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Abstract 

The aim of this study was to analyse the pharmacokinetics of vancomycin in the anti-infective treatment of critically ill 
patients from Intensive Care Unit (ICU) with pulmonary infections. The ICU patients were divided according to endogenous 
creatinine clearance rate (CLCR) into two groups: the normal renal function group (CLCR > 90 mL/min, n = 10) and the renal 
dysfunction group (CLCR < 90mL/min, n = 10). The endogenous creatinine clearance rate (CLCR) was calculated by 
determining the serum creatinine. The liver and kidney function, circulatory system function, infection index, age and body 
weights of patients were analysed. The pharmacokinetic parameters were calculated using DAS2.0 software. The 
pharmacokinetic parameters obtained were t1/2α = 0.38 h, Vd = 0.41 L/kg, t1/2β = 9.81 h, CL = 0.059 L/min, the peak 
concentration of treatment was 42.69 mg/L, and the lowest concentration was 11.97 mg/L. The pharmacokinetic parameters 
of the normal renal function group were t1/2α = 0.26 h, t1/2β = 7.68 h, Vd = 0.28 L/kg, CL = 0.065 L/min. The pharmacokinetic 
parameters of the renal dysfunction group were t1/2α = 0.43 h, t1/2β = 11.41 h, Vd = 0.42 L/kg, CL = 0.058 L/min. Creatinine 
clearance showed that the initial dose of vancomycin administered to the patients could not reach the treatment goal, so a new 
dose is needed to be administered in order to improve the treatment compliance. ICU patients have high drug metabolism and 
high circulating dynamic state, the age and renal function being the main factors that influence the drug metabolism. 
 
Rezumat 

Scopul prezentului studiu a fost analiza farmacocineticii vancomicinei în tratamentul anti-infecţios al pacienţilor aflaţi în 
stare critică, în secția de Terapie Intensivă, cu infecții pulmonare. Pacienții au fost împărțiți în funcție de clearance-ul 
creatininei endogene în 2 loturi: lotul cu funcție renală normală (CLCR > 90 mL/min, n = 10) și lotul cu dinsfuncție renală 
(CLCR < 90 mL/min, n = 10). Clearance-ul creatininei a fost calculat cu ajutorul creatininei serice. Au fost analizate funcțiile 
hepatice, renale, funcțiile sistemului circulator, indexul infecției, vârsta și greutatea pacienților. Parametrii farmacocinetici au 
fost calculați cu ajutorul software-ul DAS2.0. Parametrii farmacocinetici obținuți au fost t1/2α = 0,38 h, Vd = 0,41 L/kg, t1/2β = 
9,81 h, CL = 0,059 L/min, concentrația plasmatică maximă a fost de 42,69 mg/L, iar concentrația minimă a fost de 11,97 
mg/L. Parametrii farmacocinetici la lotul cu funcție renală normală au fost t1/2α = 0,26 h, t1/2β = 7,68 h, Vd = 0,28 L/kg, CL = 
0,065 L/min. Parametrii farmacocinetici la lotul cu disfuncții renale au fost t1/2α = 0,43 h, t1/2β = 11,41 h, Vd = 0,42 L/kg, CL= 
0,058 L/min. Clearance-ul creatininei a arătat că doza inițială de vancomicină administrată la pacienți nu este suficientă, fiind 
necesară administrarea unei doze suplimentare. Pacienții din terapie intensivă prezintă un metabolism crescut al 
medicamentelor și o fază circulatorie dinamică crescută, iar vârsta și funcția renală sunt principalii factori ce influențează 
acest proces. 
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Introduction 

