of vancomycin therapy. The baseline and final 
estimated GFR was calculated with baseline and final 
serum creatinine using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation.59 For 
each patient, initial CRP and WBC count was recorded, 
which was defined as the CRP and WBC count value 
recorded within 24 h from the start of the vancomycin 
therapy. Concomitant nephrotoxic agents included amino-
glycosides, amphotericin, piperacillin-tazobactam, vaso-
pressor, loop diuretics, angiotensin II receptor blockers, 
angiotensin-converting enzyme inhibitors, and acyclovir.60

Serum Vancomycin Concentration
The serum vancomycin concentration was measured with 
a kinetic interaction of microparticles in solution (KIMS) 
immunoassay on Roche Cobas 8000 c702 analyzer 
(Roche, Basel, Switzerland). In this study, we only 
included steady-state vancomycin trough concentration. 
The policy of our institutions advises vancomycin trough 
concentration be obtained just prior to the 3rd or 4th dose 
of the new dose regimen as the steady-state trough con-
centration with normal renal function.

In addition to analyzing every concentration, in 
patients with at least two concentrations measured, we 
also selected each patient’s “maximum” and “final” con-
centration. The “maximum” concentration was defined as 
the highest trough concentration measured in each patient 
during vancomycin treatment while the “final” concentra-
tion was defined as the ultimate trough concentration mea-
sured in each patient.

Target Trough Range
The target range of trough concentration was decided 
according to the site and the causal microorganism of the 
infection by the attending physician, pharmacist or labora-
tory medicine doctor (with or without consultation to 
infectious disease specialist). For suspected or definite 
bacteremia, endocarditis, osteomyelitis, meningitis, and 
hospital-acquired pneumonia by Staphylococcus aureus 
(S. aureus), the target serum trough concentration was 
15–20 ㎍/mL. For suspected or definite infections of 
sites other than the aforementioned sites, and pathogens 
other than S. aureus, the target concentration was 10–15 
㎍/mL.6 Concentrations below, within, and exceeding the 
target range were categorized as subtherapeutic, therapeu-
tic, and supratherapeutic, respectively.
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Microbiological Data
The patient’s culture result was investigated. For positive 
culture results, identified microorganisms were recorded. 
The microorganism was identified by matrix-assisted laser 
desorption ionization-time of flights mass spectrometry 
using the VITEK-MS (bioMérieux, Marcy l’Etoile, 
France). For MRSA infection, the MIC for vancomycin 
was determined via VITEK 2 System (bioMérieux, Marcy 
l’Etoile, France), with MRSA isolates demonstrating MICs 
above 4 mg/L being subjected to confirmation with an 
E-test. The usual turn around time for identification and 
antimicrobial susceptibility testing of positive blood cul-
ture was 24–72 h depending on the growth rate of the 
tested microorganism.

Comorbidities
The patient’s comorbidities were investigated through the 
physician’s note. Among the comorbidities, we recorded 
the presence of malignancy under treatment and diabetes 
mellitus. Also, if present, concurrently active diseases that 
could affect the patient’s condition were recorded and 
classified into cardiovascular, pulmonary, central nervous 
system, and gastrointestinal disease.

Vancomycin Treatment Outcome
Vancomycin treatment outcome was classified into treat-
ment failure or success. Treatment failure was defined as 
the development of VIN, the need to add or change ther-
apy to another drug with a similar spectrum of activity 
(daptomycin, linezolid, or tigecycline), or the return of 
signs or symptoms of the original infection within 72 
h after successful therapy. Treatment success was defined 
as resolution or improvement of the original signs or 
symptoms of infection and cessation of vancomycin.

Nephrotoxicity and Outcome 
Assessment
For nephrotoxicity assessment, the development of VIN 
was evaluated. VIN was defined as a minimum of two or 
three consecutive documented increases in serum creati-
nine concentrations (defined as an increase of 0.5 mg/dL 
or a ≥50% increase from baseline, whichever is greater) 
after the start of vancomycin therapy with the exclusion of 
any other possible documented cause for acute kidney 
injury.6,61

The primary outcome was the attainment of target 
vancomycin trough concentrations, and the time to the 

initial target trough from the start of vancomycin treat-
ment. In the PKCS group, only those who received PKCS 
and changed drug regimen according to PKCS within 72 
h from the start of vancomycin treatment were included 
for the evaluation of the time to first target trough. The 
secondary outcome included vancomycin treatment out-
come, duration of vancomycin therapy, daily dose of van-
comycin, frequency of vancomycin concentration 
measurement and regimen change.

Statistical Analysis
All statistical analyses were performed using Medcalc® 

version 77.5.1.0 (MedCalc Software Ltd., Ostend, 
Belgium) or IBM SPSS® Statistics version 25 (IBM 
Corp., Armonk, NY, USA). For intergroup comparison 
between PKCS and non-PKCS group, all continuous data 
were checked for normality. After identifying the non- 
normal distribution of the included data, they were 
reported as the median and interquartile range (IQR) and 
were compared using the Mann–Whitney Rank-sum test. 
Data showing normal distribution were reported in mean 
with range, and were compared using the independent 
samples t-test. A Chi-square and Fisher’s exact test were 
used to compare two categorical data points. Univariate 
and multiple logistic regression analyses were performed 
to evaluate the relationship between heterogeneous covari-
ates with the incidence of VIN, the attainment of the target 
trough, and vancomycin treatment failure. Initially, we 
performed the univariate logistic regression analysis on 
the following parameters to screen covariate for multiple 
logistic regression analysis: group (PKCS or non-PKCS), 
age, sex, body mass index (BMI), comorbidities (malig-
nancy, diabetes), target trough, site of infection, culture 
result (positive or negative), use and type of concomitant 
nephrotoxic agent, baseline serum creatinine level and 
estimated GFR, initial WBC count and CRP level during 
vancomycin therapy, duration of vancomycin therapy, 
daily dose of vancomycin, and vancomycin concentration 
(mean, maximum, and final vancomycin concentration). 
Subsequently, multiple logistic regression analysis was 
performed with the covariates that demonstrated 
a significant effect (P < 0.20) in univariate logistic regres-
sion. When there was highly inter-related covariates 
among the covariates selected from univariate logistic 
regression (eg, mean vancomycin concentration and max-
imum vancomycin concentration), we chose only one 
among the inter-related covariates to avoid multicollinear-
ity. For all analyses except for univariate logistic 
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regression, a P value < 0.05 was considered to be statisti-
cally significant.

Results
Vancomycin TDM
We reviewed a total of 2412 patients who received vanco-
mycin TDM. Patient characteristics are summarized in 
Table 1. Of these patients, 1473 (61.1%) were male and 
2411 (99.9%) were hospitalized. The median age was 63 
years old (IQR 49–72 years). TDM was mostly requested 
from the surgical (27.6%), hemato-oncology (21.9%), and 
critical care medicine department (12.1%). In total, 528 
patients (21.9%) received PKCS. There was no significant 
demographic difference between patients who received 
PKCS (n = 528) and those that did not (n = 1884). 
PKCS was requested the most by surgical departments 
(41.9%). In contrast, vancomycin dosing was managed 
more without PKCS in the hemato-oncology and critical 
care medicine department. Median vancomycin concentra-
tion was 14.7 ㎍/mL (IQR 10.9–18.3 ㎍/mL and the 
frequency of concentration measurement was median 3 
times (IQR 2–7 times). The proportion of therapeutic, 
subtherapeutic and supratherapeutic concentrations was 
63.6%, 20.3%, and 16.1%, respectively.

Nephrotoxicity Assessment
For the evaluation of nephrotoxicity development, 280 
patients (non-PKCS, n = 146; PKCS, n = 134), were 
enrolled. Patient characteristics and results of compar-
ison are summarized in Table 2. There was no signifi-
cant difference in the incidence of VIN (non-PKCS, 3% 
(5/146); non-PKCS, 6% (8/134); P = 0.398). No signif-
icant difference in baseline characteristics were 
observed except in BMI (24 kg/m2 vs 20 kg/m2, P < 
0.001) and in the proportion of obese patients (BMI 
>30kg/m2, 10% vs 1%, P = 0.002). The non-PKCS 
group had a higher proportion of patients who used 
vancomycin for ear, nose and throat infection (15% vs 
5%, P = 0.007), and for surgical prophylaxis (5% vs 
1%, P = 0.037). Meanwhile, the PKCS group had 
a higher proportion of patients with methicillin- 
resistant coagulase negative Staphylococcus (MRCNS) 
infections (5% vs 13%, P = 0.011), concurrent nephro-
toxic agent use (49% vs 63%, P = 0.024), and a longer 
duration of vancomycin therapy (6 vs 9 days, P < 
0.001). However, none of the above variables were 
associated with a significant odds ratio (OR) for the 
development of VIN in logistic regression analysis 
(Table 3).

