
This issue is the second and final part in our series on urinary
tract infection (UTI). Part I of the series examined epidemiology,
emerging resistance patterns, and patient-specific treatment
strategies. In part II, we will
cover antibiotic selection, new
treatment options, and special
considerations.

—The Editor

Antibiotic Selection 
for UTI: General 
Principles and Overview
of Therapeutic Options

Because of the relative pre-
dictability of uropathogens, and
the time delay associated with
urine culture results, antibiotic
treatment for UTIs relies heavi-
ly on empiric therapy. Recent
changes in antibiotic resistance
trends, however, have forced a
reassessment of empiric choices
for managing UTI. As is the
case for nearly all infections,
the ideal antibiotic for UTI is one that provides predictable cov-
erage against all pathogens likely to cause the disease, offers sig-

nificant penetration of the urinary system and adequate urine
concentrations, has few side effects, and shows low resistance
rates in the local community to the expected uropathogens. A

wide range of treatment options
has been studied extensively
and reported in the medical lit-
erature; however, interpretation
of older studies, in particular,
must be considered in light of
current resistance patterns. 

Fluoroquinolones: Cur-
rent Agents of Choice. With
rapidly changing resistance pat-
terns among the common
uropathogens, standard first-
line treatment (i.e., trimetho-
prim-sulfamethoxazole [TMP-
SMX]) is being replaced in
many instances by the fluoro-
quinolone class. Derivatives of
nalidixic acid, fluoroquinolones
were discovered accidentally in
the early 1960s during the syn-
thesis of the anti-malarial agent

chloroquine.1 To date, more than 10,000 analogues of nalidixic
acid have undergone initial screening, and the first fluoro-
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quinolone antibiotic was approved for clinical use in the late
1980s.1 These highly effective antimicrobials act on bacterial
topoisomerases, a class of enzymes that is essential for maintain-
ing the physicochemical stability and biological activity of bacte-
rial DNA.1 In general, the newer quinolones have longer serum
half-lives, with proven post-antibiotic effects from one to six
hours; this allows patient-friendly, single- or twice-daily dosing
and higher peak levels for maximum bactericidal activity. Recent
approval of extended release ciprofloxacin (Cipro XR®)2 has
made available an effective, well-tolerated, and safe once-daily
preparation of what most clinicians concur has become the gold
standard of therapy for UTI.1

In addition, fluoroquinolones are well-absorbed from the gas-
trointestinal tract, and in the case of ciprofloxacin, equivalent
clinical outcomes in selected patient populations with moderate

to severe UTI have been established between patient groups who
received this drug intravenously and those who received oral
therapy.3-5 The fluoroquinolones have excellent penetration into
various tissues; they are well-distributed intracellularly, and have
the added benefit of eliminating perineal, vaginal, and perirectal
reservoirs of uropathogens without altering normal bowel or
vaginal flora.1,6

As mentioned, the high oral bioavailability of fluoro-
quinolones allows switching from intravenous to oral therapy
without dosage adjustments.7 Excretion is primarily renal,
although some of the compounds have exclusive hepatic metabo-
lism or a combination of the two.1 They have an extended spec-
trum of bactericidal activity against gram-negative rods, includ-
ing Pseudomonas, gram-positive cocci, and intracellular
pathogens.6,7 Fluoroquinolones remain classified as category C
drugs, requiring practitioners to rule out pregnancy before pre-
scribing them to potentially pregnant patients.1

The armamentarium of commonly used fluoroquinolones is
expanding at a rapid rate. Ciprofloxacin (Cipro®), which has
been a clinically proven gold standard for oral and intravenous-
based therapy of UTIs, has been joined by other agents, many of
which also are indicated for community-acquired pneumonia
(CAP). The new extended release formulation of ciprofloxacin
likely will become the new standard of care for uncomplicated
UTI. Other members of this class include gatifloxacin (Tequin®),
levofloxacin (Levaquin®), and ofloxacin (Floxin®). Low levels of
resistance to fluoroquinolones are beginning to appear through
two mechanisms: chromosomal mutations or alterations affecting
the ability of fluoroquinolones to permeate the bacterial cell
wall.1 Fortunately, separate isomerases are required to produce
this form of resistance; therefore, the emergence of a predictably
resistant organism would require a rare double mutation.1

