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Ciprofloxacin: an oral quinolone for the treatment
of infections with gram-negative pathogens

Committee on Antimicrobial Agents,* Canadian Infectious Disease Society; Thomas J. Louie, MD, FRCPC

Objective: To optimize the use of ciprofloxacin, a synthetic fluoroquinolone, in community
and hospital practice, and to minimize overprescribing by providing an overview of the liter-
ature and recommendations for appropriate use.
Options: First-line treatment for infections in which ciprofloxacin is shown to be effective,
treatment with oral ciprofloxacin rather than parenteral therapy with another drug, and step-
down therapy with oral ciprofloxacin after initial parenteral treatment.
Outcomes: In order of importance: efficacy, side effects and cost.
Evidence: A MEDLINE search of articles concerning ciprofloxacin, including in-vitro and
pharmacokinetic studies using recognized standard methods with appropriate controls and
published in recognized peer-reviewed journals, and randomized, controlled, double-blind
clinical trials.
Values: The Committee on Antimicrobial Agents of the Canadian Infectious Disease Society
(CIDS) and a recognized expert (T.J.L.) recommended use of ciprofloxacin to treat infections
against which it has proved effective both in vitro and in randomized controlled trials. They
took into account its value as an oral replacement for other drugs given parenterally and de-
velopment of resistance.
Benefits, harms and costs: With more appropriate use of ciprofloxacin there will be less de-
velopment of resistant pathogens. For certain infections patients who would otherwise re-
quire admission to hospital could be treated at home and patients initially admitted for par-
enteral therapy could be discharged sooner on oral therapy with ciprofloxacin.
Recommendations: Ciprofloxacin may be considered as first-line treatment for a number of
infections in which gram-negative pathogens are proven or strongly suspected, including
complicated urinary tract infections, bacterial prostatitis, bacterial diarrhea, selected bone and
joint infections, malignant otitis externa, bronchopulmonary infections in patients with cystic
fibrosis and selected pneumonia cases.
Validation: The paper was prepared, reviewed and revised by the Committee on Antimicro-
bial Agents of the CIDS. It was then reviewed and revised further by the Council of the
" CIDS.
Sponsor: The CIDS is solely responsible for developing, funding and endorsing these guide-
lines.

Objectif : Optimiser I’utilisation de la ciprofloxacine, un fluoroquinolone synthétique, dans
la pratique communautaire et hospitaliére, et réduire au minimum les ordonnances excessives
en présentant un apercu des publications et des recommandations sur I’utilisation appropriée.

Options : Traitement de premier recours d’infections a I’égard desquelles la ciprofloxacine a
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démontré son efficacité, traitement a la ciprofloxacine par voie orale au lieu d’une thérapie
parentérale avec un autre médicament et thérapie décroissante par administration orale de
ciprofloxacine aprés un premier traitement parentéral.

Résultats : Par ordre d’importance : efficacité, effets secondaires et cofit.

Preuves : Recherche dans MEDLINE d’articles concernant la ciprofloxacine, y compris
études in vitro et pharmacocinétiques fondées sur des méthodes normalisées reconnues et sur
des contrdles appropriés, publiées dans des journaux reconnus et validées par les pairs, et es-
sais cliniques randomisés, controlés et a double insu.

Valeurs : Le Comité des agents antimicrobiens de la Société canadienne des maladies infec-
tieuses (SCMI) et un expert reconnu (T.J.L.) ont recommandé d’utiliser la ciprofloxacine
pour traiter les infections contre lesquelles elle a fait ses preuves a la fois in vitro et au cours
d’essais randomisés contr6lés. Ils ont tenu compte de sa valeur comme médicament admin-
istré par voie orale pour remplacer d’autres médicaments administrés par voie parentérale
ainsi que du développement d’une résistance a ce médicament.

Avantages, préjudices et coiits : Une meilleure utilisation de la ciprofloxacine réduira I"ap-
parition d’agents pathogenes résistants. Dans le cas de certaines infections, des patients qui
autrement devraient étre hospitalisés pourraient &tre traités a domicile et des patients hospi-
talisés pour recevoir une thérapie parentérale pourraient ensuite passer a la ciprofloxacine par
voie orale et étre ainsi libérés plus tot.

Recommandations : La ciprofloxacine peut étre considérée comme traitement de premier
recours dans le cas de certaines infections ou 1’on a démontré ou ou I’on soupgonne forte-
ment la présence d’agents pathogeénes gram-négatifs : infections compliquées des voies uri-
naires, prostatite bactérienne, diarrhée bactérienne, certaines infections osseuses et articu-
laires, otite externe maligne, infections bronchopulmonaires chez des patients souffrant de
fibrose kystique et certains cas de pneumonie, par exemple.