Table 1 Characteristics and Vancomycin Trough Concentration in Patients Who Underwent Vancomycin Therapeutic Drug 
Monitoring

Characteristics Total Without PKCS With PKCS P value

Total number of patients, n 2412 1884 (78.1%) 528 (21.9%)
Total no. of vancomycin concentration measurements, n 12846 9702 (75.5%) 3144 (24.5%)

Age, median (IQR), years 61 (46–71) 60 (46–71) 63 (49–72) 0.022
Age < 18 years, n (%) 264 (10.9%) 208 (11.0%) 56 (10.6%) 0.778
Male, n (%) 1473 (61.1%) 1153 (61.2%) 320 (60.6%) 0.805

Hospitalized patient, n (%) 2411 (99.9%)

Department, n (%)

Surgical departmenta 666 (27.6%) 445 (23.6%) 221 (41.9%)
Hemato-oncology 529 (21.9%) 481 (25.5%) 48 (9.1%)

Critical care medicine 292 (12.1%) 228 (12.1%) 64 (12.1%)

Pediatrics 206 (8.5%) 167 (8.9%) 39 (7.4%)
Others 719 (29.8%) 563 (29.9%) 156 (29.5%)

No. of measurements per patient, median (IQR), n 3 (2–7) 3 (2–6) 4 (2–7) <0.001

Vancomycin concentration, median (IQR), ㎍/mL 14.7 (10.9–18.3) 14.5 (10.8–18.1) 15.2 (11.3–18.6) <0.001
Subtherapeutic, n (%) 2610 (20.3%) 2046 (21.1%) 564 (17.9%) <0.001
Therapeutic, n (%) 8173 (63.6%) 6144 (63.3%) 2029 (64.5%) 0.229

Supratherapeutic, n (%) 2063 (16.1%) 1512 (15.6%) 551 (17.5%) 0.009

Notes: aSurgical department includes general surgery, neurosurgery, plastic surgery and thoracic surgery. Significant values are indicated in bold. 
Abbreviations: PKCS, pharmacokinetic consultation service; IQR, interquartile range.
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Table 2 Characteristics of the Patients Enrolled for VIN Assessment

Non-PKCS (n=146) % or IQR PKCS (n=134) % or IQR P value

Incidence of VIN, n (%) 5 3% 8 6% 0.398
Duration of vancomycin therapy, days 6 4–8 9 5–15 <0.001
Daily dose of vancomycina, mg/kg/day 33 27–41 34 26–40 0.724

Male, n (%) 76 52% 83 62% 0.095
Age, years 63 54–72 67 54–73 0.212

No. of races other than East Asian, n (%) 1 1% 0 0% N/A

Weight, kg 64 54–72 61 54–67 0.169
BMIa, kg/m2 24 21–27 20 18–22 <0.001
Obesity (BMI>30kg/m2), n (%) 15 10% 2 1% 0.002

Target trough

10–15 ㎍/mL, n (%) 81 55% 64 48% 0.197
15–20 ㎍/mL, n (%) 65 45% 70 52%

Renal Function
Serum creatinine, mg/dL 0.78 0.61–0.96 0.75 0.56–0.98 0.348

Baseline eGFR, mL/min/1.73 m2 90 74–104 95 77–105 0.41

≥90 72 49% 81 60% 0.062
60–89 52 36% 35 26% 0.086

<60 22 15% 18 13% 0.696

Renal replacement therapy, n (%) 11 8% 7 5% 0.431
Final eGFR, mL/min/1.73 m2 93 73–107 90 67–104 0.698

Co-morbidities
Malignancy, n (%) 52 36% 41 31% 0.373

Cardiovascular, n (%) 20 14% 26 19% 0.198

Pulmonary, n (%) 5 3% 1 1% 0.216
Central nervous system, n (%) 2 1% 4 3% 0.431

Gastrointestinal, n (%) 13 9% 9 7% 0.497

Diabetes, n (%) 37 25% 24 18% 0.132

Site of Infection
Respiratory, n (%) 9 6% 15 11% 0.133

Blood stream, n (%) 24 16% 15 11% 0.065

Skin and soft tissue, n (%) 27 18% 39 29% 0.367
Central nervous system, n (%) 7 5% 9 7% 0.489

Bone/Joint, n (%) 25 17% 29 22% 0.338

Intra-abdominal, n (%) 22 15% 15 11% 0.339
Ear, nose and throat, n (%) 22 15% 7 5% 0.007
Urinary tract, n (%) 2 1% 4 3% 0.431

Surgical prophylaxis, n (%) 8 5% 1 1% 0.037

Positive culture resultb

MRSA, n (%) 28 19% 30 22% 0.417
MRCNS, n (%) 7 5% 18 13% 0.011
MSSA, n (%) 3 2% 2 1% 1

Enterococcus sp., n (%) 12 8% 14 10% 0.521
Other gram positivesc, n(%) 4 3% 9 7% 0.156

Empirical use 27 18% 20 15% 0.33

Concurrent nephrotoxic agentsd 72 49% 84 63% 0.024
Piperacillin/tazobactam, n (%) 42 29% 52 39% 0.758
Furosemide, n (%) 36 25% 40 30% 0.329

(Continued)
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Primary Outcome – Attainment of Target 
Trough Concentration
Among the 280 patients who received vancomycin treat-
ment for at least two days, 258 patients who had at least two 
trough concentration measurements were selected for the 
evaluation the target trough attainment evaluation (non- 
PKCS, n = 132; PKCS, n = 126). Baseline characteristics 
and analysis of the trough concentrations are summarized in 
Table 4. Baseline characteristics were similar with the 
patients enrolled for VIN assessment except for CRP, 
which was significantly higher in the PKCS group (3.5 vs 
5.8, P = 0.04). The target attainment rate was also signifi-
cantly higher in the PKCS group (60% vs 75%, P = 0.012). 
Likewise, logistic regression analysis demonstrated that 
receiving PKCS significantly increased the odds for target 
trough attainment (OR=1.80, 95% CI = 1.05–3.11, 
P = 0.034, Table 5) and the proportion of the final trough 
concentration in target range was significantly higher in the 
PKCS group (32% vs 44%, P = 0.005). For the comparison 
of the time to target attainment, 67 patients from the non- 
PKCS group who achieved target trough were enrolled 
along with 79 patients from the PKCS group who received 
PKCS and changed drug regimen according to PKCS 
within 72 h from the start of vancomycin treatment and 
achieved target trough. The time to initial target trough 
and target trough attainment rate was similar between the 
two groups (Figure 2). Each patient’s mean and maximum 
trough concentration was significantly higher in the PKCS 
group (mean, 14.8 vs 15.5, P = 0.037; maximum, 18.7 vs 
20.9, P = 0.001). The proportion of subtherapeutic concen-
trations was significantly higher in the non-PKCS group 
(34% vs 27%, P = 0.004), and the proportion of therapeutic 

concentration was significantly higher in the PKCS group 
(33% vs 39%, P = 0.028). Maximum trough in the 
supratherapeutic range was significantly higher in the 
PKCS group (52% vs 68%, P = 0.009).

Secondary Outcome – Clinical Outcome
Sixty-one patients from the PKCS group and 51 patients from 
the non-PKCS group who had a positive culture result for any 
bacteria for which vancomycin was indicated were enrolled 
for the assessment of clinical outcome. A comparison of 
patient characteristics and the clinical outcome are summar-
ized in Table 6. Patient characteristics were similar to those of 
patients enrolled for VIN assessment. No significant differ-
ence in treatment failure rate was observed between the two 
groups (non-PKCS, 12% (6/51); non-PKCS, 10% (6/61); P = 
0.742). In logistic regression analysis (Table 7), the time to 
target attainment from the start of vancomycin therapy demon-
strated a significant OR for treatment failure (OR = 0.64, 95% 
confidence interval, 0.50–0.85, P = 0.002), which is in line 
with a previous report.32 Duration of vancomycin therapy was 
longer in the PKCS group (7 vs 12 days, P = 0.008), which 
was observed in the patient group enrolled for VIN and target 
trough attainment. In the logistic regression analysis for VIN 
with this population, PKCS failed to show a significant OR.

For the MRSA subset, 28 and 25 patients were enrolled 
from PKCS and non-PKCS group, respectively. Likewise, 
there was no significant difference in the treatment failure 
rate (Table 8). Although the time to initial target trough 
was significantly shorter in the PKCS group (3.9 vs 2.3 
days, P = 0.015), PKCS did not demonstrate a significant 
OR for time to initial target trough in logistic regression 
(P = 1.0). The proportion of patients with MIC of 1 for 
vancomycin in identified MRSA was significantly higher 

Table 2 (Continued). 

