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ABSTRACT
Background: Antimicrobial resistance results in increased morbidity,
mortality, and costs to the health care system. Evidence suggests an 
association between the use of antimicrobials in hospitals and the 
development of antimicrobial resistance. Fluoroquinolones constitute
one group of antimicrobials that are effective against a variety of 
bacterial infections, yet they may be subject to misuse. Many hospitals in
Nova Scotia have implemented policies to improve antimicrobial 
prescribing, but the impact of these policies on utilization is unknown. 

Objectives: To evaluate the use of fluoroquinolones in Nova Scotia 
hospitals using the World Health Organization’s Anatomical Therapeu-
tic Chemical classification system with defined daily doses (ATC/DDD)
and to examine the influence of hospital policies for utilization of 
fluoroquinolones in community-acquired pneumonia. 

Methods: During the study period (April 1, 1997, to March 31, 2003),
fluoroquinolones were administered at 31 of the 37 hospitals in Nova
Scotia’s 9 district health authorities. Hospital administrative data, 
hospital characteristics, and pharmaceutical purchasing data related to
use of these drugs were aggregated using the ATC/DDD methodology
for the fiscal years 1997/1998 to 2002/2003. District pharmacy 
directors were surveyed to obtain information about district and indi-
vidual hospital antibiotic policies. Descriptive statistics were calculated,
and univariable regression and multilevel analyses were performed. 

Results: Mean overall fluoroquinolone use increased over the study 
period, from 47.2 DDD/1000 bed-days per year in fiscal year
1997/1998 to 163.8 DDD/1000 bed-days per year in fiscal year
2002/2003 (p < 0.001). Multilevel analysis showed that utilization 
policies aimed at appropriate prescribing did not affect the use of 
fluoroquinolones.

Conclusion: This study revealed that drug purchasing, hospital 
administrative, and diagnostic data could be combined to compare the
utilization of fluoroquinolones among different hospitals and district
health authorities. Utilization policies had little effect on the amount,
type, or route of fluoroquinolone use. 
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RÉSUMÉ
Contexte : La résistance aux antimicrobiens se traduit par une hausse de
la morbidité, de la mortalité et des coûts pour le système de santé. Des
données suggèrent un lien entre l’utilisation des antimicrobiens dans 
les hôpitaux et l’apparition de résistance antimicrobienne. Les 
fluoroquinolones, qui sont un groupe d’antimicrobiens efficaces contre
une variété d’infections bactériennes, peuvent pourtant être mal utilisées.
De nombreux hôpitaux en Nouvelle-Écosse ont donc mis de l’avant des
politiques visant à améliorer la prescription des antimicrobiens, mais on
ignore quelle est leur incidence sur l’emploi de ces derniers. 

Objectifs : Évaluer l’utilisation des fluoroquinolones dans les hôpitaux
de la Nouvelle-Écosse, à l’aide du système de classification anatomique,
thérapeutique et chimique (ATC) et des doses journalières définies
(DDD) de l’Organisation mondiale de la Santé, et analyser l’influence
des politiques des hôpitaux sur l’utilisation des fluoroquinolones dans 
le traitement des pneumonies extrahospitalières. 

Méthodes : Au cours de la période de l’étude (du 1er avril 1997 au 
31 mars 2003), des fluoroquinolones ont été administrées dans 31 des
37 hôpitaux des 9 régies régionales de la santé de la Nouvelle-Écosse. Des
données sur les caractéristiques démographiques, les diagnostics et
l’achat des médicaments concernant l’utilisation des fluoroquinolones
dans ces hôpitaux ont été groupées à l’aide de la méthode ATC/DDD
pour les exercices financiers de 1997–1998 à 2002–2003. Les directeurs
de pharmacie des régies ont répondu à un sondage pour obtenir des 
renseignements sur les politiques d’utilisation des antibiotiques des régies
et de chaque hôpital. Des statistiques descriptives ont été compilées, 
et des analyses de régression à variable simple et de modélisation 
hiérarchique ont été effectuées. 

Résultats : L’utilisation moyenne globale de fluoroquinolones a 
augmenté pendant la période de l’étude, passant de 47,2  DDD/1000
jours-lits par année pour l’exercice financier de 1997–1998 à 163,8
DDD/1000 jours-lits pour l’exercice financier de 2002–2003 
(p < 0,001). L’analyse hiérarchique a montré que les politiques 
d’utilisation visant une meilleure prescription des fluoroquinolones n’ont
pas eu d’effet sur leur utilisation.

Conclusion : Cette étude a révélé que les données sur l’achat des 
médicaments, les caractéristiques démographiques et les diagnostics 
pouvaient être combinées pour comparer l’utilisation des fluoroquinolones
dans divers hôpitaux et régies régionales de la santé. Les politiques sur 
l’utilisation des antimicrobiens ont eu très peu d’effet sur la quantité et le
type de fluoroquinolones utilisées ou leur voie d’administration.  

Mots clés : utilisation des médicaments, antimicrobiens, fluoroquinolones,
politiques

[Traduction par l’éditeur]
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INTRODUCTION

Infections with antimicrobial-resistant bacteria result inincreased patient morbidity and mortality, and extra costs to
the health care system.1,2 There is mounting evidence to suggest
an association between antimicrobial use in hospitals and
antimicrobial resistance.1-4 Fluoroquinolones are useful in the
treatment of a variety of infections. Unfortunately, these drugs
are sometimes used inappropriately, and these uses may 
contribute to increasing bacterial resistance and drug expendi-
tures.5,6 Many hospitals have implemented policies and pro-
grams to limit and monitor inappropriate use. The effect of
such policies on fluoroquinolone use across the province of
Nova Scotia, Canada, is unknown.

