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ABSTRACT
The frequent use of antibiotics, and the ensuing increase in bacterial resistance,

has caused much concern in the medical community in recent years. This study examines

antibiotic prescribing from various perspectives, utilising ibing i ion from
several sources including market research databases, a provincial prescription drug plan,
hospital records and patient-specific information obtained through chart review. Overall
quantities and types of antibiotics prescribed have been studied at a national level
comparing both Canada and the USA. at a provincial level using prescription claims data

for specific facets of the 1 ion, at the ity practice level

utilising chart review of a representative sample of patients in the communities of St.

John's and Mount Pearl. Newfoundland and at the hospital level using chart review.

of national ibi and the p
database has d similar ibing trends. A icillin was the most
used antibioti icilli for the greatest proportion of total

antibiotic prescriptions, a decrease in the amount of penicillins used was noted, and an
increase in macrolide use was seen across all three longitudinal databases. The cross-
sectional study of community practices in St. John’s demonstrated that amoxicillin was

the most used antibiotic, and the ions of total antibiotic use

by each antibiotic drug class were similar to those seen in Canada.



The Ontario Anti-infective Guidelines for C ity-acquired ions' was

chosen as the tool for i ipti i in ity practice.
When the physicians’ diagnoses were assumed to be correct, 59% of prescriptions were
appropriate. Using a criteria-based dcci;ion tree to predict etiology, 88% of respiratory
tract infections were likely to be viral, while the physicians thought that only 44% were
viral. The treatment recommendations outlined by the Canadian Community Acquired
Pneumnonia Consensus Conference G'mv.lp2 were used to assess appropriateness of
antibiotic treatment in patients admitted to hospital with community acquired pneumonia.

Sixty five percent of initial antibiotics and 59% of secondary oral antibiotics were

However ibing guideline was much lower for patients with

less severe community-acquired pneumonia.

To decrease i iate and i ibiotic use, it is necessary to first
the nature of antibioti ibing. The results from this analysis allow for
specific ic areas in ibioti ibing to be i it From this,

interventions to improve ibi i can be i
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CHAPTER I - INTRODUCTION

1.1 Badl und of

The

p of antibiotics has greatly il to the ication of many
infections which were once untreatable before the advent of antimicrobial agents.
However this pharmacological advancement in clinical medicine has not occurred
without consequence. In order to survive environmental pressures and attacks on

viability, bacteria have

ped several isms 1o resist eradication. Most notably
bacteria have the capability to become resistant to antibiotics. Several lines of evidence

have a causal i ip between antibiotic use and the of

antibiotic resistance in bacteria’'® At present, bacterial infections have emerged in
which the causal organism is resistant to most or all available antibiotics, thus making
o

some infections untreatable. In response to this very serious public health issue, it is

necessary to ensure that antibiotics are only ibed for ios in which medical

indication warrants their use. As bacterial resistance is a response to antibiotic use, the

problem of resi: may be by judicious antibi

In Canada, antibiotics for human consumption can only be obtained through
prescription by a physician. Therefore these agents can be prescribed in such places as a
hospital or in community practices by both general practitioners and specialists. Each of
these care facilities or locations pose unique problems with regard to antibiotic resistance.

In the hospital, resistance is perpetuated by the abundant use of broad spectrum agents,



prescribed because of the severity of illness of many patients requiring care.
Furthermore, the close proximity of patients in hospital promotes the spread of infection
among patients, thus requiring further antibiotic use, as well as the spread of resistance
genes among bacteria.  Approximately 80% of all antibiotics are prescribed in
community practice settings.'> It has previously been proposed that many of these
prescriptions are unnecessary; one of the most common reasons for an antibiotic

prescription by a family doctor is for respiratory tract infections, such as the common

cold, which are predominantly viral in nature. As a result, many more antibiotics are

being i and than i indicated. IMS Health Canada has

that i 10% of all iptions issued are for antibiotics. This
amounts to 25.4 million antibioti iptions for a ion of approxi 30
million people. Therefore, on average, about one antibiotic prescription is

for each Canadian citizen in a one year period. It is likely that this excessive use has

contributed to the problem of bacterial resistance.



12 Pus of St
The problems surrounding antibiotic use have been a topical issue in recent years. As
a result. i i have studies ining how antibiotics are

in the various health care sectors. Valid drug use data are essential for determining how
antibiotics are prescribed. Medical practice patterns of antibiotic use utilising patient

specific data impart valuable information that can be used for intervention purposes

focussed on improving the ibing habits of the ici F because of
the concern for antibioti i ibiotic utilisation data can aid in predicting future
bacterial resi that may arise as a direct result of antibiotic use.

G i iations in the ibing of antibiotics exist. Therefore it is

to study local antibioti ibing practices in order to specifically determine

potential prescribing problems that may be present in the defined population of interest.

This study has obtained valid data in order to study the determinants of antibiotic

in St. John's, ining both ing in
practices, well as in-hospital antibiotic prescribing for patients with community-
acquired pncumonia. Specifically, a chart review study was conducted in general

offices to i igate antibioti ibing for ity infecti In
addition to this, antibiotic prescribing databases were obtained from the Newfoundland
and Labrador Prescription Drug Program and IMS Health Canada for comparison with

the community antibiotic prescribing trends captured in the chart review study. A chart



review study was also toi

igate how antibiotics are ibed for patients

admitted to hospital with the di: is of i ired

Although quantification studies provide imporant insights into the types of
antimicrobial agents that are regularly used and the indications for which they are

prescribed, it is also important to examine the i of these ipti It
has been that of i have been avoided because of
di in assigning a tangible and i ition of i as it

relates to antibiotics."* Part of this problem stems from the sources of prescribing
information that are available (i.e. administrative databases compared to patient-specific
information obtained through chart review). The current study has utilised a chart review

process to obtain maximum information so that ome may accurately assign

ratings. several i rating tools have been
mpl such as the Anti-infective Guidelines for C: ! as
well as the Canadian clinical practice guidelines for the of ity acquired

ja’ Once i has been specific ibing problems can
be easily identified. With knowledge of these specific prescribing problems, focussed
interventions to change ibi iour can be ped and i with

the aim of decreasing unnecessary antibiotic use.



CHAPTER 11 - LITERATURE REVIEW

2.1 Bacterial Resistance

211 ition of A and i of Action

Antibiotics are defined as compounds, either occurring naturally or produced
synthetically, that can kill bacteria directly (bactericidal), or prevent the growth and

of these 13

It is thought that antibiotics

originated from microorganisms as natural products made to protect these same

in their ' For example soil streptomycete intrinsically
produces the antibiotic streptomycin. To survive, however, the soil streptomycete had to
be resistant to its own antibiotic that it produced.'” Therefore the phenomenon of

antibiotic resistance occurred naturally, long before antibiotic therapy became a routine

part of clinical medicine. The bacterial resi: genes i to evolve

as a result of i i itie R ive studies have demonstrated that

certain microorganisms were resistant to particular antibiotics, before these antibiotics
were developed for medicinal purposes, thus demonstrating that antibiotic resistance
occurs naturally.'

Antibiotics act on and eventually kill bacteria by inhibition of one or more of the

following five bacterial cellular events: cell wall synthesis, cell membrane function,



protein synthesis, nucleic acid is and ic p jotics can be

ding to their i of action. iotics which inhibit cell wall

synthesis are the B-lactams, which include penicilli i and

monobactams. Generally these antibiotics combat bacteria by crossing the bacterial cell
wall and binding to structures called penicillin binding proteins (PBPs). Under normal
circumstances, the activity of PBPs involves catalyzing the cross-linking of
peptidoglycan chains in the bacterial cell wall. These cross-links provide the structural
support of the cell wall. When the B-lactam drugs bind to the PBPs, the peptidoglycan
cross-linking is inhibited, thus compromising the strength and integrity of the bacterial
cell wall, which inevitably leads to osmotic rupture and cell lysis.'” These antibiotics are
therefore bactericidal.

Antibiotics which disrupt protein synthesis include the tetracyclines,

elycosi o ; " 2 e a0 e
tetracyclines act by binding to the 30S subunit of the bacterial ribosome. This binding
inhibits bacterial protein synthesis by preventing the amino acyl-tRNA from forming a
complex with the mRNA-rib The ami ides and specti in also bind

to the 30S ribosomal subunit and block protein synthesis or cause the ribosome to
misread the genetic code. Macrolides and clindamycin bind to the 50S ribosomal

subunit, thereby inhibiting the translocation step of protein synthesis. Chloramphenicol



also binds to the 50S subunit, but prevents protein synthesis by inhibiting the peptidyl

transferase reaction.'®

The anti-bacterial action of the qui groups of antibiotics is

through the inhibition of DNA replication. This is it by i ing with the

activity of the DNA gyrase enzyme called topoisomerase II. This enzyme is responsible

for unwinding the bacterial DNA in ion for icati The

inactivate the DNA gyrase enzymes, thereby preventing DNA replication.'®

The group of antibiotics which act through inhibition of metabolic pathways is the

This is ished by either inhibiting folate synthesis or p ing
folate reduction. The active form of folate is required by bacteria to aid in absorption of
folic acid. Many of the sulfonamides, which are similar in structure to p-aminobenzoic
acid (PABA) (a substrate required to synthesize folate), compete with PABA for the

activity of the enzyme dil thus preventing the synthesis of folate.

Trimethoprim is an inhibitor of folate reduction. For folate to be active, it must be

reduced by the enzyme di Tri im is a potent inhibitor of

this specific enzyme.'®



212 isms of Antibi

Bacteria have the ability to the icating effects of antibiotics in a

variety of ways. There are three well described methods in which bacterial resistance to

is i These i i i include ion of
antibiotic inactivating enzymes, changes in cell wall permeability and altered structural

targets. >3

The first method of bacterial resi is through i ion of the

antibiotic. For example some bacteria produce B-lactamases which function to cleave the
B-lactam ring. Antibiotics which act through the destructive mechanisms of B-lactam, are
rendered ineffective in the presence of B-lana.mms,“ However some B-lactam

antibiotics have been developed which are resistant to the enzymatic activity of B-

20

(ex. icillin. oxacillin,

A second mechanism of resistance involves changes in the bacterial cell wall

permeability. For example, some bacteria have cell

resistance through the production of efflux pumps. Efflux pumps function to actively
extrude antibiotics from the bacterial cell immediately after the antibiotic has entered.
Therefore a high enough concentration of the antibiotics is never reached to ensure that
the antibiotic can act against the bacteria. This type of resistance has been effective

against i idssanduloniones




A third mechanism of resistance involves altered structural targets that antibiotics

bind to. For example the B-lactam antibiotics require binding to PBPs for the action of

the antibiotic to occur. Some i have ped resi: to B-l by
altering the structure of these PBPs, therefore preventing the binding of B-lactams. One

example of this is the of icillin resistant byl

aureus (MRSA). This microorganism produces PBP2a, which is a structurally altered
form of PBP, encoded for by the MecA gene. Consequently B-lactams cannot

successfully bind to it and disrupt peptidoglycan cross-linking. >

2.13 Transmission of Antibiotic Resistance

The resistance of bacteria to an antibiotic can either be intrinsic or acquired.
Intrinsic resistance is common to and expressed by all members of the genus or species.
This type of resistance involves a natural characteristic that bacteria may posses by the
nature of their morphology (ex. gram-negative bacteria resistant to vancomycin) or by
inductive expression of a latent chromosomal gene.'® Acquired resistance is a result of
the transfer of resistance determinants or genes from one microorganism to another.
Therefore this particular resistance phenomenon is found only in a few members of the

genus or species.

In general, bacteria can acquire resistance through two mechanisms. The simplest

mechanism by which bacteria can develop resistance is through gene mutation. The more

9



predominant method is through gene acquisition.’* * Through the former process, a
random mutation in a bacterial gene may, for example, produce structural changes in the
bacterium itself. This change may alter the binding site for the antibiotic or change the
permeability of the bacterial cell wall. > As a result, the antibiotic can no longer pass

into the bacterium or bind to a specific target within and is therefore rendered ineffective.

The P! of resi in M b i is is an example of this

genetic ions have resulted in strains of M. tuberculosis

which are resistant to at least five

due to i jons in the affinity
of antibiotic binding.?® Bacteria containing these random genetic mutations are selected

for in envil in which antibiotic use is

The second i for ing bacterial i involves the

of i genes by bacteria’’ The exogenous genes
presumably originate from bacteria that are intrinsically resistant to antibiotics.™* The
may be between bacteria by plasmids, transposons,

or insertion-sequence mechanisms.”® This exchange of genetic material can occur via

(direct exchange of DNA), ion (genetic

via bacteriophages) or by conjugation of plasmids (cell to cell contact through a sex pilus
for the purposes of exchanging extrachromosomal DNA).'" * Transposons are small
groups of mobile genes that typically travel from one organism and are incorporated into

another organism via the travels of bacteriophages.'® Because of this effective ability to

10



transmit genetic information, including resistance genes, from one bacterial species to
another, a wide variety of bacterial microorganisms can quickly inherit resistance traits

which serve to protect the bacteria from the harmful effects of various antibiotics.

2.1.4 Implications of Resistance in Clinical Practice
Use of antibiotics exerts a selective pressure on the development of resistance

traits in bacteria. Because of this, the overuse of antibiotics has si

to the erosion of the efficacy of antibiotic treatment.?* It has been proposed that because

of this efficacy of anti i we are returning to the pre-antibiotic

era in which some bacterial infections were untreatable.”

Several common giving rise to i i in the ity have

become increasingly resistant to standard therapy.? ® Pathogens such as Streptococcus

infls and hallis, which are common

y are ing i i to iotics.”® This is

clinically important in that the vast majority of antibiotic use in community practice is for
respiratory infections.® ' Given that antibiotic use exerts selective pressure for the
survival of bacteria with resistant traits against the antibiotics that pathogens are exposed
to, it is possible that future bacterial respiratory infections may become difficult to treat.
Pneumococci, for example, are the leading cause of community-acquired infections such

as otitis media, sinusitis, meningitis and ity-acquired ja.!' A recent




study i factors i with i morality from confirmed

St italization® Wh

deaths that had occurred within the first four days of hospitalization were removed from

the analysis. increased mortality was i with penicillin and

in isolates. ™ icillin-resi aureus (MRSA), which

was previously only a factor in nosocomial infections, has been detected in community

infections as well.”>  Therefore resistant i causing ity-acquired
are ing an i il ity public health problem, due to
efficacy of the antibiotics used to previ treat these same infections.

Antibiotic resistance has typically been a much greater problem in hospitals.

Resistance rates are higher among giving rise 10 jal infections, as

) ity-acquired infections.” For example Archibald and colleagues
collected bacterial isolates from both inpatients and outpatients at eight hospitals in the
us>* The investigators tested the isolates for specific combinations of pathogens and
antibiotic resistance and found that resistance was much higher among the samples taken

from inpatients, particularly those admitted to the intensive care unit.**

Bacterial resistance has become an increasing clinical problem in hospitals. A

poignant example is the very serious problem i with i i in

Enterococci species. Enterococci species are the second leading cause of nosocomial
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infections and the third most commonly isolated bacteria in positive blood cultures in the
United States.’® Surveillance studies on enterococcal resistance in hospitals have

revealed that resi: to in has i from 0.4% of isolates in 1989 to

13.6% in 1992 Incidentally some strains of i have i to

all other antibiotics normally used to treat these particular bacteria (i.c. ampicillin and

) and are intrinsically resistant to other antibiotic classes (i.e. penicillins,
cephalosporins and macrolides).”” Therefore enterococcal species, which are now
resistant to vancomycin (VRE), represent a particular strain of bacteria present in
hospitals that are potentially untreatable. VRE were predominantly limited to the ICU,
but spread throughout the rest of hospitals has occurred.”’ The mortality rate associated

with bacteremia caused by VRE may be as high as 50%.%*

Bacterial resistance to antibiotics is a serious clinical problem with potentially
very severe adverse consequences. The nature of bacteria and their ability to adapt to
their environment make the problem of resistance a difficult one to solve. However
prudent use of antibiotics would help to ensure that further development of resistance
would be minimized, thus preserving the armamentarium we presently have against
bacterial pathogens.”’



22 Global Antibiotic Use

2.2.1 Quantification of Use

In 1987, Col and O’Connor published a study which exami ide total
antibiotic use, ining inpatient and i iptions.” Although this study
had several limitations related to the questi quality and quantity of the available

drug utilisation data across various countries and differences in how this data was
collected, nonetheless a striking trend emerged. The investigators discovered that there
were large differences in the pattems of antibiotic use across the various studied
countries. These differences not only were evident in the overall quantity of antibiotic
use, but also in the types of antibiotics that were dispensed. The authors found that
antibiotics comprised between 3% and 25% of all prescriptions in 1983, with the higher
proportions found in Latin America rather than European countries.”” Developed
countries tended to use less antibiotics than developing countries.”’ With regard to
specific patterns of use, some examples of trends include increased use of tetracycline
and amoxicillin in developed countries and higher use of ampicillin in developing
countries.” At the time the study took place (early 1980's), Spain had the highest use of
TMP/SMX, while Japan had the highest use of cephalosporins.®® The United States used
the most erythromycin while Australia had the greatest number of prescriptions for

doxycycline and tetracycline.”®



McManus et al. used data from Intercontinental Medical Statistics (IMS) to
demonstrate how retail sales of oral antibiotics compared across selected developed
countries using Defined Daily Doses (DDDs)/1000 Population/Day.® The World Health
Organization Collaborating Centre for Drug Statistics Methodology defines a DDD as the
assumed average daily dose of a drug for its main indication in adults.*' According to
this data source the ranking of countries, from highest consumption in 1994 was as
follows: France, Australia, United States, Canada, ltaly, United Kingdom and West
Germany.*® The United States sold approximately 24 DDDs/1000/Day while Canada
sold approximately 21 DDDs/1000/Day.* The authors also demonstrated that between
1989 and 1994, all the studied countries except Australia and Canada demonstrated a
growth in antibiotic sales, ranging from 2% in the United States to almost 5% in West

Germany.*

Other studies have been conducted in various countries examining overall

trends, includi ibioti ibed in both inpatient and
outpatient settings, within a specific geographical region. For example, a 1978 study in
the United States reported a steep rise in antibiotic use from 1965 to 1973, but then a
7.5% decline occurred between 1973 and 1977.2  Within the scope of the study’s

timeframe, the highest use of antibiotics occurred in 1973 in which 199.5 million retail

a2
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One Swedish study, reporting consumption between 1975 and 1987, found that
total antibiotic consumption changed very little over the twelve year period of study in
this country. During this time, the consumed amount varied between 49 and 51 million
DDDs, for a population of approximately 8 million people.® Trends related to specific
antibiotic groups were noted. For example, aminoglycoside use remained constant, while
cephalosporin use had increased between 1982 and 1987.° This increased use was
thought to be due to an increased trend towards using cefaclor for the treatment of otitis
media in children. The authors noted a decreased use of the folate inhibitor group of
drugs such as the sulfonamides and TMP/SMX.® The most commonly used antibiotic in
Sweden during this time was penicillin, aithough national consumption was lower than
that of other Scandinavian countries.*

Birkett and colleagues profiled antibiotic use in Australia between 1987 and
1989.* Market research data was used to compare Australia’s use of antibiotics with that
of Sweden and Norway. The authors found that patterns of use in Australia differed
substantially from the comparison countries. For example, 76% of antibiotics used in
Australia were tetracyclines, broad spectrum penicillins and TMP/SMX. For Sweden and

Norway, the ion of total ibiotic use was 35% and 46%

pectively.* C. icilli ised 6% of antibiotics in Australia, while this

same drug accounted for 45% and 34% of use in Sweden and Norway respectively.*



Overall antibiotic use had increased by 26% in Australia between 1987 and 1989, going

from 36.1 DDDs/1000 population/Day to 45.6 DDDs/1000 population/Day.*

Both England and Scotland i an increase in antibioti ibing in

the early 1990’s. Between 1990 and 1991, antibiotic prescribing increased by 10% in
England rising from 38,212,000 prescriptions to 42,090,000 Similarly Scotland
increased its antibiotic prescribing from 4,685,000 prescriptions in 1992 to 5,226,000
prescriptions in 1993, representing a 12% rise.* For both countries, part of the increase
in prescriptions was attributable to a rise in the use of ampicillin. For England in

particular, there was a 50% increase in the use of quinolones.**

All of the afc i studies only to examine the quantity of

antibiotics that were used for human consumption. Although human use would

presumably represent the greatest ion of antibiotic use, antibacterial drugs are also
used in veterinary medicine and agri and could i ibute to the
problem of bacterial resi The most ive study of antibiotic use was

undertaken in Norway in which consumption of antibiotics in humans as well as domestic
animals and farmed fish was examined between 1992 and 1996.% When all areas of use
were combined, an overall decrease in antibacterial use within the studied timeframe was
discovered. Notably there was a 67% decrease in antibiotic use in domestic animals and

farmed fish for both therapeutic and feed additive purposes. Human consumption during
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this timeframe remained relatively constant, with a minor 0.6% increase in use.* With

regard to specific ot iptions for penicilli i between

54% and 57% of total prescriptions. Substantial declines in the use of quinolones and

tetracyclines were noted, namely 92% and 68% reductions respectively. When all

routes of inistration were i i ial use for human medicine was
responsible for 45% of total use in 1992 and 71% in 1996. Overall 76,955 kilograms of

active were admini in 1992 with 48,792 ki in 1996.%




2.3 Antibiotic Use in Community Practice

The vast majority of antibiotic use in humans is prescribed in community practice.
In Canada, 80.4% of all antibiotic prescriptions are written by general practitioners or
family physicians.”> However, given this substantial rate of antibacterial use, no studies
exist examining their use in the community practice setting, addressing the combined

issues of ification, indications and i for all i ions seen by GP’s.

2.3.1 Quantification of Use
In 1986, Bro and Mabeck published one of the earlier reports of general practice
antibiotic use in five selected counties in Denmark, comparing prescribing patterns in

1979 and 1983.47 In this parti study, participati ici ing for 66% of

total physicians in the selected study areas) were asked to record all antibiotic
prescriptions, and other relevant clinical information in relation to the prescriptions,
written within a five day time span in the month of March in the years 1979 and 1983.

