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Abstract
Background: The blood-brain-barrier (BBB), which is characterized 
with the selective permeability, has major impact on distribution, 
concentration and biological effects of most drugs in the central 
nervous system (CNS). 

Methods: In this study, we chose one critically-ill patient in year 
2015 and monitored drug concentrations in the cerebrospinal fluid 
(CSF) and serum during vancomycin therapy, in order to observe 
vancomycin permeability of BBB or clinical application potential 
under CNS infection state. 

Results: During a period of 48h after intravenous drug injection, 
the peak level was 3.45 µg/ml, lowest level 0.13 µg/ml, and average 
level 1.46 µg/ml in the CSF. In the serum, the peak level was 64.23 
µg/ml, lowest level 3.91 µg/ml and average level 21.56 µg/ml. In 
all nine time-points detected during 48h, CSF drug concentrations 
were lower than that in serum, but CSF drug levels in six of nine 
time-points showed above MIC (1.0 µg/ml) or effective for MRSA, 
indicating that BBB had larger influence on drug permeability 
or distribution of vancomycin in the CNS. However, intravenous 
injection could reach concentration effective for MASA of CNS 
infection. 

Conclusions: This was difficult to obtain case and it has provided 
new evidence on vancomycin usage in CNS for MASA infections in 
a Chinese critically-ill patient.
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Introduction
It is well known that the blood-brain barrier (BBB) exists in the 

central nervous system (CNS) of mammals, which is structurally 
composed with the endothelial cells, base membrane and abundant 
astroglial process foots end on them [1,2]. The BBB is functionally 
characterized with the selective permeability that then greatly 
influences distribution of most drugs and biological effectiveness in 
CNS tissue [3,4]. However, the BBB opening or permeability might be 

changed or regulated by various factors. Among them, the infection 
state or inflammatory stimuli remarkably enhanced BBB infiltration 
of antibiotics such as vancomycin in the CNS [5-8].

In recent years, with increasing cases of MRSA infection in 
hospital, the strong antibiotic vancomycin is required for severe CNS 
infections. Previous studies have indicated that vancomycin has low 
BBB permeability under physiological condition, thereby decreasing 
distribution and concentration in CNS. Being a glycopeptide 
antibiotic discovered in 1958, vancomycin has been used for clinical 
treatment of severe infections of drug-resistant gram positive bacteria 
such as methicillin-resistant Staphylococcus Aureus (MRSA) [9,10]. 
It is a viable option when other common-used antimicrobial drugs 
are ineffective. Vancomycin is even considered to be “the last line of 
defense” against those resistant strains of bacteria especially MRSA. 
Questions regarding vancomycin dosing regimens, administration 
modes and related rationales are still much concerned for its clinical 
application in the CNS diseases [9,10]. In this study, an observation 
on drug concentrations in the cerebrospinal fluid (CSF) and serum 
was made in a critically-ill patient treated with vancomycin injection, 
in order to examine its permeability and effectiveness for MASA 
under infection stat of CNS.

Materials and Methods
Patient information

Patient Shan XX, male, 43 years old, 72 kg in body weight, was 
admitted into the Department of Neurosurgery, Xijing Hospital in 
June 25, 2015. He reported to have continual fever for one month 
and up to 39°C after operation on brain stroke. The patient reported 
suffering from high blood pressure for six years. One month ago, he 
suffered from brain cerebral hemorrhage, and operation was done 
to remove brain blooding blocks and followed by lateral ventrical 
drainage. Lumbar vertebral puncture was performed to collect 
suitable volume of CSF sample, and result of laboratory assay of CSF 
confirmed intracranial infection. The diagnoses were recognized as 
the intracranial infection, hydrocephalus, multiple cerebral infarcts, 
and post-operation of brain stroke.

Preparation of vancomycin standard solution

Vancomycin serum 
concentrations (µg/ml)

0.5 1 2 5 10 20 50

Volume of standard 
solution (µl)

10 10 10 10 10 10 10

Concentrations of 
standard solution (µg/ml)

10 20 40 100 200 1000 1000

The patient received intravenous injection vancomycin to treat 
intracranial MRSA infection after admission into hospital. During 
48h of vancomycin therapy, the drug concentration in CSF and serum 
was monitored. The ethic approval was obtained from the Fourth 
Military Medical University ethics committee. According to ethic 
management, a clear explanation regarding purpose vancomycin 
monitoring in serum and CSF was made to patient’s relatives, the 
agreement and consent for vancomycin monitoring and possible 
publication was obtained by signing agreement sheet.
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Reagents and vancomycin standard solution

Vancomycin (Standard product, 100% purity, Lot No.130360-
201302), tinidazole (Standard product, 99.8% purity, Lot No. 
100336-200703), commercially purchased from The Food and Drug 
Qualifying Institute of China. Methanol (fisher scientific), Ethyl-
nitrile (fisher scientific), phosphoric acid, Potassium dihydrogen 
phosphate, Magnesium sulphate, Purified water (Milli-Q purify water 
Maker).