In Nova Scotia, district health authorities (DHAs) are
responsible for providing care in acute care facilities and for 
monitoring and evaluating the use of medications prescribed,
including antimicrobial agents. However, monitoring systems
may not be well established, and even when they are present, data
collection and analysis methods may differ across the province.
Furthermore, no system exists to routinely and systematically 
collect and compare data at the district or provincial level. 

Since the 1970s, European and Nordic countries have
employed the World Health Organization (WHO) Anatomical
Therapeutic Chemical (ATC) classification system with
defined daily doses (DDDs) as a standardized method to com-
pare antimicrobial utilization within and between countries.7-11

The ATC/DDD system is managed by the WHO Collaborating
Centre for Drug Statistics Methodology, with expert advice
from the corresponding WHO International Working Group.
The working group comprises members from different 
professional backgrounds, who represent the 6 WHO global
regions. The DDD is the assumed average maintenance dose
for the main indication of a particular drug.12 The actual dose
for individual patients may differ according to individual 
characteristics. Drug consumption data presented as DDDs
provide a rough estimate of consumption and yield a fixed unit
of measure, independent of price and formulation, which
allows researchers to assess and compare trends among 
population groups and countries.13

The objectives of this study were to evaluate the use of 
fluoroquinolones in Nova Scotia hospitals using the
ATC/DDD classification system and to examine the influence
of utilization policies on the use of all fluoroquinolones (i.e.,
throughout the hospital) and of respiratory fluoroquinolones
(levofloxacin, moxifloxacin, and gatifloxacin), especially in 
relation to community-acquired pneumonia. 

METHODS

Ethics approval for this study was granted by the Health Sci-
ences Human Research Ethics Board of Dalhousie University in
January 2004.

Setting

Nova Scotia, a province on the east coast of Canada, has
about 908 000 inhabitants, with roughly one-third living in or
near the capital city, Halifax.14 The province’s health care system
is organized into 9 DHAs, each of which is responsible for the
delivery and administration of health care services to the 
population in a specific geographic area. The cost of all 
hospital services and in-hospital drugs is covered under the
Canadian medicare system. There are 37 hospitals in Nova 
Scotia, of which 31 administered fluoroquinolones over the
study period of April 1, 1997, to March 31, 2003. Given the
low use of fluoroquinolones for children, the province’s only
free-standing pediatric hospital was not included in this study
(i.e., was excluded from the analysis entirely). At the time of the
study, the only participating facility that offered infectious 
disease consultation services was the tertiary care centre located
in Halifax and was included in all analyses. 

Data Sources

The data for this study were obtained from 4 sources. The
first type of data was purchasing data, expressed as drug volume
and expenditures and obtained from the Provincial Drug 
Distribution Program. This program operates through the 
Capital District Health Authority in Halifax and since 1997 has
been responsible for negotiation of contracts for all pharmaceuti-
cals and provision of the drugs to all hospitals in the province.
The fluoroquinolone antimicrobials investigated in this study
(and their respective DDDs) were ciprofloxacin (oral 1 g, 
parenteral 0.5 g), gatifloxacin (oral and parenteral 0.4 g), 
levofloxacin (oral and parenteral 0.25 g), moxifloxacin (oral and
parenteral 0.4 g), norfloxacin (oral 0.8 g), and ofloxacin (oral and
parenteral 0.4 g). These are the “assumed average maintenance
doses per day for a drug used for its main indication in adults”,
as published by the WHO.12 Data on trovafloxacin were also
available for this study, but this medication had minimal use
within the province during the study period and has since been
removed from the Canadian market, so no results for this drug
are presented here. The second type of data was hospital data (the
name of the hospital, the DHA in which it was located, and the
number of acute care beds); this information was obtained from
the NS Department of Health. The third type of data was the
number of admissions to hospital for community-acquired pneu-
monia, which was retrieved from the Canadian Institute of
Health Information discharge database (accessed through the NS
Department of Health). The fourth type of data was information
about hospital policies on antimicrobial use and therapeutic
pathways, which was collected by a survey mailed to the director
of pharmacy of each DHA. The survey contained questions on
restriction policies, therapeutic pathways for 2 specific 
conditions, and step-down programs from IV to oral adminis-
tration. The survey questionnaire was pilot-tested with drug
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information and drug utilization evaluation pharmacists for 
clarity and readability. In addition, the survey was reviewed and
discussed at an infectious diseases research-in-progress seminar
hosted by the Capital District Health Authority, which was
attended by microbiologists, infectious disease physicians, and
pharmacists. The survey was revised on the basis of input from
both groups. 

Data Analysis

All hospitals that had purchased the fluoroquinolones
investigated in this study and that had admitted patients with
community-acquired pneumonia were included in the study.
All statistical analyses were restricted to hospitals with at least
10 acute care beds (to reduce statistical bias). Provincial drug
purchasing data were aggregated using the WHO ATC/DDD
classification system (2003 edition) for the fiscal years
1997/1998 to 2002/2003. Raw data were coded and computed
using a standard spreadsheet program (Office 97 Excel,
Microsoft, Redmond, Washington). Drugs were classified and
volume data were transformed to ATC/DDD values. Values for
utilization of fluoroquinolones were expressed as number of
DDDs per 1000 (acute care) bed-days per year and number of
DDDs per 100 cases of community-acquired pneumonia with
admission to hospital per year.