Validation : Le document a été préparé, revu et révisé par le Comité des agents microbiens
de 1a SCMI et examiné et revu ensuite par le Conseil de la SCML

Commanditaire : La SCMI est seule responsable de 1’élaboration, du financement et de

I’aval de ces lignes directrices.

iprofloxacin (1-cyclopropyl-6-fluoro-1,4-dihy-

dro-4-oxo-7-[1-piperazinyl]-3-quinolonecarbox-

ylic acid hydrochloride monohydrate) is a wel-
come addition to the antimicrobial armamentarium of
Canadian physicians. In molecular structure it is related
to other quinolones including nalidixic acid, norfloxacin,
ofloxacin and enoxacin, but it differs from them in hav-
ing a cyclopropyl residue at the 1 position of the quin-
olone nucleus (Fig. 1).
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Fig. 1: Chemical configurations of the 4-quinolone
nucleus, nalidixic acid, norfloxacin and ciprofloxacin (6-
fluorine, 7-piperazine and 1-cyclopropyl moieties circled).
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Because of relatively poor gastrointestinal ab-
sorption, nalidixic acid and norfloxacin are used to
treat only urinary tract and intestinal infections.'
Ciprofloxacin offers better absorption, wide distribu-
tion in tissues and a broad spectrum of in-vitro activity
against enteric gram-negative bacilli, Pseudomonas
aeruginosa and staphylococci.” These features of
ciprofloxacin allow the physician to treat orally sev-
eral infections that previously required parenteral ther-
apy. This translates into two very real advantages: pa-
tients with certain infections no longer need to be
admitted to hospital for parenteral therapy, and in cer-
tain cases patients in hospital can be discharged earlier
on oral therapy.

Of the new quinolones ciprofloxacin is the most po-
tent by weight against most gram-negative bacilli.”* This
article summarizes its effectiveness and makes recom-
mendations for clinical practice based on results of pub-
lished clinical trials and symposia.

Methods

This article was prepared in a number of stages de-
signed to ensure an unbiased and critical approach. A
recognized content expert (T.J.L.) identified by the
Committee on Antimicrobial Agents of the Canadian
Infectious Disease Society (CIDS) prepared a first draft,
which followed a standardized format for articles con-
cerning a specific drug, with the following headings:
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mechanism of action, in-vitro activity, pharmacokinetic
features, clinical trials, side effects, dosage and recom-
mendations.

Appropriate published sources of evidence were
identified by a MEDLINE search. For the section deal-
ing with clinical trial data we paid particular attention to
study design and gave greatest credence to randomized,
controlled, double-blind trials. Consideration was also
given to position papers, consensus statements and re-
views concerning ciprofloxacin.

The first draft was reviewed by committee mem-
bers, revised and reviewed again. After a second revi-
sion the article was forwarded to the CIDS Council for
review. The committee chairman then made any further
revisions that were required.

Mechanism of action and resistance

Ciprofloxacin inhibits the activity of the bacterial
enzyme DNA gyrase, which is required for DNA repli-
cation and transcription.™® The drug is bactericidal at or
near the minimum inhibitory concentrations for most
common gram-negative pathogens.’ Also, improved
penetration of or uptake by bacterial cells of cipro-
floxacin contributes to the drug’s enhanced in-vitro
activity. However, owing to increased or inappropriate
use, ciprofloxacin-resistant strains of enteric gram-
negative bacilli are being isolated ever more frequent-
ly."*"* Decreased drug permeation of bacterial cells
and alteration of the gyrase are mechanisms of drug re-
sistance.

In-vitro activity

Most strains of Enterobacteriaceae are highly sus-
ceptible to ciprofloxacin.’ This drug is the quinolone
most active against P. aeruginosa; however, other
Pseudomonas species are less susceptible.'? Pathogens
that cause diarrheal disease, such as Salmonella,
Shigella, Aeromonas and Plesiomonas species, are
highly susceptible to ciprofloxacin, as are Neisseria
species, Haemophilus species and Moraxella (Bran-
hamella) catarrhalis regardless of whether the organ-
isms produce B-lactamase. Ciprofloxacin is at least as
active by weight as aminoglycosides, third-generation
cephalosporins and aztreonam against gram-negative
pathogens. It is active against Legionella species in vitro
and in an animal model of pneumonia.'

The in-vitro activity of ciprofloxacin against
staphylococci is consistent regardless of whether organ-
isms are methicillin-resistant.' Streptococcus pneumo-
niae, group A streptococci, group B streptococci and en-
terococci are less susceptible, with minimum inhibitory
concentrations of 2 to 4 ug/mL, and JK group coryne-
bacteria, Nocardia species, Mycoplasma species, Urea-
plasma urealyticum and obligate anaerobes have shown
resistance.'>'*"* Some intracellular pathogens, such as
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Brucella melitensis and Mycobacterium tuberculosis, ap-
pear to be susceptible, but other mycobacteria vary in
susceptibility and resistance.'®

When ciprofloxacin is combined with aminoglyco-
sides against P. aeruginosa a synergistic effect is rarely
observed. However, synergy is observed in 20% to 50%
of isolates of P. aeruginosa when ciprofloxacin is com-
bined with an antipseudomonal penicillin."” Combina-
tions of ciprofloxacin and B-lactams or aminoglycosides
are not synergistic against other organisms; antagonism
is rarely observed.

Pharmacokinetic features

After ingestion 60% to 80% of ciprofloxacin is ab-
sorbed, with peak serum concentrations at 1 to 1.5
hours. Increased doses produce correspondingly higher
serum concentrations; for example, doses of 250, 500
and 1000 mg in adults produce mean peak concentra-
tions of approximately 1.7, 2.3 and 5.9 mg/L respec-
tively." Food has no significant effect on absorption, al-
though eating delays the peak. However, absorption is
markedly impaired by concomitant ingestion of sucral-
fate, ferrous sulfate and antacids containing magnesium
or aluminum or both."” The serum half-life ranges from
3.4 t0 6.9 h; in serum, 16% to 40% of the drug is pro-
tein-bound.”

