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ABSTRACT
Background: Antibiotic-resistant bacteria, especially multidrug-resistant strains, play a key role 
in impeding critical patients from survival and recovery. The effectiveness of the empiric use of 
antibiotics in the circling manner in intensive care units (ICUs) has not been analyzed in detail 
and remains controversial. Therefore, this systematic review and meta-analysis were conducted 
to evaluate antibiotic-cycling effect on the incidence of antibiotic-resistant bacteria.

Methods: We searched PubMed, Embase, the Cochrane Central Register of Controlled Trials, 
and Web of Science for studies focusing on whether a cycling strategy of empiric use of anti-
biotics could curb the prevalence of antibiotic-resistant bacteria in ICUs. The major outcomes 
were risk ratios (RRs) of antibiotic-resistant infections or colonization per 1,000 patient days be-
fore and after the implementation of antibiotic cycling. A random-effects model was adopted 
to estimate results in consideration of clinical heterogeneity among studies. The registration 
number of the meta-analysis is CRD42018094464.

Results: Twelve studies, involving 2,261 episodes of resistant infections or colonization and 
160,129 patient days, were included in the final analysis. Based on the available evidence, the 
antibiotic-cycling strategy did not reduce the overall incidence of infections or colonization 
with resistant bacteria (RR = 0.823, 95% CI 0.655–1.035, p = .095). In subgroup analyses, the 
cycling strategy cut down the incidence of resistant bacteria more significantly than baseline 
period (p = .028) but showed no difference in comparison with mixing strategy (p = .758).

Linking Evidence to Action: Although the cycling strategy performed better than relatively 
free usage of antibiotics in the baseline period on reducing resistant bacteria, the cycling strat-
egy did not show advantage when compared with the mixing strategy in subgroup analyses. In 
addition, these viewpoints still need more evidence to confirm.

INTRODUCTION
The emerging of resistance is a natural evolutionary 
process for bacteria, but it is accelerated by the selective 
pressure imposed by widespread usage of antibiotics. In 
2014, the World Health Organization (WHO) claimed the 
primary species of bacteria such as Escherichia coli, Klebsiella 
pneumonia, and Staphylococcus aureus presented significant re-
sistant to antibiotics in at least 50% of isolates (WHO, 
2014). The WHO also warned if no appropriate measures 
were taken, more patients would face life-threatening re-
sistant bacterial infection. There are many factors that can 
lead to severely ill patients more likely to be infected with 
drug-resistant bacteria, such as long-term hospital stay, 

invasive operation, compromised immunity, and enrich-
ment of antibiotic-resistant bacteria in the environment. 
The prevalence of antibiotic-resistant bacteria in ICU not 
only increases the mortality and morbidity of patients, 
but also increases the length and cost of hospitalization. 
Furthermore, additional isolation wards, medical materi-
als, and medical staff are needed to limit the spread of 
antibiotic-resistant bacteria (Vallés et al., 2014; Vincent 
et al., 2009). There have been no new classes of antibi-
otics discovered since 1987 (Graham, 2017). The lack of 
new drugs and overuse of antibiotics make the threat of 
antibiotic-resistant bacteria become increasingly serious, 
which also underlines the importance of rational use of 
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antibiotics for reducing the selection pressure on microbes 
(Xiao et al., 2013).

Many strategies have emerged to control the emergence 
or dissemination of antibiotic-resistant bacteria, such as 
hand hygiene, chlorhexidine bath, restriction of ineffec-
tive antibiotics, reducing treatment duration, antibiot-
ic-cycling strategy, and antibiotic mixing strategy (Baur 
et al., 2017). In the cycling strategy (also called rotation 
strategy), a specified antibiotic is empirically used as a 
preferred option during a scheduled period in patients 
whose pathogenic microorganisms are unidentified. After 
that period, another antibiotic, usually from a different 
kind of antibiotics, becomes the first choice for all patients 
needing anti-bacterial treatment. In the mixing strategy, 
the first-line antibiotic will alternate in consecutive pa-
tients according to a pre-established protocol. To help 
make sense of this, a schematic of approaches of antibiotic 
using is shown in Figure 1 with quinolones, carbapenems, 
and cephalosporins as examples. The two measures are 
believed to increase the diversity of antibiotics compared 
with non-interventional (or in baseline period) antibiotic 
prescriptions, where antibiotic for empirical use is de-
cided by the attending physician. It is generally assumed 
that different classes of unrelated antibiotics were used in 
turns to remove the resistance of bacteria by random loss 
of resistance genes from bacterial flora (also called drift). 
The study by Christiane and colleagues showed that al-
ternating structurally similar antibiotics could restore the 
susceptibility of resistant bacteria to antibiotics (Goulart 
et al., 2013).

Although most of the published studies suggested that 
the cycling strategy was an effective approach to curb the 
emergence of resistant strains (Abel zur Wiesch, Kouyos, 
Abel, Viechtbauer, & Bonhoeffer, 2014), the opinion was 
challenged as some new evidence has come to light. And 
the new emerging studies showed that the cycling strategy 
about using antibiotics did not present more advantages 
than the mixing strategy (Cobos-Trigueros et al., 2016; Van 
Duijn et al., 2018). Therefore, we systematically reviewed 
relevant literature and analyzed data to clarify the effect of 

cycling regimens on suppressing the incidence of resistant 
bacteria, as well as the mortality, nosocomial infection, 
and ventilator-associated pneumonia (VAP) related to ICU 
patients.