For assaying vancomycin concentration, the vancomycin standard 
solution and quality-control solution were prepared as following.

Preparation of quality-control sample

Vancomycin serum concentrations (µg/ml) 1 8 40
Volume of standard solution (µl) 10 10 10
Concentrations of standard solution (µg/ml) 20 200 1000

Vancomycin antibiotic sensitivity or resistance assay

Bacterial culture was done to detect the MRSA in CSF samples. 
After MRSA was detected, antibiotic sensitivity was then performed. 
The bacterial culture and antibiotic sensitivity assays were assisted 
by Department of Laboratory Inspection. Vancomycin sensitivity or 
resistance assay and MIC was verified by agar gel dilution method in 
the following procedure: I) preparation of agar gel, 10 g peptone, 5 g 
yeast extract and 10 g sodium chloride dissolved in 1L distilled water. 
The pH value was adjusted to 7.2 by 5 mol/L sodium oxyhydrogen 
and sterilized under high-pressure steam heating; II) When the 
temperature of agar gel was cooled down at 60°C, vancomycin was 
added in the concentration gradients, i.e. 16 µg/ml, 8 µg/ml, 4 µg/ml, 2 
µg/ml, 1 µg/ml, 0.5 µg/ml, 0.25 µg/ml, 0.10 µg/ml, 0.05 µg/ml and 0.01 
µg/ml, and plated in culture dishes one by one and labeled; III) The 
bacterial culture medium with CSF sample was mixed and planted in 
agar gel with above vancomycin concentration gradients and kept for 
24 h culture at 35°C; IV) observation of bacteria growth was followed, 
and minimum inhibitory concentration (MIC) was identified as the 
lowest vancomycin concentration in which no bacterial clone was 
formed in the agar gel. According to guide line used currently, when 
MIC <2.0 μg/ml, a priority of vancomycin was recommended for 
treatment of MRSA infection.

Administration of vancomycin

Since July 2, 12:00 am, 2015, vancomycin injection was given to 
this critically-ill patient by vancomycin injection solution (Wenkexin, 
Japan) at 1 g/per time/1h, twice a day, and two injections were carried 
out within 48 h.

Collection of serum and cerebrospinal fluid samples 

At total nine time-points of before and during vancomycin 
therapy (July 2 to July 3, 2015), i.e. 0.5h, 1h, 2h, 3h, 6h, 10h, 12h, 24h, 
48h after first vancomycin injection, the CSF and serum and samples 
were collected for detection of vancomycin concentrations. Assay of 
vancomycin levels in CSF and serum was performed as follow: 200 
µl of serum or cerebrospinal fluid was placed in a 1.5 ml centrifuge-
tube, followed by adding vancomycin standard solution and 10 µl 
internal control standard tinidazole solution (400 µg/ml). After 
mixed completely for 30 seconds, 30 µl 10% Zinc sulfuric acid was 
added for precipitation, and mixed by strong vibration for 3 min. The 
centrifugation was carried out at 1600 rpm for 10 min; supernatant 
was picked for HPLC-UV analysis by placing into automatic sample 

bottle at 20 µl volume for each sample. The vancomycin concentrations 
in the CSF and serum were measured at each time point and time-
concentration curve was demonstrated.

Laboratory detection of hepatic and kidney function items

To value the hepatic and kidney functions or possible drug 
toxicity, the blood serum was further taken for detecting ALT, AST, 
AST/ALT, total proteins, albumin, globulin, percentage of albumin/
globulin, Total bilirubin (Tbil), DBil, IBil, alkaline phosphatase, 
r-glutamine-transferase, liucine-rich amino-peptidase, Urea, Bun 
levels or abnormal changes during vancomycin therapy.