Severe infection is the most common disease in 
intensive care units (ICU), and the cost of anti-
microbial drugs is the highest in the total cost of 
ICU drugs [31]. The cases of severe infections that 
require hospitalization in ICU are multiple, their 
complexity being proportional with the clinical status 
and comorbidities presented by these patients. The 
patients may have multiple causes of severe infections 
such as: complicated surgical site infections [4, 6, 
8, 32], organ transplantation in which severe fungal 
infections especially Aspergillus and Fusarium [35] 
species overlap the bacterial infections, complicated 

pulmonary infections accompanied by pleurisy [5, 37], 
urinary infections in patients with comorbidities such 
as diabetes or stroke that were initially asymptomatic 
and develop unfavourable clinical evolution [12, 21]. 
The critically ill patients are more likely to develop 
multidrug resistant infections (MDR), such as hospital 
acquired pneumonia (HAP) and ventilation-associated 
pneumonia (VAP) due to poor health status, multiple 
diseases, impaired immune system and long-term 
antimicrobials treatment [11]. With the use of anti-
biotics, bacterial resistance including Methicillin 
Resistant Staphylococcus aureus (MRSA) is increasing 
[15, 29]. With the extensive administration of anti-
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biotics, the resistance of bacteria has been increasing 
every year. The emergence of new antibiotics in 
clinical practice has a certain lag [23], which has 
brought new challenges for the anti-infective treatment. 
Vancomycin is a middle molecular weight drug, and 
it is used especially in the treatment of infectious 
diseases caused by MRSA [30], being preferred to 
other anti-infective treatments. 
In vitro vancomycin pharmacokinetic studies have 
shown that it has a great variability [13, 22, 26]. 
The pharmacokinetic studies on patients, especially 
on critically ill patients, have shown that the 
Therapeutic Drug Monitoring (TDM) is necessary 
during the treatment of vancomycin [1, 10, 27]. The 
main reason is that critically ill patients’ status varied 
according to disease situation, organ function, positive 
pressure ventilation and blood purification. Also, it 
is not possible to give a uniform dosage adjustment 
strategy because of the different morbid state of the 
patients. In this study, we selected patients treated 
with vancomycin in the ICU wards from which we 
collected blood samples before and after drug 
administration. We monitored and analysed the 
pharmacokinetic characteristics in correlation with 
the clinical data of the patients. 
 
Materials and Methods 

General materials 
Drugs: Vancomycin Hydrochloride used for Injection 
(Wancocin® CP, 0.5 g, Eli Lilly, Japan). 
The main instruments: Abbott AxSYM System: 
MDF-382E (N) type ultra-low temperature refrigerator; 
Baiyang 52A medical low-speed centrifuge; GEM® 
premier 3000 blood gas/electrolyte analyser; Vortex-
Genie 2 vortex mixer; Thermo Scientific Heraeus® 
Pico 17 type micro-desktop centrifuge; GEM premier 
3000 blood gas/electrolyte analyser (provided by 
Leidu mite Medical Equipment Co., Ltd); DDG-
3300K system (Shanghai Tongge Medical Devices 
Co., Ltd); Renal function test instrument - PA8800 
type provided by Beijing Perlong New Technology 
Co., Ltd.); ZXG-E type automatic cardiovascular 
deep level analyzer (Anhui Longguang Medical 
Technology Co., Ltd.); Heart rate tester (Shenzhen 
Dick Medical Technology Co., Ltd.). 
Patients 
We enrolled were included patients diagnosed with 
pulmonary infection that needed anti-infective 
treatment with vancomycin hospitalised within ICU 
wards of Hongqi Hospital of Mudanjiang Medical 
University, China, between May 2014 and July 2016. 
The patients were divided according to the International 
Society of Nephrology on renal function evaluation 
criteria in 2 groups: normal renal function group 
(n = 10, CLCR ≥ 90 mL/min) and renal dysfunction 
group (n = 10, CLCR < 90 mL/min) group. The 
study was approved by the Ethics Committee of 