METHODS
Search Strategy
We searched PubMed, Embase, the Cochrane Central 
Register of Controlled Trials, and Web of Science from the 
establishment of databases to April 20, 2018, to identify po-
tentially eligible studies evaluating the effect of an antibiotic-
cycling strategy on the acquisition of resistant bacteria. The 
study type, language, and publication status of targeted arti-
cles were not limited in our retrieval scheme. Search terms 
mainly included “antimicrobial*,” “antibiotic*,” “resistan*,” 
cycling, rotation, and scheduled (Table  S1). To thoroughly 
identify the literature associated with cycling strategies, we 
did not add search terms such as “intensive care unit” and 
“ICU” in our retrieval queries. We continued to receive up-
dated information from the databases until the review of this 
publication. All reference lists of articles related to antibi-
otic-cycling strategy were reviewed to explore the possible 
eligible literature, and the studies’ authors were contacted to 
supplement missing information if needed. The meta-analy-
sis was registered on www.crd.york.ac.uk/prospero with the 
registration number CRD42018094464 without a published 
protocol.

Inclusion Criteria and Data Extraction
The potential qualified studies were included with rel-
evant criteria as follows: (1) critically ill patients as re-
search subjects; (2) receiving antibiotic-cycling strategy; 
(3) having control period or control group; (4) provid-
ing data of resistant bacteria infections or colonization; 
and (5) with before–after or cluster-randomized study 
designs.

Studies were excluded for the following reasons: (1) 
did not provide enough data; (2) was not conducted in an 
intensive care unit; (3) used an unrepresentative cycling 

Figure 1.  The different approaches of antibiotic using. [Colour figure can be viewed at wileyonlinelibrary.
com]
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strategy; (4) included patients with hematological diseases 
as study subjects; (5) included patients less than 18 years 
old; and (6) did not include a control period or control 
group. Two authors independently screened the literature 
and extracted data from eligible studies according to a pre-
designed Excel form.

The data relevant to results and characteristics of the 
studies were extracted from eligible articles, such as pub-
lication year, country, study design, medical setting, mix-
ing or baseline as control period, infection or colonization, 
total cycling duration, each cycling period length, research 
quality, types of antibiotics, and incidence of antibiotic-re-
sistant bacteria.

Disagreements between the authors were resolved by 
consulting a third author. Some studies provided both re-
sistant-infection and resistant-colonization data, and we 
merged risk ratios (RRs) using the incidence of antibiot-
ic-resistant bacteria colonization per 1,000 patient days, 
considering the larger sample size for colonization than 
infection. If the total patient days for an ICU stay were not 
available, total patient days were calculated by the num-
ber of patients multiplied by the average duration of ICU 
stay. We chose the mixing period as the control period if a 
study contained both a baseline period and mixing period 
concerning the empirical use of antibiotics. To explore het-
erogeneity sources, the RRs of acquisition of gram-positive 
resistant bacteria (RG+) and gram-negative resistant bacte-
ria (RG−) were treated as independent data in the meta-re-
gression analysis.

Major and Secondary Outcomes
The main purpose of the study is to evaluate whether the 
cycling strategy is a more valid measure to curb the inci-
dence of resistant bacteria than control period, the latter in-
cludes baseline period (using antibiotic without a schedule) 
and the mixing strategy period. Considering before–after 
design with a washout period being adopted relevant to 
antibiotic stewardship researches, we think it is reasonable 
to use RRs to compare data between groups. The major 
outcomes were RRs of incidences of antibiotic-resistant in-
fections or colonization per 1,000 patient days before and 
after implementation of antibiotic cycling, including infec-
tions caused by RG- and RG + resistant bacteria. Secondary 
outcomes included RRs of ICU mortality, hospital mor-
tality, ventilator-associated pneumonia, and nosocomial 
infection.

Quality Evaluation
The quality of research was assessed independently by 
two authors (YL and XJL) using the National Institutes of 
Health’s Quality Assessment Tool for Before-After (Pre–
Post) Studies With No Control Group (Baur et al., 2017; 
National Institutes of Health, 2016). Twelve items were 
used to evaluate the included studies (Table  S2). Studies 
were classified as high quality (more than eight points), 

moderate quality (seven to eight points), or low quality 
(fewer than seven points) in accordance with the results of 
a discussion among all authors.

A funnel plot was conducted to evaluate publication 
bias. In a funnel plot, the ordinate values represent the ef-
fect size of studies, and the abscissa values represent the 
sample size (or precision) of studies. Standard errors of the 
effect are smaller along with increasing sample size, and 
the points will locate the upper area of the funnel plot. 
Thus, data from included studies are expected to be sym-
metrically distributed in a funnel shape if there is no sig-
nificant publication bias (Egger, Davey Smith, Schneider, & 
Minder, 1997).

The meta-analysis was conducted following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (Moher, Liberati, Tetzlaff, Altman, & 
PRISMA Group, 2009; Table S3).

Statistical Analyses
The inverse variance method was used to estimate the 
overall relative risk of pooled data through the random-
effects model owing to the significant clinical hetero-
geneity among studies. Also, the I2 statistic was used to 
quantitatively describe statistical heterogeneity, with 
the values of 0%, 25%, 50%, and 75% were described 
as no, low, moderate, and high observed heterogene-
ity, respectively (Higgins, Thompson, Deeks, & Altman, 
2003). Subgroup analyses were performed to explore the 
sources of heterogeneity, as well as important factors 
that might affect the outcome. After detailed discussion 
among authors, eight factors were chosen as variables 
to classify studies, including publication year, cycling 
duration, cycling length, quality, location, prospective/
retrospective design, type of ICU, and control period. 
Also, these variables relevant to heterogeneity were 
further explored through meta-regression (Higgins & 
Thompson, 2004). All statistical analyses were carried 
out using Stata 13.0.