Results
Bacterial culture of patient CSF sample and antibiotic 
sensitivity

Bacterial culture indicated positive MRSA infection of CSF sample 
collected at June 26, 2015. Besides, the serum was also collected for 
detection of IL6 and PCT by electro-chemical method at June 30, 2015 
as a collateral index of CNS infection state. It showed that IL6 was 7.10 
(reference value <7 pg/ml) and PCT was 0.023 (reference value<0.05 
ng/ml). This result also suggested that the patient suffered from local 
intracranial MRSA infection. The antibiotic sensitivity to MRSA was 
detected afterwards by index of minim inhibition concentration (MIC 
in µg/ml or mg/L). It showed that the cultured bacteria was sensitive 
to vancomycin (MIC</=1 µg/ml), minocycline (MIC=20 µg/ml) and 
cyclobenshaxin (MIC</=0.25 µg/ml). On the other hand, the bac

teria appeared relative resistance to antibiotic Erythromycin, 
Cyclomycin, Lifupin, L-Ofloxamin, Amxoicllin, Pennecillin, 
Ampicillin, Tobramycin and Gentamycin (Table 1).

Clinical treatment outcome of vancomycin therapy 

In reference to MRSA bacterial positive result and antibiotic 
sensitivity assay, intravenous injection vancomycin was started at July 
2, 12:00 and continued to July 5, 2015. The outcome of treatment was 
acceptable with obvious improvement of illness, and patient checked 
out at July 6, 2015 due to willingness of patient relatives. Checkout 
medical receipt was given to the patient: Continuing antibiotic 
treatment and supporting therapy after transfer to other hospital. 

Antibiotics sensitivity or resistance of MASA (Jun 30, 2015)
Antibiotics methods Results sensitivity
Minocyclines KB 20 S
Vancomycin MIC <=1 S
Cyclobenshaxin MIC <=0.25 S
Erythromicn MIC >4 R
cyclomycin MIC >8 R
Lifupin MIC >2 R
L-oflioxacin KB 11 R
Amoxicillin MIC >4/2 R
Penicillin MIC >0.25 R
Ampicillin MIC >8 R
Tobramycin MIC >8 R
Gentamycin MIC >8 R
S, sensitivity; R, resistant; KB unit=mm; MIC unit=mg/l (µg/ml)

Table 1: Laboratory result on antibiotic sensitivity or antibiotic resistance of MASA 
cultured in the cerebrospinal fluid (CSF) sample.
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Dynamics of vancomycin concentrations in the serum and 
cerebrospinal fluid

By detection of drug concentrations at nine time-points, i.e. 
0.5h, 1h, 2h, 3h, 6h, 10h, 12h, 24h, 48h after intravenous injection of 
vancomycin, dynamic changes of drug levels were observed in both 
CSF and serum. During a period of 48 h, the peak level was 3.45 µg/
ml, lowest level was 0.13 µg/ml, and average level was 1.46 µg/ml in 
the CSF, while in the serum, the peak level was 64.23 µg/ml, lowest 
level was 3.91 µg/ml and average level was 21.56 µg/ml. In nine time-
points detected, CSF drug concentrations were all lower than that in 
serum, but, the CSF drug levels in six of nine time-points observed in 
48 h, showed above MIC (<=1.0 µg/ml) or concentrations effective for 
target bacteria MRSA (Figure 1 and Table 2).

The hepatic and kidney functions during vancomycin 
administration

The hepatic and kidney function was detected in the serum 
samples for 11 days from June 26, 26 to July 6, 2015. Data indicated 

that before and during vancomycin therapy, major hepatic and kidney 
functional index (e.g. ALT/AST, BUN) remained basically stable, and 
no obvious drug toxicity on liver and kidney function was detected 
(Table 3).

Routine and biochemical analysis during vancomycin 
administration

In addition, the routine and biochemical assay of CSF sample was 
performed for 11 days from June 26, 26 to July 6, 2015, for the purpose 
to demonstrate appearance of CSF, protein or globulin content, white 
and red blood cells. The muddy CSF appearance, increase of white 
and red blood cells, decrease of glucose and Cl content, increase of 
proteins and globulin were observed, also indicating the existence of 
intracranial infection state (Table 4).

Discussion
This study has shown that BBB might have obvious influence 

on permeability and distribution of vancomycin in the central 
nervous system. During a period of 48h after intravenous injection of 
vancomycin, the peak level was 3.45 µg/ml and average at 1.46 µg/ml 
in the CSF, while peak level was 64.23 µg/ml and average at 21.56 µg/
ml in the serum. It indicated that CSF drug concentrations were lower 
than that of serum, but CSF drug level reached and remained effective 
(above MIC) for MASA at 3hours after injection. Vancomycin is 
now recognized as a viable antibiotic for MRSA among antibiotics 
used currently [9,10]. This study has further provided new valuable 
evidence for vancomycin therapy against MASA infections of CNS in 
a critically-ill patient. 

