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O R I G I N A L A R T I C L E 

Decreased Resistance of Pseudomonas aeruginosa with Restriction of 
Ciprofloxacin in a Large Teaching Hospital's Intensive 

Care and Intermediate Care Units 

G. Jonathan Lewis, DO;1 Xiangming Fang, PhD;2 Michael Gooch, RPh;2 Paul P. Cook, MD1 

OBJECTIVE. To examine the effect of restricting ciprofloxacin on the resistance of nosocomial gram-negative bacilli, including Pseudomonas 
aeruginosa, to antipseudomonal carbapenems. 

DESIGN. Interrupted time-series analysis. 

SETTING. Tertiary care teaching hospital with 11 intensive care and intermediate care units with a total of 295 beds. 

PATIENTS. All nosocomial isolates of P. aeruginosa. 

INTERVENTION. Restriction of ciprofloxacin. 

RESULTS. There was a significant decreasing trend observed in the percentage (P = .0351) and the rate (P = .0006) of isolates of P. 
aeruginosa that were resistant to antipseudomonal carbapenems following the restriction of ciprofloxacin. There was also a significant 
decreasing trend observed in the percentage (P = .0017) and the rate (P = .0001) of isolates of ciprofloxacin-resistant P aeruginosa. The 
rate of cefepime-resistant P. aeruginosa isolates declined (P = .004) but the percentage of cefepime-resistant P. aeruginosa isolates did not 
change. There were no significant changes observed in the rate or the percentage of piperacillin-tazobactam-resistant P. aeruginosa isolates. 
There were no significant changes observed in the susceptibilities of nosocomial Enterobacteriaciae or Acinetobacter baumannii isolates that 
were resistant to carbapenems. Over the study period there was a significant increase in the use of carbapenems (P = .0134); the use of 
ciprofloxacin decreased significantly (P = .0027). There were no significant changes in the use of piperacillin-tazobactam or cefepime. 

CONCLUSION. Restriction of ciprofloxacin was associated with a decreased resistance of P. aeruginosa isolates to antipseudomonal car
bapenems and ciprofloxacin in our hospital's intermediate care and intensive care units. There were no changes observed in the susceptibilities 
of nosocomial Enterobacteriaciae or A. baumannii to carbapenems, despite increased carbapenem use. Reducing ciprofloxacin use may be 
a means of controlling multidrug-resistant P aeruginosa. 
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Excessive use of broad-spectrum antimicrobials in intensive tions are approximated at $4.5-$5.7 billion.11 Increased an-

care units (ICUs) has been directly correlated with the emer- timicrobial use leads to selective pressure on normal flora, 

gence of antimicrobial-resistant gram-negative bacteria.1 In- resulting in the emergence of resistant pathogens. Withdrawal 

fections with antimicrobial-resistant organisms have consis- of this pressure through strategies to restrict antimicrobial 

tently been associated with increased attributable lengths of use has been studied as a method to combat emerging re-

stay, mortality, and costs.2 As much as 30%-50% of antibiotic sistance.12 

use in hospitals is unnecessary or inappropriate.3'4 Over 50% Pseudomonas aeruginosa is one of the most common nos-

of patients in the ICU receive antimicrobials; not surprisingly, ocomial gram-negative pathogens.1314 Although antipseudo-

this is the area of greatest antimicrobial use5'6 and the core monal carbapenems (also called the group-2 carbapenems) 

of antimicrobial resistance in most hospitals.7 remain among the most reliable agents for treating P. aeru-

Nosocomial infections affect up to 33% of patients in the ginosa infections, isolations of carbapenem-resistant P. aeru-

ICU, with a 5-10-times greater risk among ICU patients com- ginosa have been steadily increasing.15"17 A delay in appro-

pared with non-ICU patients.8'9 Up to 60% of nosocomial priate antimicrobial therapy has been shown to be associated 

gram-negative infections are caused by organisms that are with P. aeruginosa infection-related mortality. However, se-

resistant to 3 drug classes.10 Annual costs due to ICU infec- lection of appropriate therapy has become increasingly dif-
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ficult because of increasing rates of resistance.1819 This resis
tance is also associated with higher hospital costs.15'17 

The use of fluoroquinolones15,17,20"22 and group-2 carba-
penems17,20,23"25 is a known risk factor for infections with car-
bapenem-resistant P. aeruginosa. We examined the effect of 
restricting ciprofloxacin use on the resistance of nosocomial 
gram-negative bacilli, including P. aeruginosa, to group-2 car-
bapenems in our hospital's intensive care and intermediate 
care units. 