RESULTS
Study Selection
Our search scheme yielded 1895 citations, and an additional 
15 citations were identified by examining reference lists 
of the relevant literature. Ninety-six articles with full text 
were obtained after removing duplicates and reviewing ab-
stracts, and 12 of them were included in the final analyses 
(Chong et al., 2013; Cobos-Trigueros et al., 2016; Cumpston 
et al., 2013; Dominguez, Smith, Reed, Sanders, & Sanders 
Jr, 2000; van Duijn et al., 2018; Evans et al., 2005; Gruson 
et al., 2000, 2003; Hedrick et al., 2008; Kontopidou et al., 
2013; Martínez et al., 2006; Nijssen et al., 2010; Raineri et 
al., 2010; Raymond et al., 2001; Sandiumenge et al., 2006; 
Smith et al., 2008; Teranishi et al., 2017; Toltzis et al., 2002; 
Warren et al., 2004; Figure 2).
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Study Characteristics
The twelve studies were collected with the publication time 
being from 2,000 to 2018, comprising 2,261 isolates of resist-
ant bacteria and 160,129 patient days (Table S4). Five studies 
were conducted in the United States, and seven studies were 
conducted in European countries including France, Italy, the 
Netherlands, and Spain. Ten of the 12 included studies used 
a before–after design, and the other two used a crossover de-
sign; eight of the studies were prospective, with the study by 
Van Duijn et al. using a cluster-randomized, crossover design 
(Van Duijn et al., 2018). The use of a mixing strategy, which 
means a different class of antibiotics was prescribed to each 
consecutive patient, served as the control period in four stud-
ies. The cycle for each antibiotic involved in a cycling strategy 
ranged in duration from 0.25 to 4 months. Four studies were 
of low quality, four were of moderate quality, and four were 
of high quality, according to the quality assessment tool for 
before–after studies described in the methods section.

Synthesis of the Results
The effects of an antibiotic-cycling strategy on reducing 
gram-negative resistant isolates were evaluated in 11 stud-
ies, with pooled estimates showing no significant differ-
ence (RG- = RR = 0.803, 95% CI 0.631–1.023, p =  .250, 
I2 = 79.5%; Figure 3). Nine studies assessed the effect of 
cycling strategy on gram-positive resistant bacteria, and 
the result of the pooled analysis was favorable for the cy-
cling strategy (RG+ = RR = 0.726, 95% CI 0.534–0.988, 
p = .045, I2 = 64.0%). The overall pooled result after merg-
ing the RG- and RG + data did not present a statistically 
significant difference (RR  =  0.823, 95% CI 0.655–1.035, 
p = .095, I2 = 84.0%). We also collected data on the changes 
in common resistant bacteria affected by a cycling strategy. 
Pseudomonas aeruginosa and MRSA showed significant down-
ward trends, but there were no differences among the 
resistant bacteria examined, including Acinetobacter bauman-
nii, Clostridium difficile, Escherichia coli, ESBL, Klebsiella pneumoniae, 

Figure 2.  Flow diagram of study selection.
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Stenotrophomonas maltophilia, and VRE (Figure S1). The ICU mor-
tality examined in 10 studies showed no significant change 
after implementation of antibiotic cycling (RR  =  0.922, 
95% CI 0.797–1.067, p  =  .276, I2  =  45.0%), and we also 
did not find a statistically significant difference in hospi-
tal mortality (RR = 0.819, 95% CI 0.585–1.146, p =  .244, 
I2 = 57.1%; Figure 4). The pooled RR of nosocomial infec-
tions from 8 studies showed a downward trend during the 
cycling period (RR = 0.845, 95% CI 0·761–0.938, p = .002, 
I2 = 28.2%), as did ventilator-associated infections (VAP) 
assessed in 6 studies (RR  =  0.757, 95% CI 0.637–0.901, 
p = .002, I2 = 19.9%; Figure S2).

Subgroup Analyses
Subgroup analyses were conducted based on the differ-
ent characteristics of the included studies (Table 1). When 
grouped according to publication year, we found that the 
acquisition of resistant bacteria was reduced more clearly in 
the 2000–2004 subgroup than in the 2005–2008 and 2010–
2018 subgroups (RR  =  0.683, p  =  .040. vs. RR  =  0.923, 

p = .710; RR = 0.810, p = .215, respectively). The acquisition 
of resistant bacteria showed a noteworthy decrease in the 
medical ICU subgroup (RR = 0.784, p = .025) but not in the 
mixed and surgical ICU subgroups (RR = 0.852, p = .447; 
RR = 0.775, p = .706, respectively). In contrast to the stud-
ies using the baseline period as a control, the findings from 
studies using antibiotic mixing (a different class of antibi-
otics was prescribed to each consecutive patient) as a con-
trol did not show the effectiveness of the cycling strategy 
(baseline = RR = 0.723, p = .028 vs. mixing = RR = 1.041, 
p = .758).

Meta-Regression and Publication Bias
A meta-regression based on the data from RG  +  and 
RG- infection or colonization was performed to explore 
sources of heterogeneity, and we found heterogeneity 
among studies possibly caused by methodological quality 
(p = .008), type of ICU (p = .019) and the mixing strat-
egy as a control (p = .030). Publication bias, including an 
evaluation of the effect from studies with small sample 

Figure 3.  Forest plot evaluating the effect of antibiotic-cycling on the incidence of RG+ and RG−. *The 
colonization, rather than infection, data were chosen for analysis. RG+ = gram-positive resistant bacteria; 
RG- = gram-negative resistant bacteria; RR = risk ratio.
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sizes, was not identified by Egger’s test (p = .952) or fun-
nel plot (Figure S1).