Hongqi Hospital of Mudanjiang Medical University, 
China, and the informed consent was signed by the 
patients or legal guardians before enrolment. 
Before and during the treatment with vancomycin, 
the patients had various basic checks such as blood 
routine (haemoglobin - Hb), liver function (albumin - 
Alb), renal function (blood urea nitrogen - BUN), 
heart rate (HR), mean arterial pressure (MAP) and 
other basic items checks. Each blood sampling time 
was: 1 h before administration, 0 h at the end of 
administration, 0.5 h, 1 h, 1.5 h, 2 h, 3 h, 4 h, 6 h 
and 8 h after the administration. The time of the next 
administration is described in detail below. The 
routine blood test, liver and kidney function and the 
basic indexes were reviewed. The Sequential Organ 
Failure Assessment (SOFA) and Acute Physiology and 
Chronic Health Evaluation (APACHE) were used 
to evaluate patients with severe illness. Endogenous 
creatinine clearance rate (CLCR) was calculated as 
follows: CLCR = [(140 – age) × weight (kg)]/[0.818 × 
SCR (µmol/L)], where SCR = serum creatinine. For 
females the results were multiplied by a factor of 
0.85. 
Research Methods 
Basic examination: routine blood test: Hb test was 
performed using GEM premier 3000 blood gas/ 
electrolyte analyser (provided by Leidu mite Medical 
Equipment Co., Ltd). Liver function test: Liver 
function analyser (a DDG-3300K system that provided 
by Shanghai Tongge Medical Devices Co., Ltd) 
was used to detect Alb and other indexes. Renal 
function test: Renal function test instrument 
(PA8800 type provided by Beijing Perlong New 
Technology Co., Ltd.) was used to detect BUN, SCR 
and other indicators. When the value of CLCR drops 
to 0.5 - 0.6 mL/s/m2 (52 - 63 mL/min/1.73 m2), the 
glomerular filtration function gradually decrease. 
Heart rate test: Heart rate tester (Shenzhen Dick 
Medical Technology Co., Ltd.) was used to detect 
the heart rate. Cardio cerebrovascular test: ZXG-E 
type automatic cardiovascular deep level analyser 
(Anhui Longguang Medical Technology Co., Ltd.) 
was used to detect MAP value and other parameters. 
Administration methods: The dose of vancomycin 
was 1 g every 12 h, the standard dose of vancomycin. 
The dose was reduced appropriately in the patients 
with severe renal impairment. The vancomycin was 
diluted to 5 mg/mL with 0.9% NaCl and administered 
by intravenous infusion. 
Sample collection: the venous blood of the patients 
was collected at pre-dose (-1 h), end of administration 
(0 h), and 0.5 h, 1 h, 1.5 h, 2 h, 3 h, 4 h, 6 h, 8 h 
after administration. The supernatant (plasma) was 
placed in Eppendorf tubes at -80ºC for standby after 
4000 rpm × 5 min centrifugation. 
Sample treatment and determination: The collected 
plasma samples were thawed at room temperature. 
300 µL samples were selected and placed in AxSYM 
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Sample Cups for sample determination. The serum 
concentration of vancomycin was measured by 
fluorescence polarization immunoassay (FPIA) method. 
Establishment of FPIA detection method: The Abbott 
AxSYM Plus automatic immunoassay analyser and 
the corresponding reagents of Abbott Company 
were used for testing. The relevant operations were 
carried out in strict accordance with the instrument 
standards, operating specifications and reagents 
instructions. Each batch of reagents was calibrated 
before use (Van II was selected to set the calibration 
status). The calibration reagents (6 different levels 
from A to F) were respectively absorbed and 
calibrated from low to high. When the instrument 
calibration was finished, the samples of low (L), 
medium (M) and high (H) quality control samples 

were measured. According to the quality control 
standard, the three horizontal quality control values 
are within the required range (shown in Table I). 
Each time the reagent box was replaced and the 
blood sample was measured at each start-up, the 
experiments were conducted in a low, medium, and 
high order cycle. When the measured values of low, 
medium and high-quality control were within the 
required range, they can be used for sample 
determination; otherwise, standard curves should be 
reconsidered. When developing the standard curves, 
low, medium and high-quality control samples should 
be measured at the same time. The FPIA method is 
validated by the National Committee for Clinical 
Laboratory Standards (NCCLS). 