Non-PKCS (n=146) % or IQR PKCS (n=134) % or IQR P value

ACE inhibitor or ARBs, n (%) 6 4% 3 2% 0.504
Aminoglycosides, n (%) 2 1% 6 4% 0.158

Vasopressin, n (%) 2 1% 1 1% 1

Initial CRPe, mg/dL 3.8 (n=130) 1.3–9.0 5.7 (n=132) 1.7–10.4 0.105

Initial WBC counte, /mL 7.3 (n=134) 5.3–10.3 8 (n=133) 5.9–11.3 0.15

Notes: aAll of the values were described in the median with interquartile range (IQR) given their non-normal distribution except for daily dose and BMI which followed 
normal distribution and was described in mean with range and compared with an independent sample t-test. bInfection with two microorganisms indicated for vancomycin 
existed (11 cases in PKCS group). cOther gram positives include Streptococcus species, Corynebacterium species, Propionibacterium acnes, and Bacillus cereus. dPatients using two 
or more concurrent nephrotoxic agents existed (19 cases in PKCS group, 19 cases in non-PKCS group). ePatients without the result of CRP and WBC count existed. 
Significant values are indicated in bold. 
Abbreviations: VIN, vancomycin induced nephrotoxicity; PKCS, pharmacokinetic consultation service; IQR, interquartile range; BMI, body mass index; eGFR, estimated 
glomerular filtration rate; MRSA, methicillin resistant Staphylococcus aureus; MRCNS, methicillin resistant coagulase negative Staphylococcus; MSSA, methicillin susceptible 
Staphylococcus aureus; ACE inhibitor, Angiotensin-converting enzyme inhibitor; ARBs, Angiotensin II receptor blockers;  CRP, C-reactive protein; WBC, white blood cell.
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in the PKCS group (24% vs 57%, P = 0.015), whereas, 
with MIC less than or equal to 0.5 for vancomycin was 
higher in the non-PKCS group, albeit it was not statisti-
cally significant (68% vs 43%, P = 0.114).

Duration of Vancomycin Therapy
The duration of vancomycin therapy was significantly 
longer in the PKCS group regardless of the patient popula-
tion (patient population for review of VIN, target attain-
ment rate, clinical outcome assessment, and population 
with MRSA infection). In order to clarify whether the 
longer duration of vancomycin was a result of PKCS 
rather than a result of the patient’s baseline clinical char-
acteristics, we compared the duration of vancomycin ther-
apy between the two groups categorized by the patient’s 
baseline characteristics (Table 9). The results showed that 
patients with bone and joint infection demonstrated 

a longer duration of vancomycin therapy (7.0 vs 8.5 
days, P = 0.006), in contrast, patients with blood stream 
infection demonstrated a shorter duration of vancomycin 
therapy (7.0 vs 4.5, P < 0.001). In the PKCS group, 
although not statistically significant, the proportion of 
patients with bone and joint infection was higher (17% 
vs 22%, P = 0.338), however, the proportion of patients 
with blood stream infection was lower (16% vs 11%, P = 
0.065). Thus, it could be assumed that the integration of 
the difference in the duration of vancomycin among infec-
tion sites, and the difference in the proportion of the site of 
infection may have resulted in a longer duration of vanco-
mycin therapy in the PKCS group.

Discussion
Given the narrow therapeutic index with critical side 
effects at both subtherapeutic and supratherapeutic level, 

Table 3 Logistic Regression Analysis for Vancomycin Induced Nephrotoxicity

Covariate Univariate Multiple

OR (95% CI) P value OR (95% CI) P value

Group (PKCS) 1.79 (0.57–5.62) 0.318

Duration of vancomycin therapy (day) 1.01 (0.65–1.07) 0.864
Daily dose of vancomycin 1.00 (0.96–1.04) 0.94

Male 0.32 (0.10–1.07) 0.064 0.327 (0.10–1.11) 0.072

Age 1.01 (0.96–1.05) 0.782
BMI 0.96 (0.83–1.11) 0.569

Target trough (15–20 ㎍/mL) 0.66 (0.21–2.07) 0.474

Baseline eGFR 1.01 (0.99–1.04) 0.319

Comorbidities

Malignancy 0.89 (0.27–2.97) 0.848
Diabetes 0.64 (0.14–2.97) 0.57

Site of infection
Respiratory 2.03 (0.42–9.72) 0.378

Skin and soft tissue 2.96 (0.96–9.13) 0.06 2.55 (0.81–8.08) 0.111

Central nervous system 1.4 (0.17–11.50) 0.754
Bone/Joint 0.34 (0.04–2.65) 0.301

Positive Culture result
MRSA 0.97 (0.21–4.55) 0.973

MRCNS 3.34 (0.86–13.0) 0.083 2.95 (0.72–12.04) 0.131

Initial CRP 0.98 (0.88–1.07) 0.611

Initial WBC count 0.93 (0.80–1.09) 0.369

Concurrent nephrotoxic agent 1.29 (0.41–4.04) 0.666

Piperacillin/tazobactam 0.87 (0.26–2.92) 0.827
Furosemide 1.73 (0.55–5.45) 0.353

Note: Significant values are indicated in bold. 
Abbreviations: OR, odds ratio; CI, confidence interval; PKCS, pharmacokinetic consultation service; BMI, body mass index; eGFR, estimated glomerular filtration rate; 
MRSA, methicillin resistant Staphylococcus aureus; MRCNS, methicillin resistant coagulase negative Staphylococcus;  CRP, C-reactive protein; WBC, white blood cell.
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individualized dosing using PK tools have been suggested 
as assisting tools to increase the achievement of the phar-
macokinetic target.3,6,9 However, the evidence for the clin-
ical effectiveness of PK-guided dosing was 
insufficient.6,9,19 Our study investigated the utilization of 
vancomycin TDM and trough-based PK-guided dose 
adjustment, PKCS, in a real clinical setting with large- 
scale data and evaluated the pharmacokinetic and clinical 
effects of PKCS in vancomycin treatment among non- 

critically ill patients. The result showed that 22% of 
patients who underwent vancomycin TDM underwent 
PKCS. PKCS resulted in increased target trough concen-
tration attainment; however, it did not lead to improvement 
in clinical outcomes or safety of vancomycin treatment.

A number of studies have assessed the outcome of indi-
vidualized dosing guided by PK tools, both in trough-based 
and AUC-based monitoring.18,20,22,24,25,28, 

31–33,35,37–39,43,48,52–54,62–65 Through literature review of 22 

Table 4 Target Trough Attainment and Baseline Characteristics of Enrolled Patient

Non-PKCS (n=132) % or IQR PKCS (n=126) % or IQR P value

Target trough attainment rate, n (%) 79 60% 94 75% 0.012
Time to initial target trougha, days 3.6 2.5–5.2 4.2* 2.3–5.8 0.43

Total trough concentration, ㎍/mL 15.3 11.5–18.3 16.2 12.8–19.2 0.001
Subtherapeutic, n (%) 206 34% 261 27% 0.004
Therapeutic, n (%) 201 33% 371 39% 0.028
Supratherapeutic, n (%) 199 33% 328 34% 0.588

Mean troughb, ㎍/mL 14.8 8.21–22.8 15.5 8.7–24.4 0.037
Subtherapeutic, n (%) 51 39% 39 31% 0.196

Therapeutic, n (%) 44 33% 55 44% 0.088

Supratherapeutic, n (%) 37 28% 32 25% 0.633

Maximum trough, ㎍/mL 18.7 16.7–21.4 20.9 17.1–24.5 0.001
Subtherapeutic, n (%) 31 23% 15 12% 0.015
Therapeutic, n (%) 32 24% 25 20% 0.394

Supratherapeutic, n (%) 69 52% 86 68% 0.009

Final trough, ㎍/mL 16.5 13.6–18.3 16.7 13.4–19.1 0.412

Subtherapeutic, n (%) 41 31% 28 22% 0.109

Therapeutic, n (%) 42 32% 55 44% 0.005
Supratherapeutic, n (%) 49 37% 43 34% 0.616

Patient characteristics
Male, n (%) 70 53% 77 61% 0.21

Age, years 65 55–74 67 55–72 0.271

BMI (kg/m2) 24 22–27 19 18–23 <0.001
Target trough 15–20 mg/L, n (%) 59 45% 66 52% 0.217

Baseline eGFR, mL/min/1.73 m2 87 74–101 93 81–107 0.398

Concurrent nephrotoxic agent usec, n (%) 63 48% 77 61% 0.031
Initial CRPd 3.5 1.1–8.7 5.8 1.7–10.4 0.04
Initial WBC countd 7.1 5.1–10.0 8 5.9–11.3 0.088

Duration of vancomycin therapy, days 8 6–11 11 7–17 <0.001
Daily dose of vancomycin, mg/kg/day 34 28–40 33 26–41 0.61

Incidence of VIN, n (%) 7 5% 8 6% 0.72

Notes: aTime to target attainment was compared between PKCS group patients who received their first PKCS within 72 h from the start of vancomycin therapy and 
achieved target trough (n=79) and non-PKCS group patients who achieved target trough (n=67). bSince mean trough concentration followed a normal distribution, it was 
described in mean with range and compared via independent sample t-test. cPatients using two or more concurrent nephrotoxic agents existed (19 cases in PKCS group, 18 
cases in non-PKCS group). dPatients without the result of CRP and WBC count existed. Significant values are indicated in bold. 
Abbreviations: PKCS, pharmacokinetic consultation service; IQR, interquartile range; BMI, body mass index; eGFR, estimated glomerular filtration rate; CRP, C-reactive 
protein; WBC, white blood cell; VIN, vancomycin induced nephrotoxicity.
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studies, we found 11 studies evaluating AUC-based 
dosing,18,22,24,28,48,52–54,62–64 and the other 11 studies evalu-
ating trough-based PK-guided dosing.20,25,31–33,35,37–39,43,65 

Characteristics of the studies evaluating trough-based PK- 
guided dosing are summarized in Supplementary Table 1. 
Among these studies, eight employed pre-post intervention 
design,20,31–33,35,37–39 six compared clinical 
outcome,20,32,35,37,39,43 and only four involved more than 

