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Abstract

We report the effect of prospective audit and feedback (PAF) on inpatient fluoroquinolone (FQN) prescriptions. During the PAF period, FQN
use decreased from 39.19 to 29.58 days of therapy per 1,000 patient days (P< .001) and appropriateness improved from 68% to 88% (P< .001).
High-yield indications to target included noninfectious urinary tract and respiratory presentations.

(Received 5 May 2020; accepted 9 July 2020; electronically published 7 August 2020)

Fluoroquinolones (FQNs) are commonly used broad-spectrum
antibiotics, but they are associated with serious side effects.
Since 2016, health agencies have issued warnings regarding
FQN-associated adverse events, recommending judicious use.1,2

Furthermore, FQN resistance is increasing, making this an unre-
liable empiric option.3 Studies indicate inappropriate inpatient
FQN prescribing rates as high as 31%–51%, representing an oppor-
tunity to optimize FQN use and avoid potential patient harm.4,5

To ensure appropriate use of FQNs, our antimicrobial stewardship
program (ASP) instituted prospective audit and feedback (PAF) on
inpatient FQN prescriptions. The objective was to assess the impact
of PAF on volume and appropriateness of FQN prescriptions.

Methods

Setting and study patients

A multicenter quasi-experimental design was used to compare
inpatient adult FQN use during a 3-month preintervention period
(June 1 through September 4, 2017) and a 6-month intervention
period (September 5, 2017, through February 28, 2018) at 2 acute-care
community hospitals (620 beds combined). Outpatient and surgical
prophylaxis orders were excluded. The ASP team consists of an infec-
tious diseases physician and 2 ASP pharmacists. The study was
approved by the University of Alberta Research Ethics Office and
the Covenant Health Research Center.

Intervention

A daily list of all inpatient FQN prescriptions was generated by the
hospital pharmacy system. The ASP audited each chart and, when
necessary, provided feedback to the attending team, outlining the

rationale for the recommendation and information on FQN-
associated adverse events. This procedure took place on weekdays,
and weekend orders were captured the next business day.

Data and outcomes

Preintervention data were collected by retrospective chart review
for June 2017 and prospectively for July and August 2017.
Starting September 5, 2017, PAF was performed on inpatient
FQN prescriptions, and data were collected prospectively.

Collected data included baseline demographics, antibiotic indi-
cation, microbiologic data, and risk factors for adverse events.6

Indication for use was precategorized by infectious syndrome.
Due to overdiagnoses of urinary tract infections (UTIs) histori-
cally, these were further classified as asymptomatic bacteriuria,
simple cystitis, complicated UTI (structural or functional genito-
urinary abnormalities, sepsis, urinary catheter associated), uncom-
plicated pyelonephritis, and query UTI (nonspecific symptoms
attributed to UTI, regardless of catheterization). Query UTI cases
were classified as “likely” or “unlikely” to be a UTI after review.

The primary outcomes were FQN utilization in days of therapy
(DOT) per 1,000 patient days and appropriateness of use (overall
and FQN-specific) based on guidelines, in vitro susceptibility, and
risk of adverse events. Patients deemed high risk for an adverse
event were either already experiencing an FQN adverse effect,
on a corrected QT interval (QTc)–prolonging agent with a
QTc> 450 ms or with a pre-existing QTc> 500 ms. Secondary
outcomes included acute-care length of hospital stay, readmission
at 30 days, in hospital mortality, Clostridioides difficile infection
(CDI) rate, and CDI-attributed mortality.

Statistical analysis

Categorical variables were described as percentage and were com-
pared using the χ2 test or the Fisher exact test. Continuous variables
were expressed as mean with standard deviation or median with
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interquartile range and were compared with the Student t test or
the Mann-Whitney U test. Statistics were calculated using SPSS
version 26.0 software (IBM, Chicago, IL).

Results

Overall, 1,107 inpatient FQN prescriptions were ordered during
the study period (425 in the 3-month preintervention period
and 682 in the 6-month intervention period). Baseline character-
istics did not differ significantly between groups (Table 1). Of the
1,107 prescriptions, 731 were ciprofloxacin, 374 were levofloxacin,
and 3 were moxifloxacin. Themost common infectious indications
were respiratory (levofloxacin), and genitourinary or intra-
abdominal (ciprofloxacin) (Table 2). In total, 128 ASP recommen-
dations were made during the intervention period and 107 (84%)
were accepted. The most common recommendations were optimi-
zation of duration, FQN discontinuation and suggestions for an
alternate antibiotic with fewer adverse effects.

