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Vancomycin-Resistant Enterococci and Vancomycin-Resistant
Staphylococcus aureus: Heralding the end of the antibiotic era?
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he emergence of organisms resistant to commonly utilized antimicrobial agents has reached global
epidemic proportions. In particular, nosocomial pathogens with antimicrobial resistant pheno

types, are presenting significant clinical difficulties. These difficulties arise due to limited effica-

cious antimicrobial agents available to treat patients infected with these organisms. Two organisms which
currently represent major nosocomial pathogens include enterococci and Staphylococcus aureus. Both
organisms exhibit antimicrobial resistant phenotypes which currently make clinical management diffi-
cult. Vancomycin-resistant enterococci (VRE) is endemic in many major US hospitals and outbreaks of
this organism have been documented in Canada. More recently, isolates of vancomycin-resistant Staphy-
lococcus aureus (VRSA) have been identified in Japan and the US. Vancomycin is often the last line
antimicrobial available for treatment of infections caused by these organisms which have acquired resist-
ance to virtually all other antimicrobials used. Therefore, infection control policies must be strengthened
to contain the spread of these organisms. As well, these infection control policies must be utilized in
conjunction with specific guidelines concerning antimicrobial usage to prevent the selection of new re-

sistant organisms.

Address correspondence lo:

INTRODUCTION

The discovery and subsequent devel-
opment of antimicrobial agents in the 1940s
and 50s revolutionized medical care world-
wide. For the first time, fatal infectious dis-
eases such as tuberculosis and pneumonia
could be treated effectively and countless hves
were saved. However, the dawn of the anti-
biotic era was quickly accompanied by the
emergence of microbes with resistant pheno-
types to each of the antimicrobials used. His-
torically, combating antibiolic resistance was
simple; use a different antimicrobial. The
large number and variety of antimicrobial
agents developed by pharmaceutical industry
in the past 30 years overshadowed the poten-
tial impact of antibiotic resistance and resulted
in a sense of complacency by clinicians and
scientists. Increasingly however, the spread

of antibiotic resistance is posing a significant
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obstacle to the successful treatment of infec-
tious diseases worldwide.

Currently, resistance has been reported
to nearly all classes of antimicrobials known.
Furthermore, all the major bactenial pathogens
have been shown to have antibiotic resistant
variants and pathogens such as Mycobacte-
rium tuberculosis, previously thought to be
effectively controlled, are making successful
comebacks (1). Intensive investigation into
the basis for new resistant phenotypes has
shown that bacteria have the ability to modify
existing or acquire new genetic elements. The
latter encode proteins which function to nul-
lify the effects of the various antimicrobial
agents. Antimicrobial agents are classed by
mechanism of action such as inhibition of cell
wall synthesis, inhibition of cytoplasmic
membrane synthesis, inhibition of nucleic acid
synthesis, inhibition of protein synthesis and
modification of energy metabolism (2). Re-
markably, clinical bacterial isolates have ex-
hibited resistant phenotypes to each of these
classes by a variety of mechanisms including
new chromosomal mutations, activation of
latent genes or the acquisition of new genetic
elements from the environment. Equally as



disturbing as the ability of bacteria to rapidly du:\-clnpl new
antibiotic resistance is their ability to effectively disseminate
senetic resistance determinants throughout the bacterial
Empulatinns. Gene dissemination has been traced thmughnul
bacterial populations by a variety of molecular mechanisms
which have demonstrated the role played by chromosomally
encoded genes, extrachromosomal elements called plasmids,
sc.t_'mcnlr:uf DNA called transposons, and bacterial viruses in
the spread of antibiotic resistance (3).

Both Staphylococcus aureus and Enterococcus Spe-
cies have acquired multiresistance to antimicrobials. These
common pathogens are becoming increasingly more difficult
to treat as they accumulate new antimicrobial resistance de-

terminants (4.5).

"OMYCIN-RESISTANT ENTEROCOCCI

Enterococci are gram-positive, facultative anaerobic
organisms which grow
As human commensal
adapted to survival within the gastrointestinal tract. They are
also found in a variety of niches including soil, food, water
and living animals where they often represent a significant
portion of normal gut flora (7). Although not particularly
pathogenic, enterococci are the second most common cause
of nosocomial infections in the United States and are respon-
sible for a number of diseases ranging from urinary tract in-
fections to life threatening bacteremia and endocarditis (8,9).
Several additional clinical syndromes associated with

as singles, pairs or short chains (6).
oreanisms, the enterococci are well

enterococcal infection include intra-abdominal, biliary tract
and indwelling foreign device infections (10,11).

The genus Enterococcus consists of at least 19 species
of which Enterococcus faecalis and Enterococcus faecium
represent the most clinically relevant organisms. E. faecalis
is observed in approximately 80-90% of clinical isolates, while
E. faecium accounts for 10-20% (7). These organisms pos-
sess virulence factors which facilitate attachment and coloni-
zation of host tissues, tissue invasion and immune modula-
tion. Furthermore, the relative ease with which genetic mate-
rial is horizontally transferred between members of the Enre-
rococcus genus and between enterococci and other gram-posi-
tive organisms has long been observed (12). The promiscu-
ity of the Enterococcus genus coupled with this organism's
extremely adept ability to horizontally shuffle genetic mate-
rial, has facilitated the dissemination of antibiotic resistance
traits throughout the genus, resulting in strains of Enterococ-
cus faecium that are resistant to every useful antibiotic de-
scribed (13). Accordingly, the emergence of enterococci as
major nosocomial pathogens is due in part to the organism's
ability to survive and thrive in the hospital environment where
antibiotic usage is high and therefore selection is heavy.