Table I 
Results of 3 quality control samples (mg/L) 

Level Target Range Detection Mean SD 
L 7.0 5.20 - 8.80 6.80 7.67 6.97 7.56 7.31 7.26 0.37 
M 35.0 30.0 - 40.0 35.38 35.91 36.56 35.64 36.17 35.93 0.21 
H 75.0 62.0 - 88.0 79.87 71.44 78.23 74.18 76.85 76.11 11.18 

 
Statistical analysis: DAS2.0 pharmacokinetic analysis 
software package was used to calculate the pharmaco-
kinetic parameters. Other clinical data was analysed 
by SPSS 19.0 statistical software package. The normal 
distribution or the approximate normal distribution 
was expressed as mean ± standard deviation ( s±x ). 
For independent samples, Student’s t test was used 
to compare the data of the two groups, and the one-
way ANOVA was used to compare data of multiple 
samples. The Fisher's test or chi-square test was 
used to compare the sample rates. Spearman rank 

correlation analysis was also employed. p < 0.05 
was considered as statistical significant. 
 
Results and Discussion 

Clinical data 
The clinical evaluation of the patients in the 2 groups 
is presented in Table II. Analysing the clinical data 
of the patients from the 2 groups, the only 
parameters that were statistically different, were the 
kidney function indicators (SCR, CLCR) (p < 0.05). 

Table II 
General situation of patients in the studied groups 

Types The normal renal function n = 10 The renal dysfunction group n = 10 p value sx ±  Range sx ±  Range  
Age 73.4 ± 7.2 63.3 - 76.5 76.2 ± 6.4 62.5 - 82.1 0.232 
Weight (kg) 61.8 ± 11.7 43.9 - 75.8 75.2 ± 15.8 57 - 112 0.108 
Urine volume(Ml/day) 2665 ± 1011 1460 - 4262 2451 ± 1438 50 - 4505 0.756 
APARCH II Score 19.7 ± 6.3 12 - 31 19.6 ± 2.7 15 - 24 0.932 
SOFA Score 8.7 ± 2.4 5 - 12 8.6 ± 3.3 5 - 14 0.916 
SCr (µmol/L) 45 ± 14.2 24 - 66 106 ± 40.9 71 - 183 0.008 
CLCR (Ml/min) 107.3 ± 10.2 90.7 - 116.2 60.2 ± 17.3 22.9 - 76.3 < 0.001 
MAP (mmHg) 87.9 ± 10.3 75.6 - 100.0 86.9 ± 16.5 66.7 - 110.3 0.936 
BUN (mmol/L) 13.58 ± 6.05 8.27 - 22.65 11.26 ± 5.93 5.32 - 20.24 0.519 
HR (bpm) 112 ± 10.22 98 - 123 95 ± 22.48 23 - 118 0.212 
Hb (g/L) 109.2 ± 11.3 97.4 - 120.9 102.3 ± 13.5 84.2 - 114.2 0.382 
Alb (g/L) 27.1 ± 2.28 25.3 - 29.9 26.8 ± 5.95 20.8 - 36.7 0.795 
FiO2 (%) 42.3 ± 16.2 30 - 70 46.9 ± 15.3 30 - 80 0.623 
Arterial blood pH 7.45 ± 0.82 7.37 - 7.58 7.45 ± 0.69 7.31 - 7.55 0.334 
Arterial blood PaO 72 ± 8.3 65 - 87 87 ± 36.8 40 - 159 0.402 
The actual dosage (g/day) 2200 ± 430 2000 - 3000 1705 ± 482 1000 - 2000 0.112 
The calculated dosage (g/day) 1668 ± 162 1395 - 1810 920 ± 277 360 - 1180 < 0.001 

Notes: MAP = Mean Artery Pressure, HR = Heart Rate, BUN = Blood Urea Nitrogen, Hb = Haemoglobin, Alb = Plasma Albumin 
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Pharmacokinetic analysis 
The pharmacokinetic process of vancomycin in vivo 
is a multi-compartment model, usually calculated as 
a two-compartment model. In this study, 200 blood 
samples were collected from 20 patients. The drug 

concentration was assayed by DAS 2.0 pharmaco-
kinetic fitting, and the metabolic process presented 
a multi-compartment model. The relevant pharmaco-
kinetic parameters were calculated by the two-
compartment model fitting, as shown in Table III. 

