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a  b  s  t  r  a  c  t

Continuous  infusion  of  vancomycin  (CIV)  and  intermittent  infusion  of  vancomycin  (IIV)  are  two  major
administration  strategies  in  clinical  settings.  However,  previous  articles  comparing  the  efficacy  and  safety
of CIV  versus  IIV showed  inconsistent  results.  Therefore,  a meta-analysis  was  conducted  to  compare  the
efficacy  and  safety  of  CIV  and  IIV.  PubMed,  the  Cochrane  Library  and  Web  of  Science  up to June  2015  were
searched using  the keywords  ‘vancomycin’,  ‘intravenous’,  ‘parenteral’,  ‘continuous’,  ‘intermittent’,  ‘dis-
continuous’,  ‘infusion’,  ‘administration’  and  ‘dosing’.  Eleven  studies  were  included  in  the  meta-analysis.
Neither  heterogeneity  nor  publication  bias  were  observed.  Patients  treated  with  CIV  had  a significantly
lower  incidence  of nephrotoxicity  compared  with  patients  receiving  IIV [risk  ratio  (RR)  =  0.61,  95%  confi-
linical efficacy
afety

dence  interval  (CI)  0.47–0.80;  P < 0.001].  No  significant  difference  in  treatment  failure  between  the  two
groups  was  detected.  Mortality  between  patients  receiving  CIV  and  patients  receiving  IIV  was  similar
(RR  =  1.15, 95% CI  0.85–1.54;  P =  0.365).  This  meta-analysis  showed  that  CIV  had  superior  safety  compared
with  IIV,  whilst  the  clinical  efficacy  was  not  significantly  different.  A further  multicentre,  randomised
controlled  trial  is required  to  confirm  these  results.
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. Introduction

Vancomycin is commonly prescribed as empirical coverage for
rug-resistant Gram-positive organisms, especially for meticillin-
esistant Staphylococcus aureus (MRSA). In recent years, the
ccurrence of clinical failure in patients with severe MRSA infec-
ions has increased dramatically [1–3]. However, due to limitations
n the introduction of advanced antibiotics into clinical practice and
he development of novel antibiotics [4], alternative administration
trategies of vancomycin have been investigated to improve clinical
fficacy.

Consensus guidelines recommend that vancomycin be admin-
stered by intermittent infusion [5,6]. However, recent research
uggests that continuous infusion of vancomycin (CIV) may  have
ome advantages over intermittent infusion of vancomycin (IIV)
7,8].

Several parameters have been identified to measure the efficacy
Please cite this article in press as: Hao J-J, et al. Continuous versus int
review and meta-analysis. Int J Antimicrob Agents (2015), http://dx.d

f vancomycin, such as the duration that the drug serum concen-
ration exceeds the minimum inhibitory concentration (MIC) of the
arget organism (T>MIC) [9,10] and the serum drug area under the

∗ Corresponding author. Tel.: +86 10 6709 8019.
E-mail address: zhoujx.cn@icloud.com (J.-X. Zhou).

ttp://dx.doi.org/10.1016/j.ijantimicag.2015.10.019
924-8579/© 2015 Published by Elsevier B.V.
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concentration–time curve (AUC) to MIC  ratio (AUC/MIC) [5,8,11].
Previous studies showed that CIV had the potential to increase
the T>MIC [12]. The occurrence of vancomycin-associated toxicity
related to a high-dose regimen and high trough serum level has
been reported [13]. However, published articles and reviews com-
paring the efficacy and safety of CIV versus IIV showed inconsistent
results [14–38].

A meta-analysis published by Cataldo et al. suggested that CIV
was associated with a significantly lower risk of nephrotoxicity
compared with IIV, whereas it did not show an obvious supe-
rior impact on mortality rate or on pharmacodynamic activity in
terms of AUC/MIC ratio [34]. However, several clinical studies have
been carried out to compare the efficacy and safety of CIV with
IIV since then [25–28,30]. Therefore, we believe that different or
new results might be identified. Thus, the newly published studies
were enrolled in the present study and a systematic review and
meta-analysis was  conducted. The aim was  to illustrate the clinical
efficacy and safety of CIV compared with IIV in adult patients with
infections.
ermittent infusion of vancomycin in adult patients: A systematic
oi.org/10.1016/j.ijantimicag.2015.10.019

2. Methods

The method of the study was previously specified and docu-
mented in a protocol on the website of PROSPERO (http://www.
crd.york.ac.uk/PROSPERO/; registration no. CRD42015015396).

