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Background: Low trough concentrations of vancomycin (VCM) are common in patients 
receiving the drug, because patients are often administered relatively low doses of VCM due 
to its high potential for renal toxicity. However, the clinical risk factors associated with low 
VCM trough concentration in relation to renal function are unclear.
Methods: Patients at our hospital who received VCM intravenously from January 2018 to 
December 2020 were analyzed. The patients were divided into two groups based on their renal 
function: normal and lower renal function, such as estimated glomerular filtration rate (eGFR) 
≧60 and <60 mL/min/1.73 m2, respectively. In each renal function group, patients’ background 
characteristics, laboratory data and treatments were compared between lower VCM concentra
tion (<10 mg/L) and appropriate VCM concentration (10–20 mg/L) subgroups.
Results: Among 101 patients with normal renal function, 47 and 54 patients, respectively, showed 
lower and appropriate VCM trough concentrations. Elderly age, short stature, and higher C-reactive 
protein (CRP) level were significantly more common in the lower VCM concentration group 
compared with appropriate VCM concentration group. Among the 45 patients with renal dysfunc
tion, 20 and 25 patients, respectively, showed lower and appropriate VCM trough concentrations. 
CRP levels were significantly higher in lower VCM concentration than appropriate VCM concen
tration subgroups. Multivariate analysis showed that insufficient total VCM doses and higher CRP 
might have affected the lower VCM trough concentration in patients with normal renal function.
Conclusion: The results of this study suggest that higher CRP might be one of the risk 
factors associated with lower VCM concentration in both normal and low renal function 
patients. Severely ill and emergency patients might receive a lower VCM dose due to 
underestimation of the acceptable VCM dose.
Keywords: therapeutic drug monitoring, vancomycin, estimated glomerular filtration rate, 
C-reactive protein

Introduction
Methicillin-resistant S. aureus (MRSA) is currently a common cause of hospital-acquired 
infections, and a multinational surveillance study suggested a high prevalence of MRSA 
in many countries.1,2 In Japan, MRSA-related diseases, including bacteremia, skin and 
soft tissue infections and pneumonia are serious issues, occurring at a high frequency and 
with a high risk of mortality, and exhibit resistance to several antibiotics.3

Vancomycin (VCM) is a representative anti-MRSA agent that is used world
wide. However, due to its potential for causing renal toxicity, its strict use, includ
ing with therapeutic drug monitoring (TDM), is strongly recommended to prevent 
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kidney dysfunction and high blood concentrations of the 
drug, as with other anti-MRSA agents, such as 
teicoplanin.4,5 Therefore, to strike a balance between clin
ical efficacy and safety, establishing the initial dosage and 
measurement of trough VCM values on day 3 of therapy 
are mandatory during TDM.5,6

The ratio of the area under the curve over 24 hours to 
the minimum inhibitory concentration (AUC/MIC) of 
VCM of ≥400 is the primary pharmacokinetic/pharmaco
dynamic (PK/PD) indicator of VCM activity, and promot
ing serum trough concentrations of 15 to 20 mg/L as 
a surrogate marker for the optimal vancomycin AUC/ 
MIC if the MIC of MRSA was ≤1 mg/L although much 
more recommended use of AUC/MIC of VCM of ≥400 
than trough concentration recently.7 The AUC/MIC ratio 
of 400 or more is associated with improved clinical 
response and microbiologic eradication in adult patients 
with MRSA lower respiratory tract infection.8 In children, 
the recommended dose of VCM for serious or invasive 
diseases ranged from 15 mg/kg/dose every 6 h (60 mg/kg/ 
day) up to 20 mg/kg/dose every 6 h (80 mg/kg/day) for 
MRSA with MIC of 1mg/mL or less to VCM,9 and corre
lation between VCM trough and AUC/MIC of VCM 
values in children has been observed although the values 
of trough that correlate with the target AUC/MIC of VCM 
of ≥400 in children are lower than the values observed and 
targeted in adults.10

In order to achieve an initial target trough VCM value 
of 15 to 20 μg/mL as the dose setting after VCM admin
istration, although a trough value of 10 to 15 μg/mL is also 
acceptable, the 2016 Japanese guidelines published by the 
Japanese Society of Chemotherapy and the Japanese 
Society of Therapeutic Drug Monitoring for TDM of 
VCM (GL2016) described specific dosages according to 
renal function.5,6 Since September 2016, our hospital has 
been determining the therapeutic dosage of VCM based on 
the GL2016 and by measurement of its trough values. 
However, low trough concentrations of VCM were fre
quently observed in patients with deterioration of renal 
function in whom relatively lose doses of VCM might 
have been administered.11