Use of fluoroquinolones was determined for each hospital,
and the results were also aggregated for each of the 9 DHAs in
the province. Hospital size was categorized according to 
the number of acute care beds: small = 10–15 beds, medium =
16–100 beds, and large = more than 100 beds. Each hospital-
size category contained approximately the same number of hos-
pital-year observations. Annual periods were related to fiscal
years (i.e., from April 1 to March 31). 

Survey data from the director of pharmacy in each DHA
were used to determine whether or not a given hospital had
antimicrobial policies and care pathways for fluoroquinolones.
It was assumed that policies applied across each district, but
respondents were asked to complete multiple surveys if one or
more hospitals within their respective districts had policies that
differed from the district policies. These data were incorporated
into a dichotomous variable indicating whether or not a hospital
had a policy. Hospitals were also coded according to the 
presence of more than one utilization policy or no utilization
policies. Because the survey was administered during the last
year of the study period, data for only the 2002/2003 year were
used to examine the impact of hospital pharmacy policies
(number and type) on fluoroquinolone use. Student t tests were
performed to determine statistical differences in 
fluoroquinolone use between hospitals with and without
antimicrobial policies and therapeutic pathways. Trends in the
use of specific fluoroquinolones and percentage of ciprofloxacin
use relative to respiratory fluoroquinolone use over time were
examined in a post hoc analysis.

The results were aggregated and combined, using a 
standard statistical software package (STATA, version 7,
STATA Corporation, College Station, Texas), to produce sim-
ple descriptive statistics of fluoroquinolone use. Data are
reported as means and 95% confidence intervals. The relation-
ship among the 3 predictor variables (DHA, year, and hospital
size) and DDD values was assessed. A regression approach that
accounted for clustered data was employed because hospital-
year data were clustered within years. Regressions were estimat-
ed using a generalized estimating equation and employing a log
correlation structure between study years. Because of the 
limited sample size, only unadjusted associations were exam-
ined, and the statistical level of significance was a = 0.05. 

The institution variable was nested within the DHA 
variable, and a standard univariable regression analysis was
therefore not appropriate (because of violation of independence
of observations). Thus, a multilevel linear model was 
constructed to account for the natural hierarchical structure of
the data. The use of a multilevel linear model is often suggested
when data are nested naturally, as in this study.15,16

RESULTS

Over the 6-year study period, a total of 31 hospitals
administered fluoroquinolones, and there were 169
hospital–year observations. Because hospitals with fewer than
10 acute care beds were excluded, data from only 27 hospitals
(with 149 hospital–year observations) were examined in the
final analysis. 

Total Fluoroquinolone Use 

Mean total fluoroquinolone use per district increased by
more than 3 times over the 6 years, from 47.2 DDDs/1000
bed-days per year in 1997/1998 to 163.8 DDDs/1000 bed-
days per year in 2002/2003 (p < 0.001) (Table 1). Oral admin-
istration as a percentage of total fluoroquinolone use descreased
over the study period, from 89% in 1997/1998 to 78% in
2002/2003. The mean extent of use varied among the DHAs,
from 78.9 DDDs/1000 bed-days per year in DHA A to 
138.7 DDDs/1000 bed-days per year in DHA E. The utiliza-
tion of fluoroquinolones did not differ statistically between
small and medium-sized hospitals (p = 0.31) or between small
and large facilities (p = 0.94); medium-sized and large hospitals
were not compared directly. 

Ciprofloxacin 

Total annual ciprofloxacin use was highest over the period
2000/2001 to 2002/2003, relative to 1997/1998 and
1998/1999. The use of this drug in the final year of the study
was 70.5% greater than use in the first year (52.5 DDDs/1000
bed-days in 2002/2003 versus 30.8 DDDs/1000 bed-days in
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2002/2003. In 2002/2003, the ratio of IV to oral use was 
0.2. Variations in relative use existed among the DHAs, with
districts A and I using more ciprofloxacin than respiratory 
fluoroquinolones (Figure 1).

Use of Respiratory Fluoroquinolones in 
Relation to Community-Acquired Pneumonia 

The use of respiratory fluoroquinolones was also assessed
with the WHO ATC/DDD methodology in relation to cases
of community-acquired pneumonia in which the patients were
admitted to hospital. Over the study period, mean use of 
respiratory fluoroquinolones increased from 3.4 to 1747.5
DDDs/100 cases of community-acquired pneumonia with
hospital admission per year (Figure 2). From 1997/1998 to
2001/2002, mean use of levofloxacin increased from 3.4 to
1730.0 DDDs/100 cases of community-acquired pneumonia
per year, but fell to 1593.8 DDDs/100 cases of community-
acquired pneumonia per year in 2002/2003. Mean levofloxacin
use varied among DHAs over the study period, ranging from
445.9 (DHA A) to 1506.5 (DHA H) DDDs/100 cases of 
community-acquired pneumonia with hospital admission per
year. However, statistical tests of comparisons between DHA 
A and each of the other DHAs indicated no significant 
differences. 

Effect of Utilization Policies

All of the 9 surveys that were mailed (one to each DHA)
were returned, for a 100% response rate. The types of policies
in place and how they were enforced and audited varied wide-
ly among the 9 DHAs (Table 2). Combining the survey results
with the fluoroquinolone utilization data provided additional
insights into drug utilization policies in Nova Scotia. Student t

1997/1998) (Table 1). Oral use of this drug increased by
40.3% over the study peroid, whereas IV use increased by
290% (data not shown). The percentage of total use that
involved oral administration declined from 90.5% in
1997/1998 to 76.0% in 2002/2003. The ratio of IV to oral use
in 2002/2003 was 0.325.