60

61

62

63

dx.doi.org/10.1016/j.ijantimicag.2015.10.019
dx.doi.org/10.1016/j.ijantimicag.2015.10.019
http://www.sciencedirect.com/science/journal/09248579
http://www.elsevier.com/locate/ijantimicag
mailto:zhoujx.cn@icloud.com
http://www.crd.york.ac.uk/PROSPERO/;
http://www.crd.york.ac.uk/PROSPERO/;
http://www.crd.york.ac.uk/PROSPERO/;
http://www.crd.york.ac.uk/PROSPERO/;
http://www.crd.york.ac.uk/PROSPERO/;
http://www.crd.york.ac.uk/PROSPERO/;
http://www.crd.york.ac.uk/PROSPERO/;
http://www.crd.york.ac.uk/PROSPERO/;
dx.doi.org/10.1016/j.ijantimicag.2015.10.019


ARTICLE IN PRESSG Model
ANTAGE 4705 1–8

2 J.-J. Hao et al. / International Journal of Antimicrobial Agents xxx (2015) xxx–xxx

F alysis
P

2

T
J
T
‘
t
w
i
(
w
a

2

d
c
r
(
o
o
a
m
o
(

2

m
s
r
c
t
s
w
o
t
c
b

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133
ig. 1. Flow chart depicting the selection process of studies included in the meta-an
K/PD, pharmacokinetic/pharmacodynamic.

.1. Article identification

PubMed/MEDLINE, the Cochrane Central Register of Controlled
rials (CENTRAL), the Cochrane Library and Web  of Science up to
une 2015 were searched to identify all papers published in English.
he search terms included ‘vancomycin’, ‘intravenous’, ‘parenteral’,

continuous’, ‘intermittent’, ‘discontinuous’, ‘infusion’, ‘administra-
ion’ and ‘dosing’. References from relevant articles and reviews
ere also searched manually to identify additional eligible stud-

es. Considering the small number of randomised controlled trials
RCTs) on this subject, no predefined limitations on study design
ere applied. RCTs, cohort studies and case-control studies were

ll included.

.2. Study selection

Two reviewers (J-JH and HC) searched the literature indepen-
ently. A study was considered eligible if it met  the following
riteria: (i) study population was adult patients with a bacte-
ial infection requiring intravenous (i.v.) vancomycin therapy; and
ii) studies compared at least one of the following outcomes
f CIV with IIV: mortality, treatment failure, nephrotoxicity or
ther adverse drug events. Exclusion criteria were: (i) non-i.v.
dministration of vancomycin; (ii) studies focusing only on phar-
acokinetic/pharmacodynamic (PK/PD) parameters; (iii) studies

n surgical prophylaxis for infections; (iv) animal experiments; and
v) case reports or case series.

.3. Quality assessment

The modified Jadad scale [39] was used for quality assess-
ent of RCTs, and the Newcastle–Ottawa quality assessment

cale (NOS) [40] was used for quality assessment of non-
andomised observational studies. The modified Jadad scale
onsists of four items regarding details of randomisation, alloca-
ion concealment, blinding, and dropouts and withdrawals. The
cale ranges from 0 to 7. High-quality RCTs score >4 points,
hilst low-quality RCTs score ≤4 points. The NOS was devel-
Please cite this article in press as: Hao J-J, et al. Continuous versus int
review and meta-analysis. Int J Antimicrob Agents (2015), http://dx.d

ped for cohort and case-control studies and is categorised into
hree dimensions, including selection, comparability and out-
ome (cohort studies) or exposure (case-control studies). A rating
etween zero and nine stars is used for a semi-quantitative
. CIV, continuous infusion of vancomycin; IIV, intermittent infusion of vancomycin;

assessment of studies, where five or more indicates high qual-
ity.

