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ABSTRACT
Objective: This study aimed to investigate the use of the intermittent infusion of vancomycin (IIV) and continuous infusion of 

vancomycinn (CIV) among intensive care unit (ICU) patients. 
Design: A retrospective observational study. 
Materials and Methods: This study analysed the data of patients who received vancomycin at the general ICU of the tertiary 

hospital from January 2008 to December 2009. Data was obtained from the medical record unit and the computerized data-base 
system at Therapeutic Drug Monitoring (TDM) Unit. The inclusion criteria for this study are those aged 18 years old and above; 
those who received vancomycin either by intermittent infusion or continuous infusion alone; and those who received vancomycin 
as prophylaxis, suspected or confirmed methicillin-resistant Staphylococcus aureus (MRSA) infections.

Results: A total of 203 patients received vancomycin therapy in the ICU during the study period. Forty-three patients who 
met the study criteria were included in the study (IIV, n = 19 and CIV, n = 24). The average patients age was 48.3 years (SD 
16.21) and their mean baseline creatinine clearance (CrCl) on admission was 79.2 ml/min (SD 51.91). Their mean time to achieve 
therapeutic range was 8.09 days (SD 3.83). The age of patients in CIV group was significantly higher than those in IIV group 
[mean (SD) = 55.3(13.61) years vs 39.5 (15.20) years, p = 0.001]. In contrast the baseline CrCl on admission was significantly 
lower in CIV patients than in IIV patients [mean (SD) = 65.1 (45.48) ml/min vs 97.0 (55.18) ml/min, p = 0.025]. The patients who 
received IIV required 42% (2.85 days) longer to achieve therapeutic range than those who received CIV (9.68 days vs 6.83 days), 
but the difference was not statistically significant (p = 0.966).

Conclusion: This study showed that the age of patients was significantly higher in CIV group while the baseline CrCl on 
admission was significantly lower in CIV patients compared with IIV patients. These findings suggested that CIV method was 
preferable to IIV method among older patients and patients with reduced renal functions. However, CIV method was not associ-
ated with the time to achieve therapeutic range. These findings can help inform the choice of CIV as the potential alternative 
method of administration in ICU patients.
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INTRODUCTION 

The incidence of methicillin-resistant Staphylococcus aureus 
(MRSA) infections among the intensive care unit (ICU) patients has 
dramatically increased in recent years. In the United States, data from 
National Nosocomial Infections Surveillance (NNIS) System reported 
between 1989 and 2002, the proportion of S. aureus infections due to 
MRSA in ICU patients increased from 29 to over 60%1). In comparison 
with methicillin-sensitive Staphylococcus aureus (MSSA) infections, 
MRSA infections are associated with increased morbidity and mortality 
in critically ill patients. The possible explanations for these observations 
included increased virulence of MRSA compared with MSSA, 

decreased effectiveness of vancomycin, inappropriate vancomycin dos-
ing, and delay in initiating appropriate antibiotics for MRSA infec-
tions1).

The treatment of MRSA is challenging especially among the criti-
cally ill patients. The treatment data are often lacking and bias due to 
industry-sponsored prospective randomized clinical trials which has 
excluded this cohort. Vancomycin has been regarded as the gold stan-
dard therapy for invasive MRSA and coagulase-negative staphylococci 
(CoNS) infections2) and it has been the drug of choice for treatment of 
MRSA infected critically ill patients3). 

Vancomycin is a complex and bizarre tricyclic glycopeptide that is 
produced by Streptococcus orientalis with a molecular weight of about 
1500 daltons4). It acts by binding to the precursor units of peptidoglycan 
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synthesis, inhibiting the transpeptidase reaction2). Vancomycin is mainly 
excreted unchanged in the urine. Total body clearance of vancomycin is 
dependent on the kidneys, and is correlated to glomerular filtration rate 
and creatinine clearance (CrCl). In patient with renal impairment, the 
accumulation of vancomycin may cause toxic side-effects if dosage is 
not adjusted according to the patient's renal function. Vancomycin-
induced nephrotoxicity has been shown to be associated with high van-
comycin blood concentrations5).