An extensive body of clinical research confirms that fluoro-
quinolones are extremely effective for the treatment of UTIs rang-
ing in severity from uncomplicated cystitis to urosepsis.8 As would
be expected, many studies evaluating newly introduced quinolones
compare clinical trial outcomes to the established track record of
ciprofloxacin, which has become a standard choice for initial,
empiric therapy for most UTIs. In a clinically controlled trial com-
paring three days of oral ciprofloxacin with seven days of TMP-
SMX or nitrofurantoin, bacteriologic cure rates for uncomplicated
UTI after 4-6 weeks were 91%, 79%, and 82%, respectively.9 Clin-
ical cure rates after 4-10 days were similar among the three
groups, as was the overall incidence of adverse events. The superi-
or efficacy of ciprofloxacin as compared to TMP-SMX also has
been confirmed in patients with acute pyelonephritis.10

In certain studies of acute uncomplicated cystitis, levofloxacin
preliminarily has been shown to have equal efficacy in single
doses as in the standard longer dosing regimens.11,12

Ciprofloxacin and norfloxacin are effective in either once- or
twice-daily dosing regimens in uncomplicated UTI.13,14 For com-
plicated UTIs, including pyelonephritis, levofloxacin and lome-
floxacin have equivalent bacteriologic and clinical cure rates to
ciprofloxacin. Of the newer fluoroquinolones, only levofloxacin
is approved for both upper and lower UTIs. 
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Despite the effectiveness of newer fluoroquinolones for UTI,
overuse of the extended spectrum fluoroquinolones (i.e., lev-
ofloxacin and gatifloxacin) for outpatient and hospital-based man-
agement of UTI must be considered in light of recommendations
made by the Centers for Disease Control and Prevention (CDC).
The CDC has documented concerns about emerging resistance to
common pathogens implicated in CAP. The fluoroquinolone
ciprofloxacin is a preferred oral agent for the treatment of
Pseudomonas aeruginosa urinary infections.10 It should be
emphasized that although other quinolones may demonstrate
activity against, and may be indicated for treatment of gram-nega-
tive organisms implicated in UTI, some of these antibiotics, espe-
cially those extended spectrum fluoroquinolones that also are
used for initial, empiric treatment of CAP, are active against
Streptococcus pneumoniae. 

Given the recently reported increase in resistance among S.
pneumoniae species to levofloxacin, attempts should be made to
limit selective pressures caused by the overuse of these agents.
Consequently, the use of so-called advanced generation fluoro-
quinolones (AFQs) as initial, first-line agents for UTI should be
discouraged because of concerns about emerging resistance
among S. pneumoniae species implicated in CAP. This caution-
ary approach is supported by a recent guidelines document
issued by the CDC’s Drug-Resistant Streptococcus Pneumoniae
Therapeutic Working Group.

In this regard, because of significant concerns about, as well
as documentation of, emerging resistance to S. pneumoniae, the
CDC panel has recommended that extended spectrum fluoro-
quinolones (i.e., levofloxacin, gatifloxacin, etc.) be reserved for
selected patients with CAP. In light of this position, which is
intended to prevent excessive use of advanced fluoroquinolones
and reduce selective pressures against pulmonary pathogens
causing CAP, it appears prudent to limit their potential for induc-
ing resistance in the community and reserve such antibiotics as
alternative agents in patients with UTI. This approach appears to
be justified, especially because an effective and safe fluoro-
quinolone (i.e., extended release ciprofloxacin ) is available for
uncomplicated UTI, and does not have significant activity
against gram-positive organisms causing CAP. Accordingly,
ciprofloxacin is recommended as the initial fluoroquinolone of
choice for managing patients with UTI. 