2.4. Data extraction

The following data were extracted from the included studies:
year of publication; first author; country; study design; number
of patients included in the two  groups; patient characteristics
[age, body weight, clinical setting, type of infection, pathogens
and Simplified Acute Physiology Score (SAPS)]; characteristics of
vancomycin administration (loading dose for CIV, dose of van-
comycin, target and mean serum vancomycin concentration, time
to achieve target serum concentration and duration of treatment);
nephrotoxicity; adverse effects; mortality; treatment failure; and
PK/PD parameters. Data extraction was performed by J-JH and HC
independently. Disagreements were solved by consensus or by dis-
cussion with another investigator (J-XZ).

2.5. Outcome variables and definitions

The primary outcomes of this meta-analysis were treatment
failure and nephrotoxicity. Treatment failure was defined as clin-
ical, laboratory or radiological parameters not improved or worse
after vancomycin therapy. Nephrotoxicity was defined as a serum
creatinine increased >0.5 mg/dL or >50% from the baseline value,
as a 50% reduction in the calculated creatinine clearance compared
with the baseline value, or as a need for renal replacement ther-
apy (RRT). Secondary outcomes included mortality, adverse effects,
duration of treatment and serum vancomycin exposure. Overall
mortality and infection-related mortality were assessed. Adverse
drug events included red man  syndrome, allergic reaction, phlebitis
and thrombocytopenia, etc. Vancomycin exposure included the
mean daily dose of vancomycin, the mean steady-state concen-
tration (Css) for CIV and the mean trough concentration (Cmin) for
IIV, the time to reach the target serum concentration and the 24-h
AUC (AUC24) for both strategies. Data conforming to any outcome
definitions reported in each study were used.
ermittent infusion of vancomycin in adult patients: A systematic
oi.org/10.1016/j.ijantimicag.2015.10.019

2.6. Statistical analysis

Data were analysed using Stata v.12.0 (Stata Statistical Software,
College Station, TX). Pooled risk ratios (RRs) and 95% confidence

134
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136
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ntervals (CIs) were calculated for dichotomous data. The stan-
ardised mean difference (SMD) and 95% CIs were calculated for
ontinuous outcomes. Meta-analysis was done if more than three
tudies reporting data on the same outcomes were available. Het-
rogeneity was evaluated by means of the I2, and a value of >50%
as defined to indicate significant heterogeneity. When the het-

rogeneity was greater than this threshold, possible explanations
ere investigated using sensitivity analysis.

Publication bias was assessed by the Begg’s funnel plot [41]. A
xed-effect model was used when there was mild to moderate het-
rogeneity between the studies, otherwise a random-effects model
as used as appropriate.

. Results

.1. Study selection

The selection process of studies included in this meta-analysis is
hown in Fig. 1. The initial database search yielded 4297 records, of
hich 1384 were excluded as duplicates and 2894 were excluded

ased on the titles and abstracts for various reasons (reviews, let-
ers, conference reports, case reports, not comparing CIV and IIV,
r irrelevance to the analysis). The remaining 19 full-text arti-
les [14–32] were assessed for eligibility, 8 of which were also
xcluded: 1 conducted in paediatric patients [29]; 1 conducted in
olunteers [16]; 1 for data duplicate [20]; 1 as the aim was  not to
ompare the outcomes of CIV and IIV [31]; and 4 that only com-
ared the PK/PD parameters of vancomycin [15,19,22,32]. Eleven
rticles [14,17,18,21,23–28,30] were included eventually, compris-
ng 1299 patients treated with vancomycin (477 by IIV and 822 by
IV).

.2. Study description

A summary description of the included studies is given in
able 1. The studies spanned from 1995 to 2015. Of the 11 included
tudies, 2 were RCTs [18,28], 1 was a historical-control study
14] and 8 were cohort studies [17,21,23–27,30]. No case-control
tudy was included in the review. All of the included studies were
pproved by the local ethics committee. The characteristics of van-
omycin administration in all of the studies are shown in Table 2.

.3. Quality assessment of the included studies

Quality assessment of RCTs was performed using the mod-
fied Jadad scale [18,28]. One RCT achieved 5 points [18] and
he other achieved 4 points [28]. Non-RCTs were assessed by
he NOS [14,17,21,23–27,30]. Five studies were assigned 5 stars
17,23,25,27,30], three studies were assigned seven stars [14,21,24]
nd one study was assigned six stars [26]. These studies are summ-
rised in Table 3.