In 1988, the first evidence of a vancomycin-resistant
enterococcus (VRE) was reported in Europe by Courvalin er
al. in the New England Journal of Medicine (14). Detailed
investigation of multiple subsequent isolates of vancomycin-
resistant organisms in the following years resulted in the iden-
tification of three distinct antibiotic resistant phenotypes:

VanA, VanB and VanC (15). Phenotypic characterisation of

vancomycin-resistant enterococc 1s based on the suscept;-
bility of the organism (o both vancomycin and teicoplanin (a
yet unlicensed glycopeptide antibiotic in North America), The
VanA phenotype is characterised by a high level resistance
to both vancomycin and teicoplanin [minimum inhibitory
concentration (MIC) >64 mg/L. and MIC>16 mg/L, I.L'\pL'L'A-
tively]. Similarly, VanB phenotypic isolates are resistant 1o
vancomycin of varying concentrations (MICs range from
4mg/L to >1000mg/L), but are susceptible to teicoplanin,
Both the VanA and VanB phenotypes are inducible in the
presence of vancomycin and both phenotypes are transfer-
able by conjugation in certain strains. In contrast to VanA
and VanB phenotypes, the enterococcal species E. gallinarun
and E. casseliflavus are intrinsically resistant to low levels
of vancomycin (MIC 4-32 mg/L), and susceptible 1o
teicoplanin (15). These species of enterococel represent type
VanC, a non-transferable phenotype. As will be discussed,
each of the different phenotypic resistance mechanisms are
due to the presence of specific genetic elements. Therefore
more recent phenotypic classification schemes have been
largely supplanted by genotypic mechanisms which function
to identify the presence or absence of the specific genes.

Resistance Mechanism

Vancomycin, the prototype glycopeptide antibiotic,
was first discovered in the 1950's (17). Unlike B-lactam an-
tibiotics, glycopeptides are inhibitors of cell wall synthesis
which do not interact with cell wall biosynthesis enzymes.
Rather, these large rigid molecules interact with peptidogly-
can precursors at the outer cell membrane surface and thereby
disrupt the cross-linking of glycan strands essential for the
maintenance of cell wall integrity (18). Vancomycin is ac-
tive against the majority of gram-positive bacteria. Possibly
the most appealing feature of glycopeptides to physicians in
the 1980's was the belief that the development of resistance
to a class of antibiotics with such a unique mechanism ol
action would be difficult, if not impossible. Such views were
summarised in 1989 by PE. Reynolds who wrote; "It is also
difficult to envisage development of resistance arising from
a change in the target site because of the complexity of the
peptidoglycan biosynthetic pathway. Changes involving the
complete refashioning of peptidoglycan synthesis could not
be achieved rapidly, if at all” (18).

Biochemical characterisation of the mechanism ol
vancomycin resistance demonstrated that in fact enterococc!
were able (o alter peptidoglycan synthesis. In both VanA
and VanB clinical isolates, the normal target site for vanco-
mycin binding, the peptidoglycan precursor peptidy I-D-ala-
nyl-D-alanine is altered. In vancomycin-resistant cells the
depsipeptide D-alanine-D-lactate, which has significantly
reduced affinity for vancomycin, is preferentially synthesized
(19). The presence of this novel structure within the bacte-
rial cell wall reduces vancomycin binding and, therefore, corl”
fers vancomycin resistance.

Epidemiology and Clinical Management
In comparison with such organisms as Staphyvlocoe
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sidered weakly virulent. However, the impact of this organ-
ism is significantly heightened by the acquisition of antimi-

crobial resistance including vancomycin resistance, as there
are often no effective therapeutic agents commercially avail-
able for patients infected with VRE. The lack of efficacious
therapeutic options for treatment of VRE, coupled with a
growing number of world-wide nosocomial outbreaks of this
oreanism (21-23), has resulted in severe medical and eco-
m:mic problems associated with control and eradication of
this bacterium.

Clusters of vancomycin resistant enterococcal infec-
tions were observed as early as 1988, and since then have
been found with increasing frequency. Initially it was be-
lieved that enterococcal isolates causing infection originated
endogenously. However, study of enterococcal isolates from
outbreak situations by molecular typing mechanisms have
demonstrated clonal dissemination of particular organisms
throughout hospital wards (23,24). Between April and De-
cember 1993 an outbreak of vancomycin-resistant Enterococ-
cus faecium occurred in an adult oncology unit in a commu-
nity teaching hospital located on the east coast of the United
States (23). VRE had not been previously identified as a cause
of blood stream infection in this hospital. In the 9 month
surveillance, 11 patients developed VRE bacteremia, Eight
(73%) of the patients died on median post-infection day 8.5.
Four deaths were directly attributable to VRE infection.

Outbreaks such as these have led to the introduction
of infection control measures such as VRE screening in stool,
isolation of colonized and infected individuals, educational
programs and restrictions on the unnecessary use of vanco-
mycin (25). Surveillance screening during outbreaks have
1solated glycopeptide-resistant enterococei from the hands of
health care workers, medication dispensers, pulse oximeters,
electronic thermometers and stethoscopes (24,26), prompt-
ing the critical evaluation and revamping of infection control
procedures.

Characterization of the patients involved in outbreak
situations has identified several predisposing risk factors to
VRE colonization. These include, severe underlying disease,
hospitalisation for an extended period and prior multiple an-
tibiotic treatments, particularly vancomycin medication (23).
Outbreaks have been observed primarily within
immunocompromised oncology and tissue transplantation
patients where, despite the “second rate” pathogenicity ex-
hibited by enterococci, they have caused severe life-threaten-
ing disease (21).

Currently, the spread of multidrug-resistant enterococci
is presenting a challenge to physicians as treatment for these
infections is limited to combined therapy utilizing a B-lactam
antibiotic in conjunction with an aminoglycoside (15). How-
ever, wide spread resistance patterns to these antibiotics have
forced clinicians to turn to experimental antimicrobial agents
and combinations whose effectiveness have nol yet been
proven.