In both study years, penicillin was the most 1}

for 2.1 DDDs/1000 inhabitants/day in 1979 and 2.25 DDDs/1000 inhabitants/day in

19837 The average duration of for all antibiotics, except line, was

approximately seven days.” The authors noted that, over the four year period, a change

in the number of antibiotic treatments had occurred, increasing from 505 to 583

treatments/1000 inhabitants/year due to an increase in the use of broad spectrum
” — I
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In 1989. Fris et al. published a follow-up study to Bro and Mabeck's 1986
Denmark study using the same study methodology.® In this updated report, which
included 60% of all GP's in the study region, the authors found that 44% of all antibiotics
prescribed were for penicillin, 17% were for topical antibiotics, 14% were for ampicillin
and 10% were for erythromycin.** Compared to the 1986 study, an increase in the use of
erythromycin was observed.**

An Australian study published in 1988 also examined antibiotic use in general

practice.” Munro et al. employed a method whereby various medical students collected

ing i ion for 75 ive patients seen by 53 different doctors, resulting

in information obtained for 3980 consultations. The authors found that 15.9% of all

recorded i resulted in an antibiotis iption, with the majority of these
prescribed to children (30%). Amoxicillin was the most commonly prescribed antibiotic
(35.5% of total antibiotic prescriptions), followed by TMP/SMX (18.7%), erythromycin

(9.7%), doxycycline (8.9%) and cephalexin (6.9%).*°

Wyart and an audit of iotit ing in the general

practices of Northern Ireland over a five year period.*® Using administrative databases of
the Central Services Agency, which records the numbers of prescriptions and doses of
each prescription by pharmacists and doctors, the authors were able to study antibiotic

prescribing practices of general practitioners between 1983 and 1987. Over the five years
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of analysis, the authors noted that the number of antimicrobials prescribed remained

fairly constant at il two million iptions per year.*® Seventy per cent

(70%) of antibiotic use was for broad spectrum penicillins such as amoxicillin and

TMP/SMX, icillin V and in. Although the total number of
antibiotic prescriptions remained constant, there were notable changes in the patterns of

types of antibiotics prescribed. For example the investigators determined that within the

study period there was icillin use, but i amoxicillin use. Similarly
with a i increase in the numbers of
and i ipti Therefore this study demonstrated a trend in

the increased use of newer or more broad spectrum antibiotics while older or narrower

spectrum antibiotics became less popular to prescribe.*

McCaig and Hughes studied antibiotic prescribing of office-based physicians in
the United States utilizing the National Ambulatory Medical Care Surveys (NAMCS)
from 1980, 1985, 1989 and 1992 *' The number of antibiotic prescriptions increased
from 86 million in 1980 to 110 million in 1992, although the percent of antibiotics to

total drugs remained fairly constant at approximately 13%. Over the 13 years of data

the most used antibiotic group was the broad spectrum penicillins,

with icillin the most ibed drug overall. C ins were the
second most frequently prescribed group. Like the Wyatt et al. study, McCaig and

Hughes noted an increased trend in the prescribing of expensive or broad spectrum agents
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like amoxicillin and the cephalosporins and a decrease in the prescribing of the cheaper
or narrow spectrum drugs such as penicillin. No changes were noted in prescription

trends for TMP/SMX, macrolides and tetracyclines.*'

A second A lian study on antibioti ibing was i in 1997.9

This investigation focussed on the community use of antibiotics between 1990 and 1995

and captured all g idi: ipti as well as an estimate of

nonsubsidised prescriptions. Over the five year period, the authors noted that the rate of
antibiotic use remained stable at approximately 25 DDDs/1000/day. In 1995, the top five

were

ic acid, cefaclor,

and cephalexin. The authors noticed in their study, as in previously reported studies, that
although the numbers of antibiotics prescribed remained constant, changes in the type of
drugs prescribed were evident in that more broader spectrum and newer agents were

being used.*’

Majeed and Moser studied the age and gender specific prescribing patterns in
general practices of England and Wales, analyzing data from the General Practice
Research Database.? This database allowed the authors to investigate antibiotic

prescribing in 288 general practices with a patient population totalling 2.1 million. It was

that antimicrobials were ibed at a rate of 607 Rxs/1000/year for males

and 852 Rxs/1000/year in females. Use was found to be highest in children less than 5
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years of age and in the elderly over the age of 75 years. Broad spectrum penicillins were
the most commonly prescribed antibiotic for both males and females, representing

40% of total antibioti ipti ides were the second most

group ing 12-13% of total prescriptions. Interestingly, the
authors noted a substantial variation in rates of antibiotic prescription among the practices

monitored, ranging from 333 Rxs/1000/year to 1616 Rxs/1000/year.™

Lindbaek et al.'s 1999 study the national ion of antibiotics in
Norway and the ibing patterns of gian general iti for the
of respiratory tract i i in i with i i patterns of

respiratory tract pathogens.” Similar to Canada, 85% of antibiotics in Norway were
prescribed by GPs. Between 1981 and 1987, the rate of use was approximately 12
DDDs/1000/day. This rate increased to 16 DDDs/1000/day in 1993 and then decreased
to 14 DDDs/1000/day in 1997. The 30% increased rate of use observed between 1987
and 1993 did not correlate with any known changes in disease patterns. In all years
studied, penicillin V was the most commonly used agent representing 27-34% of total
prescriptions. The authors found that macrolide consumption increased only slightly,

even after the introduction of both clari in and azif in.

The only published Canadian study ini ibiotic use ined the

community use of antimicrobials in the province of Manitoba from 1995 to 1997." This
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study utilised the provincial Drug Programs ion Network, a ical

claims database that captures 90% of prescriptions dispensed in the province. During the
study time period, the total rate of antibiotic use was calculated to be 894 Rxs/1000/year,

with the most commonly used agent being amoxicillin accounting for 36% of all

The next most i ibiotic was TMP/SMX

for 13% of ipti followed by in (12%) and penicillin V
(6%). In a manner similar to previous studies, the authors observed that the total rate of
antibiotic use did not increase during the time period under investigation. However there
were significant changes in how antibiotics were prescribed. For example an increase in

the rate of use was noted for newer or broader spectrum agents such as the

and
doxycycline. At the same time, decreased numbers of prescriptions were dispensed for

older or narrow-spectrum agents such as icillin V, ine and

Even though an intervention was in place to decrease prescriptions for fluoroquinolones,

some ins and ic acid, the use of these restricted agents
increased during the study period.'*

2.3.2 Medical Indications
Respiratory tract infection is the most common diagnostic category giving rise to
physician consultations (source: IMS Health Canada), many of which are treated with

antibiotics. However the role of antibiotic therapy in the management of these infections
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is controversial, particularly when a bacterial etiology for the infection has not been
confirmed. In general practice settings, diagnostic tests to establish bacterial etiologies
for any type of infection may not be readily available and results of such tests often take
several days to be completed. Therefore GPs often prescribe antibiotics to treat what

would only be ive bacterial il i As aresult, an ing of the

range of medical indications for which GP's routinely prescribe antibiotics is important in

the development of interventions to assist in iati "y antimi ial use.

Fris and colleagues' 1989 study investigating the use of antibiotics in general

practices in Denmark found that the most common diagnoses in which antibiotic

for 16% of all antibiotic prescriptions, followed by sinusitis (12%), conjunctivitis (11%),
urinary tract infection (11%) and otitis media (8%).* Therefore treatment of respiratory
tract infections was responsible for 48% of all antibiotics prescribed. Similarly, the 1999
Norwegian study by Lindbaek et al. found that respiratory tract infections constituted

42% of diagnoses leading to antibiotic therapy, with bronchitis accounting for 14% of

colds ing for 8%, ing for 8%, sinusitis giving rise

1o 7% and pneumonia accounting for 5%.%

Other ive studies i igating the medical indications for antibi

therapy have reported far greater ions of antibioti ibed for the of




respiratory tract infections. Although specific data on proportions of antibiotic
prescriptions were not reported, an Australian study listed the top six conditions treated
with antibiotics as acute upper respiratory tract infection (i.e. common cold), acute

tonsillitis, acute otitis media, i ions of the lower i y tract (includi heiti

laryngitis, bronchiolitis and pneumonia), urinary tract infections and sinusitis.”> McCaig

and Hughes 1995 US study also ined that i y tract i i for

a ial bulk of all antibioti ibed.”! The authors reported that the diagnoses

of otitis media, cold, bronchitis, pharyngitis and sinusitis accounted for 76% of all
antibiotic prescriptions.’’  Further to this, the five most common patient complaints
giving rise to an antibiotic prescription were cough, sore throat, fever, nasal congestion

and ear-ache.”!

2.32.1 Lower Respiratory Tract Infections

Several studies have i the indicati for antibiotit ibing by

on i y tract i i With regard to lower respiratory

tract infections, Macfarlane et al. found that 75% of adult patients who consulted a GP

with the primary complaint of cough were ibed an antibiotic.* Kuy and

a study of antibioti ibing for lower respiratory tract
infections as well. They found that, for respiratory tract infections in general, 30% of
patients were treated with antibiotics. However when a lower respiratory tract infection

was present, 79% of patients diagnosed with bronchitis and 73% of patients diagnosed
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with pneumonia received antibiotics.” In terms of cough and the diagnosis of bronchitis
in particular, it has been determined that between 66% and 85% of patients with this

is received an antibioti iption.” % 7 Nyquist et al. found that 75% of

children with this same diagnosis also were treated with antibiotics.®  Signs and

p iated with antibiotic therapy in the treatment of bronchitis included
purulent nasal discharge and sinus tenderness.*® The high rate of antibiotic use to treat
this specific condition is of concern in light of current literature which does not support

this practice. %!

23.2.2 Upper Respiratory Tract Infections
Mazzaglia et al. focussed on antibiotic treatment for all upper respiratory tract
infections in primary care practices in Italy.>' The authors discovered that treatment for
URTIs amounted to 22% of all antibiotics prescribed. Within this 22% of prescriptions,
pharyngitis was responsible for 40%, 26% for tonsillitis, 15% for laryngitis and tracheitis,
13% for suppurative ofitis media, and rhinitis and non suppurative otitis media were
for the ining 6% of iptions.”’ Gonzales and colleagues reported

that, in a US study, 51% of patients diagnosed as having acute rhinitis (common cold)
and 52% of patients diagnosed with an upper respiratory infection of multiple or
unspecified sites received an antibiotic prescription.” Mainous and Hueston discovered
that 60% of outpatient episodes of care in which any diagnosis of upper respiratory tract

infection was made, including the common cold, resulted in an antibiotic prescription
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being filled.*> ®* For acute tonsillitis or pharyngitis in particular, studies have reported

prescription rates of up to 90% for this diagnosis.* %

of ity practice antibioti iptions is an
arduous and complex task. Many studies have relied on administrative databases to

capture information and have made indirect conclusions from this information on

For example the total number of antibiotic
prescriptions has increased in the USA from 86 million in 1980 to 128 million in 1998.”'
For the most part. this increase in use was viewed as unnecessary given that many of the
prescriptions were written to treat respiratory tract infections.’’ It has been argued that
physicians have become less skilled in their decisions to prescribe antibiotics thus
warranting physician education interventions. However the increase in prescriptions,

when evaluated in a cursory sense from database information, may not directly indicate

of ibil For example it has been suggested that the

increase in iptions may be due to impi in access to primary care and more
children attending day care at an carlier age, thus increasing infection rates.®® Therefore
it is necessary to view not only the trends in total antibiotic prescriptions, but also the

medical indications for which antibiotics are used to treat.
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The National Ambulatory Medical Care Survey (NAMCS) undertaken in the USA

has been used to demonstrate the level of i i of antibioti ibing, by

examining the combined issues of numbers of ipti and medical indicati for

the prescriptions, using patient record forms and ICD-9 -CM (Intemational Classification
of disease, Ninth Revision, Clinical Modification) diagnosis codes. ** * ** Although

these studies represent the most ive i igati ing the issues of

of ibioti ibi inherent istics of the studies'
methodologies limit the conclusions which may be drawn. More precisely these studies
assume that the diagnoses made by the physicians are correct. It has been suggested,

however, that in some cases icians may be ing a di is which warrants a

prescription when perhaps the patient most likely manifests a viral infection instead.’ %
" Undoubtedly a prescription for a patient diagnosed as having the common cold is

inappropriate. However, with only i ion on the primary di; is, it is unclear

whether a prescription for pharyngitis is iate or not. F

of antibiotic prescribing encompasses more than just medical indication. Choice of
antimicrobial therapy for a given diagnosis in addition to dose and duration of treatment

are also il in ining how i ici: are

{ such ive studies are lacking in the literature.
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2.3.4 Factors ing Antibiotic Use in C Practice

Antibiotics are used to treat a broad array of illnesses ranging from potentially
fatal bacterial infections to mild and often self-limited conditions.*® Clearly medical
indication will influence the decision to prescribe antibiotics. However other factors

which have been or identi! as i i iption d

include diagnostic uncertainty, diagnostic lal)clling,‘9 patient expectation (both real and

assumed), certain patient istics or i il habits or

and visit inati ies/ti ints.** Therefore other non-

clinical factors may play a role in antibiotic prescription decisions. As has been

previously described, ibing of antibiotics exists. It is necessary to determine

why ici ily use for cases in which antibiotic use is not

or indicated. An understanding of the factors which influence
antibiotic use is required before successful interventions to decrease use can be

implemented.

In general practice, antibiotics are after the di is of an
infection is made. Often this diagnosis is made with a considerable degree of uncertainty,

particularly with regard to respiratory tract i i by delays in

i &
the results of diagnostic tests. Diagnostic tests used to arrive at a definitive diagnosis of
bacterial infection often require several days to complete; in many cases the patient has

since become well during this time and the test results then typically serve as a
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retrospective analysis of treatment.”® Mclsaac and Butler hypothesized that clinical

estimation errors may be an i factor in y antibiotic use.”' Their

findings revealed that clinical inty may be i ing current

of the likelihood of bacterial pharyngitis was associated with
unnecessary antibiotic use in that the greater the overestimation, the more likely an

antibiotic would be prescribed.”"

Interestingly Bradley has shown that antibiotics are the most frequently
mentioned class of drugs that give rise to physician discomfort when making the decision
to prescribe. Respiratory tract infections were the most common conditions in which the
doctors felt uncomfortable with prescribing decisions.”™ ™ Given that most respiratory
tract infections are viral in nature’ and therefore antibiotics may not be medically
indicated in these scenarios, it is plausible to suggest that doctors may be prescribing
antibiotics in response to non-medical or social influences. For example Howie has
demonstrated that prescribing for sore throats may be influenced by clinical information
of a non-physical nature such as professional affiliations, the distance from the patient's
residence to the clinic, and patient stress levels.” In another study, Howie showed that

children of mothers who were high users of psychotropic drugs more frequently

a ician for i y ints and received more antibiotics than those

children whose mothers were low or of p pi ications.”® These
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early studies begin to elucidate the potential influences of non-clinical or social factors on

antibiotic prescribing.
Certain physician or practice istics have also been shown to be
with antibioti ibing. Py 's ive work on his own practice

indicated that an increased patient load resulted in a higher rate of antibiotic prescription
per total patients seen.” He speculated that the increased number of patients in his
practice decreased his direct contact time with patients and therefore afforded him less
opportunity to convince his patients of the uselessness of antibiotics in treating viral
respiratory infections.” On a similar note with regard to patient volume in primary care
practices, Hutchinson and Foley found that increased patient volume for both salaried and

fee-for-service Canadian GP's was i with i rates of

With fee:f ice physicians.”® Inci y fee-fc

physicians were found to prescribe antibiotics at a higher rate than salaried physicians
overall, regardless of patient volume.™ Increased rates of antibiotic prescriptions were
also found with increased patient list sizes in the Netherlands.” Other physician or
practice characteristics associated with antibiotic prescription include increased years
since medical school graduation,™*' solo practices,”™ ® rural practices,” increased use
of other drugs,” greater use of cultures and urinary susceptibility tests (but decreased use

of throat swabs),” non-pediatricians,®' and practices which are not involved in medical

training.®®  Finally Cars and have that icians habits or
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in di ing bacterial i i also i

prescription decisions.”
Patient or parent ion for an antibiotic has freq y been ized as
one of the ing factors in antibioti ipti In Vinson and Lutz's study, the

doctors sensed that parents expected an antibiotic for their children in 15.4% of physician

in which the i int was cough.* As well, the authors

that if parental ion was percei the doctors were twice as likely to
diagnose a bacterial infection as compared to a viral cold and an antibiotic prescription
was more likely to be issued™  Another study reported physician perceived

patient/parent expectation at a rate of 48% of i ing infections.®

However the doctors in that study felt that in 80% of these pressured encounters, the

patients’ ion for an antibioti iption had no i on their decision to

prescribe.” Bauchner et al., in a study involving only pediatricians, detailed that 96% of

the study physicians had parents request antibiotics when the antibioti iption was

felt to be not indicated.* Fifty-four percent (54%) of these same physicians felt that

parental pressure for antibiotics was the major i of oral antibioti

use.® In 44% of cases in which an antibiotic was prescribed in a study of acute lower
respiratory tract infection, the doctor admitted that non-clinical factors, predominately
patient pressure, influenced pmcribing." In this same study, 72% of patients indicated

that they wanted antibiotics and 88% of these patients received a ptwcripuion."
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Although studies suggesting patient expectation does influence antibiotic prescribing
decisions exist, it appears that patients do not understand appropriateness and
effectiveness of antibiotic therapy, and that physicians are not accurate in determining

patient ion for an antibid

Studies have focussed on the knowledge of the general public with regard to the

effecti of antibiotics for ity-acquired i jons and have di: that

there is a lack of general understanding by the public in this area ™% Many of the
subjects surveyed in Palmer and Bauchners study indicated that antibiotics could
effectively treat ear infections (93%), throat infections (83%), colds (32%), cough (58%)
and fever (58%).* In another survey, 55% of respondents stated that antibiotics were
helpful for viral infections, while only 21% correctly identified that antibiotics were both
helpful for bacterial infections and not helpful for viral infections such as the common
cold or flu® For those surveyed who thought that antibiotics were useful for colds and
flu. a positive association was found with previous antibiotic use in these subjects.”
Hong et al. also found that patients who desired antibiotics for respiratory infections were

more likely to have previ used antibiotics for similar ' It has been

suggested that previous antibiotic use prescribed for likely viral respiratory infections
may encourage patients to believe that antibiotic therapy is useful in that the administered
therapy coincided with the natural recovery of these predominate self-limited infections.

Therefore patients are inclined to seck antibiotic therapy, and believe that this therapy is

34



effective, for each event of minor respiratory illness, thus creating a cycle of repeat and

perhaps unnecessary consultations. - *

In light of the ion that ici: ibing decisions are

influenced to some degree by patient expectation, researchers have set out to determine

how accurate ici: ions of patient ion are as to actual

expectation of the patients for an antibiotic prescription. Hamm and colleagues
discovered that the doctors correctly identified patients who desired an antibiotic in only
half of the cases.” The study physicians identified patients as desiring antibiotics in 36%
of patients who stated that they did not want a prescription.”? The authors therefore
concluded that a large degree of inaccuracy exists with regard to physicians' perception of
patient expectation.” Further to this, it has been suggested that the reason physicians
succumb to patient expectation for a prescription is simply to satisfy the patient.
Therefore satisfaction of patients who received an antibiotic was compared with patients
who did not receive an antibiotic. The authors found that patient satisfaction was
correlated with the thought that the doctor had spent enough time with the patient

explaining the illness and the choice of i ion was not with

receipt of an antibioti iption.”? No dif in patient

those who did and did not receive an antibiotic prescription were also seen in an earlier
study.”® Therefore the conclusions drawn from this collection of studies indicate that

doctors are indeed influenced by patient expectation, possibly in an effort to satisfy
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patients. However physicians are very poor in correctly discriminating which patients
desire antibiotic treatment from those who do not. In addition, patient satisfaction is not
correlated with receipt of an antibiotic prescription. Rather patients are more satisfied if
the doctor simply spends time explaining their illness and why an antibiotic is not

indicated.

23.5 Summary

Upon review of the literature inil ibioti ibing in

practice, it becomes apparent each study is unique in its approach to study methodology

and presentation of results. Because of this, it is challenging to make direct

about how and why antibiotics are prescribed in different regions from the available
published studies. Nonetheless some notable trends are apparent. Firstly several authors

have ibed a ion of ibing that moves away from the use of older and/or

more narrow spectrum antimicrobials with a concomitant increase in the use of newer
and/or more broader spectrum agents. This is a concerning trend which may have
disastrous consequences with regard to the growing problem of bacterial resistance.

Secondly the penicillin group of antibiotics appear to be the most frequently prescribed

by physicians, lless of study ity or country. F the medical
for which antibiotics are ibed are of concern. Regardless of
geographical region, many doctors prescribe antibiotics for iti in which

is not warranted due to the likely viral etiology of the infection, that is respiratory tract
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infections. Therefore more antibiotics are being prescribed than are necessary which also
may have deleterious effects on bacterial susceptibility to antibiotics. Further to this,
several factors unrelated to medical indication have been shown to influence prescribing
decisions. Ultimately it appears that doctors are making poor choices in deciding when

to prescribe antibiotics, in addition to i iate decisil ding which

should be used, and are commonly influenced to prescribe by non-medical or social

factors.



2.4 Antibiotic Use For the In-Hospital T of C jity-A ired

Pneumonia

2.4.1 The Epidemi of C ity-Acquired P

q

Community-acquired pneumonia (CAP) is a common disease with notable
morbidity and mortality. In the United States, approximately four million cases are
reported each year. In terms of mortality rates, CAP ranks as the sixth leading cause of
death™ It is also the most common cause of death due to infection.® In a study
conducted by Marston et al., the authors calculated the incidence of CAP requiring

hospitalization to equal 2.66 per 1000 per year.”® However, because CAP is not a

disease, true esti of inci rates for those in the community and those

requiring hospitalization are difficult to calculate.

2.4.2 In Hospital Antimi ial Tt of C ity-Acquired P

q

Several studies have examined the in hospital antibiotic treatment of CAP.
Although it would be expected that clinical factors related to the patient or local bacterial
susceptibility patterns would dictate the choice of antimicrobial therapy, it is evident that
other non-clinical factors, such as local prescribing habits or trends, may influence
treatment decisions. Because of this, differences in antibiotic treatment choices across

geographical regions and hospitals exist. For example Guglielmo et al. undertook a study

the in-hospital ibing trends in 1998/1999 for the treatment of selected

38



infections, one of which was community-acquired pneumonia.’® The authors reported
that for 68% of patients diagnosed with CAP, single therapy antibiotics were
administered, while 23% received two antibiotics and 9% received three or more drugs.
For patients treated with single therapy, the most common pharmaceutical choice was
third generation cephalosporins (36% of patients), followed by aminopenicillins (18%).

Third i ins were also used in multiple drug therapy (44%

of patients). The investigators also found that younger patients were more commonly
treated with antibacterial agents that would be active against "atypical” pathogens, while
older patients were typically treated with broad spectrum antibiotics. Information on

etiology of infections and patient outcome was not available in this study.®®

In Sweden, only 4% of hospital patients with CAP were treated with two or more
antibiotics.”” Of the remaining 96% of patients that were treated with single therapy,
over half received benzylpenicillin treatment. The next most common single treatment
choice was a cephalosporin, in which cefuroxime was the most popular choice. Etiologic

data were available in this study and it was ined that

was the most common infecting agent. Four percent (4%) of patients in this study had
died.”