.4. Treatment failure

Four studies reported the incidence of treatment failure
18,21,25,26]. The RCT defined clinical failure including patients
ho died from the infection, so the number of treatment failures in

ur study was 7/61 in the CIV group and 4/58 in the IIV group [18].
he incidence of clinical failure was lower in the CIV group than in
Please cite this article in press as: Hao J-J, et al. Continuous versus intermittent infusion of vancomycin in adult patients: A systematic
review and meta-analysis. Int J Antimicrob Agents (2015), http://dx.doi.org/10.1016/j.ijantimicag.2015.10.019

he IIV group in two studies [21,26], whilst it was  higher in the CIV
roup than in the IIV group in the other two studies [18,25]. How-
ver, none of the studies reported a significant difference between
he two groups. Ta
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3.5. Nephrotoxicity

Ten studies assessed the incidence of nephrotoxicity
[14,17,18,21,23–25,27,28,30]. Only one study reported that
the incidence of nephrotoxicity of vancomycin was  significantly
lower in patients receiving CIV than patients receiving IIV [27],
whilst the other studies did not find a statistically significant
difference. There was no heterogeneity (I2 = 0%) and there was
a lower incidence of nephrotoxicity in patients treated with
CIV compared with patients treated with IIV (RR = 0.61, 95% CI
0.47–0.80; P < 0.001) (Fig. 2) after synthesis of the data. In addition,
publication bias was  not observed (P = 0.061).

Three studies reported cases of nephrotoxicity in which RRT was
required [18,23,27], only one of which reported that the incidence
of nephrotoxicity was lower in the CIV group than that in the IIV
group [27].

3.6. Mortality

Seven studies were included in the evaluation of overall mor-
tality [14,17,18,21,23,25,30]. Heterogeneity was  not found (I2 = 0%)
and there was  no statistically significant difference in the risk of
mortality between patients receiving CIV and those receiving IIV
(RR = 1.15, 95% CI 0.85–1.54; P = 0.365) (Fig. 3), similar to each arti-
cle. Publication bias was  not found (P = 0.851).

Only three studies reported mortality due to infection
[14,17,18]. Di Filippo et al. reported that no patient died from infec-
tion [17]. Wysocki et al. reported that 2/13 in the CIV group and
5/13 in the IIV group died [14]. Wysocki et al. also reported a simi-
lar tendency (6/61 in the CIV group and 7/58 in the IIV group) [18].
The difference between groups was  not statistically significant in
all studies.

3.7. Adverse effects

Five studies analysed adverse effects besides nephrotoxicity
[17,18,21,23,25]. Akers et al. reported a high number of onset of
thrombocytopenia (16/90 in the CIV group and 11/81 in the IIV
group; P = 0.53) [25]. In the study conducted by Vuagnat et al. [21],
adverse drug effect led to termination of treatment in two patients
in the CIV group (with catheter phlebitis) and five patients in the IIV
group (including two cases of allergic reaction and one case each of
catheter phlebitis, severe neutropenia and severe depression). Red
man  syndrome was reported in two studies, which was observed
only in the IIV group [18,23].

3.8. Duration of treatment

Nine studies were assessable for the duration of treatment
[14,17,18,21,23,24,26,27,30]. Two studies were not included in the
data synthesis since the duration of treatment was described as
median and interquartile range [27,30]. One study reported that
there was  no significant difference in the duration of vancomycin
treatment between the CIV and IIV groups (P = 0.68) [27]. The other
study reported that the duration of vancomycin therapy was longer
in the CIV group than in the IIV group (P = 0.009) [30]. Heterogene-
ity was not found (I2 = 0%) and pooled data showed that there was
no significant difference in the duration of treatment in patients
ermittent infusion of vancomycin in adult patients: A systematic
oi.org/10.1016/j.ijantimicag.2015.10.019

treated with CIV and those treated with IIV (SMD = −0.03, 95%
CI–0.20 to 0.13; P = 0.710) (Fig. 4). Publication bias was  not detected
(P = 0.368). The duration of treatment obviously varied between the
studies due to the severity of infection.
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Table  3
Quality assessment for non-randomised observational studies according to the Newcastle–Ottawa quality assessment scale.