Previous evidences showed that BBB had low permeability to 
vancomycin and difficulty in achieving adequate concentrations 
under physiological condition, thereby decreasing its distribution 
or concentration in CNS. Vancomycin concentrations might be 
subtherapeutic in critically-ill patients based on a prospective study 
[11]. Aouinti et al. report a case of a 74-year-old man with post 
traumatic meningitis with vancomycin concentration in CSF [12] 
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Figure 1: A curve showing drug concentration changes of 48h in the 
cerebrospinal fluid (CSF) and serum of a Chinese critically-ill patient with 
vancomycin therapy.

Serum and CSF trough level during vancomycin therapy
Time-points  -0.5h  0.5h 1h 2h 3h 6h 10h 12h 24h 48h
CSF trough level (µg/ml) 0 0.13 0.13 0.93 1.57 1.98 1.4 1.31 2.19 3.45
Serum trough level (µg/ml) 0 64.23 50.28 19.61 15.2 7.47 3.91 12.78 15.5 5.09
 -0.5 h, .05 h before vancomycin administration; CSF, Cerebrospinal fluid

Table 2: The drug concentrations of 48h in the cerebrospinal fluid (CSF) and serum of a Chinese critically-ill patient treated with intravenous injection of vancomycin.

Detection of hepatic and kidney functions during vancomycin therapy
Factors 26-Jun 28-Jun 30-Jun 2-Jul 4-Jul 6-Jul Reference Values
ALT 33 41 52 55 46 38 9-50 IU/L
AST 17 18 25 19 16 16 15-40 IU/L
AST/ALT 0.5 0.04 0.5 0.3 0.3 0.3  
TP 65.6 60.6 63.2 56.3 62.7 60.6 65-85 g/L
ALB 38.6 39.9 37.8 33.2 38.7 37.7 40-55 g/L
GLO 27.1 20.7 25.4 23.1 24 22.9 20-40  g/L
ALB/GLO 1.4 1.9 1.5 1.4 1.6 1.6 1.2-2.4
TBIL 7.1 5.9 8.7 4.5 6.4 9  3.4-2.5 (µmol/L)
DBIL 3 2.7 3.8 2 2.9 3.9 0.0-6.8(µmol/L)
IBIL 4.1 3.2 4.9 2.5 3.5 5.1 6.8-12 (µmol/L)
BUN 1.43 1.56 1.28 1.67 1.12 2.29 2.5-6.3 (µmol/L)
CR 67 72 63 69 60 65 53-115 (µmol/L)

Table 3: Laboratory assay of hepatic and kidney functions of a Chinese critically-ill patient before and during vancomycin therapy.
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but it is lack of extensive observations on drug concentrations during 
vancomycin therapy for CNS infections. In present study, we observed 
nine time-points during a period of 48 h after intravenous injection 
of vancomycin. The drug concentrations in the CSF were lower than 
that in serum, but CSF drug levels showed above MIC (<=1.0 µg/
ml) for MRSA in six of nine time-points detected. Our data thus 
confirmed that BBB had large influence on vancomycin permeability 
and distribution in CNS, which is basically consistent with previous 
studies. Interestingly, intravenous injection of vancomycin could 
reach drug levels effective for MASA in this critically-ill patient. 
The illness of patient was improved and no toxicity on liver and 
kidney was detected, suggesting application potential of intravenous 
vancomycin injection against MASA in CNS infection. It is well 
known that therapeutic drug monitoring of CSF and serum is critical 
in assisting clinician to decide vancomycin dosing [13]. Kim et al. 
compared vancomycin pharmacokinetics in the neurosurgical and 
non-neurosurgical groups of patients [14]. Neurosurgery might 
damage the BBB to allow more vancomycin distribution into CSF 
after intravenous injection [15,16]. On the other hand, neurosurgery 
also enhance vancomycin clearance significantly [14,17]. Moreover, 
vancomycin concentrations were influenced by various other 
factors such as age, body weight and severity of disease. Sheng et al. 
established a vancomycin PPK model to estimate individual P