Studies conducted primarily in the US, but which also included a limited number

of Canadian hospitals, have that aminogl ide use was in
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North America in the late 1980’s for the in-hospital treatment of CAP."™* % In these

studies St iae or ilus infl were the most common

infecting organisms in patients with positive culture results. The proportion of patients
treated with a single antimi ial agent was il 70%. C ime was the

most common single agent chosen for treatment (19.5%), followed by cefazolin (17.2%)
and ampicillin (9.9%). Approximately one quarter of CAP patients were treated with a
combination antibiotic therapy and, of these patients, the majority were treated with an

aminoglycoside.  Cefazolin was most frequently used in combination with an

gl ide. Overall, i ly one third of CAP patients were treated with an

aminoglycoside, with most patients receiving treatment with gentamicin.” **

Route of administration, in addition to choice of antimicrobial therapy, is also an

in the of patients with CAP. In a prospective study
conducted by Ramirez and colleagues, the cfficacy of an carly switch to oral antibiotics
from initial intravenous (IV) antimicrobial therapy was assessed.'® Patients were
switched to oral therapy once specific clinical criteria were met, including improvement
in cough and sh of breath, a izing white blood cell

count and adequate oral intake. The authors that a signi ion of

patients could effectively be switched from IV to oral antibiotic therapy and that patient

outcome was not affected.'®



2.43 Appropriateness of Ci ity-Acquired P ia T Among
Hospitalized Patients

A Canadian study investigated the adherence of in hospital community-acquired

ia treatment with idelines endorsed by the American Thoracic

Society.'”! As a whole, this study examined the variation in treatment and processes of

care that exists among Canadian hospitals for patients admitted with CAP. Although the

specific methods of the of guideli ilisation were not i it was

found that on average almost 80% of patients admitted with CAP were treated according

to selected ideli However a ial amount of variation in

guideline adherence was discovered; in some hospitals only 48% of patients were treated
in a manner recommended by the American Thoracic Society, whereas in other hospitals,
guideline adherence was as high as 100%. Monality rates did differ across the 11
teaching hospitals which took part in the study, however an assessment between

management guideline adherence and mortality was not performed.'®!

Marras and Chan also assessed the use of American antibiotic prescribing

lines for the in-hospital of ity-acquired ia'® Utilising

both ive and ive research hodologies, the authors found that

antibiotic prescribing guidelines were widely used; approximately 80% of all patients
were treated according to the American Thoracic Society guidelines. Seventy seven

percent (77%) of younger patients with no comorbid conditions were treated in
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accordance with the guidelines. Among those who were not, therapy involved a

quinolone. Eighty one percent (81%) of older patients with comorbid conditions were

treated ing to guideli i The authors the length of
stay and in-hospital mortality for patients who were appropriately treated according to
guidelines with those who were not. No significant differences were noted in either of

the two variables.'®

An Ameri ive study ined the iations between mortality
and initial antimicrobial treatment.'” After adjusting for differences in treatment because
of differences in severity of illness, the authors reported that three treatment regimens
resulted in lower 30 day mortality rates. Specifically these treatment regimens were

initial treatment with a second i in plus a lide, a non-

d | third i in plus a ide, and a

alone. It is important to note that this study was carried out in patients over the age of 65

years only and therefore may not be generalizable to all patients admitted.'®®
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CHAPTER Il - METHODS

3.1 Oral Antibiotic Use in C: ity Practices of St. John’s, NF

3.1.1 Recruitment and Participation

General practitioners (GPs) in St. John’s, NF and surrounding areas were invited

o icipate in an antibiotic utilisation study. Ninety six (96) GPs were identified as
eligible to partici| Physicians were initially d by a mailed out letter followed
by a phone call by Dr. J. i the principal i of the project,

inviting their participation in the research study. Of the original 96 GPs identified, 73
agreed 1o participate and provided written consent, thus constituting 76% of the original

eligible identified sample.

3.1.2 Method of Data Collection

The participating physicians were informed that a research assistant would visit
their offices on one occasion without any prior notice. The office visits occurred between
October 1, 1997 and January 30, 1998. During this office visit, all charts from the
patients who were seen during the immediate preceding two days of regular practice were
reviewed. During the chart review process, those patients with an infection related illness

were identified. Information collected during the chart review process included patient

signs and it and types and
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of iotics p i In addition to infc i ed from the charts,

the treating icians were also i i in order to lete data jion. The

physician interviews occurred within 2 to 3 days of chart extraction and were used to
achieve further clarification on information obtained from the charts. As well the
physicians were asked to rate several factors which may have influenced their decision to

prescribe antibiotics.

3.1.3 Antibiotic Prescription Costs
The specific antibiotic prescribed, dose, duration and frequency of administration

for each antibiotis iption event was from patients’ charts. Based on this

information, the retail cost for each antibioti iption was using a drug

cost list formulated by IMS Health Canada for the fiscal year 1997/1998, which coincides
with when this study took place. In cases in which the dose prescribed did not coincide
with unit prices outlined in the drug cost list, the closest lowest dose unit price was used.

This resulted in lower calculated prescription costs.

The IMS Health Canada drug cost list provides the dispensed prescription prices

from retail pharmacies in Canada and includes mark-ups such as pharmacist professional

fees. This data is obtained through i ion from a ive sample of
retail pharmacies stratified by province, store size and store type. Projected estimates of

retail drug costs are then calculated for each province from this sample. Drug costs for
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each individual province, in addition to national costs, are provided however data from
the provinces of Newfoundland and Prince Edward Island are combined. All costs are

represented in Canadian dollars.

3.1.4 Estimation of Population Rates

Population rates of infection and antibiotic use were calculated from the sample of
patients identified in the chart review process. To account for location of residence of the
patient sample (and therefore utilise population census data obtained from Statistics

Canada) and adjust for the ion of icians who ici in the study, a

In 1997, 608,361 GP visits were made to physicians in St. John’s/Mount Pearl
(data provided by the Medical Care Plan for the province of Newfoundland and
Labrador). Of these total visits, 474,542 visits were made to the 73 physicians who
participated in the study. Therefore the proportion of 1997 GP visits made to the study
GPs was 78% (474,542/608,361).

The study captured 4218 patient visits in total, of which 949 were for acute
infections. The total visits therefore represented 0.89% (4218/474542) of total 1997 GP
visits made to the study GPs. The proportion of patients with acute infections in the

study i from St. Pearl was to be 0.847 (804/949).
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In order to determine how many patients in the community of St. John’s/Mount

Pearl in a one year period were represented by one patient in the study population, the

ing ion was The ion of patients with acute infections in
the study who were from St. John’s/Mount Pearl (0.847) was divided by the proportion of
annual visits to family doctors in St. John's/Mount Pearl represented by the sample
(0.0089) multiplied by the proportion of total visits in the year seen by the study GPs
(0.78). Therefore 0.847 + (0.0089 x 0.78) = 122. Therefore one patient visit in the study
represented 122 patient visits by residents of St. John’s/Mount Pearl for acute infection in

one year. The number of prescription events or cases of infections for each age category

was iplied by this iplier of 122 and divided by the population in St.
John’s/Mount Pearl for the corresponding age category, thus yielding a measure of the

number of prescriptions or infections presented to the doctor per person per year.

The i of antibioti iptions was evaluated using the criteria

outlined by the Anti-infective Guidelines for C ity-acquired jons 2%

Edition.' All extracted patients’ charts in which an antibiotic was prescribed were
reviewed and the anti-infective guidelines were applied in these instances. In a small

minority of cases in which ination of i was unclear, was

reached by consultation with Dr. J. Hutchinson, although this process was unnecessary in

the majority of cases.
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The appropniateness of prescriptions was assessed from four perspectives. These
were medical indication. correctness of drug choice. correctness in choices of lines of
therapy ithe Anti-infective Guidelines suggest first. second and sometimes third lines of

therapy). and dose of treatment o of medical involved g

whether the diagnosis assigned by the physician for each pauent warranted an antibiotic
prescnpuon.  Evaluation of correctness of drug choice examined whether the prescribed

anubiouc provided effective coverage for the probable microorganism giving nse to the

diag d infection of in choices of lines of therapy looked at
whether the prescribed antibiotic was the least costly and had the most narrow spectrum

of anumicrobial coverage available for the diagnosed infection Dose of therapy

the 1y " d dose of treatment with the

of the fe g For this analysis. only antibiouc
prescnptions admimistered to adults were used. Dosing recommendations for children are
based on the patient’s weight. information on the patients’ weights was not available for

this study

For determination of overall appropriateness. the diagnoses made by the
physicians were assumed to be correct. In addition the diagnoses of respiratory tract
infections such as pharyngits. bronchius. pneumonia and sinusitis as well as otitis media
were considered to be of bactenal euology. even though it has been shown that >80% of

these infections are most likely to be viral in origin." ™ This conservative approach to
) 2 PP
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etiology affected the ination of medical indicati Upper i tract

infections (i.e. colds) were always considered to be viral in nature. If the doctor had
indicated that a patient was allergic or intolerant or to have failed therapy with a
recommended first line antibiotic, then any second line agent was considered to be
appropriate, even in cases where other first line agents were available. This approach
impacted the determination of correctmess of choices in lines of therapy available.
Patients who were thirteen years of age or older were considered to be adult for

assessment of appropriateness, as it was felt that oral solid medication was a more likely

formula. This mainly affected the of i for icillin therapy

for pharyngitis.

3.1.6 Criteria-Based Decision Tree for Assessment of Viral Etiology of Respiratory
Tract Infections

Based on the i ints, signs and symptoms for each patient 15 years
of age or older with a respiratory tract infection, an evaluation of the likelihood that the
etiology for the infection was either bacterial or viral was undertaken, based on published
diagnostic criteria."- '™'® For patients diagnosed as having pharyngitis, the etiology was
accepted as being potentially bacterial if the patient presented with throat pain and at least
two of the following three symptoms: tonsillar exudate, tender or swollen anterior nodes,
and fever. If cough was present, a viral etiology was assigned.'® The diagnosis of

bronchitis or pneumonia was accepted as being potentially bacterial if the patient

with indicative of ia, namely presence of abnormalities in
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vital signs (heart rate > 100 beats/min, respiratory rate > 24 breaths/min or oral

temperature > 38°Celsius) and ities in chest ination (i.e. focal

consolidation).'” Therefore if a patient presented with cough and

P! ing/ ined with an i rate of respiration or heart
beats, or fever, then the etiology was assumed to be potentially bacterial. Sinusitis was
considered to be bacterial if the patient presented with purulent nasal discharge with

maxillary tooth pain, facial pain or sinus 9

of post-
nasal drip or sputum was considered as purulent nasal discharge. For all cases in which

no p! or i ints were a conservative ion of
bacterial etiology was made. In all cases in which the diagnosis was upper respiratory

tract infection (i.e. cold), the etiology was considered to be viral.'®

3.7 of Factors for P

For each patient given an antibioti iption, the

physicians were asked to rate
four factors which may have played a role in their decision to prescribe antibiotics. Their
answers were coordinated with the use of a five point Likert scale. The following four
factors were evaluated: medical indication (uncertain - very clear), patient/parent
expectation or demand (no influence - strong influence), time constraint (no influence -
strong influence), and the sense that the patient would attend another physician if they did

not receive an antibiotic (no influence - strong influence).
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For the factor of medical indication, the Likert scale was as follows: 1=Uncertain,

Uncertain, Clear, 4=Clear, and 5=Very Clear. For the
purposes of analyses, categories 1, 2 and 3 were combined to represent the category of

Not C Clear, and ies 4 and 5 were i to represent the category of

Clear to Very Clear. This same categorization of results was done for the patient/parent

expectation or demand.

3.1.8 Patient Follow-Up Information

All patients identified as having an infection related illness and whose charts were
used for analysis were contacted via their GP who had participated in the study.
Permission was requested and granted from 97% of the patients to obtain information on
their use of primary care services one month following the captured GP visit of this
analysis. Follow-up information on use of primary care services was obtained from

Medical Care Plan (MCP), the provincial Medicare agency. This consisted of numbers of

office visits to any physician in the 30 days ing the captured d

pat

The i illing/fee codes were used to identify all possible physician
visits: 112 - general assessment. 121 - ordinary office visit and 125 - partial assessment

of a patient who is aged 65 or older.



3.1.9 Physician Characteristics and Prescribing Habits

Subsets of icipati icians were identi based on their

habits. Each doctor was designated as a high cost or low cost antibiotic prescriber based

on each ician’s mean antibioti iption cost. The mean antibioti

cost was for each ician by ing the total antibiotic prescription costs

and dividing this total by the number of antibiotic prescriptions written for adult patients

only. Those icians with a mean antibioti iption cost in the lowest quartile,
where prescription costs were less than $12.14, were designated low cost prescribers.

The i were desi high cost il Seven icians were excluded

from this analysis; four only prescribed antibiotics for children and three did not

prescribe any antibiotics.

Doctors were also i by their i of ibi The

number of prescriptions for each doctor that was deemed appropriate was divided by the

total number of antibiotic prescriptions written. Doctors were defined as the least

if their rate of ibi i was below or equal to

the 25® percentile, where < 47.2% of prescriptions were deemed appropriate. All

were i as the most appropriate prescribers. Three
physicians were excluded from this analysis because they did not prescribe any

antibiotics.



3.1.10 Statistical Analysis

The characteristics of patients and physicians were compared using Student’s ¢
test for continuous variables and chi-square analysis for categorical variables. For
physician characteristics, Student’s ¢ test was used for analysis of the following variables:
mean age, mean number of years since medical school graduation, mean number of
patients seen, mean number of patients with acute infections seen, and mean prescribing
rate for infections. Chi-square analysis was used for the following variables: gender of
prescriber, proportion of graduates from a Canadian medical school, proportion in group

practice, and i of i ibioti ipti For patient

characteristics, Student’s  test was used to analyze mean duration of antibiotic therapy by

diagnosis and age, and mean retail antibioti iption costs by di is and age.

Chi-square analysis was used for the

ing: i of iptions by age,
influencing factors, proportion of return visits, gender, proportion with a drug plan,

and di A two-tailed P-value < 0.05 was considered

All statistical analyses were using SPSS for Windows

(release 9.0.1; SPSS Inc., Chicago IL, 1998).
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3.2 Community Oral Antibiotic Use in the Province of Newfoundland - NLPDP

The Newfoundland and Labrador Prescription Drug Program (NLPDP) is a
provincial government social program which allows for prescription drug coverage for a
specific facet of the province's population, namely low-income families and seniors

(residents 65 years old or greater) who are receiving government financial social

(G Income ). Numbers of prescriptions for oral
antibiotics paid for by the provincial drug program and numbers of claimants covered by
the program were obtained from the provincial health department for the fiscal years
1994/1995 to 1999/2000, inclusive. The data was obtained as printouts of the number of
prescriptions for all antibiotics covered by the program. Specific antibiotics in these
printouts were classified by drug identification numbers (DIN). All oral antibiotics were

grouped into the following categories and entered into an Excel database: cephalosporins,

and other (i

chloramphenicol, clindamycin, fusidic acid, lincomycin and vancomycin). Topical

and inje were i excluded from the analysis by careful
review of pharmaceutical brand and generic names. Oral routes of administration were

using the C ium of Ph ical (CPS).'®
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3.3 Community Oral Antibiotic Use in Canada and USA — IMS Market Databases

Data on esti d totals of antibioti ibed by office-based icians in
Canada and the USA in the years 1992 to 1996 were obtained from Intercontinental
Medical Statistics (IMS) Health Canada and IMS Health USA, a market research

company that collects data on ical sales from a ive sample of retail

pharmacies. In the USA, IMS records di: ing i ion for 34,000

representing greater than 50% of all retail pharmacies in the country. In Canada,

4,400 retail ies supply IMS with dispensing data. Therefore IMS

Health Canada draws its data from i 66% of all retail ies in Canada.

A comparison of numbers of oral antibiotic prescriptions (solids and liquids)

written by office-based physicians (i.e. iptions written outside hospitals and nursing

homes by general iti and ialists) was for selected groups of

antibiotics. The IMS databases provided numbers of prescriptions for each antibiotic

agent, grouped ing to ic class. ibiotics were i into the

following broader groups:

sulfonamides, tetracyclines and other. For Canadian data, category of other included the

ing antibioti i i in, dapsone, fusidic acid, lincomycin,

rifabutin, rifampin and vancomycin. The USA

category of other antibiotics included

and
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Rates of antibiotic use were expressed as number of prescriptions per one thousand
persons per year, using population denominators obtained from publicly accessible
government census records. In order to evaluate only oral antibiotic prescriptions, both
the Canadian and US databases were modified such that only oral prescriptions were

included. Oral ions were using the C ium of

and Synthetics (CPS).'®
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3.4 Antibiotic Use in Acute Care for the Ti of C ity-A ired

Pneumonia

3.4.1 Data Collection
All patients aged 18 years of age and older who were admitted to hospital in St.

John's, NF with the di i is of ity-acquired ia in the fiscal

years April 1, 1995 to March 31, 1996 and April 1, 1998 to March 31, 1999 were

identified from hospital records. Patients were identified using the CMG 13 code

a clinical di: is of ity-acquired ia. During this time,
three acute care centres were in operation in St. John’s, NF, namely the Salvation Army
Grace General Hospital (SAGGH), St. Clare’s Mercy Hospital (SCMH) and the Health

Sciences Centre (HSC). Patients’ charts were abstracted and reviewed to collect data on

p rbid iti laboratory, radi ic and physical
examination findings, antibiotic treatment in hospital and on discharge, length of stay and
occurrence of death within thirty days of admission. A thirty day mortality calculation
was used because it was assumed that death after thirty days of admission was unlikely to

be the result of community-acquired pneumonia.'*" ''*

3.42 Assessment of Severity of Disease
A validated clinical prediction rule (Pneumonia Severity Index ~ PSI) assessing

the risk of death within thirty days for patients with community-acquired pneumonia was
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utilised.""® This prediction rule classifies patients into one of five groups based on a
cumulative score for each patient. Scores are calculated by determining the presence of

specific patient istics, co-morbid conditions, physical findings and laboratory

findings. Appendix I outlines the point scoring systems as defined by Fine et al. and

utilised in this analysis.'"® Because patient i ion on glucose ion was not

available for data abstraction, patients with diabetes, as noted in the chart, were assigned
points in the same manner as patients with a glucose concentration of 14 mmol/liter,

which was the criteria utilised in the of the clinical iction rule.

PSI scores classify patients into one of five risk classes. Patients in risk classes I
(no risk factors for scoring and an estimated 30-day mortality of 0%) and II (patients with
scores < 70 and an estimated 30-day mortality of <1.9%) are at low risk for death within

thirty days due to ity-acquired ia. Fine and d that

these patients are suitable for i of their i ired

acq)

pneumonia.''’ Those patients with a PSI score of between 71 and 90 points may be at
moderate risk for death (estimated mortality of 1.9% and 3.6%) and it is therefore
recommended that these patients remain in the emergency department for 24 hours for
observation.''? Patients assigned to risk classes IV and V (score >90) are at higher risk
for death within thirty days (estimated mortality of 3.7% to 12.1% and >12.1%) and

should therefore be admitted to hospital.''® Assuming that PSI scores predicting thirty
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day mortality are an indicator for severity of disease, the PSI was used to compare

severity of disease, i of antibiotis and outcome.

3.43 Length of Stay

The number of days in hospital (length of stay) was calculated by subtracting the
admission date from the discharge date. All analyses of length of stay excluded patients
who died in hospital in order to avoid the confounding influence of in-hospital mortality

on length of stay.

3.4.4 Appi i of Antibiotic T

Information on the type, dose, route of administration and duration of antibiotic

treatment was abstracted from patients’ charts. Each episode of antibiotic treatment was

for i by ison with the ions for the
of community-acquired pneumonia in adults outlined by the Canadian Community
Acquired Pneumonia Consensus Conference Group.® Appendix I outlines how the

guidelines were applied for patients in each risk class.

Antibiotic courses for each patient were deemed appropriate if all antibiotics

prescribed were in complete with the guideli The of
overutilisation was made if more than one antibiotic was administered and only one of

the ications used was in the guideli U ilisation occurred
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when only a macrolide was administered to more severely ill patients, where the

that ides be used in ination therapy. If none of the
administered antibiotics were included in the guideli ions, the
of wrong drug was made.

3.4.5 Statistical Analyses

The istics and i itions of patients admitted with CAP were

compared using a Student’s 7 test for continuous variables and chi-square analysis for
categorical variables. A two-tailed P-value < 0.05 was considered statistically

significant.

To assess the effects of several predictor variables on appropriateness of antibiotic
treatment, a logistic regression analysis was performed. Several variables were assessed
for statistical significance using bivariate analysis (P<0.10). Those that were significant
were added to the logistic regression model. Indicator variables for pneumonia risk
classes I through IV (group V was the referent), as well as indicator variables for hospital

sites SAGGH and SCMH (HSC was referent), were used in the analyses.

To ine if i of antibioti affected length of stay, a
linear regression analysis was performed. The natural logarithm of the length of stay

values was used, as the distribution of length of stay was skewed to the right. In the first
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regression model, only the pneumonia risk groups were entered as a predictor variable.

In the second model, patient variables that were not considered in the PSI scoring system,

but were i to be clinically i and that were statisti igni on
bivariate analysis (P<0.10) were added to the model. These variables included presence
of chronic obstructive pulmonary disease (COPD), presence of interstitial lung disease,
and a positive blood culture. Finally the variable of appropriateness of antibiotic
treatment was added. Indicator variables for pneumonia risk classes [1 through V were
used in the analyses. The adjusted R values were compared to determine the effects that
severity of illness. patient istics and i of antibioti had

on length of stay.

In hospital thirty day mortality across disease severity and appropriateness of
initial empiric antibiotic treatment was assessed using Kaplan-Meier survival curves and
the log-rank statistic. A Cox proportional hazards model was used to determine the
influence the aforementioned variables had on survival. All statistical analyses were

performed using SPSS for Windows (release 9.0.1; SPSS Inc., Chicago IL, 1998).



CHAPTER IV - RESULTS

4.1 Oral Antibiotic Use in Community Practices of St. John’s, NF

4.1.1 Comparison of Physician Participants and Non-Participants

A comparison of the seventy three (73) participating physicians and the twenty
three (23) icipatit icians is in Table 1. The proportion of male

physicians in both groups was the same, as was the mean number of years since medical

school ion and the ion of icians in both groups who had graduated

from a Canadian medical school. The mean ages of the participating and non-
participating physicians did differ however. The mean age of the study participants was
approximately 45 years while the mean age of study non-participants was almost 50 years
(p=0.040).

Table 1. Baseli i in the study
with non- hysi (number
Physician Characteristic Study P-Value
Participants Participants
=73 =23
Mean Age (Years) 45.1 495 0.040
Number of Male 40 (57.1) 14 (63.6) 0.589
Physicians
Mean Number of Years 18.9 25 0.104
Since Graduation
Number of Canadian Med 59 (84.3) 19 (86.4) 0.813
School Graduates
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4.12 Ch: istics of the Study P

The chart review of two days of regular practice for the 73 participating general
practitioners captured 4218 visits. Of these visits 1158, or 27%, were identified as
infection related illnesses with 949 of these visits identified as newly acquired, or de novo
infections. Table 2 illustrates the age and gender distribution of those with newly
acquired infection. Approximately one third of the group were children (age < 15 years)
and the gender distribution in this category was equal. However, among the adults, twice

as many women presented to the doctor as compared to men.