Additionally, the clinical risk factors associated with 
low VCM trough concentrations in patients stratified 
according to renal function are unclear. In this study, we 
analyzed patients who received VCM intravenously in 
order to determine the risk factors of lower VCM trough 
concentration and insufficient clinical effect by comparing 
patients with normal renal function, with an eGFR of 

≧60 mL/min/1.73 m2, with patients with renal dysfunc
tion, with an eGFR of <60 mL/min/1.73 m2, and found 
C-reactive protein (CRP) levels were significantly higher 
in lower VCM concentration than appropriate VCM con
centration subgroups.

Methods
Study Subjects
A total of 279 patients who received VCM intravenously 
at our institution to treat the MRSA infectious diseases, 
including bacteremia, skin and soft tissue infections, sur
gical site infection, endocarditis, and pneumonia between 
January 2018 and December 2020, were retrospectively 
investigated (Figure 1). Inclusion criteria were as follows: 
older than 18 years, received vancomycin in the setting 
of suspected MRSA infection, and administered VCM 
intravenously more than 7 days, respectively. Among 
them, one minor patient, 58 patients who received hemo
dialysis, 61 patients in whom the trough value of VCM 
was not measured, and 13 patients who had a trough 
VCM value of more than 20 μg/mL were excluded due 
to their being inappropriate subjects for this study 
because high trough value of VCM reflect the renal 
functions and we could not distinguish the chronic kidney 
disease (CKD) as the basic complications from the side 
effects of high dose VCM.

The remaining 146 patients were divided into two 
groups based on their renal function: the normal renal 
function group: eGFR ≧60 mL/min/1.73 m2 (n=101), 
and the renal dysfunction group: eGFR <60 mL/min/ 
1.73 m2 (n=45), respectively (Figure 1).

The 2012 Clinical Practice Guidebook for Diagnosis 
and Treatment of CKD guidelines were used for classify
ing the severity of renal dysfunction.12

Furthermore, in each group, factors such as patients’ 
background characteristics, laboratory data and treatments 
were compared between the lower VCM concentration sub
group (<10 mg/L), and the appropriate VCM concentration 
subgroup (between 10 and 20 mg/L), respectively, in the 
serum at the Day 3 after VCM administration were started.

Blood Sampling
Blood samples of ~2.5 mL were obtained 72 hours after 
the initiation of VCM infusion. All blood samples were 
allowed to clot and then centrifuged at 2000 rpm. The 
serum obtained was stored at −80°C until analyzed.
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VCM Assays
Concentrations of VCM in serum were determined by 
fluorescence polarization immunoassay (AxSYM; 
Abbott Laboratories, Abbott Park, IL, USA). The assay 
limit of detection of VCM was 2 μg/mL. Furthermore, 
we did not use trough concentration/daily dose (C0/D) 
unfortunately because C0/D is not available in Japan, 
and we have analyzed separately the trough concentra
tion and total daily dose.

PK/PD Analysis
VCM PK analyses were conducted using two 
approaches: the noncompartmental modeling (model- 
independent methods) and the compartmental modeling 
using PhoenixR WinNonlinR Version 6.3 (CertaraTM, 
St. Louis, MO, USA) to determine the PK parameters 
of interest in each individual patient. The probability of 
achieving the PD target of AUC24/MIC ≥400 in 
patients treated with VCM was assessed using 
AUC24/MIC model and parameters estimated from 
the PK analysis using by the VCM analysis computer 
software (VCM-soft).11

Ethical Considerations
This study was conducted in accordance with the 
Declaration of Helsinki and approved by the 
Committee for Clinical Scientific Research of Tohoku 
Medical and Pharmaceutical University Hospital 
(approval numbers ID2017-2-030 and −033) and all 
patients provided written informed consent for use of 

their blood samples, although measurement and estima
tion of VCM concentrations in blood are an essential 
part of our routine hospital pharmacological 
procedures.