Outcome-Optimizing and Compliance-Enhancing
Antimicrobials for Uncomplicated UTI: Guiding
the Gold Standard

Optimizing Clinical Outcomes in Uncomplicated UTI. The
recent introduction of extended release ciprofloxacin has made it
possible to potentially enhance medication compliance through
once-daily administration of this gold standard antimicrobial for
uncomplicated UTI with a preparation that achieves an area
under the curve (AUC) that is equivalent to conventional BID
ciprofloxacin, and a C

max
that is 40% higher.2

The new, extended release formulation features a number of
attributes, including absorption that is limited to the upper gas-
trointestinal tract, and a unique bilayer matrix design that permits

about 35% of the dose to be released immediately and the remain-
ing 65% to be released over an extended period. Good urine con-
centrations are maintained throughout the dosing interval. 

Because of its potentially compliance-enhancing properties
(once-daily dosing and a well-tolerated side effect profile),
extended release delivery system, and clinically effective urine
concentrations, the extended release formulation represents a risk-
management upgrade as compared to BID ciprofloxacin; there-
fore, it should replace the older formulation as the clinical stan-
dard for treatment of uncomplicated UTI when indicated. A well-
designed clinical trial (please see “Clinical Studies” below) sup-
ports this shift to the once-daily, extended release formulation.

Clinical Studies. To evaluate the clinical usefulness and pos-
sible advantages of extended release ciprofloxacin, a study was
designed to compare the efficacy and safety of extended release
ciprofloxacin 500 mg QD to conventional immediate-release
ciprofloxacin 250 mg BID for women with uncomplicated UTI.
This study design, which represented the U.S. pivotal trial, was a
double-blind, randomized phase III study enlisting adult, non-
elderly, non-pregnant, outpatient women with acute uncomplicat-
ed UTI.2

With 422 total evaluable patients, the two treatment arms
compared a three-day course of extended release 500 mg once-
daily vs. conventional 250 mg twice-daily administration. Effica-
cy of these regimens, which included assessment of bacteriologi-
cal eradication and clinical cure, was measured at 4-11 days
(test-of-cure visit) and at 25-50 days (late follow-up visit) fol-
lowing completion of therapy. In addition, adverse event moni-
toring, which included documentation of possible drug-related
adverse events as well as laboratory parameter evaluation, was
included in the study design.

To ensure the study population reflected real world patients
with uncomplicated UTI, inclusion criteria required that at least
two of the following signs and symptoms of uncomplicated UTI
be present: dysuria, frequency, urgency, or suprapubic pain. An
infectious etiology for this symptom complex was confirmed on
the basis of a positive mid-stream, clean-catch urine culture,
demonstrating a uropathogen 105 cfu/mL or greater, and pyuria
(≥ 10 leukocytes/mm3). The study excluded individuals with
asymptomatic bacteriuria, evidence of complicated UTI, three or
more UTIs in the previous year, or anatomic/medical factors pre-
disposing to UTIs.

Baseline Characteristics. The extended release ciprofloxacin
(500 mg QD x 3 days) and conventional ciprofloxacin (250 mg BID
x 3 days) treatment groups were well-matched with respect to base-
line characteristics. The mean age of patients in the ciprofloxacin
extended release group was 34.3 years, and 35.1 years in the
ciprofloxacin conventional group (CipBID). Eighty-nine percent of
the extended release ciprofloxacin patients had a duration of infec-
tion lasting for two or more days, and 82% of those in the CipBID
group had a duration of two or more days prior to treatment.

Clinical Cure and Bacteriologic Eradication Rates. The
causative organism at time of enrollment was E. coli in about 80%
of patients in both treatment groups, with E. faecalis, K. pneumo-
niae, P. mirabilis, and S. saprophyticus each being encountered in
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fewer than 10% of cases. Overall, 99% of the pre-therapy isolates
were susceptible to ciprofloxacin. Clinical cure rates were 95% for
extended release ciprofloxacin vs. 93% for CipBID for efficacy-
valid comparisons. Intent-to-treat results were similar, with a 90%
cure rate for QD extended release ciprofloxacin vs. 93% for Cip-
BID. Clinical response at late follow-up visits also were reported
in this study, and revealed that continued clinical cure rates were
89% for extended release ciprofloxacin vs. 87% for CipBID. Fail-
ures were seen in only 9% of QD extended release ciprofloxacin
and in 16% of patients in the CipBID treatment arms.2