Of particular interest to clinicians and scientists world
wide is the possibility of the transfer of vancomycin resist-
ance from enterococci to other gram-posilive organisms as
there appears to be no barrier preventing genetic exchange

and expression of resistance determinants in such organisms
as 8. aureus, Sireptococcus species and Listeria
monocylogenes (27). The fear that the transfer of vancomy-
cin resistance (o a “first rate” pathogen such as S. aureus has
only been heightened by the identification of a strain of Strep-
tococcus bovis harboring a vanB related gene (28), and the
demonstration of in vitro and in vivo transfer of glycopeptide
resistance from E. faecalis to S. aureus under laboratory con-
ditions (29). '

VANCOMYCIN-RESISTANT
STAPHYLOCOCCUS AUREUS

Staphylococeus auwreus is a non-spore forming gram-
positive ubiquitous bacterium which causes a wide spectrum
of infections in both adults and children (30). §.
isolated frequently as the causative agent of skin diseases such
as impetigo, bullous impetigo and skin abscesses including
furuncles, carbuncles and cellulitus (31). A variety of clini-
cal syndromes are also associated with genetically encoded
toxins which are released upon infection. Toxin mediated
diseases include staphylococcal food poisoning, scalded skin

aureus 18

syndrome and toxic shock syndrome. Finally. invasive dis-
ease associated with S, aureus bacteremia can be extremely
serious and can be associated with the development of endo-
5.

one of the most frequently isolated nosocomial pathogens and

carditis, osteomyeletis or septic arthritis (32). S. awreus is
in particular, this organism is an important cause of surgical
wound infections (31).

Fatality estimates from §. aureus infection were as high
as 90% in the pre-antibiotic era. Outcomes of S. aureus in-
fection were dramatically improved with the introduction of
penicillin G in the early 1940s. Shortly after the appearance
of penicillin G, select clinical . aureus isolates were observed
with penicillin resistant phenotypes (33). The resistance phe-
notype was found to be due to a penicillinase, an enzyme
responsible for the hydrolytic cleavage and thus inactivation
of penicillin (34). The development of semisynthetic penicil-
lin derivatives (e.g. methicillin) which were resistant to the
hydrolytic action of penicillinases provided a temporary so-
lution. The emergence of multi-drug resistant Staphylococ-
cus aureus in the early 1980s severely limited treatment op-
tions for patients infected with this bacterium (35). Vanco-
mycin has not only been the drug of choice, but in many cases
the sole antimicrobial agent available for the treatment of
methicillin-resistant S. aureus (MRSA). The appearance of
vancomycin-resistant Staphylococcus aureus has been antici-
pated for a number of years. After 30 years of vancomycin
use, resistance has emerged in clinical 1solates of coagulase
negalive staphylococcus, and more recently several MRSA
strains isolated from patients in the United States and Japan
have also been vancomycin resistant (36,37).

In May 1996 in Japan, a 4 month old infant who had
undergone heart surgery for pulmonary atresia developed post-
operative fever (37). The surgical incision site developed pu-
rulent discharge yielding MRS A. Treatment was commenced
with vancomycin for 29 days, but fever and discharge of pus
continued. Only when the treatment regimen was changed to

S
DAL MED JOURNALVOL. 26 NO. 1

35



a combination of vancomycin and arbekacin (an
aminoglycoside recommended for treatment of MRSA) did
the purulent discharge subside and the wound begin to heal.
Twelve days later the surgical site appeared inflamed and
developed a subcutaneous abscess accompanied by a sudden
onset of fever. Therapy was resumed with the combination
of arbekacin and ampicillin/sulbactam. After six days, the
patient's fever subsided. The MRSA strain which was “.U'
lated from the purulent discharge at the sternal incision site
and from the debridement sample was found (o be vancomy-
cin-resistant (MIC: 8 mg/L).

Resistance Mechanisms

The exact mechanism of the intermediate resistance
phenotype exhibited by several MRSA strains has yet to be
elucidated. Laboratory experimentation has demonstrated the
possibility of the transfer of vancomycin resistance from en-
terococci to other gram positive organisms as there appears
to be no barrier preventing genetic exchange and expression
of resistance determinants in S. aureus. However, PCR analy-
sis of the vancomycin-resistant MRSA strains demonstrated
that they did not carry either vanA or vanB genes (36). Rather
it appears that alterations in the cell wall integrity of the or-
ganism may play a role in resistance. Electron microscopy
indicates that the cell wall is twice as thick as the walls of
control strains. There was also a three-fold increase in the
production of both penicillin-binding protein PBP2 and PBP2'
as measured by Western blotting, and finally a three-fold in-
crease in the production of cell wall murein precursors com-
pared with vancomycin-susceptible MRSA strains (36).

Epidemiology and Clinical Management
The most common method of spread of S. aureus 1s
directly from person to person, often on the hands of hospital
staff (38). However, other modes of transport, 1.e. aerosoli-
zation, can occur. As the second leading cause of nosoco-
mial infections and hospital deaths worldwide, it is not sur-
prising that clinical infections are most common in patients
in intensive care units and in other high risk wards. Coloni-
zation frequently occurs in elderly patients in long-term fa-
cilities or in patients with prolonged hospital stays, with pre-
vious antimicrobial treatment or in those with surgical wounds
and lesions such as pressure sores and burns (39). Although
MRSA has not been shown to be more virulent than its me-
thicillin-susceptible counterpart, its spread within hospitals
worldwide has been rapid, undoubtedly influenced by wide-
spread antibiotic pressure. The first strains of MRSA were
reporied in the United Kingdom in 1961 soon after the intro-
duction of methicillin. The first outbreak in the U.S. was
reported in 1968 (40) and major interhospital spread has oc-
curred since then. Unfortunately, it is not unrealistic to be-
lieve that the spread of vancomycin-resistant S. aureus, under
the influence of vancomycin use, would undertake similar if
not more rapid dissemination dynamics. Equally as disturb-
ing has been the fact that rapid increases in S. aureus resist-
ance rates have been documented in institutions utilizing non-
p-lactam antimicrobials as front line agents. Resistance to
extensively utilized fluoroguinolones (e.g. ciprofloxacin) has

increased exponentially in a few short years, attributable 1,
substantial increases in the usage of these agents (41). A«
/Ancomycin usage increases, selective pressure will only in.
crease the appearance and dissemination of more VRSA iso.
lates. Fortunaiely, the isolates of VRSA which haye been
isolated thus far have been susceptible to antimicrobial apepts
other than vancomycin or methicillin. Although treatmen 1o
date has been successful, the ability of these bacteria to hogi-
zontally shuffle genetic resistant determinants suggesis the
likelihood that a time may come when no antimicrobials wij|
be effective against this organism.