DISCUSSION
Literature Review
This review systematically assessed the impact of an an-
tibiotic-cycling strategy on the acquisition of resistant 
bacteria. The results suggested that the overall acquisi-
tion of resistant bacteria and ICU mortality did not reach 
statistical significance after the cycling strategy being in-
troduced. A previous meta-analysis summarized that the 
cycling regimen reduced the incidence of resistant infec-
tions or colonization from 27 to 20 isolates per 1,000 pa-
tient days (p  =  .037; Abel zur Wiesch et al., 2014). The 
reasons contributing to the difference might be their study 
included studies involving hematology patients (Chong 
et al., 2013) and neonatal patients (Toltzis et al., 2002). 
Additionally, one article that did not use a typical cycling 
strategy, which restricted gentamicin and tobramycin and 
used more amikacin at the same time, due to gram-neg-
ative bacilli appearing highly resistant to both antibiotics, 
but then reintroduced gentamicin after it restored sensi-
tivity to gram-negative bacilli (Gerding et al., 1991). The 
common definition of antibiotic cycling is that several an-
tibiotics are used in turns according to pre-made schedule. 
However, the regimen of the latter study was a limitation 
of non-sensitivity antibiotics; therefore, we thought it was 
not a typical cycling strategy.

Similarly, the meta-analysis by Baur and colleagues has 
well summarized the effect of various antibiotic steward-
ship measures on the acquisition of antibiotic-resistant 
microorganisms (Baur et al., 2017). However, the me-
ta-analysis included only three articles related to a cycling 
regimen, and one of them used limiting non-sensitive an-
tibiotics for controlling resistant infection that was differ-
ent from the cycling strategy (Takesue et al., 2010), which 
might question the accuracy of conclusions.

Antibiotic Heterogeneity
We found that the cycling strategy and mixing strategy 
showed more advantages than the baseline period. The fa-
vorable factors behind this might be the change of antibi-
otic heterogeneity (Beardmore, Peña-Miller, Gori, & Iredell, 
2017; Bonhoeffer, Wiesch, & Kouyos, 2010; Reluga, 2005). 
There was some difference between the baseline and mix-
ing periods. Antibiotics were prescribed by physicians ac-
cording to their own habits in a baseline period, but in a 
period of mixing strategy antibiotics were alternatively pre-
scribed according to the order of admission.

The antibiotic homogeneity index (AHI), also called the 
Peterson index, is calculated as following formula: 1 − {n/
[2 × (n − 1)]} × ∑|Ai − Bi|, where n is the number of con-
sidered antibiotics in this equation, Ai is the proportion when 
all antibiotics in a given period were used in the same pro-
portion, and Bi is the actual proportion of antimicrobials in 
the study (Plüss-Suard, Pannatier, Kronenberg, Mühlemann, 
& Zanetti, 2013; Sandiumenge et al., 2006). The value of the 

Figure 4.  Forest plot evaluating the effect of antibiotic cycling on ICU mortality and hospital mortality.
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AHI ranges from 0 to 1, with 0 indicating no heterogene-
ity and 1 indicating complete heterogeneity. The study by 
Sandiumenge found that the diversity of antibiotic prescrip-
tions was higher in the mixing period than in the cycling 
period (Sandiumenge et al., 2006), and the cycling period 
was associated with a greater risk of acquisition of resistant 
infections (RR = 1.495, 95% CI 1.090–2.050). A large-sam-
ple study analyzed data from 20 acute care hospitals in 
Switzerland and suggested a negative correlation between 
the drug resistance rate and diversity of using antibiotics (co-
efficient = −0.52; p < .05) (Plüss-Suard et al., 2013).

About Methodological Quality
The time sequence of the cycling and control periods seem to 
have a significant impact on the incidence of resistant micro-
organisms. The different antibiotic stewardship approaches, 
cycling or mixing, were randomly assigned to different ICUs 
in two prospective multicenter studies, and the results did 
not show any significant difference between cycling and 
mixing (control) periods by an analysis of the combined 
data (RR = 1.044, 95% CI 0.876–1.245, p = .632; Martínez 
et al., 2006; Van Duijn et al., 2018). Nine out of 12 stud-
ies with the cycling period after the control period showed 

Table 1.  The Effect of Antibiotic-Cycling on the Incidence of Resistant Bacteria in Accordance With 
Subgroup Analyses

Subgroups
Number of 

studies I-squared% p-Value of RR Weight % Risk ratios, 95% CI

Publication year

2000–2004 3 75.2 .040 25.5 0.683 (0.476–0.982)

2005–2008 5 88.5 .710 42.6 0.923 (0.604–1.409)

2010–2018 4 72.0 .215 31.9 0.810 (0.581–1.130)

Cycling duration

3–8 months 3 0.0 .132 23.5 0.854 (0.695–1.049)

12 months 4 92.0 .721 33.6 0.898 (0.497–1.622)

18–24 months 5 86.0 .089 43.0 0.741 (0.525–1.047)

Cycling length

0.25–1.5 months 5 75.2 .190 42.3 0.835 (0.637–1.094)

3–4 months 7 88.6 .277 57.7 0.811 (0.555–1.184)