With respect to bacteriologic eradication by organism, extend-
ed release ciprofloxacin and CipBID demonstrated comparable
results at the test-of-cure visit. Overall, 97% of E. coli were erad-
icated in both groups, with comparable rates of bacteriologic
eradication, ranging from 79% to 98%, observed for both formu-
lations among such uropathogens as E. faecalis, P. mirabilis, S.
saprophyticus, and K. pneumoniae. Continued eradication was
reported for 86% of QD extended release ciprofloxacin and 81%
of CipBID patients. Recurrence was reported at a similar rate in
both treatment groups (8% each).

Drug-Related Adverse Events. The extended release formu-
lation, extended release ciprofloxacin, demonstrated a side effect,
safety, and tolerability profile that was comparable to CipBID,
with an overall drug-related adverse event rate of 10% (46/444
patients) for the extended release formulation and 9% (41/447)
for the conventional formulation. (See Table 1.) No serious drug-
related adverse events were seen in either treatment arm.

Conclusions. This study demonstrated that once-daily
extended release ciprofloxacin achieved bacteriologic eradication
and clinical cure in greater than 94% of patients, had a compara-
ble safety profile to ciprofloxacin BID, and was as effective as
ciprofloxacin BID in treating women with uncomplicated UTI.

Disease-Specific Urinary Tract Infection 
Syndromes: Antimicrobial Management

Asymptomatic Bacteriuria. Treatment recommendations for
asymptomatic bacteriuria are consistent for most patient popula-

tions. There is little evidence that attempting to eradicate bacteria
from the urine of most patients who are asymptomatic has any
clinical benefit. The largest potential risk when repeatedly treat-
ing asymptomatic bacteriuria is in the selection of more virulent
or resistant pathogens. The one patient subgroup for which treat-
ment uniformly is recommended is in pregnancy. Pregnant
women with asymptomatic bacteriuria should be treated with
three days of a beta-lactam, nitrofurantoin, or in unusual cases,
TMP-SMX.15 However, TMP-SMX should not be used during
the first trimester or near term. Treatment is not recommended
for asymptomatic bacteriuria in non-pregnant patients.

Acute Bacterial Cystitis. Available therapies for uncompli-
cated acute bacterial cystitis include a wide range of antibiotic
options and treatment durations. Fortunately, guidelines issued
by the Infectious Disease Society of America in 1999 provide a
practical, evidence-based guide for the practitioner.16 Additional
research and focus on resistance issues have helped refine the
clinical approach to management of UTI.

The appropriate length of treatment for uncomplicated UTI
has received a considerable amount on attention, with recom-
mended treatment regimens ranging from 1-14 days of duration.
A review of the literature suggests that three days of therapy with
appropriate antibiotics is more effective than one day, but equally
effective as longer courses.16 It should be noted that, despite its
widespread use, the commonly employed three-day treatment
course with TMP-SMX does not currently carry a formal FDA
indication for the treatment of cystitis. Some antibiotics, such as
the beta-lactams and nitrofurantoin, may be less effective when
given for three days as compared to longer periods of time.17,18

However, three days of therapy with approved fluoroquinolones
is sufficient for the treatment of acute, uncomplicated cystitis. 

A variety of antimicrobial agents can be used in the treatment
of uncomplicated lower UTIs. Among the most commonly used
are beta-lactams, fluoroquinolones, TMP-SMX, nitrofurantoin,
and fosfomycin. Beta-lactams were used extensively in the
1970s, but increasing resistance has led to the dependence on
other antibiotics. Recent studies, however, demonstrate that 40%
of the most common uropathogens are resistant to beta-lac-
tams.19,20 Nevertheless, beta-lactams are still the drug of choice in
some patient populations, including pregnant women and indi-
viduals with UTIs caused by enterococcus. Recommended thera-
py for cystitis during pregnancy is a three-day course with either
amoxicillin 500 mg PO TID; cephalexin 250 mg PO QID; or a
10-day treatment course with nitrofurantoin 100 mg PO QHS.15

Sulfonamides may interfere with bilirubin binding and cause
hyperbilirubinemia in newborns; therefore, they are not recom-
mended near term.