CONTROL OF NOSOCOMIAL SPREAD

OF VRE AND VRSA

Various programs have addressed the increasing prob-
lem of antimicrobial resistance. Controlling the spread of
vancomycin resistance has been the goal of the Hospital In-
fection Control Practices Advisory Committee (HICPAC) who
have worked in collaboration with the Centers for Disease
Control and Prevention (CDC) to formulate recommendations
for preventing the spread of these resistant phenotypes.
HICPAC listed four elements which must be addressed by
hospital departments to achieve the prevention and control of
vancomycin resistance (25). Firstly, to avoid colonization
with VRE, the prudent use of vancomycin by clinicians is
crucial. Secondly, hospital staff must be educated in the
problem and consequence of vancomycin resistance. Thirdly,
resistant micro-organisms must be identified and reported
promptly. Finally, the appropriate infection control proce-
dures must be implemented to prevent patient to patient spread
of infection (25).

The development of resistance is correlated with the
level of antimicrobial use. Overuse of antibiotics has there-
fore increased the number of resistance conferring mutations.
The Infectious Disease Society of America (IDSA), the Soci-
ety for Healthcare Epidemiology of America (SHEA), the
Centers for Disease Control and Prevention (CDC), and the
American Society for Microbiology (ASM) have drafied
guideline programs that address the proper use of
antimicrobials agents (25,42,43). In particular, guidelines (o
improve the prescribing of antimicrobials in the management
of pneumonia, urinary tract infection, outpatient upper respi-
ratory tract infections, prophylaxis for opportunistic infec-
tions in AIDS patients and intravascular device infections are
currently being introduced and monitored.

Surveillance for antimicrobial resistance allows prompl
recognition of particular phenotypes and makes control more
likely. Many combinations of surveillance and control meas-
ures have been developed and adopted with varying success.
Molecular epidemiologic analysis of clinical isolates involved
in outbreaks have also proved helpful in the investigation and
control of outbreaks, and have identified patterns of [rans
mission in specific hospital settings. Finally, strict hand wash-
ing procedures by health care workers, contact isolation, and
antimicrobial treatment of the carrier state in health care ‘“TrL_
ers and patients have had an impact on the spread ol antibi-
otic resistance bacteria.
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CONCLUSION

As antimicrobial resistance continues to increase,
worldwide novel strategies must be adopted to stem the flow
of untreatable bacterial infections. Currently at the forefront
of these approaches is surveillance for antimicrobial resistant
bacteria on a local and global scale. Although vancomycin-
resistant enterococel are endemic within numerous U, S, hos-
pitals, only limited outbreaks have been observed in Canada,
In conjunction with surveillance, infection control policies 1o
reduce the risk of nosocomial transmission of VRE and the
reduction of antimicrobial use to decrease the selection of
antibiotic resistance clones have impacted upon the transmis-
sion of this organism in Canada. Although it is yet unclear
whether vancomyecin-resistance in staphylococei is prevalent
worldwide, lessons learned from dealing with VRE will im-
pact on strategies to control such an eventuality. In the short
term, non-essential vancomycin usage should stop. Labora-
tories should screen S. aureus strains isolated from patients
on vancomycin therapy and patients from whom vancomy-
cin-resistant staphylococcus has been isolated should be iso-
lated to prevent spread of the organism.
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A project is currently underway
ih an effort to improve the
aesthetic appearance of the
medical school. We aim to
display historic photos of

interest and artwork by faculty,
alumni & students. If you are
interested in displaying artwork,
lease contact:
Barbara O'Neil (Class of 2000)
[boneil@tupmcmsl.med.dal.ca
464-01355] or
Dr. Gita Sinha
[494-7059, gsinha@is.dal.ca].
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Oxeze Patients Show
The Most Amazing Places

Estimated Yearly Rate

Severe Mild
Exacerbations' Exocerbations'
™. /patient /year 0./paient /e

63%

|

62%

12 pg Oxeze” Turbohaler™ b.id

] 100 pg Pulmicort™ Turbuhaler® b.i.d

400 pg Pulmicort™ Turbuhler* bid. plus

Add New Oxeze Turbuhaler” to optimal inhaled
corticosteroid therapy, fo take your patients farther.

[oday, inhaled corticosteroid therapy is the single best way of bringing and keeping asthma under control
Yet many patients experience breakthrough symptoms that prevent them from doing all they want to,
from sleeping comfortably to hiking that extra mile

Now there’s new Oxeze” Tarbuhaler”. The first long-acting 8,~agonist proven to reduce both mild and
severe exacerbations of asthma.' A landmark asthma trial, The FACET ** Study, has demonstrated that
the addition of Oxeze" Turbuhaler” to either low or high dose "Pulmicort” (budesonide) Turbuhaler
produced remarkable reductions in the rates of severe and mild exacerbations.

I'he combination of Oxeze” and high dose Pulmicort” resulted in the

greatest reductions.

For improved control, add Oxeze” Turbuhaler to an optimal dose of

inhaled corticosteroid.” Because there's a big world waiting for her.

Oxeze.