Quality

5–6 points 4 64.3 .097 31.9 0.782 (0.586–1.046)

7–8 points 4 89.6 .318 32.0 0.739 (0.409–1.337)

9–10 points 4 88.7 .641 36.1 0.910 (0.611–1.355)

Location

USA 5 87.9 .252 41.6 0.780 (0.511–1.192)

Europe 7 82.0 .280 58.4 0.856 (0.647–1.134)

Prospective or not

Not prospective 4 78.9 .143 28.3 0.675 (0.399–1.142)

Prospective 8 85.9 .380 71.7 0.892 (0.690–1.152)

Type of ICU

Medical 5 60.1 .025 43.2 0.784 (0.634–0.970)

Mixed 5 87.4 .447 40.8 0.852 (0.563–1.228)

Surgical 2 95.7 .706 16.0 0.775 (0.205–2.294)

Control period

Baseline as control 8 82.4 .028 64.4 0.723 (0.541–0.966)

Mixing as control 4 69.1 .758 35.6 1.041 (0.807–1.342)
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that the cycling strategy substantially reduced the incidence 
of resistant bacteria (RR  =  0.727, 95% CI 0.565–0.935, 
p = .013). Only one study (Sandiumenge et al., 2006) with 
cycling before the mixing period showed results in favor 
of the mixing strategy (RR = 1.495, 95% CI 1.090–2.050, 
p = .013). It means that the antibiotic stewardship measures 
conducted in the latter period presented more effective ap-
proaches than those performed in the previous period from 
available studies so far. Unfortunately, the measures for con-
trolling nosocomial infections might be strengthened along 
with the progress of a study. For instance, an educational 
program that included controlling catheter-related infections 
was implemented in the middle of the study (Sandiumenge 
et al., 2006), while measures of controlling ventilator-asso-
ciated pneumonia (VAP) were strengthened during Warren’s 
study (Warren et al., 2004). Non-research arms, such as 
environmental cleaning, isolation, hand hygiene, chlorhex-
idine bathing, and preventing VAP, might become confound-
ers in antibiotic stewardship studies. Therefore, we assume 
that multicenter, cluster-randomized and crossover designs 
are a good way to limit these confounders.

CONCLUSIONS
The cycling strategy and the mixing strategy seem to be 
effective measures to control the prevalence of antibiotic-
resistant bacteria in comparison with no specific antibiotic 
stewardship in the baseline period. Both of them take effect 
primarily through antibiotic heterogeneity and limiting an-
timicrobial consumption to increase the chance of natu-
ral loss of resistance genes. We cannot draw a definitive 
conclusion because these pooled results were influenced 
by other measures controlling nosocomial infections and 
deficiencies in methodology.

LINKING EVIDENCE TO ACTION

•	 The cycling strategy and mixing strategy showed bet-
ter than uncontrolled usage of antibiotics in the base-
line period, but multiple confounders influence us to 
interpret this conclusion cautiously.

•	 The effect of cycling strategy and mixing strategy was 
better than that of the baseline period, mainly because 
of increasing antibiotic heterogeneity.

•	 The defined daily dose is an important indicator re-
flecting antibiotic selection pressure on microorgan-
ism flora. It should be considered in future antibiotic 
stewardship studies.

•	 Medical staff should be aware of the importance of 
avoiding low sensitivity antibiotics for empirical 
use.

Author information
Xiao-Jin Li, Department of Critical Care Medicine,  West 
China Hospital of Sichuan University, Chengdu, China;  
Yong Liu, Department of Intensive Care Unit,  Suining 
Central Hospital, Suining, China; Liang Du, Chinese 
Cochrane Centre,  West China Hospital of Sichuan 
University, Chengdu, China; Yan Kang, Professor, 
Department of Critical Care Medicine, West China Hospital 
of Sichuan University, Chengdu, China

This research was sponsored by Sichuan University Spark 
Project (2018SCUH0031), the 1,3,5 Excellence Development 
Project for West China Hospital of Sichuan University 
(2019HXFH061) and by a grant from the National Natural 
Science Foundation of China (No. 81701880).

Address correspondence to Yan Kang, Department 
of Critical Care Medicine, West China Hospital, Sichuan 
University, No. 37 Guo Xue Xiang Street, Chengdu, Sichuan 
610041, China; kangyan@scu.edu.cn

Accepted 22 December 2019 
© 2020 The Authors. Worldviews on Evidence-based Nursing 
published by Wiley Periodicals LLC on behalf of Sigma 
Theta Tau International

References

Abel zur Wiesch, P., Kouyos, R., Abel, S., Viechtbauer, W., 
& Bonhoeffer, S. (2014). Cycling empirical antibiotic 
therapy in hospitals: Meta-analysis and models. PLoS 
Path, 10(6), e1004225. https://doi.org/10.1371/journ​
al.ppat.1004225

Baur, D., Gladstone, B. P., Burkert, F., Carrara, E., Foschi, F., 
Döbele, S., & Tacconelli, E. (2017). Effect of antibiotic 
stewardship on the incidence of infection and colonisation 
with antibiotic-resistant bacteria and Clostridium difficile 
infection: A systematic review and meta-analysis. The Lancet 
Infectious Diseases, 17(9), 990–1001. https://doi.org/10.1016/
S1473​-3099(17)30325​-0

Beardmore, R. E., Peña-Miller, R., Gori, F., & Iredell, J. 
(2017). Antibiotic cycling and antibiotic mixing: Which 
one best mitigates antibiotic resistance. Molecular Biology 
and Evolution, 34(4), 802–817. https://doi.org/10.1093/
molbe​v/msw292