Pharmacokinetics of vancomycin were significantly altered in criti-
cally ill patients compared to the normal ward patients6). A vancomycin 
loading dose of 25 to 30 mg/kg (based on actual body weight) can be 
used to facilitate rapid attainment of the target trough blood concentra-
tion in critically ill patients7). The use of vancomycin has been supported 
in the literature for more than 5 decades; unfortunately, the most suit-
able mode of vancomycin administration is still undefined because the 
earlier studies have shown inconsistent and conflicting findings8). 

Intermittent infusion of vancomycin (IIV) is the standard clinical 
practice; however, many published studies have highlighted the poten-
tial benefits of continuous infusion of vancomycin (CIV). CIV has fast-
er attainment of more consistent target blood concentrations and associ-
ated with lower mortality rates and less expensive compared to intermit-
tent infusion. The continuous infusion method is believed to be a prom-
ising alternative mode of administration for vancomycin8-11). However, 
the other studies showed no difference between these two methods in 
terms of clinical outcomes9,12). Therefore, the use of CIV as the potential 
alternative administration mode still remains unclear.

This study investigated the use of the IIV and CIV among the 
patients admitted to ICU. The differences between IIV and CIV in terms 
of demographic profiles and time to achieve therapeutic range among 
the critically ill patients were studied.

MATERIAL  AND  METHODS

Study design and setting
A retrospective, single-center, observational study comparing inter-

mittent vancomycin dosing and continuous vancomycin infusion was 
undertaken at the ICU, Hospital Universiti Sains Malaysia (HUSM), 
Kubang Kerian, Kelantan, Malaysia from January 2008 to December 
2009. A retrospective study design was chosen because the data cap-
tured from this study would be helpful to provide a baseline data for fur-
ther multicenter, prospective, randomized study. To the best of our 
knowledge, this is the first data on the use of CIV in the Malaysian pop-
ulation. 

Ethical approval
The approval for conducting the study was obtained from the Senior 

Deputy Director of Pharmacy Department, HUSM and the ethical 
approval was obtained from the Human Research Ethics Committee 
(HREC), Universiti Sains Malaysia (USM) in Kelantan, Malaysia.

Participants
There were 203 patients who received vancomycin in the general 

ICU, HUSM from 01.01.2008 until 31.12.2009. This data was obtained 
from the computerized data-base at Therapeutic Drug Monitoring 
(TDM) Unit, Department of Pharmacy, HUSM. The data of the eligible 
patients were traced and reviewed. The inclusion criteria for this study 
were the patient aged 18 years old and above; those who received van-
comycin either by intermittent infusion or continuous infusion alone; 
and those who received vancomycin as prophylaxis, suspected or con-
firmed MRSA infections. The exclusion criteria were the patient aged 
below 18 years old; the patients who received both method of vancomy-
cin administration; and those who received vancomycin for indication 
other than prophylaxis, suspected or confirmed MRSA infections.

Sample size estimation
The sample size calculation was done using PS: Power and Sample 

Size Calculation Version 3.0.12. Based on the reviewed data for the two 
years study period, the number of eligible samples was less than the cal-
culated sample size; hence, all the patients were included for analyses.

Data collection 
The patients ICU case notes and the TDM data were traced to 

review the treatment history and clinical conditions. All the relevant 
information was recorded in the data collection form. Variables that 
were required for the study were: 1) Demographic and CrCl (age, gen-
der, weight, ethnicity and baseline CrCl on ICU admission; 2) Infection 
status and concurrent antibiotics use (sites of MRSA infection and con-
current antibiotics use); 3) Vancomycin therapy (indication for use of 
vancomycin, dose and duration of treatment); and 4) Time to achieve 
target levels of vancomycin.