Ciprofloxacin use varied greatly among the districts 
(Figure 1), with district I in particular having higher use; how-
ever, this variation was not statistically significant. District I did
not employ any restrictions on the use of ciprofloxacin (Table
2). The percentage of total use of this drug that involved oral
administration also differed greatly among districts, ranging
from 58.7% to 95.1%. 

Norfloxacin and Ofloxacin

Norfloxacin use decreased by 86.8% over the study period
(p < 0.001) (Table 1). Use of ofloxacin was limited, and no
trends were evident (Table 1).

Respiratory Fluoroquinolones 

Gatifloxacin and moxifloxacin did not come onto the 
market until after the year 2000; as such, these drugs were not
used at all in the early years of the study period, and their use
was low after 2000. Therefore, these agents were combined
with levofloxacin for evaluating the use of fluoroquinolones for
community-acquired pneumonia over the entire study period.
Together, these 3 medications are known as the “respiratory 
fluoroquinolones”. Use of these drugs increased significantly
over the study period (p < 0.001) (Table 1). In 1997/1998, 
respiratory fluoroquinolones represented 0.65% of the 
combined total of respiratory fluoroquinolones and
ciprofloxacin. This proportion increased to 67.4% in

Table 1. Use of Fluoroquinolones in 31 Hospitals in Nova Scotia, 1997/1998 to 2002/2003 

Fiscal Year; Drug Use (Mean DDDs/1000 bed-days per year and 95% CI) 

Drug 1997/1998 1998/1999 1999/2000 2000/2001 2001/2002 2002/2003
Ciprofloxacin 30.8 29.4 38.4 46.8 51.0 52.5

(19.8–41.8) (20.5–38.5) (26.3–50.4) (32.0–61.6)* (39.1–63.0)* (40.1–64.9)*
Levofloxacin 0.2 14.1 61.7 79.9 104.4 94.1

(0.0–0.5) (4.7–23.5) (39.9–83.6)* (56.3–103.5)* (71.8–137.1)* (62.7–125.5)*
Gatifloxacin 0 0 0 0 0.7 11.5

(0.0–1.5) (2.9–20.1)*
Moxifloxacin 0 0 0 0.4 2.0 2.8

(0.0–1.1) (0.0–4.8) (0.0–6.6)
Norfloxacin 14.4 12.0 6.2 1.9 2.4 1.9

(8.3–20.6) (6.4–17.6) (3.8–8.5)* (0.0–4.0)* (0.0–5.5)* (0.0–4.3)
Ofloxacin 1.8 0.9 1.3 0.5 1.6 0.9

(0.0–4.0) (0.1–1.6) (0.0–2.9) (0.0–1.3) (0.1–3.2) (0.0–2.3)

Total 47.2 56.5 107.6 129.6 162.2 163.8
(33.1–61.4) (38.7–74.2) (76.4–138.8)* (97.7–161.4)* (123.5–200.8)* (124.3–203.3)*

CI = confidence interval, DDD = defined daily dose.
*Statistically significant difference from 1997/1998 value (p ≤ 0.05).
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Table 2. Policies Related to Fluoroquinolone Use in 9 District Health Authorities in Nova Scotia 

Policy Restricting Use Pathway 

District For For Respiratory Policy for IV/PO
Ciprofloxacin Fluoroquinolones* Audits Step-down CAP AECOPD

A IV: yes; pharmacist No Every 2 years, but Yes: chart reminder Yes No
follow-up only for 
PO: no ciprofloxacin IV

B IV: nonformulary† No Performed in 1999, No No No
for levofloxacin

C IV: consult only Allowed for 3 times in year Yes: pharmacist Yes Yes
PO: no treatment of CAP preceding survey mandated, automatic

only year (2003) switch
D No No No Not for fluoroquinolones No No
E No‡ No “Limited audits” Yes, but for levofloxacin No No

and gatifloxacin only: 
pharmacist mandated, 
automatic switch

F IV and PO: restricted Allowed for Performed in May No No No
drug request form treatment of CAP 2000, for

only fluoroquinolones 
on formulary

G No No No Yes: chart reminder Yes No
H No; guidelines in No Annual Yes: pharmacist Yes No

place but not recommendation
enforced

I No No No Yes, but for ciprofloxacin Yes No
only

AECOPD = acute exacerbation of chronic obstructive pulmonary disease, CAP = community-acquired pneumonia, 
IV = intravenous administration, PO = oral administration.
*Defined as levofloxacin, gatifloxacin, and moxifloxacin.
†Will obtain upon request.
‡No restrictions because of a lack of staff to provide monitoring.

Figure 1. Use of respiratory fluoroquinolones and
ciprofloxacin in 9 district health authorities in Nova Scotia
(identifed by letters). The differences in usage among the
districts was not statistically significant. DDD = defined
daily dose. 

Figure 2. Use of all respiratory fluoroquinolones 
combined (levofloxacin, moxifloxacin, and gatifloxacin) 
by fiscal year, relative to cases of community-acquired
pneumonia in which patients were admitted to hospital
(“CAP events”). Use increased significantly over the study
period (p < 0.01) but levelled off in the last 2 years. 
DDD = defined daily dose.
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tests comparing drug utilization rates between hospitals with
no utilization policies and those with more than one policy
revealed no statistically significant differences in the use of
ciprofloxacin (p = 0.20) or levofloxacin (p = 0.38).  