Table III 
Pharmacokinetic analysis results 

 
All patients 

n = 20 
The normal renal function  

n = 10 
The renal dysfunction 

n = 10 
p value 

sx ±  Range  sx ±  Range  sx ±  Range   
Cmax (mg/L) 42.69 ± 17.58 18.90 - 79.37 39.90 ± 15.30 24.58 - 64.11 44.81 ± 19.87 18.90 - 79.51 0.657 
Cmin (mg/L) 11.97 ± 7.52 4.40 - 31.05 10.90 ± 4.83 4.83 - 18.13 12.86 ± 9.30 4.36 - 31.05 0.662 
Vd (L/kg) 0.41 ± 0.32 0.03 - 1.21 0.28 ± 0.13 0.085 - 0.403 0.42 ± 0.38 0.03 - 1.21 0.239 
CL (L/min) 0.059 ± 0.021 0.014 - 0.106 0.065 ± 0.023 0.034 - 0.095 0.058 ± 0.030 0.015 - 0.106 0.701 
t1/2α (h) 0.38 ± 0.016 0.11 - 0.66 0.26 ± 0.11 0.13 - 0.38 0.43 ± 0.16 0.17 - 0.65 0.039 
t1/2β (h) 9.81 ± 3.32 5.04 - 15.78 7.68 ± 1.83 5.96 - 9.77 11.41 ± 3.55 5.03 - 15.80 0.071 
AUC0-t ((mg/L)*h) 210 ± 102 115 - 425 188 ± 86 115 - 335 220 ± 108 115 - 420 0.612 
AUC ((mg/L)*h) 425 ± 190 230 - 845 390 ± 150 243 - 650 450 ± 220 230 - 845 0.628 
Note: AUC (Area Under the Curve) is the area under the curve, which indicates the degree that the drug is absorbed and utilized in the human 
body, and the bioavailability is high if AUC is high, while on the contrary, it is low. 
 
From the data in Table III, the overall pharmaco-
kinetic parameters were as follows: distribution 
phase was t1/2α = 0.38 h, the distribution volume (Vd) 
was 0.41 L/kg, the elimination phase was t1/2β = 9.81 h, 
the total elimination rate was CL = 0.059 L/min,  
AUC0-t = 210 (mg/L)*h after the single dose, the 
treatment peak concentration was 42.69 mg/L, and 
the trough concentration was 11.97 mg/L. Compared 
with the results of previous population pharmaco-
kinetic studies [25, 38], Vd was reduced, and this 
phenomenon was especially obvious in patients with 
normal renal function (0.13 - 0.38 h vs. 0.5 - 1.0 h). 
This proves that the patient's high metabolism and 
high circulating dynamic state can lead to the rapid 
increase of drug distribution in patients, which 
made the peak concentration rapidly to decline after 

administration, and this can avoid the increase of 
the adverse reactions caused by the excessive drug 
concentration. But it also suggests that when the 
dose was low, the drug concentration in vivo cannot 
reach the antibacterial concentration. This is more 
obvious after the first dose. The latest clinical 
administration recommendations [17, 28] suggest 
that the treatment of critically ill patients should be 
started with 25 - 30 mg/kg b.w. (body weight) 
vancomycin. In our case, after drugs’ administration, 
it was rapidly distributed, and the high peak 
concentration provided a higher concentration of 
the drug in the elimination phase. In this way it can 
effectively ensure that an effective antimicrobial 
concentration may be reached the second dose that 
will improve the AUC value and ensure the efficacy. 

 

 
Figure 1. 