Table 2. Age and gender of patients in the study population with newly acquired
infections.

Age Category Population with De Novo Infection
No. (% of 949)
Total Male Female
0-4 Years 148 (15.6) 30D 75(7.9)
5-14 Years 159 (16.8) 78 (8.2) 81 (8.5)
15-49 Years 465 (49.0) 156 (16.4) 309 (32.6)
250 Years 177 (18.7) 55(5.8) 122 (129)
Total 949 (100) 362 (38.1) 587 (61.9)

Table 3 illustrates the diagnoses of the patients with newly acquired infections

separated by age categories. Across all age i i y tract i it (ie.

URTI, pharyngitis, LRTI, sinusitis) were the most common infection related diagnoses
made. The diagnosis of otitis media was most frequently made in children under the age
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of five years. Overall the proportion of patients diagnosed with respiratory tract
infections (URTI, pharyngitis, LRTI, or sinusitis) was 65% (n=626), 11% for otitis media
(n=101), 11% for other infections (n=101), 7% for urinary tract infection (n=68), and 6%

for skin and soft tissue infection (n=53).

Table 3. Diagnosis of patients with newly acquired infection separated by age (number
).

Diagnosis Age Categories
No. (%)
0-4Years 5-14 Years 1549 250 Years Total
Years
URTI 54 (36.5) 49 (30.8) 124 (26.7) 49 (27.7) 276 (29.1)
Pharyngitis  18(122)  52(32.7)  82(17.6) 1162  163(17.2)
Otitis Media 44 (29.7) 24 (15.1) 28 (6.0) 5(2.8) 101 (10.6)
LRTI 17(11.5) 14 (8.8) 47 (10.1) 29 (16.4) 107 (11.3)
Sinusitis 2(1.4) 8(5.0) 55(11.8) 15 (8.5) 80 (8.4)
UTI 4(2.7) 3(1.9) 34(7.3) 27(15.3) 68(7.2)
SSTI Z (1.4) 1(0.6) 34(73) 16 (9.0) 53(5.6)
Other @.7) 8(5.0) 61(13.1) 25(14.1) 101 (10.6)
TOTAL 148( 00) 159 (100) 465(100) 177 (100) 949 (100)

*URTI = Upper Respiratory Tract Infection (ic. coid), LRT1 = Lower Respiratory Tract Infection (L.
Bronchitis/Pneumonia), UTI = Urinary Tract Infection, SSTI = Skin/Soft Tissue Infection.

Of the 949 patients with newly acquired infection, 604 received a prescription for
oral antibiotics. This represents 64% of all patients with de novo infections (604/949)
and 14% of total patients who presented to the doctor (604/4218), excluding prescriptions
written for anti-viral, anti-fungal or topical antibacterial agents. The age and gender
distribution of patients who received antimicrobial therapy are presented in Table 4.
Patients within the age range of 15 to 49 years received half of all antibiotic prescriptions

written and consultations for pediatric patients 4 years and younger resulted in the lowest
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of antibioti ipti After the age of 15 years, more females than males

received antibiotics, although more females within this age group presented to the doctor
with infection related illnesses. The percentages for age and gender distribution of all
infection patients who presented to the doctor (Table 2) closely resemble the percentages
for age and gender distribution of those patients who received antibiotics.

Table 4. Age distribution of patients with newly acquired infections who received
antibiotics (number indi

Age Population Receiving Antibiotics Percent Within Age Group
Category No. (%) Receiving Antibiotics
%
Total Male Female Total Male Female
0-4 Years 86(14.2) 48 (7.9) 38(6.3) 58.1 65.8 50.7
5-14 Years | 100(16.6) 50 (8.3) 50(8.3) 629 64.1 61.7
15-49 Years | 301 (49.8) 107(17.7) 194(32.1) 64.7 68.6 62.8
250 Years | 117(19.4) 36(6.0) 81 (13.4) 66.1 65.5 66.4
Total 604 (100) 241(39.9) 363(60.1) | 63.6 66.6 61.8
The distribution of antibiotics across the di; i ies is as follows: 7% of

all antibiotics were prescribed for URTI, 23% for pharyngitis, 15% for LRTI, 16% for

otitis media, 12% for sinusitis, 9% for urinary tract infections, 8% for skin/soft tissue

infections and 10% for all other i i Figure 1 the ion of

antibiotics given within each diagnostic category. With the exception of URTI and other

infections, greater than 80% of all patients within each diagnostic category received an
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antibiotic prescription. Most notably, 97% of all patients diagnosed with otitis media in

particular were treated with antimicrobial therapy.
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Figure 1. Distribution of di and ion of antibiotics given within each
diagnostic category.
4.13  Analysis of Prescribed Antibiotics
In patients under the age of 15 years, iptions for penicilli for

66% of all antibiotic prescriptions writien, whereas 43% of prescriptions were for
penicillins among the adult patients (Table 5). Cephalosporins and quinolones were

prescribed more frequently in adults. Overall penicillins and macrolides were the most

ly ibiotics in the study, ing for 70% of all
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captured . Amoxicillin was the single most commonly prescribed agent, giving rise to

35% of total prescriptions.

Table 5. Numbers (percent) of prescriptions in each antibiotic drug class for pediatric
and adult age groups (n=604).

Prescription Class  Pediatric (0-14 Years) Adult (> 15 Years) Total
No. (%) No. (%) No. (%)
Cephalosporins 9(4.8) 44(10.5) 53(8.8)
Cefaclor 3(1.6) 3(0.7) 6(1.0)
Cefuroxime — 24(5.7) 24(4.0)
Macrolides 40 21.5) 80 (19.1) 120 (19.9)
Erythromycin 38 (20.4) 52(12.4) 90 (14.9)
Penicillins 122 (65.6) 180 (43.1) 302 (50.0)
Amoxicillin 100 (53.8) 109 (26.1) 209 (34.6)
Quinolones ek 40 (9.6) 40 (6.6)
Ciprofloxacin - 20 (4.8) 20(33)
Sulfonamides 13 (1.0) 40 (9.6) 53(8.8)
TMP/SMX* 13 (7.0) 40(9.6) 53(8.8)
Tetracyclines 2(11) 2(53) 24 (4.0)
Minocycline 1(0.5) 9(22) 10(1.7)
her - 12 2.9) 12 2.0)
Metronidazole - 7(1.7) 7(12)
All Antibiotics 186 (100] 418 (1 604 (100

“TMP/SMX = trimethoprinysulfamethoxazole. Percent totals may not equal 100 due 1o rounding; other
includes i i in and ri 2




Table 6. Numbers of | iptions (%) in each antibiotic class di i
URTI Pharyagitis Otits LRTI Sisusitis UTI SSTI Other Total

Media

Cepbalosporins 1 4 6 12 15 1 13 1 53
@4 @9) @61 (132) @L) (19 QL) (16 (88)

Macrolides 19 27 15 34 - 1 120
@52) (197  (53) (74 (27 (104) (17.5)  (19.9)

Penicillins 19 103 67 34 35 3 25 16 302
452)  (752)  (684) (374) (493) (56) (S21) (@54) (500)

Quinoloses 1 - 3 2 21 4 6 )
(=20 G Q2 @42 (89 B3) (95 (66

Sulfonamides 2 2 6 s 25— 6 53
4.8) (1.5) an 66 70) (463) ©3) 338

Tetracyclises - 1 - 4 - 1 15 24
©.7) @3 (56 @n @38 @0

Other - - - - - 4 - 3 12
.4 azn o

Total 2 137000 98 91 T1(100) 54 48 63 604
(100) (100)  (100) (100) (100) _(100) (100

“URTI = Upper Respiratory Tract Infection, LRTI = Lower Respiraory Tract Infection, UT1 = Urinary
Tract Infection and SSTI = Skin/Soft Tissue Infection.

Table 6 displays the numbers and types of antibiotics prescribed within each

diagnostic class. With the ion of urinary tract i ions and other i i the

most commonly prescribed antibiotic group within each diagnostic category was the

penicillins. Equal numbers of and ides were for LRTL

Cephal ins were most in cases of sinusitis and skin/soft tissue
infections. Most urinary tract infections were treated with either TMP/SMX or

quinolones.
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Overall 74% of antibiotic prescriptions were written for a duration of 10 days or
greater (Table 7). The mean duration of antibiotic treatment for all age groups and
antibiotic classes equalled 10.5 days (Table 8). The treatment of respiratory tract
infections encompassed, on average, 9 days of treatment. Urinary tract infections were
treated, on average, for 7 days and for four or more days in 87% of cases in which this

diagnosis was made.

Table 7. Duration of antibiotic treatment by diagnosis groups (number (percent) of
prescriptions).

3 Days 49 Days > 10 Days
Respiratory Tract - 68 (20.4) 265 (79.6)
Otitis Media - 13(13.7) 82(86.3)
Urinary Tract 7(13.5) 28 (53.9) 17(32.7)
Skin/Soft Tissue - 17 (40.0) 27 (60.0)
Other - 20(37.2) 33 (62.8)
Total 7(1.2) 145 (25.4) 423 (73.4)
Table 8. Mean (+ SD) duration of antibiotic treatment by diagnosis and drug class.
Respiratory  Otitis uTI SSTI Other Total
Tract Media
Penicillins 94214 99:08 100:00 8318 84:16  94%l4
Macrolides 92%17 89221 - 260%358 113£117  10.1+84
Cephalosporins 9.1%21 82$20 100£00 94%20  7.0:00  9.1%20
Quinolones 95¢12 87£23 65£24 85:17 303:305 110£140
Tetracyclines 10.0£0.0 - - - 255+194  193%16.7
Other 102413 93%14 7323 - 456+712  13.8+283
Total 94415 95414 72+24  107+122 228361 105119

“Respiratory Tract = cold, pharyngitis, bronchitis/preumonia and sinusitis. UTI = Urinary Tract Infection,
SSTI = Skin/Soft Tissue Infection.
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Table 9. Mean (+ SD) duration of antibioti (days) by age groups
and diagnosis.
0-14 Years 215 Years P-Value

URTI 9809 88+17 0.083
Pharyngitis 9.7+09 9116 o010t
Otitis Media 9812 9117 0.039t
LRTI 95%12 89+18 0.138
Sinusitis 10514 10016 0363
uTt 13125 72124 0.906
SSTI 8.0+17 108+12.7 0.710
Other 16.7+11.5 232+37.1 0.766
Total 98+19 10.8+14.3 0.466

+ = Significant at P-value < 0.05

Table 9 demonstrates a comparison between mean duration of antibiotic between
age groups of patients. For the most part, duration of therapy was similar across
diagnostic categories. However duration was approximately one day longer for children

treated for pharyngitis (P=0.010) and otitis media (P=0.039) as compared to adults.

At the time the study was undertaken, 11 of the 30 different types of antibiotics
prescribed by the study physicians were under patent in Canada. Table 10 depicts the
proportions of unpatented (or older) agents compared 1o patented (or newer) agents
prescribed for each diagnosis group. Older. unpatented agents were prescribed in 74% of
cases. Older agents were primarily prescribed in respiratory tract infections (75%),
skin/soft tissue infections (92%) and other infections (81%). An increase in newer agents

was used for treating otitis media (37%) and urinary tract infections (39%).
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Table 10. Number of iptions written for agents o
newer/ ents by di; i

Diagnosis Older/Unpatented Agents Newer/Patented Agents
No. (%) No. (%)
Respiratory Tract 257(75.4) 84 (24.6)
Otitis Media 62(63.3) 36 (36.7)
Urinary Tract 33(61.1) 21(389)
Skin/Soft Tissue 43 (89.6) 5(10.4)
Other 51(81.0) 12(19.0)
Total 446 (73.8) 158 (26.2)
“Respiratory tract infections include URTI, pharyngitis, LRTI and sinusitis. Patented agents -
icilli ic acid, _azi in, cefaclor, cefixime, cefprozil, cefuroxime, = ciprofloxacin,
ythromyci in and ofloxacin.

4.1.4 Antibiotic Prescription Costs

Of the 604 antibiotic prescriptions events captured in the study, 556 were used for
the analysis of retail antibiotic prescription costs. Of the 48 prescription events which
were excluded from the analysis, 16 prescription events did not indicate a frequency with
which the antibiotic was to be administered, 14 provided no data on the intended duration
of therapy, 9 lacked dose infc ion and 9 further ipti were excluded due to

absence of cost information in the IMS drug cost list (6 prescriptions for bacampicillin, 2
for ampicillin and 1 for trimethoprim).

The mean retail cost of antimicrobial therapy for all patients receiving
prescriptions was $19.73 (+ $32.54). Prescription costs ranged from a minimum of $1.60
to a maximum of $576.00. Mean costs for each antibiotic drug class are depicted in

Table 11. This analysis did not account for differences in durations of therapy, although



the mean duration of therapy for all drug classes was approximately 10 days as was

previ i P iptions written for d the lowest average

retail prescription cost ($12.19) while the most expensive prescriptions were for

quinolones (§65.48).
) retail prescription drug costs separated by antibiotic class.
ibi Mean Prescription Cost

$29.10 £ $17.37

$19.96 + $20.27

$12.19 £ $10.28

Quinolones $65.48 + $92.55
Sulfonamides $16.63 + $34.30
Tetracyclines $18.43 £ $18.68

Other $10.55 + $8.71

Total $19.73 +$32.54

Table 12 outlines mean prescription costs for the treatment of each diagnostic
category separated by age groups. Overall, prescription costs increased with age.
Treatment for infections such as bacterial vaginosis, epididymitis, acne, dental infections,
gastroenicriuis and prostatitis, which are included in the category of “Other” infections,
gave rise to the greatest mean antibiotic prescription cost of $49.24 when all age groups
were combined. Sinusitis possessed the second highest overall average prescription cost
of $27.45. The diagnostic category resulting in the lowest mean prescription cost,
namely $10.78, was pharyngitis. For patients under the age of S years, sinusitis was the

most expensi dition to treat. Combining the diagnosti jes of URTI,
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pharyngitis, LRTI and sinusitis, the mean retail cost of an antibiotic prescription for the

treatment of respiratory tract infections equalled $17.10.

Table 12. Mean (+ SD) retail iption costs by di ic category and
_age.
Diagnosis 0-14 Years 215 Years Total P-Value
URTI $5.18+$3.89  $2022+$12.67  $15.07£$1270  0.004t

Pharyngitis  $6.86 + $4.60 $14.22 +$6.54 $10.78 £36.78 <0.001t
Otitis Media $6.14 + $5.56 $24.63 £ $15.68 $12.44 £ 81341 <0.001t

LRTI $6.59 + §7.10 $24.70 £ $16.87 $18.60 +$16.68  <0.001%
Sinusitis $13.39#$11.14  $29.27 £ $18.55 $27.45 + $18.51 0.150

uTI $7.19 £52.47 $18.38 + $14.46 $17.72 £ $14.28 0.509

SSTI $5.32+83.77 $25.04 +$27.42 $23.29 +$26.92 0.641

Other $17.63£817.64  $51.30 £§94.32 $49.24 $$91.76 0.938

RTI Total $7.09 £ $6.16 $22.24 £ 515.69 $17.10 £ $15.06 <0.0011
Total $6.91 + $6.27 $25.82 +$37.81 $19.69 £$32.54 <0.001t
“URTI = Upper Respiratory Tract infection, LRT] = Lower Respiratory Tract Infection, UTI = Urinary
Tract Infection. SSTI = Skin/SoRt Tissue Infection . RTI = Respiratory Tract Infection.
+ = Significant at p-value < 0.05

The mean retail prescription cost for those patients with a drug plan was $22.08,
while the cost for those patients who did not have a drug plan, or drug plan information
was not known for the patient, was $16.46 (p=0.026). There were no differences in the
proportions of patients in each diagnosis group with a drug plan as compared to those not

covered by a plan (P=0.307).



4.1.5 Estimated Population Rates

Although the four months of this study occurred during the fall and winter, and
therefore is subject to seasonal bias, estimations of annual population rates of both
antibiotic prescriptions and infections per person per year were calculated. The estimated
annual infection rate by age and diagnosis is presented in Table 13. It is anticipated that
children will become infected with a respiratory tract infection and present to the doctor
once a year (excluding otitis media) with colds being the most common infection type.
Half of all adults will acquire a respiratory tract infection and present to a GP in a one
vear period. Overall the rate of infections presented to a doctor in children is 1.56
infections per person per year while the rate in adults decreases to 0.76 infections per

person per year.

Table 13. Estimated annual population rates of infection in children and adults per person
per year by diagnosis.

Estimated Annual Rate

Pediatric (0-14 Years) | Adult (215 Years) Total

No. of Patients in Study 307 642 949

Population 23,990 103,465 127,455

URTI 0.52 0.20 026
Pharyngitis 0.36 0.11 0.16
Otitis Media 0.35 0.04 0.10
LRTI 0.16 0.09 0.10
Sinusitis 0.05 0.08 0.08

uTI 0.04 0.07 0.07

SSTI 0.02 0.06 0.05

Other 0.08 0.10 0.10

Total 1.56 0.76 0.91

*URTI = Upper Respiratory Tract Infection, LRTI = Lower Respiratory infection, UT1 = Urinary Tract

Infection, SSTI = Skin/Soft Tissue Infection. These cstimates have a scasonal bias as the prescription
events occurred in the fall/winter.
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The estimated antibiotic prescription rate by age and diagnosis is presented in
Table 14. The prescription rate for URTL pharyngitis, LRTL, sinusitis (i.e. respiratory
tract) and otitis media in children less than 15 years was 0.90 antibiotic prescriptions per
person per year. This rate declined to 0.31 prescriptions per person per year for those

aged 15 years or greater.

Table 14. Esti annual ion rates of antibioti iptions in children and
adults per person per year bx diagnosis.
| Estimated Annual Rate
| Pediatric (wu Years) | Adult (215 Years) | Total
No. of Patients in Study l 418 604
Population 23 990 103,465 127,455
Respiratory Tract | 0.56 027 033
Otitis Media | 034 0.04 0.09
Urinary Tract \ 0.02 0.06 0.05
Skin/Soft Tissue 0.02 0.05 0.05
Other | 0.02 0.07 0.06
Total 0.95 0.49 0.58
-nwm-mnsmmmmmmmmm These estimates have a seasonal
bias as the prescription events occurred in the fall/winter.
Table 15 depicts the projected rate of iotic use based on

captured during the study period. The penicillin group of antibiotics is expected to
account for half of all antibiotics prescribed in the study region in a one year period, with

a rate of 289 prescriptions per 1000 persons per year. Amoxicillin in particular is the

most ibed within the penicillin group. The rate of use of macrolides is
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expected to equal 115 prescriptions per 1000 persons per year. The tetracycline group of

antibiotics is expected to be the least ibed group of

Table 15. Estimated annual rates of antibioti iptions for acute i ions per 1000
cls

Estimated Annual Rate Per 1000
51

Cefuroxime 23

Cephalexin 14

Macrolides 115
Azithromycin 11
Clarithromycin 18
Erythromycin 85

Penicillins 289
Amoxicillin 199
Amoxicillin/Clavulanic Acid 34
Cloxacillin 23
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4.1.6 Appropri of Antibiotic Pr

Accepting that the diagnoses made by the physicians are correct, 59% of all

were i while 41% were inappropriate. Of the

inappropriate prescriptions, 19% were for the wrong drug, 13% were not indicated and in

9% of cases a more appropriate lower line of antibiotic was available for p
(Figure 2).
Not
indicated
13
Flgun 2. i of antibiotis d ined by the Anti-infective
ines For C ired I i Z”Edmm This analysis is based on the
gencml practitioners’ dlagnoscs
Table 16 shows the i of antibioti iptions by di is and

the reasons for inappropriateness. The overall appropriateness rate was 45% for
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respiratory tract infections (URTI, pharyngitis, LRTI and sinusitis) and 79% for otitis

media. The i rate was it higher for non-respiratory tract

infections, namely 79% for urinary tract infection, 81% for skin/soft tissue infection and

76% for all other infections.
Table 16. i of antibioti iptions by di: is groups based on the
physicians' diagnoses.
Appropriate Not Wrong Lower Line Total
Indicated Drug
URTI - 42 (100.0) —_ 42 (100)

Pharyngitis 74 (54.0) 322 53 (—;&7) 7(5.1) 137 (100)
Otitis Media 77 (78.6) — 7(7.1) 14 (14.3) 98 (100)

LRTI 36(396)  23(253)  27(29.7) 5(5.5) 91 (100)
Sinusitis 43 (60.6) 6(8.5) 10(14.1)  12(169)  71(100)
UTI 43 (79.6) - 1(1.9) 10(18.5) 54 (100)
SSTI 35 (81.4) = 7(16.3) 123) 43*(100)
Other 31(75.6) 3(73) 5(12.2) 2(49) 41 (100)

*No guideline was available to assess 4 further decisions for skin/soft tissue infection and 22 other
decisions. URTI = Upper Respiratory Tract Infection, LRTI = Lower Respiratory Tract Infection, UTI =
Urinary Tract Infection, SSTI = Skin/Soft Tissue Infection.

The 74 prescriptions not indicated for respiratory tract infections (URTI,
pharyngitis, LRTI and sinusitis) were for viral infections as indicated by the diagnosis
made by the doctor or by the assessment of probable etiology (bacterial or viral) made by
the doctor and documented in the patients’ charts. Forty two (57%) were diagnosed as
colds by the doctor (i.e. URTI), 17 (23%) were cases of LRTI/bronchitis in children, and
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15 (20%) were other respiratory infections deemed of likely viral etiology by the doctor

and were recorded as such in the patients’ charts.

In 26% of ipti written for i y tract i ions (0=90), the wrong
antibiotic was prescribed. In these cases, the prescribed antibiotic did not provide
adequate coverage to eradicate the probable micro-organism associated with the
diagnosis that the physician had made. For pharyngitis, the most commonly prescribed
antibiotic which was deemed to be the wrong drug was amoxicillin used to treat adults
(n=42). For LRTTIs, the predominant wrong drug used was also amoxicillin (n=17),

although 7 wrong drug ipti were for a in. Three

prescriptions were administered to patients with sinusitis who were given a wrong drug.

The wrong drug was prescribed in 7%, 2%, 16% and 12% of diagnosed cases of

otitis media, urinary tract infections, skin and soft tissue infections and other infections

. For these ipti il in was the most commonly prescribed
wrong drug for all diagnostic categories, except for UTI where the one wrong drug

prescription was for ampicillin.

In 19% of cases diagnosed with urinary tract infection and treated with

antibiotics, a lower line of antibiotic therapy was i more iate by the

A lower line of antimicrobial therapy, ing to the guidelines, provides a
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more narrow spectrum of coverage and therefore is less likely to contribute to the
growing problem of bacterial resistance. Prescription events for which a lower line was

deemed to be available for the treatment of UTI primarily involved the use of

In only 7% of respil y tract i treated with antibiotics, a lower

line of therapy was recommended.

Table 17. Top five agents for inappropriate prescriptions.