The relation between the number of antimicrobial policies
and fluoroquinolone use was explored for ciprofloxacin and 
respiratory fluoroquinolones (expressed in terms of both
DDDs per 1000 bed-days per year and DDDs per 100 cases of
community-acquired pneumonia with hospital admisison per
year). Multilevel analysis revealed that fluoroquinolone use did
not differ significantly between districts with more than one
utilization policy and those with no policies. 

Multilevel modelling analyses were then performed to 
estimate the variance of fluoroquinolone use across DHAs and
the hospital–DHA interaction. This methodology was used to
account for the hierarchical structure of the data set and to
explore the variance (dispersion among measures) of 2 drug 
utilization variables, each represented by a different denomina-
tor (fluoroquinolone DDDs by hospital bed-days and by cases
of community-acquired pneumonia with hospital admission).
This analysis demonstrated that, except in the case of
ciprofloxacin, the variability in fluoroquinolone utilization
rates could not be explained simply by the DHA to which the
hospital belonged. For ciprofloxacin use (expressed as DDDs
per 1000 bed-days per year), the DHA did represent a small
component of the variability. In other words, much of the 
variation in fluoroquinolone use occurred at the hospital level
rather than the district level, and variation in drug utilization
rates was not attributable to a clustering effect of hospitals. This
also suggests that adherence to DHA pharmacy policies might
have varied among hospitals within a given DHA. 

DISCUSSION

Total annual use of all fluoroquinolones increased 
significantly over the study period. This corroborates other
antimicrobial utilization studies, which showed an overall
decrease in consumption of antimicrobials but an increase in
fluoroquinolone use in Canada from 1995 to 1998.17,18 The
total fluoroquinolone use reported here (mean of 163.8
DDDs/1000 bed-days for 2002/2003) was similar to that
reported for 42 hospitals in the United States (mean of 150
DDDs/1000 bed-days for 2003).19 There is evidence to suggest
that increased bacterial resistance is correlated with increased
use of antimicrobials.1-4 According to the Canadian Bacterial
Surveillance Network, resistance to fluoroquinolones is 
increasing in Canada. Between 1993 and 1998, resistance of
Streptococcus pneumoniae to fluoroquinolones increased from
1.5% to 2.9%, which coincided with an increase in the 
number of prescriptions for ciprofloxacin during the same 
period.20 Rates of resistance to fluoroquinolones are still low;
however, as the use of these agents increases, resistance is
expected to increase as well. 

Norfloxacin was the one fluoroquinolone for which 
utilization decreased over the study period. Use of this drug was
higher in small and medium-sized hospitals than in large 
hospitals. This may be because norfloxacin was removed from
the formulary of one of the large hospitals in the province in
November 1996 (just before the beginning of the study 
period). The reason for removal was primarily to “streamline”
the use of antibiotics in the institution. Streamlining is a 
process that many hospitals use to simplify therapeutic choices
and to contain costs.21,22

The lack of statistically significant differences in fluoro-
quinolone use related to the presence or absence of at least one
utilization policy may have been due to the small number of
observations and the relatively short period of the study. As
well, the presence of a drug utilization policy does not 
necessarily mean that it is enforced. One of the biggest 
problems with utilization policies that rely on completion of
forms by the physician is the resources required for pharmacy
auditing and follow-up. One survey respondent commented
that the DHA had never implemented antimicrobial utilization
policies because there were insufficient staff to monitor 
adherence. Insufficient staffing, especially in rural areas, is an
issue facing many hospital pharmacies in Nova Scotia, one that
can impede optimization of use of antimicrobials through 
utilization policies. In a previous study, a US hospital pharmacy
implemented an interventional program to improve antibiotic
use.23 The program consisted of a pharmacist’s personal 
intervention and an educational component, and it decreased
ciprofloxacin use by 43%. Another study examined an 
intervention that involved completion of restriction forms,
which were audited daily, with prescribers receiving feedback
from infectious disease specialists twice a week.24 Over a 4-year
period with the program in place (from 1992 to 1995), 
expenditures for ciprofloxacin decreased, but in 1996, costs
increased sharply (by 69%) when the capacity to audit the
forms and provide feedback was withdrawn. Ongoing 
education and follow-up are necessary to successfully operate
restriction policies.

The advantages of stepping down from IV to oral therapy
include lower cost, less administration time by nursing staff,
decreased length of stay, and decreased potential for adverse
events associated with IV therapy.25-31 One possible reason for the
trend of decreasing oral usage may be the decline in 
hospital length of stay. Patients are typically switched to oral ther-
apy just before discharge, and oral therapy continues on an out-
patient basis; however, outpatient therapy was not included in
this study. Another reason may be that patients who were admit-
ted later in the study period were sicker, and their care was more
complex, than patients admitted earlier in the study period.

Switching patients from IV to oral medications also has
economic advantages. In 2002/2003, the ratio of IV to oral use
of ciprofloxacin was 0.325, and NS provincial expenditures for
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ciprofloxacin were approximately $860 000. Lowering the
IV–oral ratio to 0.25 would represent a cost avoidance of
approximately $330 000. Similarly, if the ratio of IV to oral use
of respiratory fluoroquinolones was decreased from 0.2, its
reported level in 2002/2003, to 0.15, approximately $180 000
in cost avoidance could be realized. 