Statistical Analysis
Normally distributed clinical and demographic data 
were subjected to analysis of variance, with Fisher’s 
exact test for multiple comparisons; non-normally dis
tributed data were analyzed by non-parametric statis
tics, such as the Mann–Whitney U-test. When 
necessary, the results were further corrected using the 
Bonferroni method. The 95% confidence intervals (CIs) 
of risk factors affecting lower trough values of VCM 
were estimated using univariate and multivariate logis
tic regression analysis. Multivariate logistic analysis 
was performed using logistic regression models. 
Variables achieving a probable p value of <0.2 in uni
variate logistic analysis were included in multivariate 
analysis to determine the factors associated with 
a lower VCM trough value. Predictive values are pre
sented as odds ratios (ORs) with their respective 
95% CIs.

All the other data are presented as the mean ± SD. 
A p-value of less than 0.05 denoted a statistically signifi
cant difference. All analyses were carried out using Stat 
View software (Abacus Concepts, Cary, NC, USA) and 
SPSS Statistics version 25 (IBM: International Business 
Machines Corporation, Armonk NY, USA).

Figure 1 Flowchart of the study population.
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Results
Background Factors, Laboratory Data and 
Treatments in Patients with Normal Renal 
Function
Among the 101 patients with normal renal function, 47 
and 54 patients, respectively, had lower and appropriate 
VCM concentrations (Table 1).

Elderly patients, those of a short stature, and with 
hematological malignancy exhibited lower VCM concen
trations, although male/female ratio, body weight, body 
surface area, body mass index (BMI) and temperature 

were similar between low and normal VCM concentration 
subgroups among patients with normal renal function.

In terms of laboratory data, C-reactive protein (CRP) 
levels were significantly higher in the low VCM concentration 
subgroup than the normal VCM concentration group. The 
biomarkers of renal function, white blood cell counts and 
albumin concentrations were not significantly different 
between the two groups.

The total dose of VCM was significantly lower in the lower 
VCM concentration subgroup than the normal VCM concen
tration subgroup. Both estimated and actual trough VCM con
centrations were lower in the lower VCM concentration 

Table 1 Background Characteristics of Patients with Normal Kidney Function, ie, with an eGFR of ≧60 mL/min/1.73 m2

eGFR≧60mL/min/1.73m2

Lower Trough Group (n=47) Appropriate Trough Group (n=54) P value

Backgrounds
Gender (Male) 28 41 0.09a

Age (years, Median) 78.0 (63–81) 70.0 (63–77) 0.047b

Height (cm) 158.6 ± 10.4 163.3 ± 9.4 0.02c

Weight (kg) 53.5 ± 12.7 55.9 ± 11.9 0.33c

Body surface area (m2) 1.53 ± 0.21 1.59 ± 0.18 0.11c

BMI 20.6 (19.0–22.8) 20.5 (18.1–24.1) 0.88b

Solid tumor 13 22 0.21a

Hematological malignancy 8 2 0.04a

Heart failure 8 15 0.24a

Temperature (°C) 38.3 (37.2–39.0) 37.8 (36.9–38.6) 0.19b

Laboratory data
BUN (mg/dL) 14.0 (11.0–18.5) 17.0 (13.3–19.0) 0.18b

Scr (mg/dL) 0.63 ± 0.15 0.69 ± 0.18 0.07c

eGFR (mL/min/1.73m2) 82.0 (73.0–95.0) 76.9 (64.6–85.2) 0.42b

eGFR (mL/min) 69.6 (62.7–88.6) 74.4 (64.6–85.7) 0.44b

CLcr (mL/min) 69.9 (55.2–94.8) 76.5 (60.8–100.5) 0.30b

WBC (/μL) 9700 (5400–13,550) 7850 (5450–10,625) 0.43b

CRP (mg/dL) 9.88 (5.45–15.49) 6.25 (2.77–10.59) 0.02b

Alb (g/dL) 2.69 ± 0.58 2.56 ± 0.60 0.27c)