METHODS 

Pitt County Memorial Hospital is an 861-bed tertiary care 
teaching hospital affiliated with the Brody School of Medicine 
at East Carolina University. This study encompassed 11 in
tensive care and intermediate care units (cardiac intensive 
care and intermediate care, cardiovascular intensive care and 
intermediate care, medical intensive care and intermediate 
care, respiratory intermediate care, surgical intensive care and 
intermediate care, and neurosurgical intensive care and in
termediate care units) with a total of 295 beds. Renal trans
plantations but no bone marrow transplantations are per
formed at the hospital, and there are no burn units. This was 
an observational study using aggregate data from January 1, 
2004, until December 31, 2010. Our antibiotic stewardship 
program was established in 2001 and has been described else
where.26 Ciprofloxacin use was restricted hospital wide in July 
2007; after this restriction, preapproval by the on-call infec
tious diseases fellow was required for its use. 

In vitro bacterial susceptibilities to group-2 carbapenems, 
ciprofloxacin, piperaciUin-tazobactam, and cefepime were de
termined using the MicroScan system (Dade Behring). Gram-
negative bacilli were tested for susceptibility to imipenem 
between 2004 and 2006; because of a change in the hospital's 
formulary, they were tested for susceptibility to meropenem 
between 2006 and 2010. Beginning in 2008, meropenem-
resistant isolates were tested for susceptibility to doripenem 
by the E-test method (bioMerieux). Nosocomial gram-neg
ative data sets were created by querying Carefusion (Med-
mined). All clinical intensive care and intermediate care unit 
specimens (blood, sterile fluid, sputum, urine, wounds, and 
anaerobic specimens) with test results that were positive for 
Pseudomonas aeruginosa, Enterobacter aerogenes, Enterobacter 
cloacae, Acinetobacter baumannii, and Stenotrophomonas mal-
tophilia between January 1, 2004, and December 31, 2010, 
that had been collected at Pitt County Memorial Hospital 
were included in the database. Results of surveillance and 
environmental sample cultures were excluded. Only noso
comial cases, defined as involving patients who had a hospital 
length of stay that was greater than 2 days, were included in 
this study. Duplicate isolates collected from the same patient 
within the same hospital stay were counted only once. Percent 
resistance was defined as the percentage of total isolates that 
were resistant to the selected antimicrobial. Intermediately 
susceptible isolates were classified as resistant. Rates of nos

ocomial carbapenem-resistant gram-negative cases were ex
pressed as the number of bacterial isolates per 10,000 patient 
hospital-days. Before July 2007, the data source for antimi
crobial usage was obtained from the pharmacy database, and 
this rate was determined as doses sent minus doses returned. 
After July 2007, the data source for antimicrobial usage was 
the patients' electronic medication administration records. 
Antimicrobial drug use was measured in defined daily doses 
per 1,000 patient-days (DDD/1,000PD), using the standards 
of the World Health Organization (http://www.whocc.no/ 
atcddd/). 

The first time period included the 42 months prior to the 
restriction of ciprofloxacin; the second time period was the 
42 months following the restriction of ciprofloxacin. Statis
tical analysis was performed using SAS (ver. 9.2; SAS Insti
tute). Simple linear regression models were used to investigate 
the trend of antimicrobial drug use in time. To control for 
the serial correlation among the data, interrupted time-series 
models were adopted to compare the percentages and rates 
per 10,000 patient-days of P. aeruginosa isolates that were 
resistant to antipseudomonal drugs before and after the re
striction of ciprofloxacin. Results indicated that a first-order 
autoregressive (AR[1]) model or a first-order autoregressive 
moving average (ARMA[1,1]) model could sufficiently ac
count for the autocorrelation among the data. The model can 
be formulated as follows: 