If one assumes that each case of community-acquired
pneumonia should be treated with 1 DDD of moxifloxacin 
or gatifloxacin and 2 DDDs of levofloxacin (the DDD of 
levofloxacin is 0.25 g [250 mg], which is half the usual dose of
500 mg once daily used in Canada to treat community-
acquired pneumonia at the time of the study), the rate of use in
facilities was high and increased over time.32 This suggests that
respiratory fluoroquinolones were used to treat infections other
than community-acquired pneumonia, which may be inappro-
priate. Zhanel and others33 reported that resistance to penicillin
and macrolides increased over time in the Maritime provinces
of Canada (i.e., Nova Scotia, New Brunswick, and Prince
Edward Island), whereas fluoroquinolone resistance declined
between 1997 and 1998 and then stabilized. The Canadian
Bacterial Surveillance Network has reported stabilization of
penicillin resistance in the Atlantic provinces (i.e., Nova Scotia,
New Brunswick, Prince Edward Island, and Newfoundland
and Labrador), but a decrease in high-level resistance and an
increase in macrolide resistance from 1997 to 2001.34 A study
of susceptibility results for invasive pneumococcal isolates 
collected in 2002 and 2003,35 at the end of the current study
period, demonstrated rates of resistance to macrolides, 
penicillin, and fluoroquinolones similar to those of the study by
Zhanel and others.33 This suggests that resistance rates did not
go up in the last year of our study. However, even if resistance
rates increased and the increasing use of fluoroquinolones was
justified on the basis of macrolide and ß-lactam resistance, this
would not explain why fluoroquinolone usage was greater than
would be accounted for by all cases of community-acquired
pneumonia in which hospital admission was required. The use
of levofloxacin fell in the last year of the study, while the com-
bined use of respiratory fluoroquinolones remained 
the same. One factor may be the reporting of Streptococcus 
pneumoniae resistance to levofloxacin in the literature,33,36 which
may have led prescribers to switch to the newer 
respiratory fluoroquinolones. In support of this supposition, 
3 of the DHAs changed the respiratory fluoroquinolone on
their pneumonia pathways from levofloxacin to either 
moxifloxacin or gatifloxacin during the last year of the study.

Many factors, such as patient acuity, number of intensive
care beds, and patient demographic characteristics, can 
confound differences in utilization rates of antimicrobials
across different facilities; therefore, comparisons between 
hospitals and districts should be used only as a guide. There was
a nonsignificant trend for small hospitals to have higher use of

fluoroquinolones than large hospitals, which suggests overuse
of these drugs by some facilities. 

Data on patient acuity and outcomes after the use of 
specific agents were not available for this particular study. 
Furthermore, information on hospital infection control policies
and their implementation was not collected. This study was
also limited by the relatively small number of hospitals and 
districts and the short time frame over which policies might
have been introduced and implemented. Although the statisti-
cal power to detect a difference in the use of fluoroquinolones
between hospitals with no utilization policies and those with
more than one policy was low (post hoc power = 0.2434), it is
important to note that the geographic region of the study had
only a limited number of institutions. Therefore, this pilot
study was restricted in the number of institutions available for
analysis. Future studies could include additional hospitals out-
side of Nova Scotia. The year in which policies were instated
was requested, but this information was not provided in all
cases. Two of the policies were implemented sometime in 1999
and another in 2000. One limitation to interpreting the 
influence of utilization policies on actual fluoroquinolone use is
the assumption that each hospital within a DHA followed the
district’s policies as reported by the survey respondent; however,
adherence to policies was not verified in this study, nor were
changing policies over time examined. The DDDs for some
fluoroquinolones (levofloxacin, ciprofloxacin) are lower than
the dosages commonly used for certain infections in Nova 
Scotia, which might have led to an overestimation of use. 
Nevertheless, this methodology does provide a way of compar-
ing drug utilization among DHAs and hospitals and provides
guidance to improving their use.

By comparing drug utilization data from different 
locations, it is often possible to detect substantial differences
requiring further evaluation, and such evaluation may lead to
the identification and promotion of best practices, often called
benchmarking. Such comparisons will be accurate as long as
the data are collected in a uniform way. The ATC/DDD
methodology recommended by WHO and the European Drug
Utilization Research Group (see http://www.eurodurg.com)
allows these comparisons.13 Bhavnani and others37 used the
WHO ATC/DDD methodology to compare use of fluoro-
quinolones and found an insufficient number of hospitals that
could provide data on actual antimicrobial use. They concluded
that surrogate markers such as expenditures would suffice until
more hospitals are able to provide running totals for drug use
on a patient-by-patient basis. The current study has shown that
the WHO ATC/DDD methodology applied to purchasing data
offers a simple and effective method of comparing use between
hospitals, in attempts to develop best practices. 
Additionally, this study had the advantage of investigating all
NS hospitals that used fluoroquinolones and thus represented
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true (or “real”) utilization patterns in the province. This 
represents valuable information for policy-makers, pharmacists,
and clinicians. 

CONCLUSIONS

This study demonstrated application of the WHO
ATC/DDD methodology to compare drug utilization between
hospitals and health districts. This tool should be applied more
widely to detect trends or signals in utilization patterns that
could be investigated in more formal drug use management
programs and thereby to improve the appropriate utilization of
antimicrobials. In this study, fluoroquinolone use increased 
significantly over time. These data will provide a useful baseline
for examination of future use and its association with 
antimicrobial susceptibility patterns in Nova Scotia. Although
limitations in study design prevented demonstration of 
statistically significant differences in utilization rates between
hospitals with and without utilization policies, further studies
of the effectiveness of these strategies are warranted. Lack of
resources for education and follow-up may prevent hospitals
from gaining full benefit from policy interventions.