BNP (pg/mL) 61.6 (21.7–197.2) 134.1 (52.9–367.6) 0.07b

Treatments
Loading use 18 13 0.14a

VCM use until first measure (times) 5 (4.0–6.5) 5 (4.3–6.0) 0.54b

Estimated trough value (μg/mL) 11.1 ± 4.4 13.4 ± 3.3 <0.01c

Practical trough value (μg/mL) 7.2 ± 2.1 12.9 ± 2.3 <0.01c

Transfusion (L) 3.5 (2.4–5.1) 2.9 (1.1–4.1) 0.056b

Diuretic use 10 18 0.19a

Catecholamine use 2 3 1a

Operation within 48 hours 4 4 1a

Within 14 days 9 8 0.60a

Within 30 days 11 11 0.81a

Notes: aFisher’s exact test, bMann–Whitney U-test, cStudent‘s t-test: mean ± SD. 
Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; CLcr, creatinine clearance; WBC, white 
blood cell; CRP, C-reactive protein; Alb, albumin; BNP, brain natriuretic peptide; VCM, vancomycin, respectively.
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subgroup than the normal VCM concentration subgroup. 
Loading dose of VCM, transfusions, diuretic usage, catecho
lamine usage, and time interval between start of the VCM 
administration and surgery were similar between the low and 
appropriate VCM trough subgroups in patients with normal 
renal function.

Background Factors, Laboratory Data and 
Treatments in Patients with Renal 
Dysfunction
Among the 45 renal dysfunction group patients, 20 and 25 
patients, respectively, had lower and appropriate VCM 
concentrations (Table 2).

The background characteristics were similar between 
patients with lower and normal VCM trough concentra
tions, although in terms of laboratory data, CRP levels 
were significantly higher and brain natriuretic peptide 
(BNP) levels were significantly lower in the lower VCM 
concentration subgroup compared with the appropriate 
VCM concentration subgroup.

In terms of treatments, the estimated trough value and 
actual trough value were lower in the lower VCM concen
tration subgroup than the normal VCM concentration sub
group, although the total dose of VCM was similar 
between the two groups. Loading dose of VCM, transfu
sion, diuretic usage, catecholamine usage, and time 

Table 2 Background Characteristics of Patients with Decreased Renal Function, ie, an eGFR of <60 mL/min/1.73 m2

eGFR<60mL/min/1.73m2

Lower Trough Group (n=20) Appropriate Trough Group (n=25) P value

Backgrounds
Gender (Female) 14 14 0.37a

Age (years, Median) 75.3 ± 7.9 75.1 ± 10.3 0.95c

Height (cm) 158.7 ± 9.2 157.1 ± 8.6 0.54c

Weight (kg) 59.6 ± 13.8 57.4 ± 14.8 0.61c

Body surface area (m2) 1.60 ± 0.22 1.56 ± 0.20 0.51c

BMI 23.4 ± 3.8 23.2 ± 5.5 0.87c

Solid Tumor 7 5 0.32a

Hematological malignancy 1 4 0.36a

Heart failure 5 13 0.08a

Temperature (°C) 37.7 (37.2–39.3) 37.6 (37.2–38.2) 0.41b

Laboratory data
BUN (mg/dL) 22.5 (16.8–26.8) 25.0 (21.0–55.0) 0.16b

Scr (mg/dL) 1.15 (0.97–1.28) 1.19 (1.03–1.59) 0.34b

eGFR (mL/min/1.73m2) 46.5 (39.3–50.3) 45.0 (30.0–50.0) 0.21b

eGFR (mL/min) 41.8 ± 9.6 36.6 ± 12.0 0.13c

CLcr (mL/min) 44.8 (38.1–48.8) 43.1 (25.4–46.4) 0.31b

WBC (/μL) 10,150 (6325–11,525) 11,300 (5900–16,300) 0.88b

CRP (mg/dL) 11.5 (5.1–22.3) 7.3 (2.2–14.0) 0.01b

Alb (g/dL) 2.61 ± 0.63 2.62 ± 0.60 0.97c

BNP (pg/mL) 76.7 (38.3–136.2) 198.2 (96.5–492.1) 0.02b

Treatments
Loading use 5 13 0.07a

VCM use until first measure (times) 4 (4.0–4.3) 4 (4.0–5.0) 0.46b

Estimated trough value (μg/mL) 12.4 (11.4–13.3) 15.1 (13.2–17.1) <0.01b

Practical trough value (μg/mL) 6.34 ± 2.0 13.3 ± 2.4 <0.01c

Transfusion (L) 3.36 ± 2.15 3.00 ± 1.80 0.49c

Diuretic use 7 12 0.55a

Catecholamine use 1 0 0.44a

Operation within 48 hours 2 1 0.58a

Within 14 days 7 6 0.52a

Within 30 days 8 8 0.76a

Notes: aFisher’s exact test, bMann–Whitney U-test, cStudent‘s t-test: mean ± SD. 
Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; CLcr, creatinine clearance; WBC, white 
blood cell; CRP, C-reactive protein; Alb, albumin; BNP, brain natriuretic peptide; VCM, vancomycin, respectively.
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interval between start of the VCM administration were 
similar in the two groups, as in the 101 patients with 
normal renal function.