Yt — j30 + ft x time, + /32 x intervention, 

+ |63 x time after intervention, + e„ 

where Y, is the percentage or rate per 10,000 patient-days of 
P. aeruginosa resistance at time t, e, is random error with the 
AR(1) or ARMA(1,1) autocorrelation structure, and "inter
vention" is an indicator variable whose value is 0 for time 
points before the restriction of ciprofloxacin and 1 for time 
points after the restriction of ciprofloxacin. In this model, |80 

estimates the baseline level (intercept) of the outcome at the 
beginning of the time series, ft estimates the preintervention 
trend (slope), /32 estimates the change in level (intercept) after 
the intervention, and /33 estimates the change in postinter-
vention trend (slope). Thus, testing the effect of the restriction 
of ciprofloxacin is equivalent to testing the significance of /32 

and j33. 

RESULTS 

Antimicrobial Drug Use 

Following the restriction of ciprofloxacin there was a signif
icant decreasing trend (P = .0027) in its use, from 87.09 
DDD/1,000PD in 2004 to 8.04 DDD/1,000PD in 2010. Use 
of the group-2 carbapenems significantly increased (P = 
.0134), from 11.96 DDD/1.000PD in 2004 to 28.19 DDD/ 
1,000PD in 2010. The use of other antipseudomonal drugs 
was variable following the restriction of ciprofloxacin. There 
was an insignificant increasing trend in cefepime usage 
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FIGURE 1. Percentage of carbapenem-resistant Pseudomonas aeru
ginosa (A) and ciprofloxacin-resistant P. aeruginosa (B) infections 
by month, with the restriction of ciprofloxacin starting at month 
42. We observed a significant decreasing trend in the percentage of 
carbapenem-resistant P. aeruginosa infections that occurred after the 
restriction of ciprofloxacin (P = .0351) and a significant decreasing 
trend in the percentage of ciprofloxacin-resistant P. aeruginosa in
fections that occurred over the entire study period (P = .0017). 

(P = .0756) and an insignificant decreasing trend in piper-
acillin-tazobactam usage (P = .4194). Overall, there was a 
hospital-wide decrease of 18.4% (P<.0001) in the use of 
antibacterials during the study time (data not shown). 

Susceptibility of Pseudomonas aeruginosa to 
Antipseudomonal Drugs 

A total of 1,664 nonduplicate clinical nosocomial isolates of 
P. aeruginosa were collected from our hospital's intermediate 
care and intensive care units over the 7-year period. Prior to 
the restriction of ciprofloxacin, an average of 18 ± 5 P. aeru
ginosa isolates were collected per month; following the re
striction of ciprofloxacin, an average of 22 ± 6 P. aeruginosa 
isolates were collected per month. Prior to the restriction of 
ciprofloxacin, the percentage of carbapenem-resistant P. aeru
ginosa isolates collected was stable; after the restriction of 
ciprofloxacin, there was a decrease of 13.2% in the percentage 
of carbapenem-resistant P. aeruginosa isolates that were col
lected (Figure \A), which equates to a decrease of 3.8% per 
year (P = .0351). Prior to the restriction of ciprofloxacin, the 
rate of carbapenem-resistant P. aeruginosa isolates that were 
collected increased by 0.54 per year; after the restriction, the 