X Turlbwhaler
Going Farther

frre—— e A Pl o 7 Lk
e (] () a—



Formoterol fumarate dihyarate

Oxeze
& Turbuhaler

(tormoterol fumarate ditydrate)

6 pg/Metered Dose and 12 pg/ Metered Dose
Dry powdered inhalers for oral inhalation

THERAPEUTIC CLASSIFICATION
Bronchodilator

ACTIONS AND CLINICAL PHARMACOLOGY
Pharmacodynamic Properti
Formoterol produces bronchodilation by stimulation of the
B, adrenergic receptors in bronchial smooth muscle, thereby
causing relaaation of smooth muscie fibres

Following inhalation of formoterol, a marked improvement in
pulmonary function is observed within 1-3 minutes and lasts for
2 mean duration of 12 hours after a single dose
Pharmacokinetic Properties

Absorplion

Inhaled formoterol is rapidly absorbed. Peak plasma
concaniration is reached about 15 minutes after inhalabion.

In studies the mean lung deposition of formoterol after inhalation
via TURBUHALER ranged from 21-37% of the metered dose. The
total systemic availability for the higher lung deposiion was
approximately 46% of the metered dose.

Distribution and Metabolism

Piasma protein binding s appraximately S0%

Formoterol is metabolized via direct glucuronidation and
D-demethylation. The enzyme responsible for O-demethylation
has not been identified. Total plasma clearance and volume of
distnbution has not been determined

Blimination

The major part of the dose of formoterol is eliminated via
metabolism. After inhalation 6-10% of the metered dose of
formoterol s excreted unmetabolized in the urine. About 20% of an
intravenous dose is excreted unchanged in the urine. The terminal
half-life after inhalation is estimated lo be & hours

INDICATIONS AND CLINICAL USE

OXEZE TURBUHALER (lormoterol fumarate dihydrate) is
indicated for long-term, twice daily (moming and evening)
administration in the maintenance treatment of asthma in
patents 12 years of age and older with reversible obstructive
airways disease, including patients with symptoms of
nocturnal asthma, who are using optimal corticosteroid
treatment and experiencing regular or frequent breakthrough
symploms requiring regular use of a short-acting bronchodilator,
OXEZE TURBUHALER should not be used in patients whose
asthma can be managed by occasional use of short-acting
whaled f.-agonsts

Corticosteroids should not be stopped because formoterol is
prescrbed

Formoterol is a long-acting B,-agonist and should not be used as
a rescue medication. To relieve acute asthmatic symptoms
a short-acting inhaled bronchodilator (e.g.. terbutaline or
salbutamol) should be used

CONTRAINDICATIONS

OXEZE TURBUHALER (formotero! fumarate dihydrate) is
contraindicaled when there is known hypersensitivity to
formoterol or inhaled lactose Like other sympathomimetic
amines, OXEZE TURBUHALER should not be used in patients
with tachyarrhythmias.

WARNINGS

Aculely Deteriorating Asthma

DXEZE TURBUHALER (formoterol fumarate dihydrate)
should nol be initiated or increased in patients with
significantly worsening or aculely deleriorating asthma (see
PRECAUTIONS).

Use of Anti-Inflammatory Agents

Palients should be receiving optimal anti-inflammatory
therapy with corlicosteroids before starling OXEZE
TURBUHALER. Formoterol is not a substitute for inhaled or oral
coricosteroids; ils use is complementary 1o them.
Corticostercids should nol be siopped whem OXEZE
TURBUHALER is initiated. Patients must be advised not to stop
or reduce corlicosteroid therapy withoul medical advice (see
PRECAUTIONS).

Treatmen! of Acute Symploms

OXEZE TURBUMALER should nol be used to treal acule
symptoms. [t is crucial to advise patients accordingly and
prescribe a short-acting, Inhaled bronchodilator for this
purpose. Medical attention should be sought If patients find
thal short-acting reliel bronchodilater treatment becomes less
efective or thal they need more inhalations than usual (see
PRECAUTIONS).

OXEZE TURBUHALER and the Management of Asthma

The management of asthma should normally follow a stepwise
programme, with patient response monitored clinically and by
lung function tests. Current asthma management guidelines
recommend the following for long-acting B;-agonists

Oral or inhaled corticosteroids should not be stopped
Adequate education should be provided to the patient
regarding the use of long-acting B,-agonists and the
acute treatment of asthma, with close follow-up fo ensure
compliance

Long-acting B,-agonists should nol be introduced In
significantly worsening or acutely deteriorating asthma
Long-acting B,-agonists should never be used as rescue
medication

Increasing use of short-acting inhaled B,-agonists to control
symptoms indicates deterioration of asthma control and the need
to reassess the patient's therapy,

Sudden or progressive deterioration in asthma control
is potentially Ife-threatening; the treatment plan must be
re-evaluated, and consideration be given to Increasing
corticosteroid therapy. In patients at risk, daly peak llow
monitoring with precise instructions for acceptable vanation
limits should be considered

Cardiovascular and Hypokalemic EMects

Potentially serious ECG changes (such as increased QTc interval)
and hypokalemia may result from ﬁ_;-ar;ulu,\l therapy. Although
clinically not significanl, a small increase in QTc interval and/or
decreasz in serum potassium has been reported at therapeutic
doses of formoterol. Particular caution is advised in severe
asthma as these effects may be potentiated by hypoxia and
concomitant treatment with xanthine derivatives, steroids and
diuretics. Hypokalemia will increase the susceptibility of digitalis
patients to cardiac arrhythmias (see PRECAUTIONS). It is
recommended that serum potassium levels be monitored in such
siluations. Therelore, OXEZE TURBUHALER, like all
sympathomimetic amines, should be used with caution in
patients with cardiovascular disorders, arrhythmias and
hypertension

Other Diseases

Sympathomimetic bronchodilators should be administered
cautiously to patients who are wnusually responsive 1o
sympathomimetic amines, e.g., in patients with hyperthyroidism
not yet under adequate control. Since ﬂl-agr:m‘_-r‘. may increase
the blood glucose level, additional blood glucose controls are
recommended when asthmatic patents with concomitant diabetes
are started on OXEZE TURBUHALER

Paradoxical Bronchospasm

As with other inhaled asthma medication, the potential for
paradoxical bronchospasm should be kept in mind. If it occurs
treatment with OXEZE TURBUHALER should be discontinued
immediately and afternative therapy instituted