References 

1. Shlaes DM, Gerding DN, John JF Jr, Craig WA, Bornstein DL, 
Duncan RA, et al. Society for Healthcare Epidemiology of America and
Infectious Diseases Society of America Joint Committee on the 
Prevention of Antimicrobial Resistance: guidelines for the prevention
of antimicrobial resistance in hospitals. Infect Control Hosp Epidemiol
1997;18(4):275-291.

2. Antimicrobial resistance: a deadly burden no country can afford to
ignore. Canadian Committee on Antibiotic Resistance; 2002 Feb [cited
2003 Jul 17]. Available from: http://www.ccar-ccra.com/new-e.htm 

3. Lemmen SW, Becker G, Frank U, Daschner FD. Influence of an infectious
disease consulting service on quality and costs of antibiotic prescriptions in
a university hospital. Scand J Infect Dis 2001;33(3):219-221.

4. Gaynes R. The impact of antimicrobial use on the emergence of
antimicrobial-resistant bacteria in hospitals. Infect Dis Clin North Am
1997;11(4):757-765.

5. Spooner C, Pickard A, Menon D. Drug utilization reviews of oral
quinolone, cephalosporin, and macrolide use in nonacute care: a 
systematic review. Clin Ther 1999;21(11):1951-1972.

6. Curtis C, Fitzpatrick R, Marriott JF. An evaluation of quinolone 
prescribing in a group of acute hospitals: development of an objective
measure of usage. Pharm World Sci 2002;24(2):61-66.

7. Sketris I, Metge C, Blackburn J, MacCara M, Comeau D, Kephart G, et
al. A Canadian guide for drug utilization studies using administrative
pharmacy claims data: focus on the WHO ATC system and defined daily
dose. Halifax (NS): Dalhousie University, College of Pharmacy; 2001.

8. Norrby SR. Consumption of antibiotics in Sweden, 1975 to 1992:
pharmacoeconomic and clinical aspects. Pharmacoeconomics 1992;
2(3):238-244.

9. Floret N, Thouverez M, Thalamy B, Estavoyer JM, Talon D. Evaluation
of vancomycin use in a large university-affiliated hospital in eastern
France in 1999. Pharm World Sci 2001;23(3):93-97.

10. Bruinsma N, Stobberingh E, de Smet P, van den Bogaard A. Antibiotic
use and the prevalence of antibiotic resistance in bacteria from healthy
volunteers in the Dutch community. Infection 2003;31(1):9-14.

11. Hermosilla Nájera L, Canut Blasco A, Ulibarrena Sanz M, Abasolo
Osinaga E, Abecia Inchaurregui LC. Trends in antimicrobial utilization
at a Spanish general hospital during a 5-year period. Pharmacoepidemi-
ol Drug Saf 2003;12(3):243-247.

12. About the WHO/ATC DDD system. Geneva (Switzerland): World
Health Organization Collaborating Centre for Drug Statistics Methodol-
ogy; [cited 2003 Jun 23]. Available from: http://www.whocc.no/atcddd/ 

13. Wettermark B, Vlahovic-Palcevski V, Blix S, Ronning M, Vander
Stichele R. Drug utilization research. In: Hartzema AG, editor. 
Pharmacoepidemiology and therapeutic risk management. Cincinnati
(OH): Harvey Whitney Books Company; 2008. p. 159–195. 

14. A national overview—population and dwelling counts, 2001 census.
Ottawa (ON): Statistics Canada; 2002. 

15. Bingenheimer JB, Raudenbush SW. Statistical and substantive 
inferences in public health: issues in the application of multilevel 
models. Annu Rev Public Health 2004;25:53-77.

16. O’Connell AA, McCoach DB. Applications of hierarchical linear 
models for evaluations of health interventions: demystifying the
method and interpretations of multilevel models. Eval Health Prof
2004;27(2):119-151.

17. Carrie AG, Metge CJ, Zhanel GG. Antibiotic use in a Canadian
province, 1995–1998. Ann Pharmcother 2000;34(4):459-464.

18. Sketris IS, Metge C, Shevchuk Y, Comeau DG, Kephart GC, Black-
burn J, et al. Comparison of anti-infective drug use in elderly persons
in Manitoba, Nova Scotia, and Saskatchewan, Canada: relationship to
drug insurance reimbursement policies. Am J Geriatr Pharmacother
2004;2(1):24-35.

19. Pakyz A, Powell JP, Harpe SE, Johnson C, Edmond M, Polk RE. Diversity
of antimicrobial use and resistance in 42 hospitals in the United States.
Pharmacotherapy 2008;28(7):906-912.

20. Chen DK, McGeer A, de Azavedo JC, Low DE. Decreased susceptibility
of Streptococcus pneumoniae to fluoroquinolones in Canada. Canadian
Bacterial Surveillance Network. N Engl J Med 1999;341(4):233-239.

21. Okpara AU, Maswoswe JJ. Streamlining formulary antibiotics: a 
pharmacoeconomic necessity and cost-effective strategy. P T 1995;
20(6):377–378, 380, 383. Published by Texas Southern University
College of Pharmacy and Health Services. 