Data analysis
A Cockcroft-Gault equation was used to predict creatinine clearance 

from serum creatinine13). Mean and standard deviation (SD) were com-
puted for numerical variables, and for categorical variables, frequency 
and percentages were also computed. Numerical variables were com-
pared with independent t-tests or Mann-Whitney U-test where appropri-
ate. Chi-square tests or Fisher's exact test were used for categorical vari-
ables. Descriptive and comparative statistical tests were carried out 
using SPSS/Win software (Version 12.0, SPSS, Inc., Chicago, IL) and 
have been detailed under each results table. The limit of significance 
was set at 0.05.

RESULTS 

Patient demographic profiles 
A total of 203 patients received vancomycin therapy in the ICU 

during the study period. Fourty-three patients who met the study criteria 
were included in the study (IIV, n = 19 and CIV, n = 24). The average 
age of the patients was 48.3 years old (SD 16.21) and their mean base-
line CrCl on admission was 79.2 ml/min (SD 51.91). The respiratory 
tract was the most commonly found site of MRSA infection (n = 32, 
74.4%). Another diagnosis which was linked with MRSA in this study 
was cellulitis. The majority of patients (n = 37, 86.0%) received concur-
rent antibiotics. 

The number of patients receiving vancomycin for suspected and 
confirmed MRSA infections were 29 (67.4%) and 14 (32.6%), respec-
tively. The mean dose of vancomycin was 20.7 mg/kg/day (SD 6.36) 
and their mean duration of vancomycin treatment was 8.1 days (SD 
3.83). 

Majority of the patients (n = 28, 65.1%) achieved target blood levels 
of vancomycin and maintained throughout therapy. Only six patients 
(14.0%) did not achieve the therapeutic range of vancomycin through-
out therapy. The overall mean time to achieve therapeutic range was 8.1 
days (SD 3.83). 

Comparison of demographic profiles and time to achieve 
therapeutic range between intermittent vancomycin dosing 
and continuous vancomycin infusion 

Table 1 shows the comparison of the patient characteristics and time 
to achieve therapeutic range of vancomycin between IIV and CIV 
group. The age of patients in CIV group was significantly older than 
those in IIV group [mean age (SD) = 55.3(13.61) years old vs 39.5 
(15.20) years old, p = 0.001]. On the other hand, the baseline CrCl on 
admission was significantly lower in CIV group compared to the IIV 
group [mean (SD) = 65.1 (45.48) ml/min vs 97.0 (55.18) ml/min, p = 
0.025]. However, there was no significant difference in gender, ethnicity 
and body weight between the two groups. Most of CIV patients received 
concurrent antibiotics (n = 23, 95.8%), and this was statistically differ-
ence when compared to the IIV group (p = 0.049). 

The total daily dose of vancomycin in CIV group was significantly 
lower than those in IIV group [mean dose (SD) = 18.4 (5.92) mg/kg/day 
vs 23.5 (5.87) mg/kg/day, p = 0.008]. Furthermore, the duration of van-
comycin treatment was significantly lower in CIV patients than in IIV 
patients [mean (SD) = 6.8 (3.24) days vs 9.7 (4.00) days, p = 0.022].

In our study, we found that the patients who received IIV required 
42% (2.85 days) longer time to achieve the therapeutic range comparing 
to those who received CIV (9.68 days vs 6.83 days), but the difference 
was not statistically significant (p = 0.966).
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DISCUSSION

The administration of vancomycin using intermittent infusion is the 
standard clinical practice; whilst the use of continuous infusion of van-
comycin as the potential alternative mode remains unclear9-12,14,15). This is 
the first study in Malaysia investigating the use of the IIV and CIV 
among the ICU patients looking at their differences in terms of demo-
graphic profiles and time to achieve therapeutic range among MRSA 
infected critically ill patients.