Multivariate Analysis of Factors Affecting 
the Lower Trough Value of Vancomycin in 
Patients with Normal Renal Function
Multivariate analysis of factors showed that an insufficient 
total dose of VCM might have affected the lower VCM 
trough concentrations in patients with normal renal func
tion (Table 3). In addition, higher CRP was also shown to 
be one of the significant factors related to lower VCM 
trough. Age, eGFR (mL/min/1.73 m2) and diuretic use 
were considered to be risk factors for lower VCM trough 
concentrations because variables achieving a probable 
p value <0.2 in univariate logistic analysis; however, the 
results of multivariate analysis were not statistically 
significant.

Unfortunately, we could not perform multivariate ana
lysis of factors affecting a lower trough value of VCM in 
patients with renal dysfunction because of an insufficient 
number of such patients (data not shown).

Discussion
VCM is a relatively hydrophilic antibiotic, and the leakage 
of the fluid from the vessels may result in the larger 
volume of VCM distribution, as well as decrease its 
plasma drug concentration in critically ill patients.13 The 
primary response in critically ill patients caused by the 
release of intrinsic mediators by the host as a reaction to 
bacterial toxins leads to the increase in capillary perme
ability, edema formation, vasodilatation, and hypotension. 
These alterations in pathophysiological conditions may 
result in PK changes in several antibiotics, includ
ing VCM.

In this study, the results showed that in patients with 
normal renal function, ie an eGFR of ≧60 mL/min/1.73 m2, 
elderly age, short stature, and higher CRP levels were 

significantly associated with lower VCM trough concentra
tions. In patients with renal dysfunction as well, CRP levels 
were significantly higher in the lower VCM concentration 
subgroup than the appropriate VCM concentration subgroup. 
For the first time, it was reported the relation between CRP and 
VCM trough concentration was significant, and the multivari
ate analysis data suggested that higher CRP levels, such as in 
patients with severe inflammation, including a septic status, 
might be one of the most important factors, among others, 
associated with lower trough concentrations of VCM.

Usually, increased permeable VCM in the tissue and 
augmented renal clearance (ARC), characterized by 
increased creatinine clearance and elimination of renal 
eliminated medications, are found in critically ill 
patients, such as those with severe neurological injury, 
trauma, burns and sepsis.14,15 Septic conditions were 
more critical in short status and also appeared in hema
tological diseases16 as we found lower VCM trough in 
these patients in this study. Several mechanisms, includ
ing endogenous responses to increased metabolism and 
solute production, alterations in neurohormonal balance, 
and therapeutic maneuvers, such as fluid resuscitation, 
are considered to contribute to augmented renal clear
ance (ARC) and might be associated with suboptimal 
exposure to critical medications, including β-lactams 
and VCM, increasing the risk of treatment failure. The 
reason for the commonly observed low trough concen
tration of VCM could be related to the relatively low 
dose of VCM administered due to concerns over its 
potential for causing renal toxicity. However, increased 
vascular permeability and temporary kidney injury must 
also be considered when deciding the VCM dose in 
patients with severe sepsis as previously described.13 

The presence of these factors would indicate the need 
for higher or lower VCM doses. In fact, in this study, 
multivariate analysis showed that an insufficient total 
dose of VCM might lead to lower VCM trough concen
trations in patients with normal renal function.

Table 3 Multivariate Analysis of Factors Affecting Lower Trough Values of Vancomycin in Patients with eGFR ≧60 mL/min/1.73 m2

Adjusted Odds Ratio 95% CI P value

Age 0.99 0.963–1.030 0.75

eGFR (mL/min/1.73m2) 0.99 0.987–1.010 0.88

CRP (mg/dL) 0.938 0.886–0.994 0.03
Total dose of VCM (mg/kg) 1.07 1.020–1.130 <0.02