No. (%) of Prescriptions
Not Indicated (n=77)

Amoxicillin 33(42.9)
Erythromycin 15(19.5)
Erythromycin/Sulfisoxazole 7(9-1)
Clarithromycin 6(7.8)
TMP/SMX 6(7.8)
Wrong Drug (n=110)
Amoxicillin 59(53.6)
Ciprofloxacin 11 (10.0)
Erythromycin 8(7.3)
Cefuroxime 6(5.5)
Bacampicillin 5(4.5)
Lower Line Available (n=51)
Amoxicillin/Clavulanic Acid 15(29.4)
Norfloxacin 7(13.7)
Erythromycin 7(13.7)
Azithromycin 5(9.8)
Clarithromycin 4(18)
* Only top five agents are listed; percentages do not total 100,

For each of the three ies of i i for all di;

the top five inappropriately administered agents were determined and documented in
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Table 17. In 54% of wrong drug cases and 43% of not indicated cases, the

y i ibiotic was icilli The ination agent of

acid was i in 29% of cases in which a lower line of

therapy was more appropriate.

Table 18. A ? of antibioti by age groups based on the
physicians' diagnoses.
Age Group Appropriateness
No. (%)
Appropriate Not Indicated ‘Wrong Drug Lower Line
0-4 Years 56 (65.1) 22(25.5) 3@3.9 5(5.8)
5-14 Years 62 (63.3) 12(12.2) 17(17.3) 7(1.1)
15-49 Years 159 (56.2) 25(8.8) 71 (25.1) 28(9.9)
250 Years 62 (56.4) 18 (16.3) 19 (17.3) 11 (10.0)
P-Value 0.349 <0.001 <0.001 0.885

*No guideline was available to assess 2 prescriptions in the 5-14 years group, 18 prescriptions in the 1549
group, and 7 prescriptions in the 250 group.

The

proportion of antibioti iptions which were deemed appropriate did not
differ by age groups of the patients (P= 0.349) (Table 18). However a greater proportion
of prescriptions administered to children under the age of 5 years were considered to be
not indicated (P<0.001) while less prescriptions in this same group were for the wrong
drug, as compared to the remaining age groups (P<0.001). Proportions of antibiotic
prescriptions in which a lower line of antibiotic was available were similar across age

groups (P=0.885).
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Those cases in which an antibiotic prescription was given to an adult and that the

was deemed i or “lower line available™ in the previous analysis
were selected. One hundred and eighty five (185) prescriptions met these criteria. These
prescriptions were then used to evaluate the appropriateness of the prescribed dose. In
total, 155 prescriptions were written for an appropriate dose (84%) while 30 (16%)
prescriptions were inappropriately dosed. Of the 30 prescriptions which were

inappropriately dosed, 20 were the result of under-dosing and were primarily

for icillin used for the of respil 'y tract i

4.1.7 Criterion-Based Decision Tree for Viral Versus Bacterial Etiology of
Respiratory Tract Infections

Upon examining the presenti ints, signs and for each adult

patient diagnosed with a respiratory tract infection, cases of likely viral etiology were

and with the decisions of the icians to prescribe an antibiotic

(Table 19). The icians” inati of mi ism etiology were deemed
bacterial if an antibiotic was prescribed and viral if no prescription was provided.
Patients diagnosed as having otitis media were excluded from this analysis. Overall, the
doctors deemed 44% of the patients to possess a viral respiratory tract infection, whereas
the criterion-based decision tree deemed 88% of these same infections to be viral in
nature. Although some semblance of agreement of etiology was found for the diagnosis

of upper respiratory tract infection (83% vs. 100%), marked differences in determination
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of etiology were seen for the diagnoses of pharyngitis (17% vs. 84%), LRTI (18% vs.
87%) and sinusitis (10% vs. 63%).

Table 20 demonstrates the numbers of possible unnecessary prescriptions written
within each antibiotic drug class for those cases in which the criterion-based decision tree
deemed the infection likely to be viral in nature. In 274 cases of the 553 cases identified
as being potentially viral in nature, an antibiotic prescription was given. Fifty seven
percent (57%) of the

Yy iptions were written for those drugs

for 24% of possible unnecessary

Physicians’ Decisiol Criteria-Based Decisior Total
(not to prescribe an antibiotic)

No. (%) No. (%) No.
URTI 144 (832) 173 (100.0) 173
Pharyngitis 16(17.2) 78 (83.9) 93
LRTI 14 (18.4) 66 (86.8) 76
Sinusitis 7(10.0) 44 (62.9) 70
Total 181 (43.9) 361 (87.6) 412
*URTI = Upper Respiratory Tract Infection, LRT1 = Lower Respiratory Tract Infection.
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Table 20. Numbers of possible ry antibioti iptions for i y tract
infections using the criteria based decisions for

Cephalosporins 15(8.1)
Macrolides 50 (27.0)
Penicillins 103 (55.7)
Quinolones 527

Sulfonamides 8(4.3)
Tetracyclines 4(22)
Total 185 (100)

4.18  Factors Influencing Antibiotic Prescriptions
In over half (54%) of all cases in which an antibiotic prescription was written, the
doctor felt the medical indication for the prescription was not very clear (Table 21). For

the most part, a physician-perceived very clear medical indication for an antibiotic

prescription occurred less for di: i with i y tract il
Conversely, in 72% of cases in which a prescription was given for the diagnosis otitis

media, the doctors felt the medical indication was very clear.

Table 21. Medical indication as a factor influencing the decision to prescribe an
antibiotic.

Ui i Clear Very Total
Uncertain Clear Clear
URTI1 1(2.6) 12 (30.8) 10(25.6) 14(35.9) 2(5.1) 39 (100)
Pharyngitis 1(0.7) 429) 18(132) 58(42.6) 55(40.4) 136 (100)
Otitis Media e i 3(3.1)  24(24.5) 71(724) 98(100)
LRTI - 333) 21(23.1) 34(374) 33(36.3) 91(100)
Sinusitis 1(1.4) 5(7.0) 12(16.9) 27(38.0) 26(36.6) 71 (100)
UTI - 3(5.7D 7(13.2) 15(28.3) 28(52.8) 53(100)
SSTI 122) 122) 6(13.0) 9(19.6) 29(63.0) 46(100)
Other 3(438) 2(32) 10(16.1) 18(29.0) 29(46.8) 62 (100)
Total 7(1.2) 30(5.0) 87(14.6) 199 (33.4) 273(45.8) 596 (100)
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In Table 22, diagnostic categories and factor results were combined. In this

analysis, less ipti ini! for i y tract i jions were based on

clear to very clear indication in the ici opinion as to all other

infections. (P<0.001).

Table 22. Medical indication as a factor influencing the decision to prescribe an antibiotic
in combined diagnostic categories and factor results (number (percent) of prescriptions).

Clear to Very __ Not Completely P-Value
Clear Clear
Respiratory Tract 249(73.9) 88 (26.1) <0.001
Infections
Other 223 (86.1) 36 (13.9)
Infections
Total 472(79.2) 124 (20.8)

Those prescriptions in which the doctor felt the medical indication was clear or
very clear, and the guidelines assessed as either appropriate or not indicated were
selected. A comparison was made between respiratory tract infections and all other

infections (Table 23). Only 3.6% of these particular prescription events were considered

not indicated by the guidelines in piratory tract infecti However, for

respiratory tract i i 39% of the iptions were i not indicated by the

guidelines, even though the physicians felt the medical indication for an antibiotic was

clear to very clear (P<0.001).
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Table 23. Appropriateness of prescriptions in which the physicians felt the medical
indication for the prescription was clear to very clear, by combined diagnostic categories

and factor results (number (percent) of prescriptions).
Appropriate Not Indicated P-Value
Respiratory Tract 127 (60.8) 82(39.2) <0.001
Infections
Other 159 (96.4) 6(3.6)
Infections
Total 286 (76.5) 88 (23.5)
Table 24. i ion as a factor i ing the decision to prescribe an
antibiotic by diagnostic categories (number (percent) of prescriptions).
No Mostly Some  Somewhat  Strong Total
Influence No Influence Strong Influence
Influence Influence
URTI 14(359) 9(23.1) 11(282) 2(5.1) 3017 39(100)
Pharyngitis 95(69.9) 17(12.5) 14(10.3) 8(5.9) 2(1.5) 136 (100)
Otitis Media 77 (78.6) 9(9.2) 6(6.1) 6(6.1) -_ 98 (100)
LRTI 43(47.3) 24(264) 15(16.5) 4(44) 5(5.5) 91 (100)
Sinusitis 32(45.1) 16(22.5) 12(16.9) 10 (14.1) 1(1.4) 71 (100)
uTI 36 (67.9) 9(17.0) 7(13.2) 1(1.9) - 53 (100)
SSTI 27(58.7) 13(28.2) 122) 4(8.7) 122) 46 (100)
Other 37(59.7) 8(12.9) 7(11.3) 7(11.3) 3(4.8) 62 (100)
Total 361(60.6) 105(17.6) 73 (12.2) 42 (7.0 15(2.5) 596 (100)

The perceived expectation of patients that they would receive an antibiotic
prescription had some degree of influence on the physicians’ decision making in 39% of
the cases (Table 24). For cases in which an antibiotic prescription was written for the

diagnosis of respiratory tract infection, patient expectation was more of an influence as

o iratory tract infections (P=0.007) (Table 25).
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Table 25. Pati i sufm ing the decision to i
ibiotic in bis i and factor results (number (percent) of

No Some Influ P-Value
Respiratory Tract 250(74.2) 87(25.8) 0.007
Infections
Other 216 (83.4) 43 (16.6)
Infections
Total 466 (78.2) 130(21.8)
A i of the iptions for which the doctor felt that patient or

parent expectation for an antibiotic had some influence on the decision to prescribe was

assessed (Table 26). A great ion of patient infl d iptions for

Y

tract infections was found to be i iate as to patient infl

prescriptions for all other infections (P<0.001).

Table 26. Appropriateness of prescriptions in which the physicians feit there was some
influence by the patient/parent on the decision to prescribe, by combined diagnostic

categories and factor results (number (percent) of prescriptions).

Not Appropriate Appropriate P-Value
Respiratory Tract 51(58.6) 36(41.4) <0.0001
Infections
Other 7(212) 26(78.8)
Infections
Total 58(48.3) 62 (51.7)
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Time constraint and the thought that the patient might seek an antibiotic
prescription from another doctor if one was not given were considered to have had no

influence in 90% of iption decisi of di; ic category (Table 27

and Table 28). In only 2 prescription events captured did time constraint completely

dictate the prescription of an antibiotic.

Table 27. Time constraint as a factor influencing the decision to prescribe an antibiotic
by diagnostic categories (number (percent) of prescriptions).

No Mostly Some Somewhat  Strong Total
Influence No Influence  Strong Influence
Influence Influence

URTI 36(92.3) 2(5.1) - - 1(2.6) 39 (100)
Pharyngitis 123 (904) 10(74)  2(1.5) 10.7) = 136 (100)
Otitis Media 88 (89.8) 8(82) 1(1.0) 1(1.0) - 98 (100)
LRTI 77(84.6) 10(11.0) 222 2Q22) - 91 (100)
Sinusitis 63 (88.7) 7(9.9) —_ - 1(1.4) 71 (100)
uTl 49 (92.5) 2(3.8) 2(3.8) - - 53 (100)
SSTI 43 (93.5) 3(6.5) — - - 46 (100)
Other 57(91.9) 4(6.5) 1(1.6) - — 62 (100)
Total 536(89.9)  46(7.7)  8(1.3) 4(0.7) 2(03) 596 (100)
Table 28. Patient at another ician as a factor i ing the decision to
prescribe an antibiotic by diagnostic categories (number (percent) of prescriptions).

No Mostly Some  Somewhat Strong Total

Influence No Influence  Strong Influence
Influence Influence

URTI 36(92.3) 9(6.6) - 1.7 39 (100)
Pharyngitis 126 (92.6) 9(6.6) - 1(0.7) - 136 (100)
Otitis Media 88 (89.8) 6(6.1) 331 1(1.0) - 98 (100)
LRTI 76(83.5) 11(121)  3(3.3) 1(L.1) = 91 (100)
Sinusitis 61 (85.9) 6(8.5) 3(42) 1(1.4) - 71 (100)
uTI 51(96.2) 2(3.8) - - - 53 (100)
SSTI 41 (89.1) 4(8.7) 1(22) — —_ 46 (100)
Other 58 (93.5) 3(4.8) - 1(1.6) - 62 (100)
Total 537(90.1) 44(74) 1007 5(0.8) e 596 (100)
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4.1.9 Patient Outcomes

Table 29. Proportion of patients who made return visits within one month after the

caj receipt of antif at

No AB Prescribed AB Prescribed P-Value
No Visits Made 155 (47.8) 249 (42.6) 0.125
Visits Made 169 (52.2) 336 (57.4)

The proportion of patients who made a return visit to a doctor within 30 days of

the captured visit was the same for those patients who had received an antibiotic

prescription as compared to those who didn’t (P=0.125) (Table 29). Similarly, among

those patients who did make a return visit, there was no statistical difference in the

proportions of patients making 1 visit, 2 visits, or 3 or more visits among those who

received an antibiotic during the captured visit compared to those patients who did not

receive an antibiotic (Figure 3).
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Figure 3. Proportion of patients who consulted a physician one month after the capture
visit. separated by receipt of an antibiotic prescription during the captured visit.

4.1.10 Low Cost Versus High Cost Prescribing Physicians

Because average prescription costs were lower for patients who are 14 years or
vounger (Table 12). those prescriptions administered to patients 15 years or older were
selected for analysis of low cost versus high cost prescribing physicians. Physicians
assigned to the low cost prescribing group (n=13) had a mean retail prescription cost of
$12.35 for all adult patients, while the average retail prescription cost for the high cost

prescribing group (n=53) equalled $27.39 (p<0.0001). A comparison of patient

of the two ibing groups (Table 30) determined that the mean age of
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adult patients seen by the high cost prescribing group (~41 years) was slightly greater

than that of the patients seen by the low cost prescribing group (~38 years), but this

was not statisti igni igni more patients scen by high cost

prescribers were male (p=0.014) and had a drug plan (p=0.019). There were no

in il ints or di; in patients seen

by the two prescribing groups (Tables 30 and 31).

Table 30. Comparison of patient characteristics seen by low and high cost prescribers.

Patient Characteristics Patients of Low atients of High P-value
Cost Prescribers Cost Prescribers
=87 n=543
Mean Age (Years) 38.1 41.2 0.131
Proportion of Male Patients 21.8% 352% 0.014
Proportion With Drug Plan 43.9% 59.9% 0.019
Presenting Complaints 0.129
Upper Respiratory lllness 37(45.1%) 175 (35.5%)
Lower Respiratory [llness 17 (20.7%) 83 (16.8%)
Ear Symptoms 3(3.7%) 19 3.9%)
Flu Symptoms 10 (12.2%) 44 (8.9%)
Urinary Symptoms 6(7.3%) 50 (10.1%)
GI Symptoms — 7 (1.4%)
Other 9 (11.0%) 115 (23.3%)




Table 31. Comparison of di; made by low and high cost ibers.

Diagnoses Patients of Low Patients of High P-value
Cost Prescribers Cost Prescribers
o=87 =543
0.405
URTI 29 (33.3%) 138 (25.4%)
Pharyngitis 14 (16.1%) 79 (14.5%)
LRTI 12 (13.8%) 63 (11.6%)
Sinusitis 8(9:2%) 62 (11.4%)
Otitis Media 5(5.7%) 28 (5.2%)
uTl 6(6.9%) 54 (9.9%)
SSTI 2(23%) 47 (8.7%)
Other 11 (12.6%) 72 (13.3%)
In ing the istics of the icians (Table 32), it was found that

physicians in both the low cost prescribing group and the high cost prescribing group
were similar in terms of their age, gender, years of training, location of training, type of
practice (group versus solo), numbers of patients seen both in total and for infections, and

their antibiotic prescribing rate. However the low cost prescribing physicians prescribed

more 3 (2% i iptions versus 56%; p=0.007).
However when the reasons for inappropriate prescriptions were analyzed, no differences
were seen between the two groups of physicians with respect to specific categories of

inappropriateness (i.e. medical indication, wrong drug, or lower line available).
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Table 32. C ison of and practice between low and high
cost prescribers.
Physician Characteristics Low Cost High Cost P-value
Prescribers Prescribers
n=13 n=53
Mean Age (Years) 433 459 0.336
Proportion of Male Physicians 42.9% 62.3% 0.190
Mean Years Since Med School 18.7 193 0.832
Graduation
Proportion of Canadian Med 85.7% 83.0% 0.809
School Graduates
Proportion in Group Practice 92.9% 92.5% 0.959
Mean Total Patients Seen in 2 492 63.7 0.125
Days
Mean # of Acute Infection Patients 114 14.6 0.243
Mean Prescribing Rate for 60.4% 65.4% 0.419
Infections
Proportion of Appropriate 72.0%(59/82)  56.2% (276/491)  0.007
Prescriptions

4.1.11 Least Appropriate Versus Most Appropriate Prescribing Physicians

Physicians assigned to the least appropriate prescribing group (n=17) had a mean

rate of

of 32.2%,

to a mean

appropriateness rate of 76.0% among the most appropriate prescribing physicians (n=53)

(Table 33). Upon examination of certain patient characteristics, those patients seen by

the least appropriate prescribers tended to be older (P=0.009) and a greater proportion

were male (P=0.006). As well, more patients of the least appropriate prescribing group

were covered by a drug plan (P<0.001). However the presenting complaints and the

diagnoses made by the two groups of physicians were similar (Table 33 and Table 34).
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Table 33. C ison of patient istics seen by least and most appropriate
prescribers.

Patient Characteristics Patients of Least Patients of Most P-value
Appropriate Appropriate
Prescribers Prescribers
=217 n=732
Mean Age (Years) 33.0 29.0 0.009
Proportion of Male Patients 100 (46.1) 262 (35.8) 0.006
Proportion With Drug Plan 98 (62.8) 260 (59.0) <0.001
Presenting Complaints 0.705
Upper Respiratory Illness 79 (40.3) 268 (39.5)
Lower Respiratory lliness 31(15.8) 137(20.2)
Ear Symptoms 9 (4.6) 39(5.8)
Flu Symptoms 20(10.2) 51(7.5)
Urinary Symptoms 15 (7.7) 45 (6.6)
GI Symptoms 3(1.5) 13(1.9)
Other 39(19.9) 125 (18.4)

Table 34. Comparison of diagnoses made by least and most appropriate prescribers.

Diagnoses Patients of Least Patients of Most P-value
Appropriate Appropriate
Prescribers Prescribers
=217 =732
URTI 63 (29.0) 213 (29.1) 0.955
Pharyngitis 36 (16.6) 127 (17.3)
LRTI 24(11.1) 83(11.3)
Sinusitis 2009.2) 60 (8.2)
Otitis Media 22(10.1) 79 (10.8)
UTI 18(8.3) 50 (6.8)
SSTI 9(4.1) 44 (6.0)
Other 25(11.5) 76 (10.4)
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When physici istics were examined between the two physician groups,

it was discovered that the least appropriate prescribers were, on average, older (P=0.006)
and had been out of medical school longer (P=0.033) (Table 35). As well, a greater

of least appropri ibers were male (P=0.019) compared to their most

There were no di between the two groups

in terms of proportion who had attended medical school in Canada, were part of a group

practice at the time the study took place, and average number of total patients seen in two

days of regular practice.

Table 35. C ison of physician and practice istics between least and most
appropriate prescribers.

Physician Characteristics Least Most P-value
Appropriate Appropriate
Prescribers Prescribers
n=17 =53

Mean Age (Years) 50.0 43.6 0.006

Proportion of Male Physicians 14 (82.4%) 26 (50.0%) 0.019

Mean Years Since Med School 22.8 17.7 0.033
Graduation

Proportion of Canadian Med 14 (82.4%) 44 (84.6%) 0.825

School Graduates
Proportion in Group Practice 15 (88.2%) 48 (92.3%) 0.605
Mean Total Patients Seen in 2 56.4 61.7 0.542
Days

Mean # of Acute Infection Patients 128 14.1 0.603

Mean Prescribing Rate for 72.6% 60.2% 0.033
Infections

Mean Rate of Appropriate 322% 76.0% <0.001

Prescriptions




42 Co nity Oral Antibiotic Use in the ince of Newfound! - NLPDP

Data from the and Labrador P iption Drug Program (NLPDP)
indicate that, since the 1994/1995 fiscal year, the number of antibiotic prescriptions have

declined by approximately 24%; 169,110 antibioti ipti were di under

the auspices of the program in 1994/1995 compared to 129,337 in 1999/2000 (Table 36).
Figure 4 demonstrates that the drop in number of antibiotic prescriptions does not directly

correlate with in the number of clai eligible for the program. Although

Table 36. Number of prescriptions (pcmcn!) covered by the provincial drug plan

separated by antibiotic category and fiscal year.
Antibiotic 94195 95196 9697 9798 98/99 99/00
Category

Cephalosporins ~ 22.658 24,477 23,91 22278 20,548 20279
(13.4) (14.2) (15.4) (15.2) (15.2) (15.7)

Macrolides 19.816 20,108 18,424 16,880 17,046 18,150
(1L.7) 1.7 (11.8) (11.6) (12.6) (14.0)
Penicillins 100.095 100,454 88,046 80,730 70,846 63,796
(5922) (58.3) (56.3) (55.3) (52.6) (49.3)
Quinolones 17,434 18,752 18,458 18,852 19,513 20,578
(10.3) (10.9) (11.8) (12.9) (14.5) (15.9)
Sulfonamides 443 369 230 227 194 153
(0.3) 0.2) (©.1) 02) 0.1) ©.1)
Tetracyclines 7.926 7,295 6,401 6,350 5,807 5397
(G “42) @.n “43) “3) “42)
Other 738 734 727 787 853 984
(0.4) ©04) (0.5) (0.5) (0.6) (0.8)
Total 169.110 172,189 156277 146,104 134,807 129337

(100) (100) (100) (100) (100) (100)
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the number of low income families did decrease between 97/98 and 98/99 (by

2500), di: ibioti iptions began to jally decrease

between 95/96 and 96/97. Overall there were 787 fewer seniors covered by the program
in 98/99 as compared to 94/95. Therefore, within the time frame of data collection,
overall enroliment of low income seniors in the NLPDP decreased by 2%, enroliment of
low income families decreased by 9% and total numbers of prescriptions decreased by

24%.

180,000

S Prescriptions
=¥ Seniors
—=— Low Income Families

Number of Prescriptions/Claimants

94/95 95/96 96/97 97/98 98/99 99/00

Year

Figure 4. Number of claimants (seniors and low income families) and total prescriptions
covered by NLPDP (claimant data for 99/00 was unavailable).
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Figure 5. Graphical of the of total antibi iptions in

Newfoundland comprised by each antibiotic category for the years 94/95 to 99/00

In 94,95 the penicillin group of antibiotics comprised 59.2% of total prescriptions.

This proportion decreased to 49.3% in 99/00, representing a decrease of almost 10%.