Bonhoeffer, S., Wiesch, P. A., & Kouyos, R. D. (2010). Rotating 
antibiotics does not minimize selection for resistance. 
Mathematical Biosciences and Engineering: MBE, 7(4), 919–922. 
https://doi.org/10.3934/mbe.2010.7.919

Chong, Y., Shimoda, S., Yakushiji, H., Ito, Y., Miyamoto, T., 
Kamimura, T., … Akashi, K. (2013). Antibiotic rotation 
for febrile neutropenic patients with hematological ma-
lignancies: Clinical significance of antibiotic heterogene-
ity. PLoS One, 8(1), e54190. https://doi.org/10.1371/journ​
al.pone.0054190

Cobos-Trigueros, N., Solé, M., Castro, P., Torres, J. L., 
Rinaudo, M., De Lazzari, E., … Martínez, J. A. (2016). 

https://doi.org/10.1371/journal.ppat.1004225
https://doi.org/10.1371/journal.ppat.1004225
https://doi.org/10.1016/S1473-3099(17)30325-0
https://doi.org/10.1016/S1473-3099(17)30325-0
https://doi.org/10.1093/molbev/msw292
https://doi.org/10.1093/molbev/msw292
https://doi.org/10.3934/mbe.2010.7.919
https://doi.org/10.1371/journal.pone.0054190
https://doi.org/10.1371/journal.pone.0054190


Worldviews on Evidence-Based Nursing, 2020; 17:4, 319–328.
© 2020 The Authors. Worldviews on Evidence-based Nursing published by Wiley 
Periodicals LLC on behalf of Sigma Theta Tau International

327

Evidence Review

Evaluation of a mixing versus a cycling strategy of an-
tibiotic use in critically-ill medical patients: Impact on 
acquisition of resistant microorganisms and clinical out-
comes. PLoS One, 11(3), e0150274. https://doi.org/10.1371/
journ​al.pone.0150274

Cumpston, A., Craig, M., Hamadani, M., Abraham, J., Hobbs, 
G. R., & Sarwari, A. R. (2013). Extended follow-up of an 
antibiotic cycling program for the management of febrile 
neutropenia in a hematologic malignancy and hemato-
poietic cell transplantation unit. Transplant Infectious Disease: 
An Official Journal of the Transplantation Society, 15(2), 142–149. 
https://doi.org/10.1111/tid.12035

Dominguez, E. A., Smith, T. L., Reed, E., Sanders, C. C., & 
Sanders, W. E. Jr. (2000). A pilot study of antibiotic cy-
cling in a hematology-oncology unit. Infection Control 
and Hospital Epidemiology, 21(1 Suppl), S4–S8. https://doi.
org/10.1086/503166

Egger, M., Davey Smith, G., Schneider, M., & Minder, C. (1997). 
Bias in meta-analysis detected by a simple, graphical test. 
BMJ: British Medical Journal, 315(7109), 629–634. https://doi.
org/10.1136/bmj.315.7109.629

Evans, H. L., Milburn, M. L., Hughes, M. G., Smith, R. L., 
Chong, T. W., Raymond, D. P., … Sawyer, R. G. (2005). 
Nature of gram-negative rod antibiotic resistance during 
antibiotic rotation. Surgical Infections, 6(2), 223–231. https://
doi.org/10.1089/sur.2005.6.223

Gerding, D. N., Larson, T. A., Hughes, R. A., Weiler, M., 
Shanholtzer, C., & Peterson, L. R. (1991). Aminoglycoside 
resistance and aminoglycoside usage: Ten years of expe-
rience in one hospital. Antimicrobial Agents and Chemotherapy, 
35(7), 1284–1290. https://doi.org/10.1128/aac.35.7.1284

Goulart, C. P., Mahmudi, M., Crona, K. A., Jacobs, S. D., 
Kallmann, M., Hall, B. G., … Barlow, M. (2013). Designing 
antibiotic cycling strategies by determining and under-
standing local adaptive landscapes. PLoS One, 8(2), e56040. 
https://doi.org/10.1371/journ​al.pone.0056040

Graham, C. J. (2017). The global threat of antibiotic resistance: 
What can be done. Journal of Global Health Reports, 1, e2017002. 
https://doi.org/10.29392/​joghr.1.e2017002

Gruson, D., Hilbert, G., Vargas, F., Valentino, R., Bebear, C., 
Allery, A., Cardinaud, J. P. (2000). Rotation and restricted 
use of antibiotics in a medical intensive care unit. Impact on 
the incidence of ventilator-associated pneumonia caused 
by antibiotic-resistant gram-negative bacteria. American 
Journal of Respiratory and Critical Care Medicine, 162(3 Pt 1), 837–
843. https://doi.org/10.1164/ajrccm.162.3.9905050

Gruson, D., Hilbert, G., Vargas, F., Valentino, R., Bui, N., 
Pereyre, S., … Gbikpi-Benissan, G. (2003). Strategy of 
antibiotic rotation: Long-term effect on incidence and 
susceptibilities of Gram-negative bacilli responsible for 
ventilator-associated pneumonia. Critical Care Medicine, 
31(7), 1908–1914. https://doi.org/10.1097/01.CCM.00000​
69729.06687.DE

Hedrick, T. L., Schulman, A. S., McElearney, S. T., Smith, 
R. L., Swenson, B. R., Evans, H. L., … Sawyer, R. G. 
(2008). Outbreak of resistant Pseudomonas aeruginosa 

infections during a quarterly cycling antibiotic regimen. 
Surgical Infections, 9(2), 139–152. https://doi.org/10.1089/
sur.2006.102

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. 
G. (2003). Measuring inconsistency in meta-analyses. 
BMJ: British Medical Journal, 327(7414), 557–560. https://doi.
org/10.1136/bmj.327.7414.557

Higgins, J. P. T., & Thompson, S. G. (2004). Controlling the 
risk of spurious findings from meta-regression. Statistics in 
Medicine, 23: 1663–1682.