200 patients.20,32,35,38 All of the studies that evaluated target 
attainment rate or the time to initial trough target demon-
strated improved outcome in intervention group. Three out of 
the five studies that evaluated incidence of nephrotoxicity, 
revealed similar incidence of nephrotoxicity between the 
intervention,32,35,38 and one out of the five studies revealed 
even higher nephrotoxicity rate in the intervention group.43 

Four out of six studies that evaluated clinical outcome, 

Table 5 Logistic Regression Analysis for Target Trough Attainment

Covariate Univariate Multiple

OR (95% CI) P value OR (95% CI) P value

Group (PKCS) 1.97 (1.16–3.35) 0.012 1.80 (1.05–3.11) 0.034
Duration of vancomycin therapy 1.22 (1.13–1.32) <0.001
BMI 0.99 (0.93–1.05) 0.71

Target trough (15–20 ㎍/mL) 0.82 (0.49–1.38) 0.455

Baseline eGFR 1.00 (0.99–1.01) 0.835

Concurrent nephrotoxic agent use 1.78 (1.05–3.00) 0.032 1.65 (0.97–2.82) 0.064

Initial CRP 1.01 (0.97–1.06) 0.556
Initial WBC 1.01 (0.96–1.07) 0.654

Note: Significant values are indicated in bold. 
Abbreviations: OR, odds ratio; CI, confidence interval; PKCS, pharmacokinetic consultation service; BMI, body mass index; eGFR, estimated glomerular filtration rate; 
CRP, C-reactive protein; WBC, white blood cell.

Figure 2 Cumulative percentage of target trough attainment by time. Percentage of the patients who attained target trough was determined at three time periods (<3 days, 
3–<5days, and ≥5days). 
Abbreviation: PKCS, pharmacokinetic consultation service.
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Table 6 Characteristics of Patients Enrolled for Clinical Outcome Assessment

Non-PKCS (n=51) % or IQR PKCS (n=61) % or IQR P value

Treatment failure rate, n (%) 6 12% 6 10% 0.742
Duration of vancomycin therapy, days 7 5–12 12 8–17 0.008
Daily dose of vancomycina, mg/kg/day 33 28–38 30 20–38 0.569

Incidence of VIN, n (%) 2 4% 5 8% 0.452
Target trough attainment rate, n (%) 37 73% 48 79% 0.449

Time to initial target troughb, days 3.7 2.9–5.2 3.9 2.3–6.4 0.965

No. of trough measurement per week 4.2 3.5–5.3 3.9 3.3–4.9 0.205
No. of dose adjustment per week 1.2 0.0–1.8 1.6 0.9–2.0 0.054

Patient Characteristics
Male, n (%) 26 51% 38 62% 0.228

Agea, years 61 26–83 62 29–83 0.58
Race other than East Asian, n (%) 0 0% 1 2% N/A

Weight, kg 64 41–94 61 37–91 0.341

BMIa, kg/m2 24 20–26 20 18–21 <0.001
Obesity (BMI>30kg/m2), n (%) 6 12% 1 2% 0.046
Target trough 15–20 ㎍/㎖, n (%) 14 27% 26 43% 0.095

Baseline eGFR, mL/min/1.73 m2 94 74–108 96 80–109 0.343
Renal replacement therapy, n (%) 2 4% 6 10% 0.287

Final eGFR, mL/min/1.73 m2 2 4% 6 10% 0.287

Co-morbidities

Malignancy, n (%) 24 47% 27 44% 0.767

Cardiovascular, n (%) 3 6% 10 16% 0.137
Pulmonary, n (%) 1 2% 0 0% N/A

Central nervous system, n (%) 1 2% 3 5% 0.624

Gastrointestinal, n (%) 5 10% 5 8% 1
Diabetes, n (%) 11 22% 9 15% 0.348

Site of Infection
Respiratory, n (%) 1 2% 7 11% 0.069

Bloodstream, n (%) 6 12% 4 7% 0.508

Skin and soft tissue, n (%) 11 22% 18 30% 0.339
Central nervous system, n (%) 2 4% 6 10% 0.287

Bone/Joint, n (%) 5 10% 7 11% 1

Intra-abdominal, n (%) 9 18% 10 16% 0.86
Ear, nose, and throat, n (%) 15 29% 6 10% 0.008
Urinary tract, n (%) 2 4% 3 5% 1

Positive culture resultc 25 49% 28 46% 0.742

MRSA, n (%) 7 14% 14 23% 0.213

MRCNS, n (%) 3 6% 2 3% 0.658
MSSA, n (%) 11 22% 13 21% 0.974

Enterococcus sp., n (%) 3 6% 7 11% 0.342

Other gram positivesd, n(%) 9 18% 10 16% 0.86

Concurrent nephrotoxic agentse 25 49% 35 57% 0.377

Piperacillin/tazobactam, n (%) 14 27% 24 39% 0.186
Furosemide, n (%) 10 20% 13 21% 0.824

ACE inhibitor or ARBs, n (%) 3 6% 1 2% 0.329

Aminoglycosides, n (%) 0 0% 2 3% N/A
Vasopressin, n (%) 0 0% 0 0% N/A

(Continued)
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revealed improved clinical outcome including lower 30-day 
mortality rate.20,32,37 Only one out of six studies that evalu-
ated clinical outcome implemented retrospective study 
design, however, due to small sample size (n=43), all of the 
study results failed to demonstrate statistical significance.43 

Among the studies that evaluated trough-based PK-guided 
dosing, three targeted MRSA patients,35,37,38 two targeted 
ICU patients,25,65 and one targeted CKD patients.43 In 
another two studies conducted in adult patients, the patient 
inclusion criteria were relatively broad.20,32 Our study popu-
lation only included patients from the general ward of the 
surgery department to minimize heterogeneity in the patient 

population. To the best of our knowledge, our study has 
strengths in that we investigated the status of vancomycin 
TDM and PK-guided dose adjustment in a clinical setting 
with a large sample size (2412 patients), and that we eval-
uated the effects of PK-guided dosing with a large and 
homogeneous patient population.

In a retrospective cohort study conducted by 
Dorajoo et al,43 the clinical effect of trough-based PK 
dosing guided by the web-based tool, VancApp was 
evaluated with a total of 43 CKD patients (creatinine 
clearance (CrCl) < 60 mL/min, based on the 
Cockcroft–Gault equation using total body weight). 

Table 6 (Continued). 

Non-PKCS (n=51) % or IQR PKCS (n=61) % or IQR P value

Initial CRPf, mg/dL 1.7 0.4–5.0 (n=40) 3.6 1.4–7.3 (n=60) 0.031
Initial WBC countf,/mL 6.7 4.7–9.0 (n=43) 7.2 5.1–10.4 (n=60) 0.286

Notes: aAll of the values were described in median with interquartile range (IQR) given their non-normal distribution except for daily dose, age, and BMI which followed 
normal distribution, and was described in mean with range and compared with independent sample t-test. bTime to target attainment was compared between PKCS group 
patients who received their first PKCS within 72h from the start of vancomycin therapy and achieved target trough (n=36) and non-PKCS group patients who achieved 
target trough (n=37). cInfection with two microorganisms indicated for vancomycin existed (4 cases in PKCS group). dOther gram positives include Streptococcus species, 
Corynebacterium species, Propionibacterium acnes, and Bacillus cereus. ePatients using two or more concurrent nephrotoxic agents existed (5 cases in PKCS group, 4 cases in 
non-PKCS group). fPatients without the result of CRP and WBC count existed. Significant values are indicated in bold. 
Abbreviations: PKCS, pharmacokinetic consultation service; IQR, interquartile range; VIN, vancomycin induced nephrotoxicity; N/A, not applicable; BMI, body mass index; 
eGFR, estimated glomerular filtration rate; MRSA, methicillin resistant Staphylococcus aureus; MRCNS, methicillin resistant coagulase negative Staphylococcus; MSSA, 
methicillin susceptible Staphylococcus aureus; ACE inhibitor, Angiotensin-converting enzyme inhibitor; ARBs, Angiotensin II receptor blockers; CRP, C-reactive protein; 
WBC, white blood cell.