rate decreased by 7.1 cases per 10,000 patient-days, equating 
to a decrease of 2 cases per 10,000 patient-days per year 
(P = .0006; Figure 2A). Over the entire study period there 
was a decrease of 13.7% in the percentage of ciprofloxacin-
resistant P. aeruginosa isolates that were collected (Figure IB), 
which equates to a decrease of 3.9% per year (P = .0017). 
The decreasing slope of the percentage of ciprofloxacin-
resistant P. aeruginosa did not change before or after the 
restriction of ciprofloxacin. Prior to the restriction of cip
rofloxacin, the rate of ciprofloxacin-resistant P. aeruginosa 
isolates remained constant; after the restriction, the rate de-
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FIGURE 2. Rate of carbapenem-resistant Pseudomonas aeruginosa 
(A), ciprofloxacin-resistant P. aeruginosa (B), and cefepime-resistant 
P. aeruginosa (Q infections per 10,000 patient-days by month, with 
the restriction of ciprofloxacin starting at month 42. We observed 
a significant decreasing trend in the rate of carbapenem-resistant P 
aeruginosa infections (P = .0006), a significant decreasing trend in 
the rate of ciprofloxacin-resistant P. aeruginosa infections (P = 
.0001), and a significant decreasing trend in the rate of cefepime-
resistant P. aeruginosa infections (P = .0004) that occurred after the 
restriction of ciprofloxacin. 
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creased by 7.4 cases per 10,000 patient-days, which equates 
to a decrease of 2.1 cases per 10,000 patient-days per year 
(P = .0001; Figure 2B). The rates of resistance to other an-
tipseudomonal drugs following the restriction of ciproflox
acin were variable. Prior to the restriction of ciprofloxacin, 
the rate of cefepime-resistant P. aeruginosa isolates remained 
constant; after the restriction, this rate decreased by 6.2 cases 
per 10,000 patient-days over the study period, which equates 
to a decrease of 1.8 cases per 10,000 patient-days per year 
(P = .0004; Figure 2C). There was a nonsignificant down
ward trend observed in the percentage of P. aeruginosa isolates 
that were resistant to cefepime (P = .5744) following the 
restriction of ciprofloxacin (data not shown); there was a 
nonsignificant increased trend observed in the percentage and 
rate per 10,000 patient-days of P. aeruginosa isolates resistant 
to piperacillin-tazobactam (P = .4783 and P = .1143, re
spectively) following the restriction of ciprofloxacin (data not 
shown). 

Susceptibility of Enterobacteriaceae and Atinetobacter 
baumannii to Group-2 Carbapenems 

The effect on other gram-negative bacilli of increasing car-
bapenem use was examined. Over the 7-year time period, 
there were no significant changes observed in the suscepti
bilities of nosocomial Enterobacteriaceae or A. baumannii 
isolates to the group-2 carbapenems (data not shown). 

Number of Isolates of Stenotrophomonas tnaltophilia 

There were no changes observed in the number of nosocomial 
S. maltophilia isolates per 10,000 patient-days following the 
restriction of ciprofloxacin (data not shown). 

D I S C U S S I O N 

We have described decreased resistance of Pseudomonas aeru
ginosa to group-2 carbapenems and ciprofloxacin in our hos
pital's intermediate care and intensive care units after the 
restriction of ciprofloxacin. Aubert et al27 did not show a 
change in carbapenem sensitivity after restricting fluoro
quinolone use in their ICU. However, that study was limited 
to a 15-bed ICU over 2.5 years, with a total of only 150 
patients who were colonized or infected with P. aeruginosa. 
Our study encompassed 295 beds in intermediate care and 
intensive care units and 7 years of data including over 1,600 
nonduplicate nosocomial P. aeruginosa isolates. Pakyz et al28 

reported a decreased resistance of P aeruginosa to group-2 
carbapenems following restriction of the use of group-2 car
bapenems; however, ciprofloxacin use was noted to be a po
tential confounder in that study. 

Previous studies have described ciprofloxacin use as a risk 
factor for the development of carbapenem-resistant P. aeru
ginosa.15,17,20'22 Lautenbach et al found fluoroquinolone use to 
be the only independent risk factor for infections with imi-
penem-resistant P. aeruginosa. Patients infected with these 
organisms experienced longer lengths of stay, higher costs, 

and higher mortality rates.15 Our results are similar to those 
of Meddadi et al, whose study was performed in a single 
intensive care burn unit.22 In that study, restriction of cip
rofloxacin was followed by a decreasing resistance of P. aeru
ginosa to both ciprofloxacin and group-2 carbapenems in 
spite of an increasing use of group-2 carbapenems. The du
ration of that study was only about 5 years, they collected 
just over 200 isolates, and their analysis was performed using 
Spearman rank correlation. Our results further support their 
conclusions, that the pressure of selection of group-2 car
bapenem resistance was made more significant by the use of 
ciprofloxacin than by the use of group-2 carbapenems 
themselves. 