However the to total that ins and made
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both increased by 2.3%. Quinolones comprised 10.3% of overall antibiotic prescriptions
in 94/95. This proportion increased to 15.9% in 99/00. Therefore the greatest

proportional changes occurred for penicillins (-9.9%) and quinolones (+5.6%)

The most commonly dispensed antibiotic in the NLPDP was amoxicillin,

accounting for 37.9% of total prescriptions in 94/95 and falling to 31.8% of prescriptions

in 99/00. Among the penicillin group of antibiotics, the greatest ion in numbers of

occurred for icillin, falling from 10.3% of all antibiotics
dispensed in 94/95 to 4.0% in 99/00. Among the macrolides, the greatest number of
prescriptions were for erythromycin (11.6% in 94/95 and 9.5% in 99/00). Cephalexin

was the most i in (6.3% in 94/95 and 7.4% in 99/00).

Among the qui group. cip i for the greatest number of

prescriptions (6.2% of total prescriptions in 94/95 and 11.2% in 99/00). Therefore

P the greatest ional increase in iptions (+5%), while

ampicillin accounted for the greatest proportional decrease (-6.3%).
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43 Community Oral Antibiotic in Canada and USA - [ arket Datal

of oral antibioti ibi derived from Canada revealed

that the numbers of di: ibiotics gradually it d between 1992 and 1995,

and then declined to pre-1993 levels in 1996 (Table 37). Between 1995 and 1996, the

number of di: ibiotics in Canada by 4% in the absence of a
concomitant decrease in the Canadian population (Figure 6). Overall number of

antibiotic prescriptions fluctuated between 1992 and 1996 in the USA (Table 37).

In 1992, penicillins accounted for the greatest proportion of prescriptions in both

Canada and the USA (Figure 7 and Figure 8). In 1996, this was still the case, but the

of penicilli il by i 4% in both Canada and

the USA. This was the greatest proportional decrease of all drug classes between 1992

and 1996. Ci the greatest ional increase in this same time period
occurred with the macrolides, increasing by 3% in Canada and almost 5% in the USA

(Table 37). For the remaining drug classes, the it among total

remained relatively constant.



Table 37. Estimated number of prescriptions (percent) dispensed in Canada and the USA
1994

Antibiotic 1992 1993 1995 1996
Category
Cephalosporins
C: 2,674,949 3,242,477 3241440 3.362,834 3,301,757
(11.8) (12.8) (12.7) (12.9) (13.2)
Usa 52,922,000 60,489,000 58,148,000 60,940,000 56,463,000
(202) 212 12) 1.4 .7)
Macrolides
C: 3,038,702 3,572,139 3,765,399 4,158,899 4,142.327
(13.4) (14.1) 4.7 (16.0) (16.6)
USA 30,786,000 34,791,000 34,562,000 40,857,000 44,410,000
(1.8 122) (12.6) 14.3) (16.3)
Penicillins
C: 10,448,417 11, 615.207 11,535,020 11,419,606 10,559,343
(46.1) (45.9) (452) (43.9) (42.3)
usa 109491000 119925000 111376000 112431000 101,789,000
(41.9) (42.0) (40.7) (39.4) (37.3)
Quinolones
C: 1,203,975 1,376,645 1,509,160 1,569,859 1,658,520
(5.3) 4 5.9) 6.0) (6.6)
UsA 13467.000 14058000 14,148,000  14,569.000 14,779,000
52) “.9 52 s.n (54)
Sulfonamides
Canada 2.594.576 2,824,004 2,767,885 2,795,932 2,585,074
(11.5) aLn (10.8) (10. (10.4)
UsA 23272000 24560000 24100000  24.861.000 23,658,000
(8.9) (8.6) (8.8) @7 (L3
Tetracyclines
C: 1,978,868 1,935,348 1,865,751 1,792,811 1,607,447
®.7) (7.6) (1.3) 6.9) (©6.4)
usa 20,912,000 21,024,000 20.221,000 19,804,000 18,746,000
3.0) (7.4) (7.4) (6.9) 6.9
Other
Canada 716,253 769,928 855,281 940,001 1,087,780
(3.2) (.0 G3) (3.6) “4
usa 10,626,000 10,894,000 11,391,000 11,893,000 12,872,000
@n 38 “2) “42) @n
Total
Canada 22,655,740 25,338,748 25,539,936 26,039,942 24,942,248
(100) (100) (100) (100) (100)
usa 261,476,000 285,741,000 ’773 946 000 285355000 272,717,000
(100) (100 100 100,
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Figure 6. Population of Canada and esti total di: iptions from 1992 to
1996.
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Figure 7. Graphical of the of total antibi ions in

Canada comprised by each antibiotic category for the years 1992-1996.
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Table 38. Estimated annual rates of antibiotic prescriptions per 1000 per year by drug
class in 1996 for Canada and the USA.

Estimated Annual Estimated Annual

Rate Per 1000 Rate Per 1000
Canada USA

Cephalosporins it} 213
Cefaclor 44 28

Cephalexin 40 98

Macrolides 140 167
Erythromycin 89 68
Clarithromycin 42 54

Penicillins 356 384
Amoxicillin 229 263

Penicillin V 59 59
Quinolones s6 56
Ciprofloxacin 37 41
Norfloxacin 16 3
Ofloxacin 3 11
Sulfonamides 87 89
TMP/SMX 86 87
Tetracyclines 54 n
Tetracycline 24 2
Doxycycline 17 36
Other 37 49
Metronidazole 17 19
Nitrofurantoin 11 20
Clindamycin 6 6

TOTAL 842 1028

In 1996, the most commonly dispensed antibiotic in both Canada and the USA

was amoxicillin, accounting for 27% and 26% of total prescriptions respectively. The

annual rate of icilli iptions per 1000 persons per year was 229 in
Canada and 263 in the USA (Table 38). In the USA, the second and third most
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y di oral antibiotics were in and er in.  in

Canada, the second most i ibiotic was er in followed by
Penicillin V. Overall 1028 oral antibiotics were dispensed per 1000 persons per year in
the USA, while 842 prescriptions per 1000 persons per year were dispensed in Canada
(Table 38).

Figure 9 and Table 39 d a i of the ion of oral

in the ity, by each antibiotic drug class, for
each of the three previously discussed sources of prescribing information (i.e. oral
antibiotic use in the community of St. John's and databases from NLPDP (97/98) and
IMS (1996)). For all four areas of study, penicillins account for the greatest proportion of
total prescriptions, ranging from 55% (NLPDP) to 37% (USA). The least amount of
cephalosporins were used by the St. John’s GPs (9%), while this same drug class
accounts for 21% of prescriptions in the USA. For the most part, proportions of each
antibiotic drug class of total prescriptions are relatively similar between St. John’s GP

prescribing and the rest of Canada.
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Figure 9. Graphical of the of each ic drug class of total
prescriptions, oral b in the ty of St. John's (GP
Study), and as determined by NLPDP (97/98) and IMS antibiotic prescribing databases

(1996).

Table 39. Proportions of each antibiotic drug class of total prescriptions, comparing oral
in of St. John's (GP Study), and as determined by

NLPDP and IMS antibiotic prescribing dat 3
GP Study NLPDP IMS Canada IMS USA

Cephalosporins 8.8% 15.2% 13.2% 20.7%
Macrolides 19.9% 11.6% 16.6% 16.3%
Penicillins 50.0% 55.3% 423% 37.3%
Quinolones 6.6% 129% 6.6% 5.4%
Sulfonamides 8.8% 0.2% 10.4% 87%
Tetracyclines 4.0% 4.3% 6.4% 6.9%
Other 2.0% 0.5% 4.4% 4.7%




.4 Antil Use in Acute Care for the T Community-A

Pncumonia

44.1 Ch istics of the Study P

In the two study time periods, a total of 569 patients were eligible for this study.
Of these patients, 226 (40%) were admitted during the 95/96 fiscal year and 343 (60%)

were admitted during the 98/99 fiscal year. A of several ic and

clinical variables determined that there were no differences between the patients admitted
in 95/96 and 98/99 (Table 40). Therefore all 569 patients were combined for analysis.
Overall approximately 43% of patients were treated at the Health Sciences Centre (HSC),
42% were treated at St. Clare’s Mercy Hospital (SCMH) and the remaining 16% were
admitted at the Salvation Army Grace General Hospital (SAGGH). Overall the mean age
(% SD) of the patients was 67 + 18 years. No difference in age was noted across time
periods of study. Approximately 59% of total patients were male. The majority of
patients lived in private residences, as opposed to nursing homes, prior to admission to
hospital. Most patients were admitted to hospital following presentation to the

d with CAP of study period. Patients
admitted in 95/96 spent, on average, lday longer in hospital compared to patients
admitted in 98/99.
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Table 40. Characteristics of patients admitted with community-acquired pneumonia
(number (percent) of patients unless indicated).
Ch —

1998/1999 Total P

Value
Age (Years) Mean + SD 666+178 6721178 67.0+178 0.696
Gender (Male) 131 (58.0) 203 (59.2) 334 (58.7) 0.773
Nursing Home Resident 20(9:2)* 42(122) 62(11.1) 0.266
Referral from ER 203 (94.0)** 313(91.3) 516 (92.3) 0.171
Hospital Site 0.628

HSC 96 (42.5) 146 (42.6) 242 (42.5)

SCMH 90 (39.8) 146 (42.6) 236 (41.5)

SAGGH 40(17.7) 51(14.9) 91 (16.0)

Total 226 (100) 343 (100) 569 (100)

Length of Stay Median + [R 8.0 (5.0-11.0) 7.0(5.0-11.0) 8.0(5.0-11.0)

Severity of Iliness 0.177

Risk Class [ 28(12.4) 32(9.3) 60 (10.5)

Risk Class I 47 (20.8) 68 (19.8) 115 (202)

Risk Class Il 47 (208) 64 (18.7) 111 (19.5)

Risk Class IV 80(35.4) 118 (34.4) 198 (34.8)

Risk Class V. 24 (10.6) 61(17.8) 85(14.9)

*data not available for 9 patients in 1995/1996: **data not available for 10 patients in 1995/1996.

Table 41. Age and gender ofp‘uem.s in the study population admitted to hospital with
community-acquired pneumonia.

Age Category Patients Admitted with Co ity-Acquired P
No. (% of 569)

Total Male Female

<25 Years 19(33) 10(1.8) 9(1.6)
26-50 Years 93 (16.3) 58(10.2) 35(6.2)
51-75 Years 218 (383) 121 21.3) 97 (17.0)
276 Years 239 (42.0) 145 (25.5) 94 (16.5)
Total 569 (100) 334(58.7) 235 (41.3)

Table 41 illustrates the age distribution and gender of all patients admitted with

CAP. For those patients under the age of 25 years, there were equal numbers of males
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and females. However, after the age of 25 more males than females were treated for CAP

in hospital, although these di were not

4.4.2 Comorbid Conditions
The numbers and percent of patients presenting with various comorbid conditions

are presented in Table 42. The most common i ition that was i d in

the sample of patients was coronary artery disease (37% of patients). Thirty one percent
(31%) of patients had chronic obstructive pulmonary disease, 30% were smokers and
17% of patients had asthma. The mean number of comorbid conditions documented in

all study patients was approximately 2.

Table 42. Comorbid conditions of patients admitted with community-acquired
preumonia (number (percent) of patients unless indicated).

Comorbid Condition Total
Alcoholism 37(6.7)
Asthma 92(17.0)
Cerebrovascular Disease 50(9.3)
COPD* 169 (31.2)
Chronic Renal Failure 50 (9.4)
Congestive Heart Failure 125(23.2)
Coronary Artery Discase 201 (37.0)
Diabetes Mcllitus 114 21.1)
Interstitial Lung Disease 58 (10.9)
Liver Disease 9(1.7)
Neoplastic Disease 107 (20.0)
Neurological Condition 34(6.3)
Oral Steroids 105 (19.7)
Smoking 164 (30.0)
Mean # Comorbid Conditions 23

*COPD = Chronic Obstructive Pulmonary Discase. Percentages are calculated from numbers of patients in
which the information was known/available.
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4.43 Presenting Complaints
The number and percent of patients presenting with various complaints associated
with CAP upon admission are presented in Table 43. The majority of patients manifested

some type of respiratory int upon issi il 7% of patients

admitted with CAP had none of the recorded respiratory complaints.

Table 43. Presenting complaints of patients admitted with community-acquired
pneumonia (number (percent) of patients).

Presenting Complaint Total
Cough 432(77.6)
Dyspnea 370 (67.9)
Sputum Production 314 (56.9)
Pleuritic Chest Pain 161 (30.6)

4.4.4 Physical Examination and Laboratory Findings

Results of the physical examination findings in CAP patients are presented in
Table 44. For the vast majority of patients, recorded temperatures were within normal
range, as was pulse rates and systolic blood pressure. However approximately 23% of

admitted patients had greater than or equal to 30 breaths per minute.

Table 45 illustrates the laboratory and radiographic findings in the admitted
patients. Sixty five percent (65%) of patients had an x-ray result which indicated that

infiltrate was found in only one lobe of their lungs, while 28% of patients had infiltrate
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Table 44. Physical examination findings of patients admitted with community-acquired

pneumonia (number (percent) of patients unless indicated).
Physical Examination Findings Total
Temperature
Mean + SD 376+1.1
<35 or 240 degrees 10(1.8)
Respiratory Rate
Mean + SD 25316.0
230 breaths/min 125 (22.5)
Puise
Mean + SD 95.0+18.6
2125 beats/min 35(6.3)
Systolic Blood Pressure
Mean £ SD 128.6 £25.0
<90 mm Hg 1527
Altered Mental Status 126 (22.9)

Table 45. Laboratory and radiographic findings in patients admitted with community-

acquired ia (number of patients unless indicated).
Laboratory/Radiographic Findings Total
Blood Urea Nitrogen
Mean +SD 87176
(211 mmol/L) 106 (19.0)
Hematocrit
Mean +SD 0.49£2.76
<30% 53(9.6)
Po2*
Mean +SD 73.6 £35.7
<60 mm Hg 112(3L.1)
Chest Radiograph
(1 lobe infiltrate) 358 (65.0)
Chest Radiograph
(>1 lobe infiltrate) 156 (28.3)

*Partial pressure of arterial oxygen
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in both lungs. Therefore no infiltrate was found on x-ray for 7% of patients admitted
with CAP.

Results from sputum and blood culture reports are presented in Tables 46 and 47.
Approximately 60% of admitted patients had a blood culture done and 45% had sputum
samples taken. In cases in which a sputum culture was taken, approximately 35% of
cultures were positive for some type of growth, while only 10% of blood cultures

depicted growth. iae was most i i for both

sources of samples. Of those sputum samples that were positive for growth, 27%

b ia. T

y percent (22%) of positive sputum
samples grew  Haemophilus influenzae. ~ Among the positive blood cultures,

approximately half were positive for Streptococcus pneumonia.

Table 46. Identified pathogens on sputum cultures in patients admitted with commuity-

acquired pneumonia (number (percent) of patients).

Total
Positive Sputum Culture 83 (34.6)
Identified Pathogen
Streptococcus preumonia 22(26.5)
Candida albicans 14 (16.9)
Haemophilus influenzae 18(21.7)
Staphylococcus aureus 3(3.6)
Gram-negative bacilli 6(7.2)
Miscellaneous Pathog: 20(24.1)

*Includes light growth coliforum, Morexalla catarrhalis, acrugenosa,
Serratia marcessens, Acinetobacter anitratus, Group A haemolytic Streptococci, gram-negative cocci,
Enterobacter cloacae, coagulase negative Staphlococei and others
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Table 47. Identified pathogens on blood culture in patients admitted with community-
acquired pneumonia (number (percent) of patients).

Total
Positive Blood Culture 31(9:5)
Identified Pathogen
Streptococcus pneumonia 16 (51.6)
Gram-positive cocci 4(12.9)
Coagulase-negative staphloccoci 4(12.9)
Staphylococcus aureus 309.0
Miscellaneous Palhgg_zns * 4(12.9)
*Includes E coli, i and Klebsiella i

4.4.5 Pneumonia Severity Index (PSI) Scores

The mean Pneumonia Severity Index (PSI) score for all patients was 88. The
number and percent of patients in each risk class group are presented in Table 48.
Approximately 31% of all patients admitted with CAP were at low risk for death within
30 days due to CAP, as determined by their assignment to risk classes I and II (Table 48).
Half of admitted patients were at higher risk for death; 35% of patients were assigned to

risk class [V and 15% of patients were assigned to risk class V.

Table 48. Pneumonia Severity Index (PSI)* of patients admitted with community-

acquired pneumonia (number t) of patients unless indicated).
Total

Mean PSI Score + SD 87.9+43.0
Risk Class I 60 (10.5)
Risk Class I 115 (20.2)
Risk Class I 111 (19.5)
Risk Class IV 198 (34.8)
Risk Class V 85 (14.9)

*PSI classes | and 1l = score < 70; PSI class I1I = score between 70-90; PSI class IV = score between 91-
130; PSI class V = score >130. Patients in classes [V and V are at considerable risk for death.
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4.4.6 Length of Stay

The overall unadjusted median length of stay for all patients was 8 days (Table
49). The median length of hospital stay for patients in risk class [ was 5 days while the
median length of stay was 7 days for patients in risk classes Il and III. Patients in risk

classes [V and V both had a median length of stay of 9 days.

Table 49. Median (and interquartile range) length of stay (days) of patients admitted with
community-acquired pneumonia (unadjusted and stratified by pneumonia risk class).

Total
Unadjusted Median 8.0 (5.0-11.0)
Risk Class I Median 5.0 (4.0-7.0)
Risk ClassIT  Median 7.0 (5.0-10.0)
Risk Class Il Median 7.0 (5.0-11.0)
Risk Class IV Median 9.0(6.0-13.0)
Risk Class V. Median 9.0 (6.5-15.0)

*PSI classes | and 1l = score < 70: PSI class IIl = score between 70-90; PSI class IV = score between 91-
130: PSl class V = score >130. Patients in classes [V and V are at considerable risk for death.
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4.4.7 Types of Antibiotics Used

Upon admission to hospital, the majority of patients initially received intravenous
(IV) antibiotics only (n=384; 67.5%). Of the remaining patients, 19% received a
combination of [V and oral antibiotics, while 13% received oral antibiotics only.
Interestingly 6 patients (1%) received no antibiotics upon admission or during their

hospital stay.

Of those 384 patients who received IV antibiotics only as their initial empiric

treatment, 297 (77%) received single agent therapy and 87 (23%) received two IV

The antibioti used in those patients initially treated with IV

in Table 50.

only (either as orin ination) are di

The most common treatment regime for patients receiving [V therapy only was

treatment with a d | third i in only, ing for

35% of treatments. The next most common treatment options for IV therapy only were a
second generation cephalosporin only (29%) and a non-pseudomonal third generation

cephalosporin plus a macrolide (8%).
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Table 50. Initial empiric antibiotic treatments for patients admitted with community-
acq) pneumonia and treated with IV antibiotics only (n=384).

Initial Antibiotic Treatments

Total
N (%)
N, 3" Gen. Ci in Only 136 (35.4)
2™ Gen. Cephalosporin Only 112(292)
Non-P: 3™ Gen. Ce in + 29(7.6)
2™ Gen Cephalosporin + Macrolide 27(7.0)
Macrolide Only 21(5.5)
Non-P 3" Gen. C in + Other 16 (42)
Quinolone Only / with Other 1129)
Penicillins Only 8(2.1)
Pseudomonal 3 Gen Cephalosporin Only 6(1.6)
2™ Gen. Cephalosporin + Other 5(1.3)
Pseudomonal 3™ Gen Cephalosporin + Other 2(0.5)
P 3™ Gen C in + i 1(0.3)
All Other Treatment Combinations 10 (2.6)

One hundred and seven (107) patients (19%) were initially treated with a

combination of IV and oral antibiotic therapy. Table 51 displays the number of

prescriptions written for each treatment regime for those patients concomitantly treated with

initial oral and IV antibiotics. Almost half of the treatments (49%) were for a second

plus a

in plus a i for 37% of
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Table 51. Initial empiric antibiotic treatments for patients admitted with community-
acquired pneumonia and treated with both IV and oral antibiotics (0=107).

Tnitial Antibiotic Treatments Total
N (%)
2™ Gen. Cephalosporin + Macrolide 52 (48.6)
Ny 3" Gen. C in+ i 40 (37.4)
2™ Gen. Cephalosporin + Other 43.7)
Non-Pseud 1 3" Gen. C; in + Other 437
Quinolone Only / with Other 437
P 3™ Gen. Cephalosporin + Macrolid 1(0.9)
3" Gen. C in + Other 1(0.9)
All Other Treatment Combinations 1(0.9)

Table 52. Initial empiric antibiotic treatments for patients admitted with community-
acquired pneumonia and treated with oral antibi only (n=72).

I 1 Antibiotic Treatments Total
N (%)
Macrolide Only 26 (36.1)
Quinolone Only / with Other 17 (23.6)
2* Gen. Cephalosporin Only 13(18.1)
'»"Gntephuospum+umhae 8(11.1)
Non-F " Gen. C in Only 2(28)
Penicillins Only 2(28)
2™ Gen. Cephalosporin + Other 1(1.4)
All Other Treatment Combinations 3(42)
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Table 52 presents the types of antibiotic treatments administered to patients
initially treated with oral antibiotics only upon admission to hospital. Thirty six percent
(36%) of patients received a macrolide only. A further 24% received either a quinolone
only or a quinolone in combination with some other antibiotic. Eighteen percent (18%)

of patients received sing'e therapy with a second generation cephalosporin.

Table 53. Antibiotic choice for patients previously receiving intravenous therapy only
and switched to oral lhemgz (number !Etﬂl! ofgr:scnmons !FSZOQ

Antibiotic Class Total
Cephalosporins 183 (57.1)
Cefuroxime 177 (55.3)
Macrolides 77 (24.1)
Erythromycin 41(12.8)
Clarithromycin 35(10.9)
Penicillins 17 (53)
Penicillin V 11(3.9)
Quinolones 30 (9.4)
Ciprofloxacin 30(9.4)
Sulfonamides 1(03)
TMP/SMX 1(0.3)
Other* 12 (3.8)
Clindamycin 10(3.1)

* Other includes clindamycin and metronidazole.

Of those patients who initially received only IV antibiotic therapy and were
subsequently switched to oral therapy, 254 patients (89%) were administered one oral

antibiotic, while 33 patients (11%) were treated with two oral antibiotics. Table 53
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demonstrates that, in patients switched from IV only antibiotics to oral antibiotics,

approximately half of the oral antibiotics chosen were from the cephalosporin drug class

(57%). Almost all of these pi ipti were for i ‘When a ide was
used. similar numbers of iptions for in and it in were
dmini

The mean number of antibiotics used to treat each patient for their entire hospital

stay was 1.8.
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4.4.8 Agreement of Antibiotic Choice with Recommended Guidelines

4.4.8.1 Appropriateness of Initial Empiric Antibiotic Therapy

1%

O Appropriate 65%
D Overutilisation 9o,
@ Underutilisation 6%
B Wrong Drug 19%
BNo AB'sUsed 1%

Figure 10. Overall appropriateness of initial empiric antibiotic therapy (IV and oral) in
patients admitted to hospital with community-acquired pneumonia.