Ciprofloxacin penetrates most body fluids and tis-
sues well. The ratio of maximal site concentration to
peak serum concentration is 1.0 for skin blister fluid,
0.95 for bronchial secretions, 3.0 for lung tissue, 10 for
bile and 1.9 for prostatic tissue.”® Cerebrospinal fluid
concentrations are 10% of peak serum concentrations
when the meninges are not inflamed but more than 30%
when they are inflamed.” Intracellular concentrations of
ciprofloxacin in polymorphonuclear leukocytes are two
to seven times the extracellular concentrations, which

-suggests that ciprofloxacin is effective against obligate

intracellular pathogens.?'*

Half of the bioavailable drug is excreted by the kid-
neys, and the remainder is eliminated by the liver and
probably by intestinal mucosal secretion.? Fifteen per-
cent of the drug is eliminated in the feces. Fecal filtrate
concentrations in patients receiving doses of 250 to 500
mg range from 300 to 1000 mg/L. Six percent to 12% of
any dose is biotransformed into four inactive metabo-
lites. Drug dosages should be reduced by half when the
creatinine clearance is less than 0.5 mL/s*1.73 m?*
Ciprofloxacin is removed slowly by hemodialysis (the
extraction coefficient is 0.25).

Peak serum concentrations are 40% higher in el-
derly patients; one explanation for this observation is the
increased absorption and reduced metabolism in the el-
derly.” However, the most likely mechanism is the
smaller volume of distribution due to reduced extracellu-
lar fluid and fat and diminished renal excretion in the
elderly.”
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Clinical trials
Urinary tract infections

Ciprofloxacin has been shown to be equivalent to
trimethoprim—sulfamethoxazole”* and superior to nali-
dixic acid or trimethoprim alone” for treating uncom-
plicated urinary tract infections caused by susceptible
organisms. For treating complicated urinary tract in-
fections (upper-tract infections or infections in patients
with anatomic abnormalities) ciprofloxacin is compara-
ble or superior to trimethoprim—sulfamethoxazole,"-*
and 250 mg is as effective as higher doses."

Ciprofloxacin treatment cures 35% to 75% of diffi-
cult-to-treat P. aeruginosa urinary tract infections associ-
ated with anatomic and functional abnormalities, in
terms of a 4-week to 8-week follow-up of bacteriologic
response.* Resistance during treatment of P. aeruginosa
infections has been observed in patients with urinary
tract calculi and catheters. In acute and chronic bacterial
prostatitis caused primarily by Escherichia coli 64% to
77% of infections responded to ciprofloxacin treatment,
but infections caused by P. aeruginosa or gram-positive
pathogens did not respond as often.”* Additional com-
parative studies are needed to determine the effective-
ness of ciprofloxacin in treating prostatic infections.

Enteric infections

Ciprofloxacin is active in vitro against most bacte-
ria that cause diarrheal diseases, including Campylobac-
ter jejuni; however, its usefulness in treating C. jejuni in-
fection is not established. It has been shown to be useful
in the empiric treatment of diarrheal illnesses caused by
bacteria in adults.”” Ciprofloxacin was as effective as
trimethoprim-sulfamethoxazole in treating traveller’s di-
arrhea,™ and it cured enteric infection caused by Shigella
strains resistant to nalidixic acid and trimethoprim—
sulfamethoxazole.” In a noncomparative study, cipro-
floxacin eradicated chronic intestinal carriage of Salmo-
nella species.” The results of initial comparative evalua-
tions of the drug for the treatment of typhoid fever were
favourable.*' Despite in-vitro susceptibility of Heli-
cobacter pylori to ciprofloxacin, treatment of patients
with chronic gastritis and ulcer disease associated with
H. pylori resulted in rapid development of ciprofloxacin
resistance.*

Osteomyelitis

Ciprofloxacin cured 65% to 100% of cases of os-
teomyelitis caused by gram-negative bacilli in four non-
comparative trials and one comparative trial.*** Cipro-
floxacin-resistant strains emerged in 20% of patients
with osteomyelitis caused by P. aeruginosa.”® Osteomy-
elitis caused by Staphylococcus aureus, streptococci and
anaerobes did not respond as well to ciprofloxacin.®*
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As with P. aeruginosa infection, the emergence of resis-
tance during treatment was a concern with staphylococ-
cal osteomyelitis.”

Upper respiratory tract infections

There are insufficient data to recommend cipro-
floxacin for the treatment of routine cases of sinusitis
and acute or chronic otitis media. However, this drug has
been shown to be useful in treating malignant otitis ex-
terna caused by P. aeruginosa.’**

Lower respiratory tract infections

Ciprofloxacin was comparable to ampicillin,
trimethoprim—sulfamethoxazole or doxycycline in treat-
ing acute exacerbations of chronic bronchitis and allevi-
ated 80% of acute exacerbations of bronchopulmonary
infections caused by Pseudomonas species in teens and
young adults with cystic fibrosis.>* Organisms fre-
quently became resistant during treatment; cessation of
treatment allowed the strains to become susceptible
again.

The results of initial trials evaluating ciprofloxacin
for the treatment of pneumonia caused by gram-negative
bacilli were encouraging,”*" and oral ciprofloxacin may
be useful as “step-down” therapy for such infections. In
one study of lower respiratory tract infections in nursing
home residents, oral ciprofloxacin appeared to be as safe
and effective as intramuscular cefamandole. However,
the sample was small. Additional studies are needed to
assess fully the role of ciprofloxacin in treating infec-
tions acquired in nursing homes.™

Ciprofloxacin’s use in treating pneumococcal pneu-
monia has not been well evaluated. On the basis of data
from in-vitro studies the drug is not recommended for
this condition. Furthermore, pneumococcal bacteremia™
and meningitis® have developed in patients during
ciprofloxacin treatment of pneumococcal pneumonia,
which indicates marginal efficacy of the drug against S.
pneumoniae.