Kontopidou, F. V., Antoniadou, A., Tsirigotis, P., Venetis, E., 
Polemis, M., Patrinos, S., & Giamarellou, H. (2013). The im-
pact of an antimicrobial cycling strategy for febrile neutrope-
nia in a haematology unit. Journal of Chemotherapy, 25(5), 279–
285. https://doi.org/10.1179/19739​47813Y.00000​00077

Martínez, J. A., Nicolás, J. M., Marco, F., Horcajada, J. P., Garcia-
Segarra, G., Trilla, A., … Mensa, J. (2006). Comparison of 
antimicrobial cycling and mixing strategies in two medical 
intensive care units. Critical Care Medicine, 34(2), 329–336. 
https://doi.org/10.1097/01.ccm.00001​95010.63855.45

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA 
Group (2009). Preferred reporting items for systematic 
reviews and meta-analyses: The PRISMA statement. BMJ: 
British Medical Journal, 339, b2535. https://doi.org/10.1136/
bmj.b2535

National Institutes of Health (2016). Quality assessment tool for 
before-after (pre-post) studies with no control group. Retrieved from 
https://www.nhlbi.nih.gov/healt​h-topic​s/study​-quali​ty-
asses​sment​-tools

Nijssen, S., Fluit, A., van de Vijver, D., Top, J., Willems, R., & 
Bonten, M. J. (2010). Effects of reducing beta-lactam anti-
biotic pressure on intestinal colonization of antibiotic-re-
sistant gram-negative bacteria. Intensive Care Medicine, 36(3), 
512–529. https://doi.org/10.1007/s0013​4-009-1714-y

Plüss-Suard, C., Pannatier, A., Kronenberg, A., Mühlemann, 
K., & Zanetti, G. (2013). Impact of antibiotic use on carbap-
enem resistance in Pseudomonas aeruginosa: Is there a role for 
antibiotic diversity. Antimicrobial Agents and Chemotherapy, 57(4), 
1709–1713. https://doi.org/10.1128/AAC.01348​-12

Raineri, E., Crema, L., Dal Zoppo, S., Acquarolo, A., Pan, A., 
Carnevale, G., Candiani, A. (2010). Rotation of antimicro-
bial therapy in the intensive care unit: impact on incidence 
of ventilator-associated pneumonia caused by antibiot-
ic-resistant Gram-negative bacteria. European Journal of Clinical 
Microbiology & Infectious Diseases: Official Publication of the European 
Society of Clinical Microbiology, 29(8), 1015–1024. https://doi.
org/10.1007/s1009​6-010-0964-5

Raymond, D. P., Pelletier, S. J., Crabtree, T. D., Gleason, T. G., Hamm, 
L. L., Pruett, T. L., & Sawyer, R. G. (2001). Impact of a rotat-
ing empiric antibiotic schedule on infectious mortality in an 
intensive care unit. Critical Care Medicine, 29(6), 1101–1108. 
https://doi.org/10.1097/00003​246-20010​6000-00001

Reluga, T. C. (2005). Simple models of antibiotic cycling. 
Mathematical Medicine and Biology: A Journal of the IMA, 22(2), 187–
208. https://doi.org/10.1093/imamm​b/dqi002

https://doi.org/10.1371/journal.pone.0150274
https://doi.org/10.1371/journal.pone.0150274
https://doi.org/10.1111/tid.12035
https://doi.org/10.1086/503166
https://doi.org/10.1086/503166
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1089/sur.2005.6.223
https://doi.org/10.1089/sur.2005.6.223
https://doi.org/10.1128/aac.35.7.1284
https://doi.org/10.1371/journal.pone.0056040
https://doi.org/10.29392/joghr.1.e2017002
https://doi.org/10.1164/ajrccm.162.3.9905050
https://doi.org/10.1097/01.CCM.0000069729.06687.DE
https://doi.org/10.1097/01.CCM.0000069729.06687.DE
https://doi.org/10.1089/sur.2006.102
https://doi.org/10.1089/sur.2006.102
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1179/1973947813Y.0000000077
https://doi.org/10.1097/01.ccm.0000195010.63855.45
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1007/s00134-009-1714-y
https://doi.org/10.1128/AAC.01348-12
https://doi.org/10.1007/s10096-010-0964-5
https://doi.org/10.1007/s10096-010-0964-5
https://doi.org/10.1097/00003246-200106000-00001
https://doi.org/10.1093/imammb/dqi002


Worldviews on Evidence-Based Nursing, 2020; 17:4, 319–328.
© 2020 The Authors. Worldviews on Evidence-based Nursing published by Wiley 

Periodicals LLC on behalf of Sigma Theta Tau International

328

Positive Mental Health and Self-Care in Chronic Patients

Sandiumenge, A., Diaz, E., Rodriguez, A., Vidaur, L., Canadell, 
L., Olona, M., … Rello, J. (2006). Impact of diversity of 
antibiotic use on the development of antimicrobial resis-
tance. The Journal of Antimicrobial Chemotherapy, 57(6), 1197–
1204. https://doi.org/10.1093/jac/dkl097