22. Paladino J. Is more than one quinolone needed in clinical practice? Ann
Pharmacother 2001;35(9):1085-1095.

23. Feucht CL, Rice L B. An interventional program to improve antibiot-
ic use. Ann Pharmacother 2003;37(5):646-651.

24. Sirinavin S, Suvanakoot P, Sathapatayavongs B, Malatham K. Effect of
antibiotic order form guiding rational use of expensive drugs on cost
containment. Southeast Asian J Trop Med Public Health 1998;
29(3):636-642.

25. Kuti JL, Le TN, Nightingale CH, Nicolau DP, Quintiliani R. 
Pharmacoeconomics of a pharmacist-managed program for automati-
cally converting levofloxacin route from i.v. to oral. Am J Health Syst
Pharm 2002;59(22):2209-2215.

26. Vogel F. Intravenous/oral sequential therapy in patients hospitalised
with community-acquired pneumonia: which patients, when and what
agents? Drugs 2002;62(2):309-317.

27. Barman Balfour JA, Lamb HM. Moxifloxacin: a review of its clinical
potential in the management of community-acquired respiratory tract
infections. Drugs 2000;59(1):115-139. 

28. Onrust SV, Lamb HM, Barman Balfour JA. Ofloxacin. A reappraisal of
its use in the management of genitourinary tract infections. Drugs
1998;56(5):895-928.

29. Perry CM, Barman Balfour JA, Lamb HM. Gatifloxacin. Drugs
1999;58(4):683-696. 

30. Hurst M, Lamb HM, Scott LJ, Figgitt DP. Levofloxacin: an updated
review of its use in the treatment of bacterial infections. Drugs
2002;62(14):2127-2167.

J CPH – Vol. 62, no 1 – janvier–février 2009C JHP – Vol. 62, No. 1 – January–February 2009 19

91031:sept.2008.qxd  25/02/09  11:54 AM  Page 19



31. Conort O, Gabardi S, Didier MP, Hazebroucq G, Cariou A. 
Intravenous to oral conversion of fluoroquinolones: knowledge verses
clinical practice patterns. Pharm World Sci 2002;24(2):67-70.

32. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD,
Dean NC, et al. Infectious Diseases Society of America/American Thoracic
Society consensus guidelines on the management of community-acquired
pneumonia in adults. Clin Infect Dis 2007;44 Suppl 2:S27-S72.

33. Zhanel GG, Palatnick L, Nichol KA, Bellyou T, Low DE, Hoban DJ.
Antimicrobial resistance in respiratory tract Streptococcus pneumoniae
isolates: results of the Canadian Respiratory Organism Susceptibility
Study, 1997 to 2002. Antimicrob Agents Chemother 2003;47(6):1867-
1874.

34. Canadian Bacterial Surveillance Network: Streptococcus. Toronto (ON):
Mount Sinai Hospital, Department of Microbiology; [cited 2008 
Oct 9]. Available from: http://microbiology.mtsinai.on.ca/ data/sp/
index.shtml

35. Davidson RJ, Melano R; Canadian Invasive Pneumococcal Disease
Surveillance Group, Forward KR. Antimicrobial resistance among 
invasive isolates of Streptococcus pneumoniae collected across Canada.
Diagn Microbiol Infect Dis 2007;59(1):75-80.

36. Weiss K, Restieri C, Gauthier R, Laverdière M, McGeer A, Davidson
RJ, et al. A nosocomial outbreak of fluoroquinolone-resistant 
Streptococcus pneumoniae. Clin Infect Dis 2001;33(4):517-522.

37. Bhavnani SM, Callen WA, Forrest A, Gilliland KK, Collins DA, 
Paladino JA, et al. Effect of fluoroquinolone expenditures on 
susceptibility of Pseudomonas aeruginosa to ciprofloxacin in U.S. 
hospitals. Am J Health Syst Pharm 2003;60(19):1962-1970.

Andrea J Kent, BScPharm, PharmD, is with the Pharmacy Department,
Colchester East Hants Health Authority, Truro, Nova Scotia. 

Ingrid S Sketris, PharmD, MPA(HSA), is with the College of Pharmacy,
Dalhousie University, Halifax, Nova Scotia.

B Lynn Johnston, MD, is with the Infectious Disease department,
Capital District Health Authority, Halifax, Nova Scotia.

Ryan B Sommers, BSc(Hons), MD, is a family physician with the
Colchester East Hants Health Authority, Truro, Nova Scotia. 

Address correspondence to:
Dr Andrea Kent
Pharmacy Department
Colchester East Hants Health Authority
207 Willow Street
Truro NS
B2N 2A1

e-mail: andrea.kent@cehha.nshealth.ca

Acknowledgments
Andrea Kent received funding from the Canadian Institutes of Health
Research, the Canadian Health Services Research Foundation, and the
Nova Scotia Health Research Foundation to undertake a secondment
from the Aberdeen Hospital, New Glasgow, Nova Scotia, to the 
College of Pharmacy, Dalhousie University, as part of a chair in Health
Services Research to Ingrid Sketris. The authors would like to thank
the hospital directors who completed the survey, Emily Somers for
providing data from the purchasing group, and Jason Slaunwhite and
Wade Blanchard for statistical assistance.

Disclaimer
Although this study is based on data from the Nova Scotia Provincial
Drug Purchasing and Dispensing Program, the observations and 
opinions expressed are those of the authors and do not represent
those of the Nova Scotia Department of Health.

20 J CPH – Vol. 62, no 1 – janvier–février 2009C JHP – Vol. 62, No. 1 – January–February 2009

91031:sept.2008.qxd  25/02/09  11:54 AM  Page 20