Abbreviations: eGFR, estimated glomerular filtration rate; CRP, C-reactive protein; VCM, vancomycin, respectively.
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In Japan, the GL2016 guidelines established an initial 
target trough VCM concentration range of 15 to 20 μg/mL 
as a surrogate marker for adequate blood VCM concentra
tions, although the trough value of 10 to 15 μg/mL is also 
acceptable.5 The reason for this recommendation is that 
although 10 μg/mL is needed to achieve clinical efficacy, 
the level needs to remain below 20 μg/mL to prevent the 
occurrence of side effects associated with kidney damage. 
Therefore, approximately 10–20 μg/mL has been deter
mined to be the preferred safe and efficient trough value 
of VCM.5,6 We previously reported that mean measured 
VCM trough values in the patients treated according to 
established guidelines were generally lower compared 
with the patients treated not according to established 
guidelines.11 In other words, although using the GL2016 
nomogram is associated with enhanced safety, it might 
reduce clinical efficacy. In order to correct this issue, the 
GL2016 added an amendment that recommended an initial 
loading dose of VCM that is slightly higher than that 
typically given on the first day, in order to enhance clinical 
efficacy on day 1.5 It was also reported that a loading dose 
of VCM should be considered in all patients with septic 
shock because the total clearance of VCM was increased 
in septic shock patients; however, the volume of the cen
tral compartment and peripheral compartment did not 
increase.13

According to the CKD guidelines 2012, CKD is 
defined as disorder of the kidney, as indicated by the 
presence of proteinuria or an eGFR that is persistently 
<60 mL/min/1.73 m2 for three or more months; this 
definition has previously been used for the analysis of 
renal function.12 In our previous study, when patients 
with different severities of renal dysfunction were com
pared, groups with low renal function had trough VCM 
levels within the range of adequate blood concentrations 
when we performed the nomogram-guided monitoring 
recommended by the GL2016.11 Masuda et al retrospec
tively calculated the eGFR of patients after establishing 
the initial VCM dose using the computer software for 
calculation of VCM trough concentration evaluated the 
efficacy and safety of the dosage recommended by the 
nomogram, and suggested that an eGFR of between 30 
and 80 mL/min/1.73 m2 might prevent achievement of 
an adequate blood concentration of VCM.17 Suzuki et al 
retrospectively examined the proportion of patients who 
achieved the recommended trough levels in the GL2016 
group and found that 27.9% of the subjects in the TDM 

implementation group achieved a trough level ranging 
between 10 and 15 μg/mL, although 11.6% of the sub
jects had trough levels that exceeded 20 μg/mL, similar 
to the results of our previous study (31%).11,18 The 
reasons for these variable results might be due to differ
ences in the patients’ background characteristics, includ
ing age and inflammation status, as is reflected by ARC, 
which might frequently lead to the underestimation of 
renal function and the VCM doses that should be given. 
Therefore, AUC-guided monitoring is usually recom
mended over trough-guided monitoring, although both 
VCM trough concentrations and AUC values correlate 
with its efficacy and safety.19 For AUC-guided monitor
ing, not only trough levels but also peak VCM concen
trations need to be assessed in the patients, especially in 
septic patients with renal dysfunction, according to the 
recent TDM recommended by VCM guidelines.7

We found total dose of VCM (mg/kg) was the key 
factor of the VCM concentration. It was also reported 
that total daily dose of VCM for trough-based dosing 
(2390.76 ± 1224.59 mg) differed significantly from AUC- 
based dosing (1985.07 ± 616.18 mg) across the cohort, and 
these differences were dependent on patients’ BMI, 
although not the short status, but the obese patients 
showed significant differences of total dose of VCM.20 

These data suggested similar results with our study that 
the short status looked a significant factor; however, it did 
not show the significant relation with VCM trough finally. 
The hematological patients were also not usually obese 
and did not show high inflammation. Total dose of VCM 
might be important to increase clinical efficiency and to 
decrease the risk in TDM, especially in critically ill 
patients who showed the higher CRP.

Conclusion
We found that elevated CRP levels might be a risk factor 
for lower VCM concentration irrespective of the status of 
renal function. Patients with severe illness might be given 
lower VCM doses due to the concern of diminished renal 
function, although such patients are likely to be able to 
tolerate a higher VCM dose. Hence, higher VCM doses 
should be considered in patients with severe inflammation, 
including septic patients, even if they are elderly and short 
statured, especially when the patients have normal renal 
function. AUC-guided monitoring, based on both peak and 
trough concentrations of VCM, should be performed rather 
than trough-based monitoring.
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