With PAF, FQN utilization decreased from 39.19 to 29.58 days of
therapy (DOT) per 1,000 patient days (P< .001). Appropriateness of
all FQN use increased from 290 of 425 (68%) to 599 of 682 (88%)
(P< .001), with a reduction in unnecessary FQN prescriptions
(17% vs 7%; P< .001) and decreased FQN use in patients at highest
risk for adverse events (2% vs 0%; P= .006). Ciprofloxacin appropri-
ateness improved from 210 of 301 (70%) to 373 of 430 (87%)
(P< .001), largely attributed to reduced use for nonspecific symptoms
and a shift toward use for confirmed UTI diagnoses such as compli-
cated UTIs and cystitis (see Supplement online). Appropriateness of
levofloxacin prescribing improved from 80 of 122 (66%) to 226
of 251 (90%) (P < .001), primarily due to fewer unnecessary
levofloxacin prescriptions for noninfectious respiratory presen-
tations (Table 2).

Acute-care hospital length of stay, unintended 30-day
readmission rates, in hospital mortality rate, CDI rate, and CDI-
attributable mortality rate did not differ between the 2 study
periods (see Supplement online).

Discussion

In this study, FQN PAF in isolation reduced FQN use by 25%
(P< .001) and improved appropriateness of prescriptions by
20% (P< .001), with a high ASP recommendation acceptance rate
(84%). Furthermore, we identified target patient populations for
reducing inappropriate fluoroquinolone use, including patients
with noninfectious respiratory presentations or nonspecific symp-
toms unlikely due to UTIs.

Through PAF, we were able to provide case-based education to
prescribers in real time regarding the safety concerns associated
with FQN use. The number of FQN orders decreased from 425
to 327 in the first 3 months of the intervention, suggesting avoid-
ance of FQNs independent of ASP feedback, a concept previously
demonstrated.7 Among the audited FQN prescriptions, PAF was
associated with shortening durations of therapy or discontinuing
FQN prescriptions altogether. Reassuringly, despite this reduction
in antibiotic treatment, there was no negative impact on patient
clinical outcomes, which supports the safety of the intervention.

Overall, 30% of ciprofloxacin prescriptions targeted
P. aeruginosa or AmpC β-lactamase–producing organisms and
another 30% of prescriptions were oral step down orders for seri-
ous gram-negative infections. Because these represent appropriate
uses of FQNs, there was no change in prescribing for these micro-
biologically confirmed infections.

Previous studies have demonstrated the impact of PAF on FQN
use when embedded within bundled interventions, making it dif-
ficult to determine which bundle component was most effective.
Willemsen et al8 introduced 4 FQN optimization initiatives in a
staggered fashion, demonstrating a reduction in overall ciproflox-
acin use, which they attributed to guideline implementation
rather than PAF. Wong-Beringer et al9 studied the impact of a
pharmacist-led bundled intervention in which empiric FQN
use was reduced by 30%. However, for a resource-limited ASP,
we demonstrated that PAF alone could similarly reduce FQN
use by 25%.

To our knowledge, this is the largest study to examine the effect
of PAF in isolation on inpatient FQN appropriateness. Our com-
prehensive data set reveals high-yield areas for FQN optimization
by ASPs. This multisite intervention on all adult inpatients
included a diverse patient population with both medical and sur-
gical services.

Table 1. Baseline Demographics of Inpatients Prescribed a Fluoroquinolone
Antibiotic

Characteristic

Preintervention
(3 mo)
(n=425),
No. (%)a

Intervention
(6 mo)
(n=682),
No. (%)a P Value

Age, mean y (SD) 68.6 (17.7) 70.3 (18.0) .123

Male 195 (46) 317 (47) .846

β-lactam allergy 84 (20) 137 (20) .377

Other antibiotic allergy 25 (6) 58 (9) .377

Mean serum creatinine (SD) 96.5 (75.3) 95.5 (69.7) .815

Patients on renal
replacement therapy

12 (3) 11 (2) .815

Foley catheter 106 (25) 161 (24) .614

Baseline ECG 297 (70) 448 (66) .225

Admitting Service .324

Medical 269 (63) 431 (63) : : :

Intensive care 25 (6) 27 (4) : : :

Surgical 109 (26) 185 (27) : : :

Other 22 (5) 39 (6) : : :

Comorbidities

Cardiac arrhythmias 73 (17) 137 (20) .230

Congestive heart failure 58 (14) 76 (11) .214

Ischemic heart disease 64 (15) 117 (17) .359

Chronic obstructive
pulmonary disease

98 (23) 168 (25) .551

Chronic kidney disease
(GFR<30)

23 (5) 30 (4) .443

Diabetes mellitus 131 (31) 189 (28) .267

Malignancy 75 (18) 153 (22) .055

Psychiatric disorder 97 (23) 161 (24) .764

Seizure disorder 11 (3) 24 (4) .389

Note. SD, standard deviation; ECG, electrocardiogram; GFR, glomerular filtration rate.
aUnits unless otherwise specified.
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Our study has several limitations.Maturation effects and poten-
tial confounders from variations in medical practice may have
affected our data during different study periods, and there was
no adjustment period between study groups. We were unable to
capture data on adverse effects attributed to the current inpatient
FQN prescription. Our intervention did not extend to surgical pro-
phylaxis, emergency department prescribing, or postdischarge pre-
scriptions, which are ideal areas to study given the high rates of
FQN misuse reported.4,5,10 The FQN appropriateness categoriza-
tion was designed to be standardized; however, there is no gold
standard for FQN appropriateness.