Table 7 Logistic Regression Analysis for Treatment Failure Rate and Development of VIN in Patients with Positive Culture Result

Treatment Failure VIN

Univariate Multiple Univariate Multiple

Covariate OR P value OR (95% CI) P value OR P value OR P value

Group (PKCS) 1.22 0.743 2.19 0.362

Duration of vancomycin therapy 1.01 0.675 0.95 0.405

Daily dose of vancomycin 1.02 0.562 1.01 0.805
Target trough attainment 1.67 0.433

Time to initial target trough 0.67 0.003 0.64 (0.50–0.85) 0.002

BMI 1.12 0.225 0.94 0.582

Baseline eGFR 0.99 0.516 1.01 0.528

Renal replacement therapy 0.83 0.866 N/A 1
Malignancy 1.78 0.374 0.46 0.362

Diabetes 0.38 0.15 0.26 (0.04–1.98) 0.195 1.93 0.452

Skin and soft tissue infection 0.30 0.053 0.48 (0.07-3.37) 0.46 2.28 0.301

MRSA 0.61 0.422 0.83 0.807

MRSA MIC ≤0.5 mg/L 1.17 0.826 1.05 0.957
Initial CRP 0.96 0.385 1.03 0.702

Concurrent nephrotoxic agent use 0.20 0.044 N/A 1 5.67 0.114 N/A 1

Note: Significant values are indicated in bold. 
Abbreviations: VIN, vancomycin induced nephrotoxicity; OR, odds ratio; CI, confidence interval; PKCS, pharmacokinetic consultation service; BMI, body mass index; eGFR, 
estimated glomerular filtration rate; MRSA, methicillin resistant Staphylococcus aureus; MIC, minimum inhibitory concentration; CRP, C-reactive protein; N/A, not applicable.
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The time it took to reach target trough, length of 
hospitalization, 30-day mortality rate, 30-day readmis-
sion rate, and development of nephrotoxicity was com-
pared between 22 patients whose vancomycin dosing 
was guided by VancApp and 21 patients who received 
the usual vancomycin dosing of weight-based doses of 
15–20 mg/kg administered at interval of 12 or 24h. 
Patients who received the VancApp-guided dosing 
took a shorter time to reach the target trough (median: 
66 vs 102 h, P = 0.187), had longer hospitalization, 
fewer 30-day mortalities, fewer 30-day readmission, 
and higher rate of nephrotoxicity compared to the 
patient who received usual vancomycin dosing. 
However, statistical significance was not attained due 
to the small study population. In respect to the time it 
took to reach the target trough, the results differed 
from our results, as our study showed no significant 

difference between the intervention and control group 
(PKCS (n=126) vs non-PKCS (n=132), median 4.2 
(101) vs 3.6 (86) days (h), P = 0.430). This gap 
between the results could have originated from the 
difference in the study population. Contrary to the 
study by Dorajoo et al which only involved CKD 
patients and excluded patients who received renal 
replacement therapy, we involved patients regardless 
of renal function and the application of renal replace-
ment therapy. In our study, only 10% of patients (16 
out of the PKCS group, 11 out of the non-PKCS group) 
had estimated GFR less than 60 mL/min/1.73m2 (cal-
culated using CKD-EPI equation).

Hirano et al conducted a pre-post intervention study to 
assess the effect of pharmacist-managed dose adjustment 
in adult patients with definite MRSA infection.35 Although 
the percentage of patients with serum vancomycin 

Table 8 Clinical Outcome Analysis of Patients with MRSA Infection

Non-PKCS (n=25) % or IQR PKCS (n=28) % or IQR P value

Treatment failure rate, n (%) 5 20% 2 7% 0.234
Duration of vancomycin therapy, days 7 5–12 13 8–17 0.003
Daily dose of vancomycina, mg/kg/day 36 9–67 29 4–50 0.071

Incidence of VIN, n (%) 2 8% 1 4% 0.597
Target trough attainment rate, n (%) 18 72% 20 71% 0.963

Time to initial target troughb, days 3.9 3.0–4.6 2.3 1.8–3.4 0.02
No. of trough measurement per day, n 3.9 2.7–4.7 3.9 3.1–4.9 0.748
No. of dose adjustment per week, n 1.4 0.0–1.9 1.6 0.8–2.1 0.219

Patient Characteristics
Initial CRPc. mg/dL 1.1 0.3–3.5 3.3 1.3–6.8 0.076

Initial WBC countc,/mL 6.9 4.9–9.0 8 5.4–12.1 0.138
Site of infection

Respiratory, n (%) 0 0% 3 11% N/A

Blood stream, n (%) 4 16% 0 0% N/A
Skin and Soft Tissue, n (%) 4 16% 10 36% 0.104

Central Nervous System, n (%) 0 0% 3 11% N/A

Bone/Joint, n (%) 0 0% 3 11% N/A
Intra-abdominal, n (%) 2 8% 3 11% 0.736

Ear, nose and throat, n (%) 15 60% 6 21% 0.004

MRSA MIC

≤0.5 mg/L, n (%) 17 68% 12 43% 0.114

1 mg/L, n (%) 6 24% 16 57% 0.015
2 mg/L, n (%) 2 8% 0 0% N/A

Notes: aAll of the values were described in median with interquartile range (IQR) given their non-normal distribution except for daily dose which followed normal 
distribution, and was described in mean with range and compared with independent sample t-test. bTime to target attainment was compared between PKCS group patients 
who received their first PKCS within 72 h from the start of vancomycin therapy and achieved target trough (n=15) and non-PKCS group patients who achieved target trough 
(n=18). cPatients without the result of CRP and WBC count existed. Significant values are indicated in bold. 
Abbreviations: MRSA, methicillin resistant Staphylococcus aureus; PKCS, pharmacokinetic consultation service; IQR, interquartile range; VIN, vancomycin induced 
nephrotoxicity; MIC, minimum inhibitory concentration; CRP, C-reactive protein; WBC, white blood cell; N/A, not applicable.
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concentrations within the therapeutic range (10–20 ㎍/mL) 
and the percentage of patients who attained target PK/PD 
parameters (AUC24/MIC >400) was significantly higher in 
the post-implementation group, no significant difference 
was observed in length of hospitalization and 30-day mor-
tality rate after the initiation of vancomycin.

Another pre-post intervention study compared the vanco-
mycin treatment failure rate in patients with MRSA bacteremia 
between pre (n=49) and post-implementation (n=28) of phar-
macy-led vancomycin dosing.37 A time prolongation to treat-
ment failure was noted in the intervention group (P = 0.011, log 
rank test) and pharmacist intervention was the only parameter 
that demonstrated a significant hazard ratio for vancomycin 
treatment failure (hazard ratio 0.26, P = 0.014). This means that 
the intervention group took a longer time until vancomycin 
treatment failure, and the intervention was the only factor 
causing significant effect on the time until vancomycin treat-
ment failure. This result is discordant with our result, which 
demonstrated no difference in treatment failure rate and PKCS 
showed no significant results for treatment failure in logistic 
regression analysis. We could assume that this discordance in 
outcome could have originated from the difference in study 
design (pre-post intervention study vs retrospective observa-
tional study) or in the study population (patients with MRSA 
bacteremia vs patients with any MRSA infection).

Our study possesses important limitations worth dis-
cussing. First, our study used trough concentration as the 

surrogate marker. The revised consensus guidelines for 
TDM of vancomycin recommend AUC-guided dosing 
and monitoring for patients with suspected or definitive 
serious MRSA infections.9 However, implementation of 
AUC monitoring is challenging in routine clinical practice 
(ie, investment in Bayesian software, training and educa-
tion of pharmacists, physicians, phlebotomists, and nur-
sing staff on the revised guidelines),55,56,58 that 
a multicenter cross-sectional electronic survey showed 
that less than a quarter (18/78, 23.1%) of respondent 
medical centers were providing AUC-based monitoring.56 

Compared to AUC, monitoring trough concentration is 
easily applicable in medical centers with a readily avail-
able serum vancomycin concentration assay.58 Moreover, 
although the evidence for the recommendations has been 
strengthened compared to the previous guideline and 
a number of studies have shown better efficacy and safety 
outcomes through AUC monitoring since the publication 
of the revised guideline18,22,24,28,48,52–54,62–64, there are no 
randomized controlled trials. Given the challenging prere-
quisites for implementing AUC monitoring and the 
absence of high-quality evidence, it is still difficult to 
endorse conversion from trough to AUC monitoring.

Furthermore, although several studies have demonstrated 
an improved outcome of the AUC monitoring in infections 
other than severe MRSA infections the revised guidelines 
cover solely severe MRSA infections and advise caution 

Table 9 Comparison of Duration of Vancomycin Therapy Between Groups with or without the Possible Cause of Longer Duration of 
Therapy

Duration of Vancomycin Therapy, Days, Median (IQR) P value

Non-PKCS vs PKCS group 6.0 (4.0–8.25) vs 9.0 (5.0–15.0) <0.001
Concurrent nephrotoxic agent use (no vs yes) 7.5 (5.0–13.8) vs 7.0 (4.3–11.0) 0.144

Target range (10–15 vs 15–20 mg/L) 7.0 (5.0–11.0) vs 7.0 (4.0–13.0) 0.958
Obesity (BMI ≤30 vs >30 kg/m2) 7.0 (5.0–12.0) vs 9.0 (4.5 vs 11.5) 0.713

Sex (Female vs Male) 7.0 (5.0–12.0) vs 7.0 (4.0–11.0) 0.671

Malignancy (No vs Yes) 7.0 (5.0–12.0) vs 7.0 (4.0–11.0) 0.302
DM (No vs Yes) 7.0 (4.0–11.0) vs 7.0 (5.0–13.0) 0.516

Site of infection (No vs Yes)

Skin and soft tissue 7.0 (4.0–12.0) vs 8.0 (5.0–12.3) 0.214

Bone and joint 7.0 (4.0–11.0) vs 8.5 (5.0–14.0) 0.006
Blood stream 7.0 (5.0–13.0) vs 4.5 (3.0–7.0) <0.001
Respiratory 7.0 (5.0–11.8) vs 8.0 (4.3 vs 14.5) 0.691

Central Nervous System 7.0 (4.0–12.0) vs 7.5 (5.3 vs 22.3) 0.264

Empirical use (No vs Yes) 8.0 (5.0–13.5) vs 7.0 (4.0–11.0) 0.066

MRSA infection (No vs Yes) 7.0 (4.0–11.0) vs 8.5 (5.0–14.0) 0.053

Note: Significant values are indicated in bold. 
Abbreviations: PKCS, pharmacokinetic consultation service; IQR, interquartile range; BMI, body mass index; MRSA, methicillin-resistant Staphylococcus aureus.
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against extrapolation to infections other than severe MRSA 
infections.9

Our study used trough concentration as the surrogate mar-
ker. However, considering the impracticality of AUC monitor-
ing, the relatively short period of time since its introduction, 
and the scope of the recommendation covering solely severe 
MRSA infections, the importance of our study should not be 
underestimated.