An assessment of the agreement of initial empiric antibiotic choice (IV and oral)

with Canadian ideli in patients admitted with CAP

revealed that 65% of initial antibiotic treatment courses were in exact accordance with

120



the guidelines (Figure 10). In 19% of patients the antibiotic treatment regimen was

incorrect in that the wrong drug was il On ilisati ination therapy in

which one of the iotics was i was in 9% of patients, while

underutilisation was discovered in 6% of patients. Interestingly no antibiotics were

prescribed for 6 patients (1%).

In order to provide a more detailed i igation of antibiotic choice,

of guideline agreement was evaluated by severity of disease, as indicated by PSI risk
classes. This analysis revealed that guideline agreement was very low in patients in the
lower risk classes (Tables 54 and 55). Only 22% of patients assigned to risk class |
received an initial empiric antibiotic course which was in complete agreement with the
prescribing guidelines. Thirty three percent (33%) of risk class I patients received
combination therapy in which an extra antibiotic was prescribed, thus resulting in
overutilisation of antimicrobial therapy. However, by combining these two assessment
categories, 55% of patients in risk class I received at least one initial antibiotic (TV or

oral) which was in ds with ideli In the ining patients

for which their initial course of antibioti was in di: with

guidelines, 43% of patients received treatment with the wrong drug, while one patient did

not receive any antibiotic treatment while in hospital.
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For cases in which overutilisation was discovered, the vast majority of prescribed

extra antibiotic was for a in, primarily ime, used in ination with

amacrolide. For the patients in which the wrong drug was prescribed, prescriptions were
mostly for cefuroxime as single therapy or a third

cephalosporin as monotherapy.

Table 54. Guideline agreement of initial empiric antibiotic choice (IV or oral) for
E:liems assigned to risk class [ (n=60).

Guideline Agreement Total
No. (%; 95% CI)
In Agreement 13(21.7;13.1-33.6)
Overutilisation 20 (33.3; 22.7-45.9)
Overall Agreement 33 (55.0; 42.5-66.9)
‘Wrong Drug 26 (43.3;31.6-55.9)
No Antibiotics Used 1(1.7;0.3-8.9)

Table S5. Guideline agreement of initial empiric antibiotic choice (TV or oral) for
patients assigned to risk class I1 (n=115).

Guideline Agreement Total
No. (%; 95% CI)
In Agreement 40 (34.8;26.7-43.9)
Overutilisation 6(5.2;24-10.9)
Overall Agreement 46 (40.0; 31.549.1)
Underutilisation 15(13.0; 8.1-20.4)
Wrong Drug 52 (45.2;36.4-54.3)
No AB's Used 2(1.7;0.5-6.1)




For patients assigned to PSI risk class II, a similar trend in disagreement with
prescribing guidelines was seen (Table 55). Only 35% of patients in risk class II received

initial antibiotic treatment that was in complete with

Five percent (5%) of patients received extra antibiotic (clindamycin). The wrong drug

was prescribed in 45% of cases i a third i in), while

and lack of antibiotic therapy were found in 13% and 2% of patients
respectively. In those cases in which underutilisation was identified, patients received

therapy with a macrolide only.

Table 56. Guideline agreement of initial empiric antibiotic choice (IV or oral) for
patients assigned to risk classes II, [V and V (n=394).

Guideline Agreement Total
No. (%; 95% CI)
In Agreement 318 (80.7; 76.5-84.3)
Overutilisation 25(6.3:4.3-9.2)
Overall Agreement 343 (87.1; 83.3-90.0)
Underutilisation 19 (4.8;3.1-7.4)
Wrong Drug 29(7.4; 5.2-10.4)
No AB's Ordered 3(0.8;0.3-2.2)

As prescribing guidelines are the same for patients in the remaining risk classes,
patients in risk classes III, [V and V were combined for analysis. Guideline agreement of
initial empiric antibiotic choice for patients in risk classes III, IV and V was substantially
better than patients in the lower risk groups (Table 56). Eighty one percent (81%) of

patients were treated with antibiotics in a manner which was in complete agreement with
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prescribing guideli dati When ilisation of antibiotics occurred

(6% of patients), the vast majority of extra antibiotic used was either ciprofloxacin or
clindamycin. Seven percent (7%) of patients were prescribed the wrong drug
(ciprofloxacin) and, in 5% of patients, only a macrolide was used, whereas the guidelines

state that macrolides should be in bination with either a cephal in or TMP/SMX.

4.4.82 Appropriateness of Secondary Oral Antibiotic Choice

2%

O Appropriate 59%
O Overutilisation 3%
B Underutilisation 17%

17% 59% B Wrong Drug 22%

Figure 11. Overall appropriateness of secondary oral antibiotic therapy in patients
admitted to hospital with community-acquired pneumonia and who initially received IV
therapy only.
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Among those patients who initially received IV antibiotic therapy only and were

subsequently switched to oral therapy, the chosen oral antibiotic was in complete

with ibi idelis for 59% of patients (Figure 11). Twenty-two
percent (22%) of patients received oral prescriptions which were for the wrong drug, 17%

of patients received suboptimal amounts of antibiotic and 3% received extra antibiotic.

For patients assigned to risk class I, the overall level of agreement for oral
antibiotics, when switched from [V, was quite low in that only 26% of prescriptions were

in complete with the idelis (Table 57). In 65% of

patients, the wrong drug was prescribed; these patients were primarily prescribed
cefuroxime in monotherapy.

Table 57. Guideline agreement of oral antibiotic choice (when switched from intravenous
antibiotics) for patients assigned to risk class [ (n=31).

Guideline Agreement Total
No. (‘/-. 95% CI)
In Agreement
Overutilisation
Overall Agreement
Wrong Drug 20 (64.5; 46.9-78.8)




Table 58. Guideline agreement of oral antibiotic choice (when switched from intravenous

antibiotics) for Eh'ems mﬂ 1o risk class II (n=59).
Total

Guideline Agreement

No. (%; 95% CI)
In Agreement 34 (57.6: 44.9-69.9)

Overutilisation 3(¢5.1;1.7-13.9)
Overall Agreement 37(62.7; 50.0-73.9)
Underutilisation 11 (18.6; 10.7-30.4)
Wrong Drug 11 (18.6:10.7-30.4)

The total number of oral iptions in complete with guidelines for

those patients in risk class I equalled 58% (Table 58). Disagreement with prescribing
) and

guidelines equally occurred for ilisation (using a ide as

wrong drug iptions (ci in and

Table 59. Guideline agreement of oral antibiotic choice (when switched from intravenous

antibiotics) for patients assigned to risk classes I1I, [V and V (n=199).
Total

Guideline Agreement
No. (%; 95% CI)
In Agreement 128 (64.3; 57.5-70.6)
Overutilisation 3(1.5:0.54.3)
Overall Agreement 131 (65.8; 59.0-72.1)
Underutilisation 37(18.6; 13.8-24.6)
Wrong Drug 31(15.6; 11.2-21.3)

Among the patients with more severe disease (risk classes III, IV and V),
guideline agreement for secondary oral antibiotic prescriptions was approximately 64%
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(Table 59). For the most part, the reason for the discrepancy between what was

ibed and what the guideli was equally due to using a macrolide
singularly and using a drug not included in the guidelines. When the wrong drug was

used, the antibiotic chosen was primarily ciprofloxacin followed by penicillin.

4.49 Factors Associated with Incorrect Antibiotic Prescribing

Results from the previous analysis were confirmed in a logistic regression
analysis determining factors associated with initial empiric prescription events (IV or
oral) that were deemed to be in di with ipti idelis

recommendations. The results from the regression model are presented in Table 60.
Patients assessed to be in risk group I were almost five times more likely, and patients in

risk group II were ten times more likely, to receive initial empiric antibiotic treatment

that was in di with the guideli as to patients in risk group V.

Site of ission also i guideline di: in that patients admitted to

SAGGH were four times more likely to receive initial empiric treatment not in

with idelines as to patients admitted to HSC. No

other patient or clinical factors were identified as i i i of initial

antibiotic treatment.
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of initial empiric

Characteristics N (%) Unadjusted OR§ Adjusted ORT
(95% CD (95% CD
Risk Group
I 27(45.0) 5.50 (2.44-12.40)* 499 (2.16-11.53) *
o 69(60.0)  10.09 (4.84-21.05)* 9.87 (4.65-20.92)*
m 17 (15.3) 1.22 (0.54-2.76) 1.20 (0.52-2.76)
v 23(11.6) 0.88 (0.41-1.91) 0.80 (0.37-1.75)
v 11 (12.9) 1.00 (Referent) 1.00 (Referent)
Hospital Site
SAGGH 45 (49.5) 3.76 (2.24-6.29)* 4.15 (2.30-7.48)*
SCMH 52(22.0) 1.09 (0.70-1.68) 1.30 (0.80-2.13)
HSC 50(20.7) 1.00 (Referent) 1.00 (Referent)

§OR = Odds ratio obtained from bivariate logistic regression analysis.

+ OR = Odds ratio obtained from multivariable logistic regression model, adjusted for all other variables
listed in the column.

*p<0.0001

4.4.10 Effect of Antibiotic Appropriateness on Length of Stay
A linear regression analysis assessing the effects of several clinical variables, in

addition to i of initial antibioti that severity of

disease, as indicated by PSI risk classes. accounted for 9.2% of the variation in length of
stay for patients admitted with CAP (Table 61). Other important clinical variables such
as the presence of COPD, interstitial lung disease and a positive blood culture account for
a further 2.9% of the variation. However, when appropriateness of initial antibiotic
treatment was added to the regression model, it had no effect on the measure of variation
in length of stay. Therefore inappropriate initial antibiotic treatment did not prolong
hospital stay.
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Table 61. Linear regression model of length of stay for patients admitted with
community-acquired pneumonia.

Independent Variables Coefficient P-value I
Pneumonia Risk Class
n 0.196 0.003
m 027 <0.0001
w 0.423 <0.0001
v 0.330 <0.0001 0.092
COPD 0.110 0.020
Interstitial Lung Disease 0.088 0.053
Positive Blood Culture 0.106 0.015 0.121
Appropriate Initial
Antibiotic Treatment 0.055 0.262 0.121

4.4.11 Effect of Antibiotic Appropriateness on Patient Outcome

In total, 10.7% of patients admitted with community-acquired pneumonia died
during their hospital stay (n=61). None of the patients assigned to risk group I died while
in hospital. For patients in risk groups I, III, IV and V, 2.6%, 6.3%, 13.6% and 28.2% of
patients within each risk group, respectively, died in hospital (Table 62). The effects of
initial antibiot ipti i on survival was assessed using Kaplan-

Meier survival analysis and a Cox proportional hazards regression analysis.
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Table 62. Comparison of patients who died in hospital separated by risk groups (number
g nt)

Risk Group Total
1 —
u 3(4.9)
mn 7(11.5)
% 27 (44.3)
3% 24(39.3)
Total 61 (100.0)

Kaplan-Meier survival analysis confirmed the findings that disease severity, as
determined by assignment to risk group classes, was the only factor which influenced

survival, as measured by thirty day in-hospital mortality (P<0.001) (Figure 12).

Interestingly adherence of initial empiric ibioti ibing to

guidelines was not associated with survival.
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Figure 12. Kaplan-Meier survival curve for each risk group.
A Cox ional hazards ion analysis d ined that patients in risk

group II were 7.7 times less likely to die as compared to patients in risk class V (0.04 —
0.44 CI; P=0.001). Similarly, the hazard ratio for patients in risk group III was 0.19
(0.07 - 0.50; P<0.01), and was 0.46 (0.27 — 0.81; P=0.007) for patients in risk group IV,

as compared to risk group V patients. Like the Kaplan-Meier survival analysis,

of initial antibioti did not have a statistically significant

influence on this analysis. Therefore i iate initial antibioti iption did not

influence survival of patients admitted to hospital with CAP.
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CHAPTER V - CONCLUSIONS

5.1 Antibiotic P ibing in C ity Practice

The epidemiol: of ity oral antibiotic use was i through the

of antibioti ibi inistrati and a ity-based

chart review study of a representative sample of patients with infections in the
community. This study was unique in its detailed population-based perspective,

examining the combined issues of quantity, indicatit factors i

prescribing and appropriateness.

Overall trends in antibiotic prescribing were similar, but not exactly the same,

between the three sources of ibing i ion, namely the ity chart

review study, the Newfoundland prescription drug program (NLPDP) antibiotic

database and ibing i ion from Canada and the USA provided by
IMS. Antibiotic prescribing trends in the USA differed from the Canadian sources of

(i.e. i use of ins and less use of

but this is not ising as hical variations in without dii in

clinical factors or measures of appropriateness, across various clinical scenarios is a
common phenomenon.'"'  The analysis of prescribing through the NLPDP database and
the GP study differed somewhat, but this can be explained by differences in patient

populations from which the prescribing information was derived. The limitation
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associated with using NLPDP data is that the NLPDP patient population consisted of low
income and older patients, whereas the GP study was based on a representative sample
from all of St. John's, including all ages and economic classes of patients. Therefore
these two samples may not be entirely comparable. More importantly, though, is that the
trends in antibiotic prescribing comparing the GP study and Canada as a whole were
quite similar. Therefore the results from this study on appropriateness of prescribing and
factors influencing the decision to prescribe an antibiotic may be generalizable to other
urban communities in Canada. However several limitations should be noted. A
limitation of using the IMS prescribing data is that it includes prescriptions written not
only by GP’s. but office-based specialists as well. Therefore comparing the prescribing

trends identified in the GP study with ibing trends identif in IMS

would not be a comparison of exactly the same type of physicians making the antibiotic

decisi A further limitation of ing both the NLPDP and IMS

databases with results from the GP study would be differences in the time frames of data
collection. Specifically the NLPDP and IMS databases are longitudinal whereas the GP

study is cross-sectional.

The fall in antibiotic use seen in the Newfoundland drug program from 1995 and
onwards may have been due to the influence of the ongoing nature of our utilization
review study of antibiotic prescribing in the community. Planning and physician

recruitment for this study started in 1995/1996 and data was collected in 1997/1998.
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Each physician who participated in this study was aware that his or her antibiotic
prescribing practices would be evaluated at an unspecified time. Therefore it is possible
that some of the fall in antibiotic use, as demonstrated in the NLPDP prescribing
database, was the result of physician monitoring.

N the level of i 1 ibiotic use, revealed by our utilization
review among the majority of GPs in St. John's, is of concemn. Overall only 59% of all

prescriptions analyzed in the study were considered to be appropriate, as defined by

with i ibioti ibil idelines in patients defined according

10 the doctors’ di ; ipti ini: for i y tract i

tended to be less appropriate than those administered for non-respiratory illnesses.

for i y tract i i tended 10 be
inappropriate because of a lack of medical indication for the iption. Ci
for espil y i i were i because of

poor antibiotic choice (i.e. a wrong drug was used or a lower line/more narrow spectrum

of antibiotic was available). Among those prescriptions which were considered

overall, if of di: ic category, more “not indicated”
prescriptions were administered to children, whereas the “wrong drug” or “lower line

available™ prescriptions were administered to adults.



It is likely that inappropriate prescriptions, because of the lack of a medical

indication, in patients with i Yy tract i ions was i Rather than

accepting the doctors’ diagnoses as being correct, we used a criteria-based decision tree

to identify the probable etiology of respiratory tract infections. P

signs and symptoms of each adult patient were considered. In this analysis, greater than

80% of the respiratory infections were thought to be viral in nature, and thus did not

require an as i by the decision tree. The physicians,
based on their decision to not prescribe an antibiotic, thought that 44% of respiratory

infections were viral.

Clearly this type of analysis has its limitati Complete ion of

clinical findings in the patients’ charts is necessary. It was assumed that if a particular
finding was not noted in the chart then that finding was not present in the patient
(elevated temperature/presence of fever, for example). Therefore this analysis falls
victim to the same limitations of all chart review studies in that the extent of the

information collected is based on how much the physicians have reported in the chart. To

this problem, physician interviews were in which physicians had
the opportunity to provide any additional clinical information that may not have been
previously recorded in the chart. These interviews took place within three days of seeing

the patients and the charts were available for the physicians’ perusal during the interview.
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In the vast majority of cases, no further clinical information was provided by the

physician, beyond what was already abstracted from the patients’ charts.

In addition to i i when to guidelines and

duration of

therapy was i Eighty six

percent (86%) of UTTI cases were treated for between 4 and 14 days, despite the fact that

current i suggest that i acute urinary tract infections in
females can be eradicated with proper antibiotic therapy in three days.''> "’ The patients
who formed the study sample were presenting to the doctor with acute infections.
Therefore those patients who were making a repeat visit for a previous infection were
excluded from the analysis. Therefore all patients diagnosed with UTIs in the study
sample would most likely be suitable candidates for a short, three day course of antibiotic

therapy.

Reasons why antibiotics were i in clinical situati not requiring

antibiotics were investigated, including the clarity of the medical indication and patient

In 80% of iption events, the the medical

indication for the prescription to be clear or very clear. Nonetheless, when respiratory

tract il ions were i the clarity of the medical indication was less,
when o i y i i in which in the clarity of
medical indication was 86%. The di in the ion of medical indi
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between these two diagnostic groups may be a ion of the pi i with

the assessment of respiratory infections. Even though research has shown that greater
than 80% of respiratory infections are viral in nature,™ it is obvious that many physicians
practice a “better to be safe than sorry” approach. In this study, it is likely that the
physicians assumed bacterial rather than viral etiology and prescribed an antibiotic in
order to not miss treating a bacterial infection, an observation suggested by our criterion
based decision tree. Clearly if the assessment of an infection is based on the assumption
that it is probably viral (and not undeniably viral as would be confirmed through
microbiological analysis), then the possibility still remains that the infection might be
bacterial.

Patient or parent ion also il the antibioti iption decision,

in those with i y tract i i The demand for antibiotics by

patients may be a result of the pervasive, yet wrong, belief held by the general public

that antibiotics are an effective treatment for the common cold.

It is possible that many ry or i ibioti iptions are

administered because of the perception that few serious side effects occur if

with the perception that these drugs are

relative to other icals. These ions ignore the major public

health problem of bacterial resistance to antibiotics and the fact that the national costs for
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are i In Canada, anti-i ives have ranked as the third most

d ical class in both 1998 and 1999 (source: IMS Health

Canada), and consequently are associated with the problem of increasing drug
expenditures in Canada. In the present study, the average antibiotic prescription cost was
approximately $20. The total retail costs for all 604 prescriptions captured in the study
equalled $10,888.30. This amount is derived from only two days of regular practice
among 76% of the GPs in St. John's. Those antibiotic classes for which members are
primarily still under patent have greater mean retail prescription costs (i.e. quinolones).
Therefore quinolone prescription costs, for example, contributed to 23% of total costs
among those prescriptions captured in the study. However the penicillin group of
antibiotics which are, for the most part, considered to be relatively inexpensive drugs,

contributed to 30% of total costs. Undoubtedly the high level of cost contribution

by the penicillin class of i is due to the substantial volume

with which these prescriptions are administered to patients in the community.

It is of interest that prescription costs were, on average, almost $6.00 greater for
those patients who were covered by some form of drug plan as compared to those
patients who paid for their prescriptions without any form of reimbursement. However
there were no differences in the diagnoses of these two patient groups. It is plausible to

suggest that more

pensi ibiotics were i simply because the patient was

able to seek reimbursement through some type of drug plan. In addition to this, when
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high cost ibi ici were identi and to their lower cost

it was di that a greater proportion of patients seen by
the high cost prescribing physicians had a drug plan. No clinical differences existed

between the patients of the high and low cost prescribing physicians in terms of

signs, symptoms and di Further to this, it was found that
the high cost prescribing physicians had a greater proportion of inappropriate

prescriptions.  Although one would intuitively expect the i category of

inappropriate prescriptions to be “lower line available” (as the lower line drugs listed in

the guidelines tend to be less

pensive), the i i equally all

thus indicating that i ibioti ibi iated with high

cost prescribers is multi-faceted.

Other physici istics or ibing habits have been identified as
giving rise to ially i ibis When ici: ‘were
according to their rate of i ipti it was di that the least

appropriate prescribing physicians tended to be older and male. These two characteristics
are probably related in that the proportion of females attending medical school twenty to
thirty years ago was far less than it is now. It is possible that the greater number of years

since medical school graduati i toi i ibi

Specific areas of i ibioti ibing have been i i in this

study. The current estimated annual rates of antibiotic prescriptions demonstrate that
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almost half of the study population receive antimicrobial therapy in a year. The overall

quantity of

pr iptions could i be far less if physicians critically
evaluated the likelihood of bacterial etiology for infections, particularly in relation to
respiratory tract infections. Other areas of inappropriateness of prescriptions must also

be i

proved. Our study has d d that physicians err in ibing longer than

necessary durations of treatment for UTI, lack of medical indication, and mistakes in

recommended drug choices. Therefore, with this i i ing the

of antibioti: ipti in ity practice, interventions to encourage judicious
use of imi ial therapy can address current antibiotic prescribing
problems.

5.2 Treatment of C. ity-Acquired P i

This study examined the antibiotic treatment of patients admitted to hospital with
CAP. Previous studies addressing this same issue have uncovered a substantial amount

of h ity in the antimicrobi trends across various geographical

regions. The present study examined not only how antibiotics were used for this

particular di is. but also the i of antibiotic choice as to

Canadian prescribing recommendations.

Two key issues arise from the present study. These issues are the requirement for

a more critical evaluation of the need to admit low risk patients diagnosed with CAP and
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the i level of antibioti ibing that is not in with

Canadian prescribing guidelines.

Overall 31% of patients admitted to hospital with CAP were assigned to risk
classes I and II. Fine and colleagues suggest that these low risk patients do not require
hospitalization, as their risk for mortality within 30 days of admission due to CAP is less
than 2%. Fine et al. recommend that these particular patients can be appropriately and
effectively treated as outpatients.''® In another Canadian study examining the treatment
of CAP in Canadian hospitals, only 19.4% of admitted patients were assigned to risk
classes I and IL'"' Therefore a large discrepancy exists between the severity of illness
among patients admitted to hospital in St. John's as compared to the rest of Canada. A
more critical evaluation of the need to admit these low risk patients in St. John's hospitals
is necessary. Given the enormous difference in costs between treating patients in hospital
and treating patients as outpatients, low risk CAP patients represent an important segment
of the health care system in which acute care cost savings could potentially be achieved,

assuming that adequate outpatient support services are available.