Although the primary mechanisms of fluoroquinolone re
sistance are mutations in DNA gyrase and topoisomerase IV, 
fluoroquinolone resistance may also occur through alterations 
or reductions in outer-membrane proteins or through the 
overexpression of efflux pumps. Most clinical carbapenem 
resistance of P. aeruginosa occurs because of either the loss 
or decrease in levels of the outer membrane porin protein 
OprD or the overexpression of the MexAB-OprM efflux sys
tem.29,30 Interestingly, meropenem is a substrate of the 
MexAB-OprM efflux system, whereas imipenem is not. Loss 
of OprD is associated with resistance to imipenem and re
duced susceptibility to meropenem. Furthermore, OprD is 
coregulated with another efflux system, MexEF-OprN.31 It is 
thought that exposure to fluoroquinolones may select for 
mutations that demonstrate upregulation of MexEF-OprN 
and reduced levels of OprD, with consequent resistance to 
both fluoroquinolones and the group-2 carbapenems.31,32 Our 
results may support these conclusions; however, we did not 
perform the genetic testing that is required to confirm this 
mechanism in our isolates. 

We have demonstrated a decrease in both the percentage 
(Figure 1) and the rate (Figure 2) of P. aeruginosa resistant 
to both carbapenems and ciprofloxacin as well as a decrease 
in the rate (Figure 2) of cefepime-resistant P. aeruginosa fol
lowing the restriction of ciprofloxacin in our hospital's in
tensive care and intermediate care units. Our results that 
indicate a decrease in the percentage of P. aeruginosa isolates 
that are ciprofloxacin resistant are in opposition to those of 
the United States MYSTIC Program,33 which showed an over
all increase in the percentage of resistant from 1999 to 2008. 
That study showed a decreasing percentage of ciprofloxacin-
resistant P. aeruginosa isolates from 2003 to 2008, but the 
authors did not comment on antibiotic usage. In our study, 
the restriction of ciprofloxacin was not limited to our inten
sive care and intermediate care units; similar results were 
found hospital wide.34 

This study has several limitations. Because we were looking 
at aggregate data, we cannot ascribe a causal relationship 
between antibiotic exposure and antibiotic resistance. As this 
study did not involve reviews of the medical records of in
dividual patients, we cannot account for previous antimicro
bial use in the community and in hospitals from which pa-
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tients may have been transferred. It is clear that 
antibiotic-resistant microorganisms can spread from patient 
to patient via hospital personnel. Nevertheless, we did not 
experience any outbreaks of P. aeruginosa infection. Our hos
pital instituted a policy in February 2007 of screening all 
incoming patients for nasal colonization with methicillin-
resistant Staphylococcus aureus. All patients who had positive 
test results were placed in strict contact isolation according 
to infection control measures. It is possible that by placing 
more high-risk patients under contact precautions, a decrease 
occurred in the spread of several multidrug-resistant organ
isms including P. aeruginosa, Acinetobacter baumannii, and 
Stenotrophomonas maltophilia. We analyzed our data account
ing for this intervention at the time of the start of our uni
versal MRSA screening program, and the results were un
changed (data not shown). Other infection control policies 
were implemented during the study period. These include 
ventilator-associated pneumonia and central line-associated 
blood stream infection bundles in 2005 and hand-hygiene 
campaigns in 2006 and 2009. There was an outbreak of Aci
netobacter infection during the last year of the study. The data 
were analyzed with and without the outbreak data, and the 
results were unchanged by the outbreak (data not shown). 

In conclusion, decreased ciprofloxacin usage was associated 
with a decrease in the resistance of P. aeruginosa to group-2 
carbapenems and ciprofloxacin in our hospital's intermediate 
care and intensive care units. There were no changes observed 
in the susceptibilities of nosocomial Enterobacteriaciae or A. 
baumannii to carbapenems despite an increase in carbapenem 
use. We suspect that the reduction in ciprofloxacin use re
sulted in a decreased activity of MexEF-OprN. Since stim
ulation of MexEF-OprN is associated with a decrease in the 
number of OprD porin channels, restriction in the use of 
ciprofloxacin should result in an improved susceptibility of 
P. aeruginosa to group-2 carbapenems. 
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