In this study, the patients were treated with intravenous vancomycin 
as prophylaxis or when suspected MRSA or confirmed MRSA infec-
tions. Vancomycin was administered intermittently or continuously 
depending on the jurisdiction of practising ICU intensivist. For intermit-
tent administration, diluted vancomycin (5 mg/ml) was infused over 60 
minutes for every 12 or 8 hours, while for continuous vancomycin infu-
sion, the diluted vancomycin was infused 24 hours continuously when 
prescribed.

In our study cohort, the age of patients was significantly higher and 

the baseline CrCl on admission was significantly lower in the CIV 
group when compared to the IIV group. The patients who received IIV 
required a longer time to achieve the target therapeutic range than those 
who received CIV even though the difference was not statistically sig-
nificant.

Cockcroft, Gault (1976)13) showed that age-related decline in renal 
function accounts for approximately 5 to 10% reduction in glomerular 
filtration per decade beyond the age of 30. Nevertheless, other causes of 
reduction in renal clearance should also be considered include acute or 
chronic renal dysfunction commonly seen in diseases such as diabetes 
or heart failure16). Thus, it was not surprising that the age of patients was 
significantly higher while baseline CrCl on ICU admisssion were sig-
nificantly lower in CIV patients. This also suggested that the CIV meth-
od was a more preferable method to the IIV among the older patients 
and those with reduced renal function. 

In this study, most of the MRSA infected site was in the respiratory 
tract (74.4%) in which the diagnosis was pneumonia. This result was 
consistent with the finding reported by Dhillon, Clark (2009)17) where 
the majority of infections in the ICU were pneumonia (68%). 

Table 1. Comparison of different variables between intermittent infusion of vancomycin (IIV) and continuous 
infusion of vancomycin (CIV)

Variable Total IIV CIV p value
 (n = 43) (n = 19) ( n = 24)

Demographic and CrCl    
Mean age (year) (SD) 48.3 (16.21) 39.5 (15.20) 55.3(13.61) 0.001a

Mean body weight (kg) (SD) 63.6 (11.38) 62.8 (13.09) 64.2 (10.07) 0.478a

Mean baseline CrCl on admission (ml/min) (SD) 79.2 (51.91) 97.0 (55.18) 65.1 (45.48) 0.025a

Gender, n (%)
Male 23 (53.5) 10 (52.6) 13 (54.2) 0.920b

Female 20 (46.5) 9 (47.4) 11 (45.8)
Ethnicity, n (%)

Malay 39 (90.7) 16 (84.2) 23 (95.8) 0.306c

Chinese 4 (9.3) 3 (15.8) 1 (4.2)
Infection status and concurrent antibiotics use
Site of MRSA infection, n (%)

Respiratory tract 32 (74.4) 17 (89.5) 15 (62.5) 0.077b

Intra-abdominal   5 (11.6)   0 (0)   5 (20.8) 0.056b

Bacteremia   6 (14.1)   2 (10.5)   4 (16.7) 0.678b

Urinary tract   4 ( 9.3)   1 (5.3)   3 (13.0) 0.618b

Operation sites 10 (23.3)   6 (31.6)   4 (16.7) 0.256b

Others 10 (23.3)   4 (21.1)   6 (25.0) 1.000b

Number of MRSA infection site, n (%)
1  24 (58.8) 10 (52.6) 14 (58.3) 0.087c

2  14 (32.6) 7 (36.8) 7 (29.2)
≥ 3  5 (11.6) 2 (10.5) 3 (12.5)

Concurrent antibiotics use, n (%) 37 (86.0) 14 (73.7) 23 (95.8) 0.049b

Number of other concurrent antibiotics use, n (%)* 
1  12 (32.4) 7 (50.0) 5 (21.7) 0.079b

≥ 2  25 (67.6) 7 (50.0) 18 (78.3)
Vancomycin therapy
Indication for use of vancomycin, n (%)