Ciprofloxacin is active in vitro against Legionella
species and is effective in animal models. It has been re-
cently recommended as a possible second-choice agent
for the treatment of legionnaire’s disease.”'

Sexually transmitted diseases

Ciprofloxacin is highly effective in treating gono-
coccal urethritis regardless of whether the organisms are
penicillin-resistant. However, it is not as effective as
tetracycline or doxycycline in treating nongonococcal
urethritis in which Chlamydia trachomatis is the main
pathogen.®*** A ciprofloxacin dosage of 500 mg every 12
hours for 3 days has effectively treated chancroid infec-
tions caused by Haemophilus ducreyi.* Ciprofloxacin is
not effective in treating syphilis.
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Soft-tissue infectiohs

In two randomized trials involving infected skin ul-
cers, abscesses, wound infections, cellulitis and burn
wounds caused mainly by S. aureus and gram-negative
bacilli, 750 mg of ciprofloxacin given orally every 12
hours was comparable to 2 g of cefotaxime given intra-
venously every 8 hours.*% These studies had insufficient
numbers of patients with group A streptococcal infec-
tions to establish the efficacy of ciprofloxacin against
this pathogen. Foot infections in patients with diabetes
mellitus have responded to ciprofloxacin treatment;*"*
however, obligate anaerobes, particularly Bacteroides
species, were recovered less often in this study than in
other studies of foot cellulitis in patients with diabetes.
Additional treatment to cover obligate anaerobes may be
required in such cases.

Prophylaxis of infection

Ciprofloxacin has been used preventively in a num-
ber of situations. A single dose of 500 mg is highly ef-
fective in eradicating pharyngeal carriage of Neisseria
meningitidis.®™ The frequency of gram-negative rod
bacteremia in granulocytopenic patients is reduced with
ciprofloxacin prophylaxis;”"? however, infection with
coagulase-negative staphylococci or viridans-group
streptococci remains a problem. Ciprofloxacin prophy-
laxis against infection in severely granulocytopenic pa-
tients should still be regarded as experimental. Cipro-
floxacin has been used successfully to reduce septic
complications of prostatic surgery.”

Replacement of intravenous therapy

In patients with serious infections caused by gram-
negative bacilli who have responded well to initial intra-
venous therapy, ciprofloxacin may be extremely useful
for continued treatment, thereby simplifying and reduc-
ing the cost of intravenous therapy. Oral quinolones are
less expensive than intravenous drugs and do not require
as much nursing care. Patients so treated will benefit
from early discharge from hospital. In treating polymi-
crobial infections, however, physicians should consider
the need to continue treatment for copathogens (e.g.,
gram-positive cocci and anaerobes) when “stepping
down” from intravenous to oral therapy.

Side effects

The results of clinical trials and European postmar-
keting surveys show that ciprofloxacin is well tolerated
and has a low frequency of adverse reactions.” Most
side effects are not severe enough to necessitate drug
withdrawal. Gastrointestinal side effects are the most
common: 2.1% of patients suffered from nausea and
vomiting, 0.3% experienced abdominal pain and 1.2%
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had diarrhea.” Central nervous system reactions in-
cluded dizziness (experienced by 0.4% of patients),
headache (0.3% of patients), and insomnia and halluci-
nations (0.1% of patients). Seizures in predisposed indi-
viduals are rare. Because of higher peak serum concen-
trations in the elderly, clinicians should be vigilant
regarding possible side effects in these patients. Elevated
levels of hepatic enzymes have been seen in only 2.0%
of recipients, and eosinophilia and leukopenia are un-
common. Rashes, which may be triggered by light, have
been reported in 1.0% of patients in postmarketing sur-
veys. Anaphylaxis is rare.

Ciprofloxacin may interfere with the intrahepatic
metabolism of theophylline and caffeine, resulting in ex-
cessively high blood levels of xanthine. Like other quin-
olones, ciprofloxacin causes cystic lesions in the carti-
lage of immature animals. Although ciprofloxacin has
no teratogenic effects in animals, its safety in pregnancy
has not been established. Arthropathy in weight-bearing
joints during ciprofloxacin treatment has been reported,’
but this may be caused by immune complexes.

Dosage

Ciprofloxacin is available in 250, 500 and 750 mg
tablets. The median dosage is 500 mg every 12 h. For
the treatment of urinary tract infections 250 mg twice
daily is as effective as higher dosages. The 500 and 750
mg tablets should be used to treat infections other than
those in the urinary and gastrointestinal tracts. The
dose should be halved in patients with creatinine clear-
ances of less than 0.5 mL/s+1.73 m?, particularly if
these patients also have coexisting hepatic insuffi-
ciency.

Recommendations

Ciprofloxacin is not recommended for use in chil-
dren or pregnant women. Indications for first-line treat-
ment with oral ciprofloxacin are summarized in Table 1.
On the basis of the available data, ciprofloxacin should
be selected for the treatment of infections caused by
gram-negative bacilli, either as single pathogens or co-
pathogens. Treatment for gram-positive or anaerobic co-
pathogens may be needed as well. The main advantage
of ciprofloxacin is that it offers oral treatment of infec-
tions that would normally require parenteral therapy.
Despite in-vitro study results showing that methicillin-
susceptible and methicillin-resistant staphylococci were
susceptible to ciprofloxacin, the drug is not recom-
mended for the treatment of such infections because of
the development of resistance and because the drug is
bactericidal close to the minimum inhibitory concentra-
tion of the staphylococci. For similar reasons cipro-
floxacin is not recommended for routine treatment of
streptococcal infections.