The half-life of vancomycin in treated patients with severe disease pulmonary infections 
(NRF group: the normal renal function, IRF group: the renal dysfunction; A: drug distribution half-life t1/2α, B: drug elimination half-life t1/2β) 
 
From Figure 1 we can see that the distribution of 
vancomycin in patients with renal dysfunction was 
slower than in patients with normal renal function, 
and the drug elimination slowed down, but the total 
clearance rate of drugs presented no significant 
differences. 

Correlation analysis of vancomycin pharmacokinetic 
parameters and clinical indicators 
When the patients undertake the continuous veno-
venous hemofiltration (CVVH), the clearance rate 
of drugs is CL = CL' + CLR + CLNR (CL' is the rate 
of clearance in vitro, CLR is the ratio of renal 
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clearance, and the CLNR is the clearance rate 
without kidney). The correlation analysis results of 

the pharmacokinetic parameters and physiological 
indicators are shown in Table IV. 

Table IV 
Correlation between the pharmacokinetic parameters and the clinical indicators 

 t1/2α 
(h) 

t1/2β 
(h) 

CL 
(L/min) 

SCR 
(µmol/L) 

Alb 
(g/L) 

Vd 
(L/kg) 

CLCR 
(mL/min) 

Age 
(years) 

AUC 
((mg/L)*h) 

SOFA 
Score 

t1/2α 
(h) 

r 1 0.537 0.168 0.668 -0.701 0.702 -0.760 0.660 -0.193 -0.091 
p  0.106 0.638 0.037 0.036 0.021 0.012 0.034 0.577 0.079 

t1/2β 
(h) 

r 0.537 1 -0.683 0.306 -0.632 -0.135 -0.537 0.452 0.611 -0.650 
p 0.106  0.019 0.341 0.038 0.697 0.081 0.153 0.046 0.026 

CL 
(L/min) 

r 0.168 -0.683 1 -0.007 0.047 0.682 0.025 0.190 -0.917 0.451 
p 0.638 0.019  0.981 0.893 0.022 0.951 0.567 < 0.001 0.164 

SCR 
(µmol/L) 

r 0.668 0.306 -0.007 1 -0.424 0.256 -0.880 0.258 -0.019 0.163 
p 0.037 0.341 0.981  0.201 0.438 < 0.001 0.450 0.963 0.636 

Alb 
(g/L) 

r -0.701 -0.632 0.047 -0.424 1 -0.354 0.552 -0.809 0.110 0.304 
p 0.036 0.038 0.893 0.201  0.283 0.083 0.003 0.757 0.371 

Vd 
(L/kg) 

r 0.702 -0.135 0.682 0.256 -0.354 1 -0.274 0.592 -0.685 0.085 
p 0.021 0.697 0.022 0.438 0.283  0.421 0.056 0.022 0.802 

CLCR 
(mL/min) 

r -0.760 -0.537 0.025 -0.880 0.552 -0.274 1 -0.488 -0.031 0.191 
p 0.012 0.081 0.951 < 0.001 0.083 0.421  0.128 0.924 0.584 

Age 
(years) 

r 0.660 0.452 0.190 0.258 -0.809 0.592 -0.488 1 -0.234 -0.417 
p 0.034 0.153 0.567 0.450 0.003 0.056 0.128  0.487 0.205 

AUC 
((mg/L)*h) 

r -0.193 0.611 -0.917 -0.019 0.110 -0.685 -0.031 -0.234 1 -0.306 
p 0.577 0.046 < 0.001 0.963 0.757 0.022 0.924 0.487  0.361 

SOFA Score r -0.091 -0.650 0.451 0.163 0.304 0.085 0.191 -0.417 -0.306 1 
p 0.079 0.026 0.164 0.636 0.371 0.802 0.584 0.205 0.361  