Postmarkeling Experience

The postmarketing experience with OXEZE TURBUHALER is
limited. Postmarketing experience with other long-acling
B,-agonists (formoterol and salmeterol) have reported serious
exacerbations of asthma including some that have been fatal. In
most cases, these have occurred in patients with severe asthma
and/or in some patients whose asthma has been acutely
deteriorating (see WARNINGS), but they have occurred in a few
patients with less severe asthma as well. It was not possible from
these reports to determine whether long-acting B,-agonists
contributed 1o these events or simply failed to relieve the
deteriorating asthma

PRECAUTIONS

Do Nol Introduce OXEZE TURBUHALER As A Treatmen For
Acutely Deleriorating Asthma

OXEZE TURBUHALER (formolerol fumarale dihydrate) is
intended for the maintenance treatmen! of asthma (see
INDICATIONS AND CLINICAL USE) and should not be introduced
or increased in aculely deteriorating asthma, which is a
potentially It threatening condition. In patients with worsening
asthma, there are no data demonsirating thal long-acting
B;-agonists provide greater efficacy than or additional efficacy 1o
short-acting, inhaled By-agonists. With other long-acting
By-agonists, sérious acute respiratory events, including fatalities,
have been reported, some of which have occurred in patients with
severe asthma and/or patients in whom asthma has been acutely
deteriorating. Athough it is not possible from these reports 1o
determine the causal relationship between long-acling
B.-agonists and these adverse events, the infroduction or
increased use of a long-acting B,-agonist in patients with acutely
deterlorating asthma is inappropriate

Do Not Use OXEZE TURBUHALER as a Substitute
Inhaled Corticosterolds

Patients who require therapy with OXEZE TURBUHALER should
also receive optimal anti-inflammatory therapy  wity
corticosteroids. Patients must be advised to continue taking their
anti-inflammatory therapy after the introduction ol OXEZE
TURBUHALER even when symptoms decreass Any change in
corticosteroid dosage should be made ONLY after o nical
evaluation

Do Not Use OXEZE TURBUHALER 1o Treal Acute Symptoms
OXEZE TURBUHALER should only be used in patients requiring
long-term regular bronchodilator therapy and NOT as n
alternative to short-acting beta-agonists used “on demang” o in
the event of an acule attack

OXEZE TURBUHALER should NOT be used to relisye acute
asthma symploms. When prescribing OXEZE TURBUHALER, the
physician must also provide the patient with a Sh-}rt-a[il-"q-
inhaled B;-agonist (e.g., terbutaling or salbutamol) for treatment
of symploms that occur acutely, despite regular twice-dajh
of OXEZE TURBUHALER

Although formoteral has a rapid onsét of action (1 to 3 m nides)
current asthma management guidelines recommend that long
acting inhaled bronchodilators should be used only as twice-daily
maintenance bronchodilator therapy,

Watch for Increased Need for Short-Acting, Inhaled B,-Agonists
Bronchodilators of the short-acting adrenergic stimulant type iy
be used for relief of breakthrough symploms while us g
formoterol. Asthma may deleriorate acutely over a period of hours
or slowly over several days or longer. Should symptoms persist o
treatment with short-acting inhaled Oj-agonist become less
effective or a patient needs more inhalations than usual this
indicates a worsening of the underlying condition and wamants
reassessment of the treatment regimen and consideratio
increasing corticosteroid therapy. Increasing the daily do
OXEZE TURBUHALER in this situation is not appropriate. Pa
requiring increasing doses or inhalations of shori-ac
B,-agonists for relief of symptoms should be advised to consult
a physician for re-evaluation

Do Not Exceed Recommended Dosage

OXEZE TURBUHALER should NOT be used more frequ
twice daily or at higher doses than recommended. Fatalitie
been reported in association with excessive use of inhaled
sympathomimetic drugs (see below)

Cardiovascular and Other Medical Conditions
Usually no effect on the cardiovascular or ceniral nervo
15 seen after the administration of formoterol at rec
doses. bul the cardiovascular and central nervous sy
seen with all sympathomimetic drugs (£.0., increased heart rate
cardiac contractility, tremor) can occur while using formoterol
Special care and supervision, with particular emphasis on dosage
limits, is required in patients receiving OXEZE TURBUHALER
when the lollowing conditions may exist: ischemic heart disease
cardiac arrhythmias, especially third degree atrioventricular
block, severe cardiac decompensation, severe hyperiension
hypertrophic obstruclive cardiomyopathy, thyroloxicosis of
severe heart failure

Use with caution in patients with idiopathic hyper
subvalvular aortic stenosis, in whom an increase in the
gradient between the left ventricle and the aorta may occur
causing increased strain on the left venincle

Caution should be observed when treating patients with known or
suspected prolongation of the QTc-interval. Formoterol itself may
induce prolongation of the OTc-interval

Immediate Hypersensitivity Reaclions

Immediate hypersensilivity reactions may occur after
administration of OXEZE TURBUHALER. OXEZE TURBUHALER
contains lactose (600 pg per metered dose) and
contraindicated in patients with hypersensitivity |
lactose or formoterol. The amount of lactose
TURBUHALER does not mormally cause problem
intolerant people (see CONTRAINDICATIONS)
Metabolic Effects

Due 1o the reversible hyperglycemic effect of B,-agomsis
addifional blood glucose monitoring is recommended in
diabetic patients

Use in Women

Pregnant Women

The safety of OXEZE TURBUHALER during pregnar
been established (see Use in Labour and Delivery)
Lactating Women

Formoterol was found to be excreted in the milk of
after oral administration. Since there is no expenence
OXEZE TURBUHALER in nursing mothers, its use in Such
circumstances should only be considered if the expected benelit 1o
the mother is greater than the risk to the infant
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livery
There are no well-controlled human studies thal have
investigaled the effects of formoterol on prelerm labour or labour
at term. Because of the potential for ll-ag_umsl Interference with
ulering contractibility, use of DB,-agonists, such as OXEZE
TURBUHALER, during labour should be restricted to those
patients in whom the benefits clearly autweigh the risks.