Reference S1 S2 S3 S4 C1 C2 O1 O2 O3 Total

Wysocki et al. [14] 1 1 1 0 1 1 1 1 0 7
Di  Filippo et al. [17] 1 1 1 0 0 0 1 1 0 5
Vuagnat et al. [21] 1 1 1 1 0 0 1 1 1 7
Hutschala et al. [23] 1 1 1 0 0 0 1 1 0 5
Ingram et al. [24] 1 1 1 0 1 1 1 1 0 7
Akers  et al. [25] 1 1 1 0 0 0 1 1 0 5
Verrall et al. [26] 1 1 1 0 0 0 1 1 1 6
Saugel et al. [27] 1 1 1 0 0 0 1 1 0 5
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Tafelski et al. [30] 1 1 1 1 

, selection; C, comparability; O, outcome.

.9. Vancomycin exposure

The mean daily administered vancomycin dose adjusted accord-
ng to the target serum vancomycin concentration was  reported
n six studies [14,18,21,23,25,27]. Three studies suggested that
he mean daily dose was higher in the CIV group than in the IIV
roup when adjusted to maintain the target serum concentration
14,23,25], whilst one RCT reported that the daily dose given over
0 days of treatment was  lower with CIV than with IIV [18], whereas
wo studies showed no significant difference [21,27]. Data synthe-
is was not carried out due to the high statistical heterogeneity
2
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I = 65.4%).
Eight studies reported the mean Css for CIV and the mean Cmin

or IIV [14,17,18,21,23,24,27,28], six of which recorded the target
rough or plateau concentration of vancomycin [14,18,21,23,27,28].

ig. 2. Forest plot of nephrotoxicity. Forest plot summary of the unadjusted risk rati
ephrotoxicity in patients treated with continuous infusion of vancomycin (CIV) versus i
0 0 1 0 0 5

In two of these, the mean Css for CIV was higher than the target
plateau vancomycin concentration [21,23]. Also, in two  studies the
mean Cmin for IIV was higher than the target trough vancomycin
concentration [18,23], and in one study the mean Cmin for IIV was
lower than the target trough concentration [28]. Hutschala et al.
showed that both the mean Cmin and Css are higher than the target
trough or plateau concentration of vancomycin [23].

Five studies reported the time to reach the target serum concen-
tration [14,18,21,23,30]. In two of these, a longer time was  needed
in the IIV group [18,23]. However, the duration was  longer in the
CIV group in one study (P = 0.022) [30] and another two  studies
ermittent infusion of vancomycin in adult patients: A systematic
oi.org/10.1016/j.ijantimicag.2015.10.019

showed no statistical difference [14,21].
AUC24 values were reported in only two studies [18,23]. The

mean value for the CIV group was lower than the value for the
IIV group in both studies (P = 0.025 and P = 0.002, respectively) and

o (RR) of the studies included in the meta-analysis comparing the incidence of
ntermittent infusion of vancomycin (IIV). RCT, randomised controlled trial.
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ig. 3. Forest plot of mortality. Forest plot summary of the unadjusted risk ratio (RR)
reated  with continuous infusion of vancomycin (CIV) versus intermittent infusion 

ith a lower variability in the CIV group. The T>MIC and AUC24/MIC
ere not reported in any study.

. Discussion

In this review, 11 studies published up to June 2015 were
nrolled and neither heterogeneity nor publication bias was
bserved. The meta-analysis showed that CIV had a lower incidence
f nephrotoxicity compared with IIV. However, the clinical efficacy
as similar; neither treatment failure nor mortality between the

wo groups was significantly different.
One recently published review comparing the PK/PD parameters

howed that CIV was superior to IIV in dosing and monitoring prac-
ices [33]. Another two previously published reviews only stated
vidence to evaluate the efficacy and safety of different dosing
trategies but not integrated the data [35,37] and neither of them
upported the routine of CIV.