Physicians should prescribe the drug in selected sit-
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uations, keeping in mind its strengths and weaknesses.
Ciprofloxacin is preferred for the treatment of compli-
cated upper and lower urinary tract infections as well as
uncomplicated pyelonephritis, bacterial diarrhea, intesti-
nal carriage of Salmonella species, prostatitis, osteo-
myelitis caused by gram-negative bacteria and malignant
otitis externa. As shown in Table 1, it has a role in treat-
ing certain cases of pneumonia acquired in the commu-
nity, hospital and nursing home, and lung infections
caused by Pseudomonas species in patients with cystic
fibrosis. It should not, however, be used to treat pneumo-
nia in which gram-negative pathogens are not a concern
or when S. pneumoniae is the likely pathogen. Guide-
lines for the length of treatment for various infections

; Table 1: Indications for first-line treatment with oral
| ciprofloxacin

Type of infection Comments

Malignant otitis
externe

Usually caused by Pseudo-
monas aeruginosa
Oral treatment may be used

Treatment should be intermit-
tent or episodic to minimize
resistance

May be used in cases in
which infection with a gram-
negative bacillus is strongly
suspected

Useful as a “step-down” ther-
apy to replace intravenous
treatment for gram-negative |
bacilli

Bronchopulmonary
infections in patients
with cystic fibrosis

Pneumonia acquired
in the community

Pneumonia acquired
in hospital

Pneumonia acquired Pneumonia caused by gram-
n nursing homes negative pathogens is more
common in nursing homes
Bacterial diarrhea Quinolones offer excellent
including traveller’s coverage. Some physicians

diarrhee may prefer norfloxacin
because it is not as well
absorbed. There are
insufficient data on the effi-
cacy of quinolones in treat-
ing infections caused by
Campylobacter species

Useful for outpatient treat-
ment of complicated urinary
tract infections, including
pyelonephritis. Resistance
may develop in patients
with anatomic abnormalities |
or nephrolithiasis

Complicated urinary
tract infections
(e.g., nosocomial
infections and
anatomic
abnormalities in
association with
multiresistant
gram-negative
pathogens)

Bacterial prostatitis May not be effective against
pathogens other than gram-
negative bacilli or
against prostatodynia

Long-term follow-up studies
of osteomyelitis
treatment are needed
to confirm this indication

Bone and joint
infections caused
by gram-negative
bacilli
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are not yet established. As a rule, the type of drug used
alters the route of administration but not the treatment
time.

Ciprofloxacin is an alternative drug for the treat-
ment of uncomplicated lower urinary tract infections,
Neisseria gonorrhoeae mucosal infections, chancroid,
acute exacerbations of chronic bronchitis, septic arthri-
tis, cellulitis caused by gram-negative bacilli and pro-
phylaxis of infection with N. meningitidis.

The drug’s efficacy in treating disseminated gono-
coccal infection, biliary tract sepsis, pneumonitis caused
by Mycoplasma pneumoniae, tuberculosis, meningitis or
endocarditis is not established. It should not be used to
treat chlamydial infections or infections caused by obli-
gate anaerobes.

In considering the cost of quinolone drugs phys-
icians should be careful to make the appropriate compar-
isons. Appropriate use of trimethoprim—sulfamethoxa-
zole or ampicillin is cost-effective. However, ciproflox-
acin has the advantage of allowing physicians to treat
orally certain infections that previously would have re-
quired parenteral treatment. Its cost, therefore, should be
compared with that of the parenteral drugs that would
normally be used. For the treatment of serious infections
with gram-negative pathogens oral ciprofloxacin may be
an alternative to continued intravenous therapy after pa-
tients have responded to initial parenteral treatment.

Additional clinical experience, postmarketing
evaluation and careful trials comparing the drug with
conventional therapy and other quinolones are re-
quired. Physicians should know the consequences of
overprescribing ciprofloxacin and the risk of drug
resistance.

References

1. Committee on Antimicrobial Agents, Canadian Infectious Disease
Society: Norfloxacin: a new quinolone. Can Med Assoc J 1988
139: 305-307

2. Neu HC, Percival A, Lode H (eds): Ciprofloxacin: a major ad-
vance in quinolone chemotherapy. Am J Med 1987: 82 (suppl
4A): 1-404

3. Rubinstein E, Adam D, Moellering R Jr et al (eds): International
Symposium on New Quinolones. Rev Infect Dis 1988; 10 (suppl
1): S1-271

4. Phillips I, Ball P, Neu HC et al (eds): Ciprofloxacin: quinolones
in practice. J Antimicrob Chemother 1986; 18 (suppl D): 1-197

5. Rubinstein E, Adam D, Moellering R Jr et al (eds): Second Inter-
national Symposium on New Quinolones. Rev Infect Dis 1989: 11
(suppl 5): S897-1431

6. Neu HC, Percival A, Lode H (eds): Ciprofloxacin: major ad-
vances in intravenous and oral quinolone therapy. Proceedings of
a symposium. Am J Med 1989; 87 (suppl 5A): 15-287S

7. Hooper DC, Wolfson JS: Mode of action of the quinolone antimi-
crobial agents. Rev Infect Dis 1988; 10 (suppl 1): S14-21