Secondly, for the evaluation of clinical outcome, we were 
limited by a small sample size owing to the strict patient 
selection criteria to avoid bias. For this reason, some necessary 
statistical analyses could not be performed and the possibility 
for type 2 error could not be excluded. However, to the best of 
our knowledge, this study included the largest number of 
patient for a clinical outcome assessment in any retrospective 
observational study conducted to date. Thirdly, although we 
tried our best to select patients with similar clinical character-
istics, population heterogeneity exists. Nevertheless, no sig-
nificant difference was observed in baseline characteristics 
between the PKCS and non-PKCS group and we performed 
logistic regression analysis to ensure that any difference in 
baseline characteristics did not affect the outcome assessment.

Conclusion
PK-guided dosing has been proved effective in a specific 
patient population, including those critically ill, with 
chronic kidney disease or with MRSA bacteremia. 
However, in our study with non-critical patients, although 
PKCS increased the achievement of target trough concen-
tration, it did not lead to a higher treatment success rate, 
shorter duration of vancomycin treatment, or decreased 
VIN in vancomycin treatment. With this result, we wish 
to add to the growing body of literature regarding the 
clinical effectiveness of pharmacokinetic dose adjustment.

Abbreviations
PK, pharmacokinetic; PKCS, pharmacokinetic consultation 
service; TDM, therapeutic drug monitoring; VIN, vancomy-
cin-induced nephrotoxicity; MRSA, methicillin-resistant 
Staphylococcus aureus; MIC, minimum inhibitory concentra-
tion; AUC24/MICBMD, ratio of area under the curve over 24 
hours to MIC determined by broth microdilution; PK/PD, 
pharmacokinetic/pharmacodynamics; GFR, glomerular filtra-
tion rate; CKD-EPI, Chronic Kidney Disease Epidemiology 
Collaboration; KIMS, kinetic interaction of microparticles in 
solution; IQR, interquartile range; BMI, body mass index; 
MRCNS, methicillin-resistant coagulase negative 
Staphylococcus; ACE inhibitor, Angiotensin-converting 

enzyme inhibitor; ARBs, Angiotensin II receptor blockers; 
OR, odds ratio; CrCl, creatinine clearance.

Ethical Approval
This study was performed with the approval of the 
Institutional Review Board of Samsung Medical Center 
(approval number: SMC 2017-12-038-004). Furthermore, 
this study was conducted in accordance with the 
Declaration of Helsinki.

Author Contributions
All authors made a significant contribution to the work 
reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or 
in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be 
published; have agreed on the journal to which the article has 
been submitted; and agree to be accountable for all aspects of 
the work.

Funding
This material is based upon the work supported by the 
Ministry of Trade, Industry & Energy (MOTIE, Korea) 
under Industrial Technology Innovation Program 
No.10080648.

Disclosure
The authors declare no conflicts of interest.

References
1. Levine DP. Vancomycin: a history. Clin Infect Dis. 2006;42(Suppl 1): 

S5–S12. doi:10.1086/491709
2. Hassoun A, Linden PK, Friedman B. Incidence, prevalence, and manage-

ment of MRSA bacteremia across patient populations-a review of recent 
developments in MRSA management and treatment. Crit Care. 2017;21 
(1):211. doi:10.1186/s13054-017-1801-3

3. Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guidelines by the 
infectious diseases society of america for the treatment of 
methicillin-resistant Staphylococcus aureus infections in adults and 
children: executive summary. Clin Infect Dis. 2011;52(3):285–292. 
doi:10.1093/cid/cir034

4. Stevens DL. The role of vancomycin in the treatment paradigm. Clin 
Infect Dis. 2006;42(Suppl 1):S51–S57. doi:10.1086/491714

5. Löwdin E, Odenholt I, Cars O. In vitro studies of pharmacodynamic 
properties of vancomycin against Staphylococcus aureus and 
Staphylococcus epidermidis. Antimicrob Agents Chemother. 1998;42 
(10):2739–2744. doi:10.1128/aac.42.10.2739

6. Rybak M, Lomaestro B, Rotschafer JC, et al. Therapeutic monitoring of 
vancomycin in adult patients: a consensus review of the American 
Society of Health-System Pharmacists, the Infectious Diseases Society 
of America, and the Society of Infectious Diseases Pharmacists. Am 
J Health Syst Pharm. 2009;66(1):82–98. doi:10.2146/ajhp080434

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2021:15 438

Kim et al                                                                                                                                                              Dovepress

https://doi.org/10.1086/491709
https://doi.org/10.1186/s13054-017-1801-3
https://doi.org/10.1093/cid/cir034
https://doi.org/10.1086/491714
https://doi.org/10.1128/aac.42.10.2739
https://doi.org/10.2146/ajhp080434
http://www.dovepress.com
http://www.dovepress.com


7. Drusano GL. Antimicrobial pharmacodynamics: critical interactions of 
‘bug and drug’. Nat Rev Microbiol. 2004;2(4):289–300. doi:10.1038/ 
nrmicro862

8. Craig WA. Basic pharmacodynamics of antibacterials with clinical 
applications to the use of beta-lactams, glycopeptides, and linezolid. 
Infect Dis Clin North Am. 2003;17(3):479–501. doi:10.1016/s0891- 
5520(03)00065-5

9. Rybak MJ, Le J, Lodise TP, et al. Therapeutic monitoring of vanco-
mycin for serious methicillin-resistant Staphylococcus aureus infec-
tions: a revised consensus guideline and review by the American 
Society of Health-System Pharmacists, the Infectious Diseases 
Society of America, the Pediatric Infectious Diseases Society, and 
the Society of Infectious Diseases Pharmacists. Am J Health Syst 
Pharm. 2020;77(11):835–864. doi:10.1093/ajhp/zxaa036

10. Cong Y, Yang S, Rao X. Vancomycin resistant Staphylococcus aureus 
infections: a review of case updating and clinical features. J Adv Res. 
2020;21:169–176. doi:10.1016/j.jare.2019.10.005

11. Appelbaum PC. The emergence of vancomycin-intermediate and 
vancomycin-resistant Staphylococcus aureus. Clin Microbiol Infect. 
2006;12(Suppl 1):16–23. doi:10.1111/j.1469-0691.2006.01344.x

12. Álvarez R, López Cortés LE, Molina J, Cisneros JM, Pachón J. 
Optimizing the Clinical Use of Vancomycin. Antimicrob Agents 
Chemother. 2016;60(5):2601–2609. doi:10.1128/aac.03147-14

13. Begg EJ, Barclay ML, Kirkpatrick CM. The therapeutic monitoring 
of antimicrobial agents. Br J Clin Pharmacol. 2001;52(Suppl 1):35s– 
43s. doi:10.1046/j.1365-2125.2001.0520s1035.x

14. Levy G. What are narrow therapeutic index drugs? Clin Pharmacol 
Ther. 1998;63(5):501–505. doi:10.1016/s0009-9236(98)90100-x

15. Iwamoto T, Kagawa Y, Kojima M. Clinical efficacy of therapeutic 
drug monitoring in patients receiving vancomycin. Biol Pharm Bull. 
2003;26(6):876–879. doi:10.1248/bpb.26.876

16. Ye ZK, Tang HL, Zhai SD, Carvajal A. Benefits of therapeutic drug 
monitoring of vancomycin: a systematic review and meta-analysis. 
PLoS One. 2013;8(10):e77169. doi:10.1371/journal.pone.0077169

17. Roberts JA, Norris R, Paterson DL, Martin JH. Therapeutic drug 
monitoring of antimicrobials. Br J Clin Pharmacol. 2012;73 
(1):27–36. doi:10.1111/j.1365-2125.2011.04080.x

18. Allegaert K, Flint R, Smits A. Pharmacokinetic modelling and Bayesian 
estimation-assisted decision tools to optimize vancomycin dosage in neo-
nates: only one piece of the puzzle. Expert Opin Drug Metab Toxicol. 
2019;15(9):735–749. doi:10.1080/17425255.2019.1655540

19. He N, Su S, Yan Y, Liu W, Zhai S. The benefit of individualized 
vancomycin dosing via pharmacokinetic tools: a systematic review 
and meta-analysis. Ann Pharmacother. 2020;54(4):331–343. 
doi:10.1177/1060028019887363