Compared with the others [34,36,38], the main difference was
he number of included articles. We  obtained a similar result as the
tudy by Cataldo et al. [34], but van Maarseveen et al. concluded
hat CIV was as effective as IIV in clinical outcome [36]. There were
o differences in the methods or inclusion and exclusion criteria

n these two studies, except that five new articles were included.
he meta-analysis by Hanrahan et al.  [38] demonstrated that CIV
Please cite this article in press as: Hao J-J, et al. Continuous versus int
review and meta-analysis. Int J Antimicrob Agents (2015), http://dx.d

ad a higher incidence of nephrotoxicity than IIV, which was in
ontrast to our study. Seven studies were included in their study
ompared with our eleven articles. Moreover, they also included
ne article published in 2014 [31] that was not included in our
 studies included in the meta-analysis comparing overall mortality rates in patients
comycin (IIV). RCT, randomised controlled trial.

study. The main aim of Hanrahan et al.’s study [31] was to evaluate
the relative risk factors for the evolution of acute kidney injury
in critically ill patients, and dosing strategy was part of the study.
However, the conclusion was in accordance with our summary that
CIV is associated with significantly less nephrotoxicity than dosing
by IIV. The scarcity of RCTs was the common shortcoming in these
three studies, suggesting that a further multicentre RCT is required.

Since the first application of vancomycin several decades ago, its
potential for nephrotoxicity has caused considerable controversy
[42], and the exact mechanism of nephrotoxicity is not well defined
[43]. There are three mechanisms related to nephrotoxicity: (i)
the purity of the pharmaceutical preparation; (ii) the severity of
disease; and (iii) some parameters related to vancomycin adminis-
tration (daily dosage, treatment duration and serum concentration
of vancomycin etc.). In the current study, we  found that nephro-
toxicity was significantly lower in CIV compared with IIV. With
improved fermentation methods, purity increased from 70% to ca.
95% during the 1990s, which drastically reduced the occurrence
rate of nephrotoxicity [44], therefore the purity of the preparation
should not be considered. In the present article, five studies com-
pared the severity of diseases in both group and only one showed
that the CIV group had a higher severity score [14], with the other
four showing an equal severity [17,18,23,30]. This implied that
the severity of illness might not relate to the result of the differ-
ermittent infusion of vancomycin in adult patients: A systematic
oi.org/10.1016/j.ijantimicag.2015.10.019

ence in the two  administration strategies. Previous studies showed
that CIV was  proposed to minimise vancomycin serum peak and
maximise trough concentrations [13], eliminating the characteris-
tic peak—trough variations of IIV and maintaining a constant Css
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Fig. 4. Forest plot of duration of treatment. Forest plot summary of the unadjusted standardised mean difference (SMD) of the studies included in the meta-analysis comparing
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he  duration of treatment in patients treated with continuous infusion of vancomy
rial.

nce steady-state was achieved [33]. Moreover, CIV appeared to
chieve a safer serum concentration profile when IIV and CIV dos-
ng regimens were adjusted to achieve the same AUC24 [34]. These
dvantages might be the main reasons for the renal protective effect
f CIV.

This meta-analysis showed a non-significant difference in clin-
cal efficacy, including mortality and treatment failure, in adult
atients with infections treated with CIV versus IIV. First, many
actors are associated with the therapeutic efficacy of vancomycin,
ncluding general demographic characteristics, primary disease
everity, co-morbidities, susceptibility of the causative organism,
natomical site of infection and PD/PK properties etc. [45].

However, none of these conditions were compared in the
nrolled studies. Second, treatment failure of antimicrobial therapy
as due to the continuous growth of bacteria, which could accel-

rate the conversion from sepsis to multiple organ failure and even
o death [23]. Only two studies reported infection-related mortality
nd the rate was lower in the CIV group than in the IIV group owing
o the shorter time to reach the target concentration [14,18]. There-
ore, the similarity of efficiency between CIV and IIV needs further
nvestigation.

There were several limitations that should be considered when
Please cite this article in press as: Hao J-J, et al. Continuous versus int
review and meta-analysis. Int J Antimicrob Agents (2015), http://dx.d

nterpreting the results. First, among the 11 included studies, only 2
ere small RCTs and the other 9 studies were observational studies.
bservational studies have a high selection bias and confounding
y indication in nature. Second, some important parameters were
IV) versus intermittent infusion of vancomycin (IIV). RCT, randomised controlled

not compared, such as cost effectiveness, length of hospital stay
and the eradication of pathogenic bacteria. Third, as the infection
categories, bacteria and population were diverse in this study, we
could not confidently conclude that CIV was superior to IIV for a
specific infection.

5. Conclusions

This meta-analysis showed that CIV had superior safety com-
pared with IIV, whilst there was  no significant difference in clinical
efficacy. A further multicentre RCT is required to confirm the
results.
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