Suspected MRSA infection 29 (67.4) 14 (73.7) 15 (62.5) 0.437b

Confirmed MRSA infection 14 (32.6)   5 (26.3)   9 (37.5)
Mean initial dose (mg/kg/day) (SD) 20.7 (6.36) 23.5 (5.87) 18.4 (5.92) 0.008a

Mean duration of therapy (day) (SD)   8.1 (3.83)  9.7 (4.00)    6.8 (3.24) 0.022d

Mean time to achieve therapeutic range (day) (SD) 8.1 (3.83) 9.7 (4.00) 6.8 (3.24) 0.966c

Therapeutic range achievement
Achieved and maintained throughout therapy 28 (65.1) 12 (63.2) 16 (66.7) 0.432b

Achieved but not maintained throughout therapy 9 (20.9) 3 (15.8) 6 (25.0)
Not achieved throughout therapy 6 (14.0) 4 (21.1) 2 (8.3) 

CrCl, creatinine clerance; IIV, intermittent infusion of vancomycin; CIV, continuous infusion of vancomycin; SD, standard deviation; MRSA, methicillin-

resistant Staphylococcus aureus
aIndependent t-test, bPearson's chi-square test, cFisher's exact test, dMann-Whitney U-test.

*Data was analysed based on 37 patients who received concurrent antibiotics.
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Concurrent antibiotics were presribed to majority of patients 
(86.0%) and most of them received CIV (95.8%). In addition, we found 
the number of patients receiving concurrent antibiotics was significantly 
higher in CIV group compared to IIV group. For both groups, the 
patients were given aminoglycosides such as gentamicin, amikacin or 
netilmycin and beta-lactam antibiotics likes penicillins, carbapenems 
and cephalosporins. The reasons for combination antibiotics usage with 
vancomycin for the treatment of MRSA infection have been highlighted 
by Deresinski (2009)18) as follows: 1) extending coverage to include 
vancomycin intermediate Staphylococcus aureus (VISA) and heterore-
sistant VISA, and enhancing activity against isolates with a minimum 
inhibitory concentration (MIC) at or approaching the breakpoint for sus-
ceptibility; 2) avoiding the emergence of reduced susceptibility to van-
comycin; 3) accomplishing bactericidal synergy; 4) delivering activity 
against stationary-phase organism and organisms growing in biofilm; 5) 
penetrating cells and tissues not reached by vancomycin; and 6) retard-
ing toxin production. Thus, the roles of concurrent antibiotics usage 
with vancomycin in treating MRSA are essential.

The use of vancomycin for suspected MRSA infection was higher 
than confirmed MRSA infection (67.4% vs 32.6%). The patients were 
suspected of having MRSA infections when there were evidence of 
nasal MRSA colonization, and nasal colonization was a significant risk 
factor for MRSA infection19). Other risk factors that may lead to MRSA 
colonization or infection in hospitalized patients are primarily related to 
the use of health care resources that may increase the likelihood of colo-
nizing MRSA, pre-existing chronic illnesses, impaired immune function 
and extreme of age1). Early recognition of MRSA infections is critical to 
assure prompt initiation of appropriate antibiotic therapy and a delay in 
initiation of therapy is associated with a further increase in mortality20). 
Thus, empirical antimicrobial therapy that cover MRSA infections are 
crucial in suspected cases of MRSA infections.

Overall, the mean dose of vancomycin was 20.7 mg/kg/day in the 
our study. Interestingly, the dose of vancomycin was significantly lower 
in CIV group than those in IIV group (18.4 mg/kg/day vs 23.5 mg/kg/
day). Vancomycin was started with a higher dose, 30 mg/kg/day for both 
methods of administration in the previous reported prospective multi-
center randomized study comparing the efficacy, safety, and costs of IIV 
and CIV in severe hospital-acquired methicillin-resistant staphylococci 
(MRS) infections9). However, based on the demographic data of the 
patients in our study, the patients in CIV group were older than those in 
IIV group. The older age could be a reason for the dose reduction during 
initial dosing. In addition, the baseline CrCl before starting of vancomy-
cin was also lower in CIV patients. It was possible that the dose of van-
comycin was adjusted based on renal function in this group. 