20. Momattin H, Zogheib M, Homoud A, Al-Tawfiq JA. Safety and 
outcome of pharmacy-led vancomycin dosing and monitoring. 
Chemotherapy. 2016;61(1):3–7. doi:10.1159/000440607

21. Monteiro JF, Hahn SR, Gonçalves J, Fresco P. Vancomycin therapeu-
tic drug monitoring and population pharmacokinetic models in spe-
cial patient subpopulations. Pharmacol Res Perspect. 2018;6(4): 
e00420. doi:10.1002/prp2.420

22. Muklewicz JD, Steuber TD, Edwards JD. Evaluation of area under 
the concentration-time curve-guided vancomycin dosing with or 
without piperacillin-tazobactam on the incidence of acute kidney 
injury. Int J Antimicrob Agents. 2020;57:106234. doi:10.1016/j. 
ijantimicag.2020.106234

23. Rotschafer JC, Crossley K, Zaske DE, Mead K, Sawchuk RJ, 
Solem LD. Pharmacokinetics of vancomycin: observations in 28 
patients and dosage recommendations. Antimicrob Agents 
Chemother. 1982;22(3):391–394. doi:10.1128/aac.22.3.391

24. Stoessel AM, Hale CM, Seabury RW, Miller CD, Steele JM. The 
impact of AUC-based monitoring on pharmacist-directed vancomy-
cin dose adjustments in complicated methicillin-resistant 
Staphylococcus aureus infection. J Pharm Pract. 2019;32 
(4):442–446. doi:10.1177/0897190018764564

25. Truong J, Smith SR, Veillette JJ, Forland SC. Individualized pharma-
cokinetic dosing of vancomycin reduces time to therapeutic trough 
concentrations in critically ill patients. J Clin Pharmacol. 2018;58 
(9):1123–1130. doi:10.1002/jcph.1273

26. Wallenburg E, Ter Heine R, Schouten JA, Brüggemann RJM. 
Personalised antimicrobial dosing: standing on the shoulders of 
giants. Int J Antimicrob Agents. 2020;56:106062. doi:10.1016/j. 
ijantimicag.2020.106062

27. Zhao W, Lopez E, Biran V, Durrmeyer X, Fakhoury M, Jacqz- 
Aigrain E. Vancomycin continuous infusion in neonates: dosing 
optimisation and therapeutic drug monitoring. Arch Dis Child. 
2013;98(6):449–453. doi:10.1136/archdischild-2012-302765

28. Stocker SL, Carland JE, Reuter SE, et al. Evaluation of a pilot 
vancomycin precision dosing advisory service on target exposure 
attainment using an interrupted time series analysis. Clin 
Pharmacol Ther. 2020. doi:10.1002/cpt.2113

29. Hong J, Krop LC, Johns T, Pai MP. Individualized vancomycin 
dosing in obese patients: a two-sample measurement approach 
improves target attainment. Pharmacotherapy. 2015;35(5):455–463. 
doi:10.1002/phar.1588

30. Rybak MJ, Lomaestro BM, Rotschafer JC, et al. Vancomycin ther-
apeutic guidelines: a summary of consensus recommendations from 
the infectious diseases Society of America, the American Society of 
Health-System Pharmacists, and the Society of Infectious Diseases 
Pharmacists. Clin Infect Dis. 2009;49(3):325–327. doi:10.1086/ 
600877

31. Abulfathi AA, Chirehwa M, Rosenkranz B, Decloedt EH. Evaluation 
of the effectiveness of dose individualization to achieve therapeutic 
vancomycin concentrations. J Clin Pharmacol. 2018;58 
(9):1134–1139. doi:10.1002/jcph.1254

32. Cardile AP, Tan C, Lustik MB, et al. Optimization of time to initial 
vancomycin target trough improves clinical outcomes. Springerplus. 
2015;4:364. doi:10.1186/s40064-015-1146-9

33. Crumby T, Rinehart E, Carby MC, Kuhl D, Talati AJ. 
Pharmacokinetic comparison of nomogram-based and individualized 
vancomycin regimens in neonates. Am J Health Syst Pharm. 2009;66 
(2):149–153. doi:10.2146/ajhp080121

34. Grimsley C, Thomson AH. Pharmacokinetics and dose requirements 
of vancomycin in neonates. Arch Dis Child Fetal Neonatal Ed. 
1999;81(3):F221–F227. doi:10.1136/fn.81.3.f221

35. Hirano R, Sakamoto Y, Kitazawa J, Yamamoto S, Tachibana N. 
Pharmacist-managed dose adjustment feedback using therapeutic 
drug monitoring of vancomycin was useful for patients with 
methicillin-resistant Staphylococcus aureus infections: a single insti-
tution experience. Infect Drug Resist. 2016;9:243–252. doi:10.2147/ 
idr.S109485

36. Irikura M, Fujiyama A, Saita F, et al. Evaluation of the vancomycin 
dosage regimen based on serum creatinine used in the neonatal 
intensive care unit. Pediatr Int. 2011;53(6):1038–1044. doi:10.1111/ 
j.1442-200X.2011.03441.x

37. Komoto A, Maiguma T, Teshima D, Sugiyama T, Haruki Y. Effects 
of pharmacist intervention in Vancomycin treatment for patients with 
bacteremia due to Methicillin-resistant Staphylococcus aureus. PLoS 
One. 2018;13(9):e0203453. doi:10.1371/journal.pone.0203453

38. Masuda N, Maiguma T, Komoto A, et al. Impact of pharmacist 
intervention on preventing nephrotoxicity from vancomycin. 
Int J Clin Pharmacol Ther. 2015;53(4):284–291. doi:10.5414/ 
cp202274

39. Miller CL, Winans SA, Veillette JJ, Forland SC. Use of individual 
pharmacokinetics to improve time to therapeutic vancomycin trough 
in pediatric oncology patients. J Pediatr Pharmacol Ther. 2018;23 
(2):92–99. doi:10.5863/1551-6776-23.2.92

40. Thiese MS. Observational and interventional study design types; an 
overview. Biochem Med (Zagreb). 2014;24(2):199–210. 
doi:10.11613/bm.2014.022

Drug Design, Development and Therapy 2021:15                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
439

Dovepress                                                                                                                                                              Kim et al

https://doi.org/10.1038/nrmicro862
https://doi.org/10.1038/nrmicro862
https://doi.org/10.1016/s0891-5520(03)00065-5
https://doi.org/10.1016/s0891-5520(03)00065-5
https://doi.org/10.1093/ajhp/zxaa036
https://doi.org/10.1016/j.jare.2019.10.005
https://doi.org/10.1111/j.1469-0691.2006.01344.x
https://doi.org/10.1128/aac.03147-14
https://doi.org/10.1046/j.1365-2125.2001.0520s1035.x
https://doi.org/10.1016/s0009-9236(98)90100-x
https://doi.org/10.1248/bpb.26.876
https://doi.org/10.1371/journal.pone.0077169
https://doi.org/10.1111/j.1365-2125.2011.04080.x
https://doi.org/10.1080/17425255.2019.1655540
https://doi.org/10.1177/1060028019887363
https://doi.org/10.1159/000440607
https://doi.org/10.1002/prp2.420
https://doi.org/10.1016/j.ijantimicag.2020.106234
https://doi.org/10.1016/j.ijantimicag.2020.106234
https://doi.org/10.1128/aac.22.3.391
https://doi.org/10.1177/0897190018764564
https://doi.org/10.1002/jcph.1273
https://doi.org/10.1016/j.ijantimicag.2020.106062
https://doi.org/10.1016/j.ijantimicag.2020.106062
https://doi.org/10.1136/archdischild-2012-302765
https://doi.org/10.1002/cpt.2113
https://doi.org/10.1002/phar.1588
https://doi.org/10.1086/600877
https://doi.org/10.1086/600877
https://doi.org/10.1002/jcph.1254
https://doi.org/10.1186/s40064-015-1146-9
https://doi.org/10.2146/ajhp080121
https://doi.org/10.1136/fn.81.3.f221
https://doi.org/10.2147/idr.S109485
https://doi.org/10.2147/idr.S109485
https://doi.org/10.1111/j.1442-200X.2011.03441.x
https://doi.org/10.1111/j.1442-200X.2011.03441.x
https://doi.org/10.1371/journal.pone.0203453
https://doi.org/10.5414/cp202274
https://doi.org/10.5414/cp202274
https://doi.org/10.5863/1551-6776-23.2.92
https://doi.org/10.11613/bm.2014.022
http://www.dovepress.com
http://www.dovepress.com


41. Ho AMH, Phelan R, Mizubuti GB, et al. Bias in before-after studies: 
narrative overview for anesthesiologists. Anesth Analg. 2018;126 
(5):1755–1762. doi:10.1213/ane.0000000000002705

42. Ho KK, Thiessen JJ, Bryson SM, Greenberg ML, Einarson TR, 
Leson CL. Challenges in comparing treatment outcome from 
a prospective with that of a retrospective study: assessing the merit of 
gentamicin therapeutic drug monitoring in pediatric oncology. Ther Drug 
Monit. 1994;16(3):238–247. doi:10.1097/00007691-199406000-00003