Use In Gerfatrics

No adjustment of dose should be required in the elderty, or in
patients with renal or hepatic impairment, at the recommended
normal doses. (See also WARNINGS and PRECAUTIONS for
patients with cardiovascular disorders)

Use [n Pediatrics

OXEZE TURBUHALER is not currently recommended for use In
children younger than 12 years of age due to limited clinical data
in this age group.

Use in Adolescent Patients and Asthma Severity Reassessment

|n adolescent patients the severity of asthma may be variable with
age and periodic reassessment should be considered to
determine it continued maintenance therapy wilh OXEZE
TURBUHALER is still indicated. Compliance, especially neglect of
anti-inflammatory therapy and overuse of shor-acling
f,-agonists, should be carefully followed in adolescents receiving
long-acting B,-agonists

Drug Interactions

Beta-Receptor Blocking Agents

Beta-receplor blocking agents, especially non-selective ones,
may partly or totally inhibit the etfect of beta-stimulants

Should a patient treated with OXEZE TURBUHALER also require
concomitant treatment with a beta-blocker, it is recommended
thal a bela-blocker (e.g., metoprolol) with less predominant
B,-blocking effects be considered. If concomitant treaiment is
necessary, patients should be monitored carefully for possible
deterioration in pulmonary function and the need 1o adjust the
dosage of either drug

Xanthine Derivatives, Stercids and Diuretics

Concomitant treatment with xanthine derivatives, steroids
or diuretics may polentiate a possible hypokalemic effect of
B,-agonists. Hypokalemia may increase the disposition towards
arrhythmias in patients who are treated with digitalis glycosides

Other Drugs

Concomitant treatment with quinidine, disopyramide,
procainamide, phenothiazines, antihistamines (terfenading),
monoaming oxidase inhibitors and tricyclic antidepressants can
prolong the QTe-interval and increase the risk of ventricular
arrhythmias.

L-Dopa, L-thyroxine, oxytocin and alcohol can impair cardiac
tolerance towards B,-sympathomimetics.

Concomitant treatmen! with monoamine oxidase inhibifors
including agents with similar properties such as furazolidone and
procarbazine may precipitate hypertensive reactions

There is elevated risk of arrhythmias in patients receiving
concomitant anaesthesia with halogenated hydrocarbons
Infarmation to be Provided 1o the Patient

See illustrated INFORMATION FOR THE CONSUMER section. It is
important thal patients understand how to use OXEZE
TURBUHALER and how it should be used in relation to other
asthma medications they are laking. Patients should be given the
following information

I The recommended dosage, as follows:

Adults; The usual dose is 6 or 12 yg, twice dally, at 12 hour
intervals. Some adults may need 24 pg, twice daily. The
maximum daily dosage for adults, 48 pg, should not
be exceeded.

il - The usual dose is 6 pg
twice daily, at 12 hour intervals. Some children may need
12 pg, twice daily. The maximum daily dosage for adolescent
children, 24 g, should not be exceeded
OXEZE TURBUHALER is not meant to relieve acute asthma
symploms and extra doses should not be used for that
purpose. Acule symptoms should be treated with a short-
acling, inhaled B,-agonist such as terbutaline or salbutamal
(the physician should provide the patient with such
medication and instruct the patient in how it should be used)

- The physician should be notified immediately if any of the
|ﬂ|klw1n_u Situations occur, which may be a sign of seriously
worsening asthma
Decreased effectiveness of short-acting, inhaled B,-agonist
Need for more inhalations than usual of short-acting, inhaled
Bz-agonist

i OXEZE TURBUHALER should not be used as a substitute for

oral Or Inhaled corticosteroids. Patients must be advised to
continue taking their corticosteriod therapy after the

Introduction of OXEZE TURBUHALER even when symptoms

decrease

Patients should be cautioned regarding potential adverse

cardiovascular effects, such as palpitations or chest pain

v. In palients receiving OXEZE TURBUHALER other inhaled
medications should be used only as directed by the physician
Parents/guardians of adolescent children who have been
prescribed OXEZE TURBUHALER should be alerted to the
general concern regarding asthma therapy compliance,
especially neglect of anti-inflammatory therapy and overuse of
short-acting 0,-agonists

i

Pharmacologically predictable side-effects of B,-agonist therapy,
such as tremor and palpitations, may occur but tend fo be transient
and reduced with regular therapy. As with other inhalation therapy,
paradoxical bronchospasm may occur in very rare cases. The
following adverse reactions can be classified as common (I
frequency 21% and <10%): tremor, palpitations and headache:
uncommon (frequency 20.1% and <1%): muscle cramps,
lachycardia, agitation, restiessness and sleep disturbances; very
rare (frequency <0.01%). bronchospasm, exanthema, urticaria,
prurtus and hypokalemia.

The clinical program conducted with OXEZE TURBUHALER, has
Involved more than 1,800 patients. The incidence of adverse
events, irrespective of causality towards the drug, from four
controlled trials (duration 1, 3, 3 and 6 months respectively) with
OXEZE TURBUHALER is presented in the following table
Table 1.

Incidence of adverse events (irrespective of causality) with
frequency higher than placebo in four controlled trials of duration
1.3, 3and 6 months respectively.