K parameters in Chinese infant patients [18]. Kishk et al. studied 
vancomycin AUC/MIC in a pediatric population [19]. Guideline 
suggested an area under the curve/minimum inhibitory concentration 
(AUC/MIC)>400 corresponded to vancomycin trough serum 
concentration of 15-20 mg/L for MASA in adult. Correspondingly, 
AUC/MIC of 400 in children should be a trough concentration of 
11 mg/L. More studies recommended vancomycin 10 mg/kg TID as 
initial dosage regimens for low birth weight neonates with infected 
bacteria MIC ≤1 μg/ml [20]. In the children with cerebral ventricular 
shunt infections, the vancomycin CSF concentrations ranged from 
0.06 to 9.13 mg/L, and were greater than MIC at the end of the 
dosing [21]. Kane and Hanes saw an unexplained increase of serum 
concentration in a morbidly obese patient [22]. In the pediatric 
patients with cystic fibrosis, a positive correlation was seen between 
dosage and trough drug concentration [23]. Therefore, vancomycin 
dosage regimens in CNS infections should be individualized for 
these neurosurgical patients, infants, low-body weight or obese and 
critically-ill patients clinically. Although low drug permeability of 
vancomycin is greatly concerned due to BBB blockage, inflammatory 
stimuli might enhance BBB opening and permeability under CNS 
infection state. An increase of vancomycin permeability and CSF 
concentration was reported in those patients with pneumococcal 
meningitis. Mean levels of vancomycin in CSF and serum were 7.2 
and 25.2 mg/L. The trough levels of CSF and serum showed positive 
linear correlation, and vancomycin reached effective concentration 

in the CSF during treatment of meningitis [24]. Ricard et al. observed 
concentrations of vancomycin in CSF of patients with pneumococcal 
meningitis receiving combined dexamethasone, latter might reduce 
vancomycin penetration into CSF. Mean levels of vancomycin in CSF 
was 7.2 mg/L and effective concentrations could be obtained even 
when concomitant steroids were used [25]. Recently, Wu et al. also 
carried out an observation on concentrations of norvancomycin, 
a new developed drug in China, in the CSF and serum of patients 
after craniotomy, and demonstrated its therapeutic capability against 
MASA infections. The peak levels were 8.82-16.31 mg/L in the CSF, 
remained in 6.12-6.24 mg/L at 24 h. The peak serum levels were 
55.52-59.22 mg/L, and remained in 8.01-8.21 mg/L at 24 h. The CSF 
concentration reached or exceeded 90% MIC (2 mg/L) of MRSA by 
administration of norvancomycin post-neurosurgery in conventional 
and continuous dosing methods [26]. Finally, vancomycin dosing 
and administration mode can be manipulated to reach or sustain 
concentrations effective for MRSA infections in CNS. To maintain a 
sufficient CSF levels, intraventricular administration was utilized in 
combination with transvenous administration of vancomycin. The 
combined administration of 5-10 mg reached CSF concentration 
of 33 mg/L at 24 h or 11.7 mg/L at 72 h after injection, and CSF 
concentration could be prolonged in newborns [27]. Popa et al. 
also explored CSF concentrations by intraventricular vancomycin 
dosing for meningitis. Vancomycin was injected at 10 mg/12-48 h 
and continued for 15 days, CSF concentrations sustained around 10-
30 mg/L [28]. In addition, prolonged vancomycin release of novel 
drug-loaded bone-like hydroxyapatite/poly amino acid scaffold 
was observed in vitro and in vivo. Drug release was more rapid 
during the first 48 h and then followed by a period of sustained 
slow release of vancomycin [29]. The BBB intervention strategies 
such as microwave and supersonic stimulation were also supposed 
to increase permeability of drug in the CNS tissue, which merit for 
further extensive investigation on clinical vancomycin application for 
MASA infections of the central nervous system. 

Conclusion
In this study, vancomycin concentrations were observed in 

cerebrospinal fluid and serum after intravenous drug administration. 
The peak level was 3.45 µg/ml and average level 1.46 µg/ml in the 
CSF, respectively. The CSF levels showed above MIC (≤ 1.0 µg/ml) at 
3h after vancomycin injection. Data thus indicated that intravenous 
injection of vancomycin could obtain concentration effective for 
MASA from CSF sample and it has provided new evidence on clinical 
application of vancomycin in CNS for MASA infections in a Chinese 
critically-ill patient.
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Routine and biochemical analysis of CSF during vancomycin therapy
Factors Jun-26 Jun-29 Jun-30 Jul-01 Jul-02 Jul-04 Jul-05 Reference Values
CSF Appear Yellow clear Yellow clear Yellow muddy   Yellow muddy Yellow muddy Yellow muddy  
Globulin  +   ++  ++  ++  ++  ++  +  
RBC 0 0 0 100 161 600 800 X10*6/L
WBC 668 373 442 241 36 4152 1105 x10*6/L
LC(%) 14 18 24 27 36 5 7 %
NC(%) 86 82 76 73 64 95 93 %
Glucose 1.98 2.28 1.5 2.91 3.02 0.52 1.11 2.1-3.9mmol/L

Table 4: Laboratory assay of routine and biochemical index in the cerebrospinal fluid (CSF) of a Chinese critically-ill patient with vancomycin therapy.
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