8. Shen LL, Pernet AG: Mechanism of inhibition of DNA gyrase by
analogues of nalidixic acid: the target of the drugs is DNA. Proc
Natl Acad Sci USA 1985; 82: 307-311

9. Sanders CC, Sanders WE, Goering RV: Overview of preclinical
studies with ciprofloxacin. Am J Med 1987: 82 (suppl 4A): 2-11

10. Parry MF, Panzer KB, Yukna ME: Quinolone resistance. Suscep-

LE 1°"MARS 1994



11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

tibility data from a 300 bed community hospital. Am J Med 1989;
87 (suppl 5A): S12-16

Kozinn WP, Holmes RL, Mulrooney A: Emergence of
ciprofloxacin-resistance in bacterial isolates from nursing home
patients [abstr]. Presented at the 30th Interscience Conference on
Antimicrobial Agents and Chemotherapy, Atlanta, Oct 23, 1990
Bellido F, Pechere JC: Laboratory survey of fluoroquinolone ac-
tivity. Rev Infect Dis 1989; 11 (suppl 5): $917-924

Saito A, Hironobu K, Shigeno H et al: The antimicrobial activity
of ciprofloxacin against Legionella species and treatment of ex-
perimental Legionella pneumonia in guinea pigs. J Antimicrob
Chemother 1986; 18: 251-260

Barry AL, Jones RN: In vitro activity of ciprofloxacin against
gram-positive cocci. Am J Med 1987; 82 (suppl 4A): 27-32
Kayser FH, Novak J: In vitro activity of ciprofloxacin against
gram-positive bacteria. Ibid: 33-39

Young LS, Berlin GW, Inderlied CB: Activity of ciprofloxacin
and other fluorinated quinolones against mycobacteria. Ibid:
23-26

Neu HC: Synergy of fluoroquinolones with other antimicrobial
agents. Rev Infect Dis 1989; 11 (suppl 5): S1025-1035

Bergan T, Thorsteinsson SB, Solberg R et al: Pharmacokinetics of
ciprofloxacin: intravenous and increasing oral doses. Am J Med
1987; 82 (suppl 4A): 97-102

. Polk R, Healy D, Sahai J et al: Effect of ferrous sulfate and multi-

vitamins with zinc on the absorption of ciprofloxacin in normal
volunteers [abstr]. Presented at the 29th Interscience Conference
on Antimicrobial Agents and Chemotherapy, Houston, Sept
17-20, 1989 v
Campoli-Richards DM, Monk JP, Price A et al: Ciprofloxacin: a
review of its antibacterial activity, pharmacokinetic properties and
therapeutic use. Drugs 1988; 35: 373-447

Koga H: High performance liquid chromatography measurement
of antimicrobial concentrations in polymorphonuclear leucocytes.
Antimicrob Agents Chemother 1987; 31: 1904-1908

Easman CSF, Crane JP: Uptake of ciprofloxacin by human neu-
trophils. J Antimicrob Chemother 1985; 16: 67-73

Rohwedder R, Bergan T, Thorsteinsson SB et al: Transintestinal
elimination of ciprofloxacin. Chemotherapy 1990; 36: 77-84
Eliopoulos GM: New quinolones: pharmacology, pharmacokinet-
ics, and dosing in patients with renal insufficiency. Rev Infect Dis
1988; 10 (suppl 1): S102-105 .
Norrby SR, Ljungberg B: Pharmacokinetics of fluorinated
4-quinolones in the aged. Rev Infect Dis 1989; 11 (suppl 5):
S$1102-1106

LeBel M, Bergeron MG: Pharmacokinetics in the elderly: studies
on ciprofloxacin. Am J Med 1987; 82 (suppl 4A): 108-114

Henry NK, Schultz HJ, Grubbs NC et al: Comparison of
ciprofloxacin and co-trimoxazole in the treatment of uncompli-
cated urinary tract infection in women. J Antimicrob Chemother
1986; 18 (suppl D): 103-106

Tolkoff-Rubin NE, Rubin RH: Ciprofloxacin in the management
of urinary tract infection. Urology 1988; 31: 359-367

Newson SWB, Murphy P, Matthews J: A comparative study of
ciprofloxacin and trimethoprim in the treatment of urinary tract
infections in geriatric patients. J Antimicrob Chemother 1986; 18
(suppl D): 111-115

Ball AP, Fox C, Brown IRF: Clinical efficacy and kinetics of )

ciprofloxacin in UTI [abstr]. In Proceedings of the Fourth
Mediterranean Congress of Chemotherapy, Rhodes, Greece, 1984
Perez-Ruvalcaba JA, Quintero-Perez NP, Morales-Reyes JJ et al:
A double-blind comparison of ciprofloxacin and trimethoprim—
sulfamethoxazole in the treatment of patients with urinary tract in-
fections [abstr]. Rev Infect Dis 1988; 10 (suppl 1): S164

Boerema JBJ, Oomen WBM, Branolte JH: Comparative efficacy
and safety of ciprofloxacin and cotrimoxazole in the treatment of
patients with complicated urinary tract infections [abstr]. In Pro-
ceedings of the 14th International Congress of Chemotherapy,

MARCH 1, 1994

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

52.