 
The results presented in Table IV show that CLCR, 
age, SOFA score, SCR, and Alb are the main clinical 
parameters associated with the pharmacokinetic 
parameters. SOFA score is a comprehensive evaluation 
of the organ function in critically ill patients, in 
which the renal function score includes serum 
creatinine value and urine volume. The serum 
creatinine value is the clinical observation indicator 
calculated by creatinine clearance rate. It suggests 
that the renal function, age and Alb levels may be 
the main factors affecting vancomycin drug clearance. 
Alb is the major protein that binds to drugs in vivo 
and plays an important role in the transport and 
storage of drugs. The functional status of the organism 
gradually decline with age, and this is more evident 
in the patients from ICU wards especially due to 
associated diseases. In these patients the absorption 
of the nutrients decrease, leading to malnutrition 
and low - blood protein levels (the correlation of 
age and Alb level is R = 0.880, p < 0.001). At the 
same time, glomerular filtration function decrease, 
being associated with the organ dysfunction, 
leading to the hypofunction of the renal system, 
decrease of the drug clearance and increase of the 
drug half-life (CLCR - t1/2β shows a negative 
correlation r = -0.537, p = 0.081). These two factors 
explain how the age influences the drugs pharmaco-
kinetics. 
Vancomycin is a moderate plasma protein binding 
drug, and its pharmacokinetic studies show that the 
individual differences in vancomycin plasma protein 
binding rate are more obvious [14, 36]. In this study, 

the average level of Alb was 27.1 g/L, lower than 
the normal level, while the vancomycin kinetic 
analysis showed a decrease in Vd, indicating that 
the plasma protein binding had a certain effect on 
the in vivo distribution and clearance of vancomycin 
distribution, and it was necessary to consider to the 
patients the right initial dose and thus shorten the 
dosing intervals in order to improve the efficacy. 
Alb is an important factor in the production of 
plasma colloid osmotic pressure [37]. The leakage 
of Alb during the inflammatory response increases 
the tissue oedema. The hypoproteinemia will lead 
to the increase of free drugs. Therefore, it can be 
concluded that inflammatory response and hypo-
proteinemia are the main factors that influence the 
in vivo distribution of the vancomycin [34]. When 
patients develop infections, the pathogen will 
release the endotoxin or the exotoxin, which will 
lead to systemic inflammatory response, imbalanced 
body's homeostasis, damaged vascular endothelium, 
increased capillary permeability that will determine 
an increase of the interstitial fluid volume [3]. All 
these are responsible for a significant increase of Vd 
[16, 25], drug dilution, and a downward trend of 
plasma and tissue drug concentration [18, 24]. The 
decrease in protein synthesis due to impaired liver 
function and nutrient uptake leads to hypoproteinemia, 
decreased plasma colloid osmotic pressure and 
increased sodium and water retention, all this 
contributing to further increase of Vd [2, 9, 19]. 
At the same time, due to coma, organ blood 
perfusion redistribution and other factors, the 
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severe patients’ drug therapy is usually intravenous. 
This way of administration can speed up the 
metabolism of body fluids [20], so, the drug in 
body will be rapidly diluted, manifested as the 
acceleration of the drug distribution and the 
increase of the Vd. Due to the increase of the renal 
blood flow, the drug clearance rate is also improved. 
The infusion of colloid and dehydration diuretic 
therapy make the body fluids migrate from the 
organization to the blood vessels and lead to the 
reduction of the distribution of drugs, the increase 
of the plasma drug distribution, and the decrease of 
Vd. But the dilution produced by the blood return of 
liquid makes the plasma drug concentration decrease. 
Diuretic effect can make renal excretion increase, 
so the total drug clearance increases. In this study, 
the Vd of patients in the 2 groups decreased 
compared with the normal population, and it was 
related to the protein supplementation, colloid 
infusion and dehydration therapy. 
 
Conclusions 

In summary, compared with the normal population, 
the pharmacokinetic parameters of vancomycin 
used to treat critically ill patients was significant 
modified, its distribution in vivo being increased 
compared with the normal population. Patients have 
high metabolism and high blood pressure, and the 
age and renal function are the main factors that 
affect the drug metabolism. In addition, a loading 
dose should be given to critically ill patients at the 
beginning of the treatment in order to achieve a 
better compliance. 
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