43. Dorajoo SR, Winata CL, Goh JHF, et al. Optimizing vancomycin 
dosing in chronic kidney disease by deriving and implementing a 
web-based tool using a population pharmacokinetics analysis. Front 
Pharmacol. 2019;10:641. doi:10.3389/fphar.2019.00641

44. Suzuki Y, Kawasaki K, Sato Y, et al. Is peak concentration needed in 
therapeutic drug monitoring of vancomycin? A 
pharmacokinetic-pharmacodynamic analysis in patients with 
methicillin-resistant staphylococcus aureus pneumonia. 
Chemotherapy. 2012;58(4):308–312. doi:10.1159/000343162

45. Lodise TP, Drusano GL, Zasowski E, et al. Vancomycin exposure in 
patients with methicillin-resistant Staphylococcus aureus bloodstream 
infections: how much is enough? Clin Infect Dis. 2014;59 
(5):666–675. doi:10.1093/cid/ciu398

46. Lodise TP, Patel N, Lomaestro BM, Rodvold KA, Drusano GL. 
Relationship between initial vancomycin concentration-time profile 
and nephrotoxicity among hospitalized patients. Clin Infect Dis. 
2009;49(4):507–514. doi:10.1086/600884

47. Neely MN, Youn G, Jones B, et al. Are vancomycin trough concen-
trations adequate for optimal dosing? Antimicrob Agents Chemother. 
2014;58(1):309–316. doi:10.1128/aac.01653-13

48. Finch NA, Zasowski EJ, Murray KP, et al. A quasi-experiment to 
study the impact of vancomycin area under the concentration-time 
curve-guided dosing on vancomycin-associated nephrotoxicity. 
Antimicrob Agents Chemother. 2017;61(12). doi:10.1128/ 
aac.01293-17

49. Bellos I, Daskalakis G, Pergialiotis V. Relationship of vancomycin 
trough levels with acute kidney injury risk: an exposure-toxicity 
meta-analysis. J Antimicrob Chemother. 2020;75(10):2725–2734. 
doi:10.1093/jac/dkaa184

50. Chavada R, Ghosh N, Sandaradura I, Maley M, Van Hal SJ. 
Establishment of an AUC(0-24) threshold for nephrotoxicity is 
a step towards individualized vancomycin dosing for 
methicillin-resistant Staphylococcus aureus bacteremia. Antimicrob 
Agents Chemother. 2017;61(5). doi:10.1128/aac.02535-16

51. The periodic health examination. Canadian task force on the periodic 
health examination. Can Med Assoc J. 1979;121(9):1193–1254.

52. Lee BV, Fong G, Bolaris M, et al. Cost-benefit analysis comparing 
trough, two-level AUC, and Bayesian AUC dosing for vancomycin. 
Clin Microbiol Infect. 2020. doi:10.1016/j.cmi.2020.11.008

53. Neely MN, Kato L, Youn G, et al. Prospective trial on the use of 
trough concentration versus area under the curve to determine ther-
apeutic vancomycin dosing. Antimicrob Agents Chemother. 2018;62 
(2). doi:10.1128/aac.02042-17

54. Flannery AH, Delozier NL, Effoe SA, Wallace KL, Cook AM, 
Burgess DS. First-dose vancomycin pharmacokinetics versus empiric 
dosing on area-under-the-curve target attainment in critically ill 
patients. Pharmacotherapy. 2020;40:1210–1218. doi:10.1002/ 
phar.2486

55. Dilworth TJ, Schulz LT, Rose WE. Vancomycin advanced therapeutic 
drug monitoring: an exercise in futility or virtuous endeavor to 
improve drug efficacy and safety? Clin Infect Dis. 2020. 
doi:10.1093/cid/ciaa1354

56. Kufel WD, Seabury RW, Mogle BT, Beccari MV, Probst LA, 
Steele JM. Readiness to implement vancomycin monitoring based 
on area under the concentration-time curve: a cross-sectional survey 
of a national health consortium. Am J Health Syst Pharm. 2019;76 
(12):889–894. doi:10.1093/ajhp/zxz070

57. Flannery AH, Hammond DA, Oyler DR, et al. Vancomycin dosing 
practices among critical care pharmacists: a survey of society of 
critical care medicine pharmacists. Infect Dis (Auckl). 
2020;13:1178633720952078. doi:10.1177/1178633720952078

58. Choi R, Woo HI, Park HD, Lee SY. A nationwide utilization survey 
of therapeutic drug monitoring for five antibiotics in South Korea. 
Infect Drug Resist. 2019;12:2163–2173. doi:10.2147/idr.S208783

59. Teo BW, Zhang L, Guh J-Y, et al. Glomerular filtration rates in 
asians. Adv Chronic Kidney Dis. 2018;25(1):41–48. doi:10.1053/j. 
ackd.2017.10.005

60. Joyce EL, Kane-Gill SL, Fuhrman DY, Kellum JA. Drug-associated 
acute kidney injury: who’s at risk? Pediatr Nephrol. 2017;32 
(1):59–69. doi:10.1007/s00467-016-3446-x

61. Filippone EJ, Kraft WK, Farber JL. The Nephrotoxicity of 
Vancomycin. Clin Pharmacol Ther. 2017;102(3):459–469. 
doi:10.1002/cpt.726

62. Covvey JR, Erickson O, Fiumara D, et al. Comparison of vancomy-
cin area-under-the-curve dosing versus trough target-based dosing in 
obese and nonobese patients with methicillin-resistant 
Staphylococcus aureus bacteremia. Ann Pharmacother. 2020;54 
(7):644–651. doi:10.1177/1060028019897100

63. Meng L, Wong T, Huang S, et al. Conversion from vancomycin 
trough concentration-guided dosing to area under the curve-guided 
dosing using two sample measurements in adults: implementation at 
an academic medical center. Pharmacotherapy. 2019;39(4):433–442. 
doi:10.1002/phar.2234

64. Oda K, Jono H, Nosaka K, Saito H. Reduced nephrotoxicity with 
vancomycin therapeutic drug monitoring guided by area under the 
concentration-time curve against a trough 15–20 μg/mL concentra-
tion. Int J Antimicrob Agents. 2020;56(4):106109. doi:10.1016/j. 
ijantimicag.2020.106109

65. Pea F, Bertolissi M, Di Silvestre A, Poz D, Giordano F, Furlanut M. 
TDM coupled with Bayesian forecasting should be considered an 
invaluable tool for optimizing vancomycin daily exposure in unstable 
critically ill patients. Int J Antimicrob Agents. 2002;20(5):326–332. 
doi:10.1016/s0924-8579(02)00188-7

Drug Design, Development and Therapy                                                                                           Dovepress 

Publish your work in this journal 
Drug Design, Development and Therapy is an international, peer- 
reviewed open-access journal that spans the spectrum of drug design 
and development through to clinical applications. Clinical outcomes, 
patient safety, and programs for the development and effective, safe, 
and sustained use of medicines are a feature of the journal, which has also 

been accepted for indexing on PubMed Central. The manuscript 
management system is completely online and includes a very quick 
and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published 
authors.  

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2021:15 440

Kim et al                                                                                                                                                              Dovepress

https://doi.org/10.1213/ane.0000000000002705
https://doi.org/10.1097/00007691-199406000-00003
https://doi.org/10.3389/fphar.2019.00641
https://doi.org/10.1159/000343162
https://doi.org/10.1093/cid/ciu398
https://doi.org/10.1086/600884
https://doi.org/10.1128/aac.01653-13
https://doi.org/10.1128/aac.01293-17
https://doi.org/10.1128/aac.01293-17
https://doi.org/10.1093/jac/dkaa184
https://doi.org/10.1128/aac.02535-16
https://doi.org/10.1016/j.cmi.2020.11.008
https://doi.org/10.1128/aac.02042-17
https://doi.org/10.1002/phar.2486
https://doi.org/10.1002/phar.2486
https://doi.org/10.1093/cid/ciaa1354
https://doi.org/10.1093/ajhp/zxz070
https://doi.org/10.1177/1178633720952078
https://doi.org/10.2147/idr.S208783
https://doi.org/10.1053/j.ackd.2017.10.005
https://doi.org/10.1053/j.ackd.2017.10.005
https://doi.org/10.1007/s00467-016-3446-x
https://doi.org/10.1002/cpt.726
https://doi.org/10.1177/1060028019897100
https://doi.org/10.1002/phar.2234
https://doi.org/10.1016/j.ijantimicag.2020.106109
https://doi.org/10.1016/j.ijantimicag.2020.106109
https://doi.org/10.1016/s0924-8579(02)00188-7
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Methods
	Description of the Pharmacokinetic Consultation Service
	Study Design and Population
	Data Collection
	Serum Vancomycin Concentration
	Target Trough Range
	Microbiological Data
	Comorbidities
	Vancomycin Treatment Outcome
	Nephrotoxicity and Outcome Assessment
	Statistical Analysis

	Results
	Vancomycin TDM
	Nephrotoxicity Assessment
	Primary Outcome– Attainment of Target Trough Concentration
	Secondary Outcome– Clinical Outcome
	Duration of Vancomycin Therapy

	Discussion
	Conclusion
	Abbreviations
	Ethical Approval
	Author Contributions
	Funding
	Disclosure
	References