Kyoto, Japan, 1985: 197

Gasser TC, Graversen PH, Madsen PO: Treatment of complicated
urinary tract infections with ciprofloxacin. Am J Med 1987; 82
(suppl 4A): 278-279

Malinverni R, Glauser MP: Comparative studies of fluoro-
quinolones in the treatment of urinary tract infections. Rev Infect
Dis 1988; 10 (suppl 1): S153-163

Guibert J, Destree D, Konopka C et al: Ciprofloxacin in the treat-
ment of urinary tract infection due to enterobacteria. Eur J Clin
Microbiol 1986; 5: 247-248

Weidner W, Schiefer HG, Dalhoff A: Treatment of chronic bacte-
rial prostatitis with ciprofloxacin: results of a one year followup
study. Am J Med 1987; 82 (suppl 4A): 280-283

Pichler HET, Diridl G, Stickler K et al: Clinical efficacy of
ciprofloxacin compared with placebo in bacterial diarrhea. Ibid:
328-332

Ericsson CD, Johnson PC, Dupont HL et al: Ciprofloxacin or
trimethoprim—sulfamethoxazole as initial therapy for travellers di-
arrhea. Ann Intern Med 1987; 106: 216-220

Dupont HL, Ericsson CD, Robinson A et al: Current problems in
antimicrobial therapy for bacterial enteric infection. Am J Med
1987; 82 (suppl 4A): 324-328

Ferreccio C, Morris JG Jr, Valdiviesco C et al: Efficacy of
ciprofloxacin in the treatment of chronic typhoid carriers. J Infect
Dis 1988; 157: 1235-1239

Quintero-Perez NP, Andrade-Villanueva J, Leon-Garnica G et al:
Comparative double-blind efficacy and safety study of
ciprofloxacin with chloramphenicol in the treatment of typhoid
fever [abstr]. Presented at the 28th Interscience Conference on
Antimicrobial Agents and Chemotherapy, Los Angeles, Oct
23-26, 1988

Sachdeva M, Lee BL, Sande MA: Ineffectiveness of ciprofloxacin
in the eradication of Campylobacter pylori in ulcer disease
[abstr]. Presented at the 29th Interscience Conference on Antimi-
crobial Agents and Chemotherapy, Houston, Sept 17-20, 1989
Lesse Al, Freer C, Salata RA: Oral ciprofloxacin therapy for
gram-negative bacillary osteomyelitis. Am J Med 1987; 82 (suppl
4A): 247-253

. Gilbert DN, Tice AD, Marsh PK et al: Oral ciprofloxacin therapy

for chronic contiguous osteomyelitis caused by aerobic gram-
negative bacilli. Ibid: 254-258

Slama TG, Misinski J, Sklar S: Oral ciprofloxacin therapy for
osteomyelitis caused by aerobic gram-negative bacilli. Ibid:
259-261

Trexler-Hessen M, Ingerman MIJ, Kaufman DH et al: Clinical ef-
ficacy of ciprofloxacin for gram-negative bacillary osteomyelitis.
Ibid: 262-265

Greenberg RN, Tice AD, Marsh PK et al: Randomized trial of
ciprofloxacin compared with other antimicrobial therapy in the
treatment of osteomyelitis. Ibid: 266-269

Gentry LO, Rodrigues GG: Oral ciprofloxacin compared with
parenteral antibiotics in the treatment of osteomyelitis. Antimi-
crob Agents Chemother 1990; 34: 40-43

Follath F, Bindschedler M, Wenk M et al: Use of ciprofloxacin in
the treatment of Pseudomonas aeruginosa infections. Eur J Clin
Microbiol 1986; 5: 236-240

Daikos GL, Murphy R, Lolans VT et al: Therapy of osteomyelitis
with long-term oral ciprofloxacin [abstr]. Presented at the 27th In-~
terscience Conference on Antimicrobial Agents and Chemother-
apy, New York, Oct 4-7, 1987

- Fass RJ, Koletar SL: Treatment of severe gram-negative os-

teomyelitis with oral ciprofloxacin [abstr]. Presented at the 28th
Interscience Conference on Antimicrobial Agents and
Chemotherapy, Los Angeles, Oct 23-26, 1988

Giamarellou H, Christidis K, Galanakis N et al: The newer
quinolones and malignant otitis externa [abstr]. Presented at the
29th Interscience Conference on Antimicrobial Agents and
Chemotherapy, Houston, Sept 17-20, 1989

CAN MED ASSOC J 1994; 150 (5) 675



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

676

Sade J, Lang R, Goshen S et al: Ciprofloxacin treatment of malig-
nant otitis externa. Am J Med 1989; 87 (suppl 5A): S138-141
Grenier B: Use of the new quinolones in cystic fibrosis. Rev Infect
Dis 1989; 11 (suppl 5): S1245-1252

Fass RJ: Efficacy and safety of oral ciprofloxacin in the treatment
of serious respiratory infections. Am J Med 1987; 82 (suppl 4A):
202-207

Nix DE, Peloquin CA, Cumbo TJ et al: Intravenous ciprofloxacin
for nosocomial lower respiratory tract infections [abstr]. Pre-
sented at the 2nd International Symposium on New Quinolones,
Geneva, Switzerland, Aug 25-27, 1988

Khan FA, Basir R: Sequential intravenous-oral administration of
ciprofloxacin vs ceftazidime in serious bacterial respiratory tract
infections. Chest 1989; 96: 528-537

Peterson PK, Stein D, Guay DRP et al: Prospective study of lower
respiratory tract infections in an extended-care nursing home pro-

gram: potential role of oral ciprofloxacin. Am J Med 1988 85: ‘

164-171

Cooper B, Lawlor M: Pneumococcal bacteremia during
ciprofloxacin therapy for pneumococcal pneumonia. Am J Med
1989; 87: 475

Righter J: Pneumococcal meningitis during intravenous
ciprofloxacin therapy. Am J Med 1990; 88: 548