When there is a dose reduction, there is a risk that these patients 
may receive inadequate doses of vancomycin. According to report of 
Hall et al. (2008)21), an adequate initial dosing of vancomycin was 
achieved for 100% of underweight, 99% of normal weight, 93.9% of 
overweight, and 27.7% of obese patients. Inadequate dosing of vanco-
mycin can lead to subtherapeutic concentrations and potentially worsen 
the clinical outcomes, therefore a greater effort should be undertaken to 
ensure these patients receive an optimum weight-based dosing21).

Shorter duration of vancomycin treatment was found among the 
CIV patients compared to the IIV patients in our cohort. A previous 
study showed the duration of appropriate antimicrobial therapy was not 
associated with higher mortality among the elderly population with 
MRSA bacteremia22). However, the study population in their study was 
different from ours.

In terms of achieving the therapeutic range, our target concentration 
of vancomycin were achieved and maintained throughout therapy in 
majority of patients (65.1%). In our study, the target range for trough 
concentration for intermittent infusion was 5 to10 mg/liter23,24) and the 
target plateau serum vancomycin concentration for continuous infusion 
of vancomycin was 15 to 25 mg/liter9,14,25,26). Drug serum concentration at 
steady-state was measured for pharmacokinetic monitoring after 3 to 5 
half-lives. The duration required for achieving target concentration in 
our study was 8.1 days. 

Albanese et al. (2000)27) showed that the CIV does not modify the 
pharmacokinetics of vancomycin in ICU patients in terms of clearance, 
elimination half-life and volume of distribution. In contrary, the phar-
macokinetic comparisons by Wysocki et al. (2001)9) reported the time 
needed to reach target concentrations were faster in patients on CIV 
compared with IIV patients (36 hours vs 51 hours, p = 0.029). A notice-
able finding in our study, although not statistically significant, was the 
time to achieve target therapeutic range in patients who received IIV 
was 42% longer than those who received CIV (9.68 days vs 6.83 days). 
These findings suggested a faster achievement of target concentrations 
of continuous vancomycin administration, but they were marginally 

missed being a significant difference. Evidence suggested that faster 
achievement of target concentrations over the MIC90) value of suscepti-
ble pathogens is clinically relevant in critically ill patients15). In addition, 
the rapid achievement and maintenance of trough (minimum) plasma 
concentrations (Cmin) of 15 to 20 mg/liter was suggested as a possible 
solution to improve the efficacy of vancomycin28,29).

There are limited data available concerning the differences of the 
intermittent and continuous intravenous administration of vancomycin 
in critically ill patients with conflicting results. This study investigated 
the differences in demographic and pharmacokinetics profiles between 
the administration of IIV and CIV in the ICU patients. Several limita-
tions were encountered during the study. The severity of infection was 
not assessed on admission to the ICU and before starting of the vanco-
mycin therapy. Clinical outcomes and safety profiles were also not 
reported in this retrospective study. In view of retrospective design, sin-
gle-center and small sample size, we were cautious when interpreting 
and reviewing the results. Even so, results of this study could be consid-
ered as a basis for further investigations to determine the most suitable 
method of administration of vancomycin. 

In this study, the age of critically ill patients requiring vancomycin 
infusion for MRSA was significantly higher and the baseline CrCl on 
admission was significantly lower in the continuous infusion group 
when compared with intermittent infusion group. Our findings suggest-
ed that the continuous infusion method was preferable to intermittent 
infusion among older patients and those with reduced renal functions. 
Even though it was not statistically significant, the time needed to reach 
target concentrations from our data showed that the patients who 
received intermittent infusion required longer time to achieve the target 
therapeutic range than those who received continuous infusion. Our 
study confirms that the continuous infusion of vancomycin could poten-
tially be the alternative method of administration in the elderly ICU 
patients.
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