Smith, R. L., Evans, H. L., Chong, T. W., McElearney, S. T., 
Hedrick, T. L., Swenson, B. R., … Sawyer, R. G. (2008). 
Reduction in rates of methicillin-resistant Staphylococcus 
aureus infection after introduction of quarterly linezol-
id-vancomycin cycling in a surgical intensive care unit. 
Surgical Infections, 9(4), 423–431. https://doi.org/10.1089/
sur.2007.024

Takesue, Y., Nakajima, K., Ichiki, K., Ishihara, M., Wada, Y., 
Takahashi, Y., … Ikeuchi, H. (2010). Impact of a hospi-
tal-wide programme of heterogeneous antibiotic use on 
the development of antibiotic-resistant Gram-negative bac-
teria. The Journal of Hospital Infection, 75(1), 28–32. https://doi.
org/10.1016/j.jhin.2009.11.022

Teranishi, H., Koga, Y., Nishio, H., Kato, W., Ono, H., Kanno, 
S., … Takada, H. (2017). Clinical efficacy of cycling em-
pirical antibiotic therapy for febrile neutropenia in pediat-
ric cancer patients. Journal of Infection and Chemotherapy: Official 
Journal of the Japan Society of Chemotherapy, 23(7), 463–467. 
https://doi.org/10.1016/j.jiac.2017.03.020

Toltzis, P., Dul, M. J., Hoyen, C., Salvator, A., Walsh, M., Zetts, 
L., & Toltzis, H. (2002). The effect of antibiotic rotation on 
colonization with antibiotic-resistant bacilli in a neonatal 
intensive care unit. Pediatrics, 110(4), 707–711. https://doi.
org/10.1542/peds.110.4.707

Vallés, J., Martin-Loeches, I., Torres, A., Diaz, E., Seijas, I., 
López, M. J., … Posada, P. (2014). Epidemiology, antibiotic 

therapy and clinical outcomes of healthcare-associated 
pneumonia in critically ill patients: A Spanish cohort 
study. Intensive Care Medicine, 40(4), 572–581. https://doi.
org/10.1007/s0013​4-014-3239-2

van Duijn, P. J., Verbrugghe, W., Jorens, P. G., Spöhr, F., 
Schedler, D., Deja, M., … Bonten, M. (2018). The effects 
of antibiotic cycling and mixing on antibiotic resistance 
in intensive care units: a cluster-randomised crossover 
trial. The Lancet. Infectious Diseases, 18(4), 401–409. https://doi.
org/10.1016/S1473​-3099(18)30056​-2

Vincent, J. L., Rello, J., Marshall, J., Silva, E., Anzueto, A., 
Martin, C. D., … Reinhart, K. (2009). International study 
of the prevalence and outcomes of infection in intensive 
care units. Journal of the American Medical Association, 302(21), 
2323–2329. https://doi.org/10.1001/jama.2009.1754

Warren, D. K., Hill, H. A., Merz, L. R., Kollef, M. H., Hayden, 
M. K., Fraser, V. J., & Fridkin, S. K. (2004). Cycling empir-
ical antimicrobial agents to prevent emergence of antimi-
crobial-resistant Gram-negative bacteria among intensive 
care unit patients. Critical Care Medicine, 32(12), 2450–2456. 
https://doi.org/10.1097/01.ccm.00001​47685.79487.28

World Health Organization (2014). Antimicrobial resistance: Global 
report on surveillance. Geneva, Switzerland: WHO Press. 
https://doi.org/10.2307/2342307

Xiao, Y., Zhang, J., Zheng, B., Zhao, L., Li, S., & Li, L. (2013). 
Changes in Chinese policies to promote the rational use 
of antibiotics. PLoS Med, 10(11), e1001556. https://doi.
org/10.1371/journ​al.pmed.1001556

10.1111/wvn.12454 
WVN 2020;17:319–328

SUPPORTING INFORMATION
Additional supporting information may be found in the online version of this article at the publisher’s web site:

Table S1. The Search Strategy for Cycling Antibiotic Use
Table S2. The National Institutes of Health’s Quality Assessment Tool for Before-After (Pre–Post) Studies With No Control 
Group
Table S3. The PRISMA Checklist for Antibiotic-Cycling Strategy
Table S4. Characteristics of the Studies Included in the Meta-analysis.
Figure S1. Forest plot evaluating the effect of antibiotic cycling on the incidence of different types of antibiotic-resistant 
bacteria.
Figure S2. Forest plots evaluating the effect of cycling strategy on nosocomial infection and VAP.
Figure S3. The funnel plot for publication bias.

https://doi.org/10.1093/jac/dkl097
https://doi.org/10.1089/sur.2007.024
https://doi.org/10.1089/sur.2007.024
https://doi.org/10.1016/j.jhin.2009.11.022
https://doi.org/10.1016/j.jhin.2009.11.022
https://doi.org/10.1016/j.jiac.2017.03.020
https://doi.org/10.1542/peds.110.4.707
https://doi.org/10.1542/peds.110.4.707
https://doi.org/10.1007/s00134-014-3239-2
https://doi.org/10.1007/s00134-014-3239-2
https://doi.org/10.1016/S1473-3099(18)30056-2
https://doi.org/10.1016/S1473-3099(18)30056-2
https://doi.org/10.1001/jama.2009.1754
https://doi.org/10.1097/01.ccm.0000147685.79487.28
https://doi.org/10.2307/2342307
https://doi.org/10.1371/journal.pmed.1001556
https://doi.org/10.1371/journal.pmed.1001556