By assessing the i of antibioti iptions used to treat admitted
CAP patients, the present study has uncovered that the majority of the initial prescriptions

which were not in with the guidelines were ini to patients who were

at very low risk for death within thirty days due to CAP. Of patients assigned to risk
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groups I and [I, approximately one half received an initial empiric antibiotic which was

not in agreement with the Canadian ibil ideli F another 15% of

the same low risk patients received extra antibiotics not in the guidelis in
addition to correct recommended treatment. Therefore only 30% of patients assigned to
risk classes I and II were appropriately prescribed initial empiric antibiotics as outlined

by the ideli However i ion on i it in

addition to CAP was not collected. Therefore it is possible that patients receiving extra
antibiotics may have had a second diagnosis for which the extra antibiotic was

administered and therefore would be potentially appropriate.

The problematic prescribing associated with low risk patients primarily resulted
from the administration of cephalosporins in risk group I patients and 3" generation
cephalosporins or clindamycin in risk group II patients. However, if these patients were
assigned to higher risk groups, most of these prescriptions would have been considered
correct. Therefore it appears that physicians are assuming that all patients who are
admitted to hospital must suffer relatively severe illnesses and be treated accordingly,
with severe being defined based on the decision to admit rather than clinical criteria.
Certainly sound clinical judgment on a per-patient basis always overrides any clinical
practice guidelines. However a more critical evaluation of the necessity to admit low risk
patients with CAP to hospital would result in substantial health care savings with regard

to reducing costs associated with acute care bed utilisation and in-hospital drug costs.
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Initial antibiotic prescribing for patients with more severe illness was
commendable in that 87% of initial antibiotic treatment choices were in accordance with
the recommend guidelines. Only 6% of patients received extra antibiotics in addition to
recommended therapy, with the extra drugs primarily consisting of either ciprofloxacin or
clindamycin. Although clindamycin is not listed in the guidelines as an appropriate agent
for any patient, ciprofloxacin is recommended for patients admitted to the intensive care
unit (ICU). Three percent (3%) of patients in the present study were mechanically
ventilated and therefore were cared for in the ICU, however none of these patient
received treatment with ciprofloxacin. Therefore the cases in which this particular drug
was used may have resulted from physician overestimation of the severity of disease.

Less o ibi idelis was found when

treatment was switched from IV to oral therapy, in that only 59% of the secondary oral

were in with the guideli Again, overall guideline agreement

was less for patients in risk class [ (36%) as compared to patients in risk classes III, [V

and V (66%). Like the i iate initial antibioti ipti for low risk patients,
the inappropriateness of secondary oral prescriptions resulted from the use of agents that

are recommended for more severely ill patients (i.e. cephalosporins). The

of oral ipti ini: to sicker patients was equally the

result of using a macrolide as monotherapy and the use of a wrong drug, with
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ciprofloxacin, again being the most common incorrectly prescribed agent followed by

penicillin.

Even though ic antibioti ibing was identified in this present
study, it did not appear to affect length of hospital stay or patient outcome in terms of

mortality. Three explanations can account for this finding. Firstly the Canadian

for the of CAP have not been validated. That
is to say the recommendations are based on expert opinion, but it has never been proven
that adherence to these guidelines results in better patient outcome or reduced length of
hospital stay. The results of this study certainly support the notion that further evaluation

of the prescribing guidelines is required.

Secondly the use of in-hospital mortality as a measure of patient outcome, albeit it
very objective and not prone to error, may not have been the best measure for patient

outcome. Subtle di! in time to

p in respiratory symp

and time required to return to normal daily activities (i.e. employment) were not
measured in this study. Perhaps if these outcome measures were assessed in a
prospective manner, differences in patient outcome accounted for by differences in

0 idelines may have been revealed.




Finally the type of inappropriateness of empiric therapy most likely accounted for

the lack of influence of antibioti ibil i on length of stay and in-
hospital mortality. The majority of antibioti which were idered to be in
with the ibis idelines were cases in which low risk patients were

treated as being more severely ill than what the PSI score would indicate. The therapy
these patients received, albeit inappropriate according to guideline criteria, still provided
good coverage for their infection. Because of this, most patients treated with
inappropriate therapy probably experienced the same course of illness as patients treated
with appropriate empiric therapy and thus no differences in length of stay or in-hospital

mortality were evident between these two groups of patients.

Patients admitted to hospital in St. John's for CAP spend more time in hospital as
compared to lengths of stay reported in other studies. A recent Canadian study
examining lengths of stay for twenty hospitals across Canada reported a median length of
stay for community-acquired pneumonia patients of 7.0 days.'” In our study, the
median length of stay was 8.0 days. When examining median lengths of stay by risk

groups, St. John’s patients consistently spent exactly one day longer in hospital than other

Canadian hospitals. C: ing patient as by mortality, only 10% of

patients admitted in St. John’s died in hospital, whereas 14% of patients admitted to other
Canadian hospitals died within thirty days of admission.'”' Although this may indirectly

suggest that the longer lengths of hospital stay may result in better patient outcome,
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previous studies have refuted this claim.''*'"* This difference in outcome is more likely
due to lower proportions of sicker patients admitted to hospital in St. John's; patients in
risk groups IV and V accounted for only 50% of total patients whereas in other Canadian
hospitals, these same high risk patients accounted for 65% of total patients.'”! Perhaps if
physicians in St. John’s admitted less numbers of low risk patients, overall rates of

montality CAP at St. John's hospitals would be more in line with national figures.

In conclusion the present study has determined that a greater proportion of low
risk CAP patients is admitted to hospital in St. John's, as compared to other Canadian
hospitals, and a high proportion of these low risk patients receives aggressive antibiotic
therapy. A validated prediction rule assessing thirty day mortality due to CAP supports
the notion that these low risk patients may not necessarily need to be admitted to hospital.

Because of this, a more critical evaluation of the necessity to admit these patients is

F i ibing with regard to lack of adherence to Canadian
antibiotic prescribing guidelines was also noted, particularly for low risk patients. The
problematic prescribing did not appear to affect length of hospital stay or patient
outcome, although these outcome measures may not have been sensitive enough to detect

differences among those patients who were i treated with antibiotics and

those who were not. As well the prescribing guidelines used in this analysis have not

been validated. less it is i to hospital icians to closely




examine their antibiotic prescription choices such that agents which should be reserved

for more sicker patients are not used in less severely ill patients.
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CHAPTER VI - DISCUSSION

This study on antibioti ibing in both ity practices and in acute care
settings has detailed a di. ing level of i i in ibing, as defined
by di with ibil ideli as well as an overall

unnecessary high level of antibiotic use. Although these studies have provided valuable

insight into the wid hing extent of y and i i ibiotic use

within two specific sectors of health care delivery, researchabie interventions to instigate

imp in within the studied environments were outside the

scope of this research project. The information revealed in this body of research

is valuable to loping interventions to change prescribing
behaviour or may be used as an impetus for developing antibiotic prescribing policies. It
is necessary to first identify specific problems such that interventions and policies
designed to change behaviours, in this case antibiotic prescribing, can be focussed and

therefore potentially give rise to desired improvements in physician practice patterns.

Nonetheless a simple question is yet to be answered. What can be done about

p ic antibiotic prescribing? The problems i with

are multifaceted, involving both health care professionals and the general public.
Therefore a multi-faceted approach to a solution is warranted. In light of this, several

recommendations are proposed, including the development of evidence-based and

validated antibiotic ibi ideli impl, ion of a strategy for the
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successful dissemination and adoption of these guidelis utilising a i based

decision support system, initiation of an antibiotic prescription monitoring program,
utilisation of a detailing or mentoring program by respected opinion leaders, continual
surveillance of local bacterial resistance patterns and implementation of a public

education campaign in which prudent antibiotic use is promoted.

of i is the P of evid: based and
validated antibiotic ibi idelis The potential of clinical practice
guidelines in processes of care and patient has been in

previous studies.''® However just because guidelines have been shown to be useful, does
not necessarily mean that guidelines are used. Hayward and colleagues surveyed
Canadian physicians about their attitudes toward clinical practice guidelines. The
majority of physicians had positive anitudes toward clinical practice guidelines,
indicating that they are a convenient source of advice and good educational tools.
However only 40% of surveyed physicians had changed their practice in the year before
the survey as a result of referring to guidelines.'"” In recent years physicians have been
inundated with a myriad of clinical practices guidelines, some of which are even of
questionable scientific merit."'™ ''®  As Jonathan Lomas points out, "Ironically, the
recognition standards routinely required of research studies are rarely found in the
consensus reports that make the synthesis of such studies popularly available.”'?’

Therefore it is plausible to suggest that lack of adoption of some clinical practice
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guidelines may be because the guidelines are not scientifically validated and therefore are

not seen as useful and applicable to daily practice.

In this study the Anti-infective Guidelines for C ity-acquired jons'
and the ity-acquired i dations outlined by the
Canadian C ity Acquired Pn ia Consensus C Group? were used as
t00ls to assess i of antibioti iptions. Although both of these sources
of ibis idelines were lated by expert opinion from numerous sources,
neither of these tools have been scienti i A recent of various
Canadian clinical practice guideli ined that the Anti-infective Guidelines for
C i quired i ions in it were sub-optimal with regard to scientific

rigour of development, and scored slightly above average for context and content

(reliability, applicability, flexibility and clarity)."'® This may have accounted for the

level of to ibil i i in the present study.

Because neither set of guidelines have been subject to rigorous scientific evaluation for
efficacy, it has not been unequivocally proven that prescribing in the recommended

manner is useful and therefore warranted, even though both tools were formulated from

expert opinion. Therefore it is imperative that guidelines which

rigorous ion are ped so that physicians can have utmost confidence that
aligning their antibiotic prescribing practices with the guidelines is the best approach for

their patients and is beneficial from zll perspectives.
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Once evidence-based and validated antibiotic prescribing guidelines have been

ped, a second jon is to ensure that an effective strategy is in place to
facilitate the adoption of the antibiotic prescribing guidelines in daily practice by

hysicians.'" 2 Such ies are y to make certain that the disseminated

will impact ibi i Simply providing a printed version of
guidelines has been previously shown to have a very weak influence on prescribing
behaviour or physician practice patterns..'2'?  Therefore simply distributing the
prescribing guidelines does not ensure that physicians will incorporate them into their
daily practice. Although this second recommendation is perhaps a costly venture, easy
access to antibiotic prescribing guidelines could be ensured through the implementation
of a computer-based prescribing decision support system. This type of intervention could

feasibly be operated in both community practices and hospitals. With this type of system,

protocols or guideli would be central to the program.
Information specific to the patient would be entered into the program, resulting in patient-
specific recommendations for treatment.'” ' The purpose of implementation of this

type of computer-based decision support system would be to improve quality of care with

regard to antibioti by ially reducing ive or il
prescriptions.
A for the ofa pt based decision support system for

antibiotic prescribing has been reported.”*® *' Evans and colleagues implemented a
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point-of- ! isted program for the treatment of infections in

an acute care centre. With this system, patient-specific information such as diagnosis,
white cell count, temperature, surgical data, chest radiographs and reports from

pathology, serology and microbi are i d together to ine the

appropriate antibiotic treatment. As well, other factors such as allergies, drug-drug
interactions, toxicity and cost are also considered in the computer program. A
recommendation for choice of antibiotic treatment in addition to route of administration,
dose, frequency and duration are provided. Physicians can override the suggestions, but

must explain the rationale for their own antibiotic choice.*! ion of this

based decision support system has revealed that i in

have occurred since its implementation. For example less adverse drug reactions,

and ing occurred after the system was in place. As

well overall fewer doses of antibiotics were ini ductions in antibiotic drug

costs occurred, and patients treated with antibiotics spent fewer days in hospital.”*!
Therefore improvements in antimicrobial use have been documented following the

implementation of a computer-based decision support system.

A third recommendation with regard to improving antibiotic prescribing practices
is to incorporate an antibiotic prescription monitoring program for both community
practices and in hospital. This type of intervention, typically referred to as physician

profiling, would involve the i of the icians’ i

152



prescribing behaviour to some sort of prescribing gold standard, evolved from either

ibing guidelines or a “b that has been p

In this manner, differences between actual antibioti ibing patterns of i

physicians and recommended practices would be noted. Periodic reporting of the

results to the i

physici would be provided and presumably this
feedback would serve as the impetus for change in those physicians prescribing

antibiotics in a less than satisfactory manner.

Previous studies have shown that individual monitoring or feedback is a
moderately effective intervention giving rise to change in physician practice patterns.'*
This type of intervention has been previously attempted with regard to antibiotic
prescribing in both hospitals and community practice, also giving rise to encouraging
results. In a study conducted by de Silva and colleagues, an ongoing program of peer
review of antibiotic prescriptions in an acute care facility was found to significantly

reduce i i ibing of third i ins and

(the two targets of the intervention), in that the percentage of mean monthly costs of
inappropriate prescriptions fell from 41% to 7% after a prescription monitoring system
was implemented.'* Two feedback studies focussing on antibiotic prescribing have been
conducted in community practices. Pitts and Vincent’s study involved a one time general

feedback on antibioti ibing for sore throats ing a two month audit period.'*

The prescribing data for individual doctors was presented in addition to a proposed policy
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on antibiotic prescribing for sore throats. Although overall variation in antibiotic
prescribing rates had not changed after the audit, the choices in antibiotics used to treat
sore throats had improved; substantially more patients were treated with either penicillin

orer in thus i ing the i of the iptions. '

A Canadian study also demonstrated positive effects from a feedback program

involving antibiotic prescribing.’* The goal of this particular program was to reduce

ibi costs by providing individuali feedback to primary care
Choices in antibiotic therapy were with i for
treatment outlined in the Ontario Anti-infective Guideli for C: ity-acquired

Infections.! Given that cost of therapy was an important consideration in the
development of the guidelines (i.e. with efficacy and safety being equal, the less

expensive antibiotic would be listed as a first line agent for treatment before more

pensive choices), it was ized that indivi feedback on antibil
would encourage the physicians to prescribe more first line agents, thus reducing
prescription costs.'’ Afier the implementation of the feedback program, the authors
found that there were no changes in the median antibiotic prescription costs among those
physicians who had received prescribing feedback. However the control physicians, for
which no feedback was provided, increased their average prescriptions costs by over

$3.00.”° A post-study survey indicated that 82% of participants would readily
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participate in similar future programs.'*® Therefore the feedback intervention was not

only successful, but favourably received by the participants as well.

All of the above cited references utilising a feedback or audit on antibiotic

prescribing included some type of i The

was delivered cither at a seminar or by an informational mail-out. Although
informational mail-outs or seminars in isolation have not been shown to result in changes
in prescribing behaviour, their inclusion in physician profiling programs appears to be

useful. With regard to antibioti ipti itoring, the i of

future audit programs could perhaps incorporate both seminars and printed mail-outs

outlining the ideli for antibioti ibi The

program could potentially serve as a means to determine whether the guidelines were

effectively disseminated in addition to serving as an intervention on its own.

A fourth recommendation to improve antibiotic prescribing is the commencement

of a detailing or ing program for physicians by resp opinion lcaders. This
type of program is typically modelled after the detailing programs in use by private

industry, in which sales ives visit icians in a meeting to

inform the physicians about various aspects of pharmaceuticals. The academic detailing
program should be nonpunitive, concise and endorsed by the local medical association.

The first successful academic detailing programs focussed on antibiotic prescribing were
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published almost twenty years ago."* ¥’ and d that a

short, single visit by a physici can reduce ibing of
ibiotics and oral ins.'” In follow-up studies, Ray and colleagues
demonstrated that the effectual changes in antibiotic prescribing from the detailing

program were long term with the positive changes in antibiotic prescribing lasting up to
two years after the physician visits.'® Interestingly the variation in prescribing behaviour

in response to the educational visit could not be i by medical ics of

the participating physicians (ie. type of practice, year since graduation, board

Plivity to the jonal visit).'™ As the authors point out, this finding

139

suggests that no i group of icians are y to an educational visit.

Since these earlier studies, other investigators have also published the results of
successful academic detailing interventions involving antibiotic prescribing.*™'? A
common aspect of these studies involves the use of a focussed antibiotic prescribing
message delivered by an opinion leader. In one of these published reports, a pilot study
was initiated to determine the exact nature of problematic antibiotic prescribing in order
to formulate the focussed academic detailing message.'® Therefore the results of the
current study on antibiotic prescribing in St. John's, NF could be used to develop

focussed ic detailing as well. i outlining the need

for a more critical evaluation of bacterial versus viral etiology in respiratory tract

infections (and therefore the need for antibiotic treatment), improved drug choice for the
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treatment of i y i i and length of for urinary

tract infections would serve as useful messages to be imparted to general practitioners in
the community. For acute care physicians treating patients admitted to hospital with
community-acquired pneumonia, the current study has revealed the need for a more
critical evaluation of severity of disease (and therefore the need to admit patients to
hospital) and improvement in drug choices for both initial empiric treatment and when

patients are switched to oral medications.

In order to ensure that antibiotics are as effective as possible, it is important that
local resistance patterns are regularly monitored. Therefore a fifth recommendation is to
establish a program in which pathogens giving rise to local nosocomial and community-
acquired infections are routinely collected, isolated and monitored to measure their
resistance patterns. With this approach, resistance would be measured from a clinical
perspective based on the number of infected patients as opposed to a laboratory one based
on the number of isolates."® This type of program would require the local coordinated

effort of physici patients, mil i ists and il it diseases ialists, and

could be overseen by the local public health department. A bacterial pathogen resistance
surveillance program would serve to keep local antibiotic prescribing guidelines up to
date, as resistance is a continual evolutionary process. Furthermore regular surveillance

of local bacterial resistance patterns could it allow to ine if
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policies or i ions are effective and successful

by cross ing data on resi: patterns with antibioti ibing data.'®

The final ion to improve antibioti ibis i affecting

general practitioners, is 1o launch a public education campaign in which prudent

ibiotic prescribing is d. Physicians are ulti the individuals who decide
whether or not an antibiotic should be given and, if so, which one. However public

pressure has been impli in ing the antibioti ibing decision. In the

present study, patient pressure or ion for an antibioti iption (as pe:

by the physician) was an influencing factor in many of the cases in which an antibiotic

was il i y for i y tract infection diagnoses. Therefore to
singulerly implement interventions or policies that focus on changing physicians’

attitudes and i toward antibioti ibing negates the role that the patients

play in prescription decision-making. If this were the case and physicians were the only
ones to change, in the absence of public education, patients would continue to expect or
demand antibiotics and possibly become very dissatisfied with physicians for not
providing a prescription.  Patients would perhaps become confused about why

prescriptions were given in the past, but not during current visits.

An example of a current Canadian public education campaign promoting the

message of ibiotic use in the ity is the “Do Bugs Need Drugs?”
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campaign launched in the Edmonton area in the province of Alberta

(hutp: org). This parti ign is ive in the
dissemination of its message, targeting healthcare professionals, the general public,
teachers, parents and children. Three key messages have been emphasized: 1) the
importance of handwashing to stop the spread of infections, 2) the difference between

bacterial and viral i i and the of antibiotics in the of

infections caused by viruses, and 3) the prudent use of antibiotics being an important step
in preventing bacterial resistance. The goal of the campaign is to increase public

about the seri of bacterial resi: and how i iate use of

antibiotics contributes to this public health problem.

Because this study has identified antibiotic prescribing problems that are multi-
faceted, a multi-faceted approach to a solution for these problems is required. Changing
antibiotic prescribing to reduce excess of prescriptions and to make necessary
prescriptions in line with current recommendations most likely will not entirely fix or

reverse the current problems with bacterial resistance. However changing current

practices to more iate future ibing trends will y il to the
p ion of further resi from ping. Given the preval of bacterial
and the distinct ibility, in some cases, for the infection to result in death, it

is imperative that we preserve the power that antimicrobial agents have over bacterial

pathogens.  Antibiotic utilisation studies are the first step toward this goal. By
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identifying how antibiotics are ibed in various health care settings, problematic

can be aptly i i i i or policies directed

towards changing prescribing behaviour in response to the identified problems can be

implemented. As a result the of adverse
from problematic antibiotic prescribing can be stymied, leading to future retention of the
power that antibiotics have over bacterial pathogens.
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CHAPTER VIII - APPENDICES

Appendix | - Point Scoring System for Pneumonia Severity Index (PSI) Score*

Step I of Pneumonia Severity Index Scoring System:
1) Is the patient more than 50 years of age?

2) Does the patient have a history of any of the following coexisting cc .. ditions?
- Neoplastic disease
- Congestive heart failure
- Cerebrovascular disease
- Renal disease
- Liver disease

3) Does the patient have any of the
Altered mental status
- Pulse 2125/minute
- Respiratory rate 230/minute
Systolic blood pressure <90 mm Hg
- Temperature <35°C or 240°C

ing ities on physical ination?

If "no" is the appropriate answer for all of the above questions, then the risk score equals
zero and the patient is assigned to Risk Class I.

If "yes" is answered to any one or more of the above questions, then move to Step II of
the scoring system.
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Step 11 of Pneumonia Severity Index Scoring System:

Nursing Home Resident
Coexisting llinesses
Neoplastic Disease
Liver Disease
Congestive Heart Failure
Cerebrovascular Disease
Renal Disease
Physical Examination Findings
Altered Mental Status
Respiratory Rate >30/min
Systolic Blood Pressure <90 mm Hg
Temperature <35°C or 240°C
Pulse >125/min
Laboratory and Radiographic Findings
Blood Urea Nitrogen 211 mmol/L
Glucose 214 mmol/Lt
Hematocrit <30%
Partial Pressure of Arterial Oxygen <60 Hg

Points Assigned

Age (1)
Age (y7) - 10
+10

+30
+20
+10
+10
+10

+20
+20
+20
+15

+20
+10
+10
+10

-m-purmrmw "Auble TE, Yealy DM, Hanusa BH, Weissteld LA Singer DE, Coley CM, Marie
TH. and Kapoor, WN. A prediction rule to identify low-risk patients with community-acquired pocumonia.

NEJM 1997; 336: 243-250.

+ Because patient information on glucose concentration was not available for data abstraction,

am-ooummm-mummnummmmmngm

concentration of |4 mmol/liter.

Risk Class [ = 0 Points

Risk Class I = <70 Points
Risk Class III = 71-90 Points
Risk Class [V = 91-130 Points
Risk Class V = 2131 Points
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A dic 0 - sasicrebial Ti Guideli for Ce ity-Acquired

Pneumonia*

Non-Severe Patients + Patient Previously Well and/or < 65 Years Old (Risk Class I):
Macrolide
Tetracycline

Non-Severe Patients + Comorbid Illness and/or > 65 Years Old (Risk Class IT):
™G ion Ct in +

Tri il +
Penicillin plus beta-lactamase inhibitor + Macrolide

Severe Patients - Hospital Ward (Risk Class IIl or IV or V):

™ or3®G jon C in+ ide + Rifz

- in penicillin-allergic patients:
Tri i +

Severe Patients - Intensive Care Unit (Risk Class Il or IV or V):

Macrolide + Rifampin + 3 G ion Cephal in with
antipseudomonas activity

OR:
Imipenen/Cilastatin
OR:

Ciprofloxacin

*Adapted from Mandell et al. Antimicrobial treatment of ity acquired
pneumonia in adults: A conference report. Can J Infect Dis 1993; 4: 25-28.
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