This study confirms that PAF is an effective ASP tool for
decreasing the use of FQNs and improving appropriate prescrib-
ing. Given increasing concerns for FQN-associated adverse events,
judicious and appropriate prescribing is a matter of patient
safety, and PAF is a safe and effective method of accomplishing
this goal.

Acknowledgments.

Financial support. No financial support was provided relevant to this article.

Conflicts of interest. C.C. reports personal fees from Sunovion, Merck,
Astellas, AVIR pharma and Gilead, grants and personal fees from Pfizer, and
an unrestricted educational grant from Merck, all outside the submitted work.
All other authors report no conflicts of interest relevant to this article.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2020.339

References

1. Recalls and safety alerts. Fluoroquinolones—risk of disabling and persistent
serious adverse reactions. Government of Canada website. http://
healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2017/61900a-eng.php.
Published 2017. Accessed May 2019.

2. 2018 drug safety communications. Food and Drug Administration website.
https://www.fda.gov/drugs/drug-safety-and-availability/2018-drug-safety-
communications. Published 2018. Accessed June 2019.

3. National antibiogram, 2017. Canadian Antimicrobial Resistance Alliance
website. http://can-r.com/study.php?study=antb2017&year=2017. Published
2017. Accessed May 2019.

4. Werner NL, Hecker MT, Sethi AK, et al. Unnecessary use of fluoroquino-
lone antibiotics in hospitalized patients. BMC Infect Dis 2011;11:187.

5. MéanM, Pavese P, Vittoz JP, et al. Prospective assessment of fluoroquinolone
use in a teaching hospital. Eur J Clin Microbiol Infect Dis 2006;25:757–763.

6. Wise BL, Peloquin C, Choi H, et al. Impact of age, sex, obesity, and steroid
use on quinolone-associated tendon disorders. Am J Med 2012;125:
1228e23–1228e28.

7. Fleming D, Ali KF, Matelski J, et al. When antimicrobial stewardship isn’t
watching: the educational impact of critical care prospective audit and feed-
back. Open Forum Infect Dis 2016;3(3):ofw115.

8. Willemsen I, Cooper B, van Buitenen C, et al. Improving quinolone use in
hospitals by using a bundle of interventions in an interrupted time series
analysis. Antimicrob Agents Chemother 2010;54:3763–3769.

9. Wong-BeringerA,Nguyen LH, LeeM, et al.An antimicrobial stewardship pro-
gram with a focus on reducing fluoroquinolone overuse. Pharmacotherapy
2009;29:736–743.

10. Vaughn VM, Gandhi T, Conlon A, Chopra V, et al. The association of anti-
biotic stewardship with fluoroquinolone prescribing in Michigan hospitals:
a multihospital cohort study. Clin Infect Dis 2019;69:1269–1277.

Table 2. Fluoroquinolone Prescribing Preintervention Versus Intervention

Variable

Ciprofloxacin Levofloxacin

Preintervention
(n=301), No. (%)

Intervention
(n=430), No. (%) P Value

Preintervention
(n=122), No. (%)

Intervention
(n=251), No. (%) P Value

Indication

Respiratory 35 (12) 39 (9) .259 114 (93) 240 (96) .113

Genitourinary 140 (47) 221 (51) .194 0 0 : : :

Bacteremia and sepsis 14 (5) 8 (2) .030 0 1 (1) 1.000

Head and neck 0 (0) 3 (1) .272 1 (1) 1 (1) 1.000

Intra-abdominal infection 78 (26) 112 (26) .968 2 (2) 1 (1) .250

Native joint infection, osteomyelitis 14 (5) 10 (2) .082 1 (1) 2 (1) 1.000

Prosthetic joint infection 2 (1) 13 (3) .027 0 0 : : :

Skin and soft tissue 35 (12) 39 (9) .259 1 (1) 1 (1) 1.000

Other 1 (0) 12 (3) .013 3 (3) 5 (2) .013

Infectious pathogen

Enteric gram-negative bacilli 87 (29) 115 (27) .521 1 (1) 2 (1) 1.000

Extended- spectrum β-lactamase producer 8 (3) 12 (3) .914 0 (0) 0 (0) : : :

Pseudomonas 50 (17) 70 (16) .905 1 (1) 0 (0) .327

Amp-C producer 43 (14) 70 (16) .463 0 (0) 3 (1) .554

Other 64 (21) 88 (21) .794 9 (7) 12 (5) .307

Unknown 100 (33) 145 (34) .888 111 (91) 237 (93) .213

Infectious diseases consult 61 (20) 70 (16) .167 2 (2) 6 (2) .727

Appropriate 210 (70) 373 (87) <.001 80 (66) 226 (90) <.001
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