Edelstein PH: Legionnaire’s disease. Clin Infect Dis 1993; 16:
741-747

Fong IW, Linton W, Simbul M et al: Treatment of nongonococcal
urethritis with ciprofloxacin. Am J Med 1987; 82 (suppl 4A):
311-316

Hooton TM, Rogers C, Ewers C et al: Randomized double blind

comparison of ciprofloxacin and doxycycline for treatment of |

NGU [abstr]. Presented at the 29th Interscience Conference on An-
timicrobial Agents and Chemotherapy, Houston, Sept 17-20, 1989

Naamara W, Plummer FA, Greenblatt RM et al: Treatment of

chancroid with ciprofloxacin: a prospective randomized clinical |

trial. Am J Med 1987; 82 (suppl 4A): 317-320

Ramirez-Ronda CH, Saavedra S, Rivera-Vazquez CR: Compara-
tive, double-blind study of oral ciprofloxacin and intravenous ce-
fotaxime in skin and skin structure infections. Ibid: 220-223

Parish LC, Asper R: Systemic treatment of cutaneous infections.
A comparative study of ciprofloxacin and cefotaxime. Ibid:
227-229

Peterson LR, Lissack LM, Canter K et al: Therapy of lower ex-
tremity infections with ciprofloxacin in patients with diabetes
mellitus, peripheral vascular disease, or both. Am J Med 1989; 86:
801-808

Beam TR, Guitierrez I, Powell S et al: Prospective study of the ef-
ficacy and safety of ciprofloxacin IV/PO in the treatment of dia-
betic foot infections [abstr]. Presented at the 2nd International
Symposium on New Quinolones, Geneva, Switzerland. Aug
25-27, 1988

Gaunt PN, Lambert BE: Single dose ciprofloxacin for the eradica-
tion of pharyngeal carriage of Neisseria meningitidis. J Antimi-
crob Chemother 1988; 21: 489-496

Renkonen OV, Sivonen A, Visakorpi R: Effect of ciprofloxacin
on carrier rate of Neisseria meningitidis in army recruits in Fin-
land. Antimicrob Agents Chemother 1987; 31: 962-963

Dekker AW, Rozenberg-Arska M, Verhoef J: Infection prophy-
laxis in acute leukemia: a comparison of ciprofloxacin with
trimethoprim-sulfamethoxazole and colistin. Ann Intern Med
1987; 106: 7-11

Lew MA, Kehoe K, Antman K et al: Ciprofloxacin for prophy-
laxis of infections in granulocytopenic patients — a placebo con-
trolled trial [abstr]. Presented at the 2nd International Symposium
on New Quinolones, Geneva, Switzerland, Aug 25-27, 1988
Naber KG: Use of quinolones in urinary tract infections and pros-
tatitis. Rev Infect Dis 1989; 11 (suppl 5): S1321-1337

Alfaham M, Holt ME, Goodchild MC: Arthropathy in a patient
with cystic fibrosis taking ciprofloxacin. BMJ 1987; 295: 699

CAN MED ASSOC J 1994: 150 (5)

Conferences
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June 26, 1994: International Refractive Surgery Club Meet-
ing (satellite meeting of the 27th International Congress of
Ophthalmology)

Toronto

Dr. Spencer Thornton, 307 Mid-State Medical Center, 2010
Church St., Nashville, TN 37203; tel (615) 329-7890, fax
(615) 329-7892

June 26-30, 1994: Allied Health Personnel — International

Congress of Ophthalmology '94 Conference (held in
conjunction with the 27th International Congress of
Ophthalmology, organized by the Canadian Ophthalmic
Medical Assistants Association, the Canadian Society of
Ophthalmic Registered Nurses, the Canadian Orthoptic
Society and the Canadian Ophthalmological Society)

Toronto
AHP-ICO ’94, c/o Congress Canada Conference

Management, 191 Niagara St., Toronto, ON M5V 1C9; tel
(416) 860-1772, fax (416) 860-0380

June 26-30, 1994: 27th International Congress of

Ophthalmology (hosted by the Canadian Ophthalmological
Society)

Toronto
Study credits available.
27th ICO Secretariat, 275 Bay St., Ottawa, ON KIR 5Z5;

(general information) tel (613) 563-1994, fax (613)
236-2727; (registration) tel (613) 232-8228, fax (613)
236-2727; (scientific program) tel (613) 829-0084, fax
(613) 829-1561

June 27-28, 1994: International Glaucoma Society Meeting

(satellite meeting of the 27th International Congress of
Ophthalmology, integrated into the Congress program)

. Toronto
Dr. Gordon Douglas, 2550 Willow St., Vancouver, BC

V5Z 3N09:; tel (604) 875-4365, fax (604) 875-4606

July 1-3, 1994: International Society on Metabolic Eye

Disease 10th Symposium (satellite meeting of the 27th
International Congress of Ophthalmology)

Montreal
Dr. Heskel M. Haddad, International Society on Metabolic

Eye Disease, 1125 Park Ave., New York, NY 10128; tel
(202) 427-1246, fax (202) 360-7009

July 1-4, 1994: Forum on New Materials — Materials in

Clinical Applications (in conjunction with the 8th
International Conferences on Modern Materials and
Technologies)

Florence, Italy
Official language: English
8th CIMTEC, Forum on New Materials, Topical Symposium

VIIL PO Box 174, 48018 Faenza, Italy; tel 011-39-546-
22461 or 011-39-546-664143, fax 011-39-546-664138 or
011-39-546-663362
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