OXEZE TURBUHALER Placebo —|
TURBUHALER
Total |6 pgbid. |12 pgbid

No. (%) | Mo.(%) | No.(%) No. (%)
Total Number of
Evaluable Patients{ 359 190 169 412
Headache 65(18%) | 15(B%) | 51 (30%)| B4 (20%)
Tremaor NE% | 402% | T(4%) 2{0%)
Pharyroc Disorder | 18 (5%) | 3(2%) | 15(9%) 10 (2%)
Cramps 10(3%) | 3(2% | TH% %)
SYMPTOMS AND TREATMENT OF OVERDOSAGE

There is no clinical experience on the management of overdose
An overdose would likely lead to eMects that are typical of
B,-adrenergic agonists: tremor, headache, palpitations and
tachycardia. Hypolension, metabolic acidosis, hypokalemia and
hyperglycemia may also occur. Supportive and symptomatic
treatment may be indicated

DOSAGE AND ADMINISTRATION

OXEZE TURBUHALER (formoterol fumarate dihydrate) should
NOT be initiated or increased in patients with significantly
worsening or aculely deteriorating asthma, which may be a life-
threatening condition (see PRECAUTIONS).

OXEZE TURBUHALER should only be used in patients requiring
long-term regular bronchodilator therapy in addition to optimal
corticosteroid therapy and NOT as an altemative to shorl-acting
beta-agonists used “on demand” or in the ewenl ol am acule
aftack.

OXEZE TURBUHALER SHOULD NOT BE USED TO TREAT ACUTE
SYMPTOMS. It is crucial to inform patients of this and prescribe
a short-acting, inhaled B,-agonist for this purpose.

OXEZE TURBUHALER SHOULD NOT BE USED MORE
FREQUENTLY THAN TWICE DAILY WITH A TWELVE-HOUR
INTERVAL BETWEEN DOSES OR AT HIGHER DOSES THAN
RECOMMENDED. Asthma may deleriorale aculely over a period
of hours or chronically over several days or longer. If the
palient's short-acting inhaled B,-agonist becomes less effeclive
or & palient needs more inhalations than usual, this may be a
marker of destabilization of asthma. In this setting, the patient
requires immediale reassessmen! ol the treatmenl regimen.
Increasing the daily dosage of OXEZE TURBUHALER in this
situation is not appropriate (see PRECAUTIONS).
Bronchodilators should not be the only or the main treatment in
patients with moderate to severe or unstable asthma. Patients
wilh severe asthma may require regular medical assessment.

These patients will require high dose inhaled or oral
corticosteroid therapy. Sudden worsening of symptoms may
require increased coricosleroids dosage which should be

administered under medical sup@nvision

Since there may be serious adverse effects associated with
excessive dosing, the dosage or frequency of administration
should not be increased

As a twice daily regular treatment, OXEZE TURBUHALER
provides 24-hour bronchodilation and can replace regular use of
a fasl-acting, short duration inhaled bronchodilator (e.g.,
salbutamol or terbutaline), when used concurrently with
corticosteroid therapy.

Dosage should be individualized and patient response should be
maonitored by the prescribing physician on an ongoing basis.

Long-Term Twice Daily Mainlenance Therapy

The dose of OXEZE TURBUHALER should be indvidualized 1o the
patient’s needs and should be the lowest possible dose that keeps
the patient symptom free or fulfills the therapautic objective
Adults.

The usual dose is 6 or 12 pg, twice daily, at 12 hour infervals
Some adults may need 24 pg, twice daily, The maximum daily
dosage for adults, 48 pg, should nol be excesded
Adolescent Children (12-16 years):

The usual dose is 6 pg, twice daily, at 12 hour intervals. Some
children may need 12 yg, twice daily. The maximum daily dosage
for adolescent children, 24 yg, should not be exceeded

In adolescent patients, the severity of asthma may be variable with
age and periodic reassessment should be considered 1o identify
the lowest dose required to maintain control and to determine if
continued maintenance therapy with OXEZE TURBUHALER is still
indicated (see PRECAUTIONS)

OXEZE TURBUHALER is avaitable in two strengths, 6 or 12 pg per
inhalation. Use of the higher strength is recommended for
patients requiring 12 pg or more, twice daily. OXEZE
TURBUHALER is not currently recommended for children
younger than 12 years of age due lo the limited clinical data in
this age group

It is important to instruct patients fo avoid exhaling info the
device and lo always replace the cover after using OXEZE
TURBUHALER

MNOTE: The medication from OXEZE TURBUHALER is delivered to
the lungs as the patient inhales and, therefore, it is important to
instruct the patient to breathe in forcefully and deeply through the
mouthpiece. The patien! may not taste or feel any medication
when using OXEZE TURBUHALER due to the small amount of
drug dispensed

Drug Substance

Praper Name: formoterol fumarate diydrate
ical Structur

- - wooe, >
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— . -
Molecular Formula: CipHeeNy044
Molecular Weight 840.9
Chemical Name: (R*R")-()-N-[2-hydrocy-5-[ 1-hydrooy-2-[2-
{4-methoxyphenyl)-1-methylethyl]aminojethyl]phenyl]for-
mamide, (E)-2-butendioate(2.1), dihydrate
Description: Formoterol fumarate dihydrate is a white to off-
white or slightly yellow non-hygroscopic crystalline powder.

i nstant The pKy of tormoterol fumarate dihydrate
al 25°C is 7.9 for the phenalic group and 9.2 for the amino group
Partition Coefficient: The octanol-water partition coefficient at
25Cis 26
Composition
Active; Formoterol fumarate dihydrate 6 or 12 pg/inhalation

. Lactose monchydrate
Stability and Storage Recommendations
OXEZE TURBUHALER should be stored at room temperature
between 15°C and 30°C with the cover tightened, away from
moisture
AVAILABILITY OF DOSAGE FORMS
OXEZE TURBUHALER (formotercl fumarate dihydrate) is
supplied in two strengths: 6 yg/metered dose (60 doses) and
12 pg/metered dose (60 doses)
The sirength of OXEZE TURBUHALER can be identified by the
colour of the tuming grip: the 6 pg/metered dose strength has a
light greenish-biue turning grip, and the 12 pg/metered dose
strength has a dark greenish-blue turning grip.
OXEZE TURBUHALER also contains lactose (600 pg per metered
dose). This amount does not normally cause problems in lactose-
intolerant people
OXEZE TURBUHALER cannot be refilled and should be discarded
when empty.
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