TMP-SMX has been used extensively during the past decade
for the treatment of lower UTIs, and was considered the antibiot-
ic of choice until recently.21 A meta-analysis encompassing sev-
eral studies evaluating the efficacy of TMP-SMX indicates a cure
rate of 93% using a three-day course.16 The slightly increased
relapse rate of the three-day vs. the seven-day treatment course
was counterbalanced by the decrease in side effects. The three-
day regimen for TMP-SMX is 160/800 mg orally every 12 hours. 
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Table 1. Ciprofloxacin Extended Release 
vs. Ciprofloxacin BID in Patients 
with Uncomplicated UTI2

SIDE EFFECT, SAFETY, AND TOLERABILITY PROFILES

CIP EXT-REL CIP BID
(N = 444) (N = 447)

Drug-related adverse 
events (AEs) 46 (10%) 41 (9%)

Headache 7 (2%) 3 (< 1%)

Nausea 12 (3%) 4 (< 1%)

Vaginal moniliasis 4 (< 1%) 10 (2%)

Vaginitis 4 (< 1%) 7 (2%)

Serious drug-related AEs 0 (0%) 0 (0%)

Drug-related AEs leading to
premature discontinuation 1 (< 1%) 0 (0%)



As stressed earlier, the use of TMP-SMX for first-line therapy in
cystitis has been affected by recent recognition of increasing resist-
ance rates in most areas of the United States.19,22,23 The current rec-
ommendations are to use TMP-SMX as the first-line agent for cys-
titis in areas where TMP-SMX resistance is less than 10-20%, as
there is evidence that other antibiotics are more effective from both
a clinical and cost perspective when the resistance rates exceed 10-
20%.16 In one important analysis, researchers conducted a cost
analysis for uncomplicated UTIs that supported switching from
empiric treatment with TMP-SMX to ciprofloxacin when commu-
nity resistance to TMP-SMX surpassed 20%.24

Nitrofurantoin is a well-established urinary tract antibiotic
that, to a great degree, has fallen out of favor because of its four-
times-daily dosing schedule. A newer formulation permits twice-
daily dosing. Nitrofurantoin is highly concentrated in the urine
and achieves minimal tissue levels, making it an ideal antibiotic
for UTIs. Unfortunately, the cure rates for this antibiotic can be
as low as 80%.18,25 The newer formulation is given 100 mg BID
for 7-10 days. Nitrofurantoin remains a second- or third-line
therapy in most patient populations.

Fosfomycin tromethamine is a newer antibiotic that has been
approved for single-dose therapy of uncomplicated UTI.
Although some trials have found that fosfomycin is as effective as
other first-line agents,26 this is not universally accepted. A study in
1999 evaluating fosfomycin in UTI found a clinical cure rate of
80%.27 Two other small studies found fosfomycin to be as effec-
tive as norfloxacin, but with a higher rate of side effects.28,29 The
clinical data on fosfomycin still is evolving, and further informa-
tion is needed before it can be advocated as a first-line agent.

In most areas of the country, fluoroquinolones have become the
first-line agent of choice for uncomplicated lower UTI. Of the flu-
oroquinolones, ofloxacin, norfloxacin, ciprofloxacin, gatifloxacin,
and levofloxacin all either partially or totally are cleared by the
kidneys and cover the majority of uropathogens.30 Some of the
newer fluoroquinolones have little or no renal penetration and are
not suitable for treating UTIs. As a group, the fluoroquinolones
have been found to be highly effective for treatment of UTI. As
outlined earlier, the recently introduced extended release formula-
tion of ciprofloxacin should replace the older formulation as the
clinical standard for treatment of uncomplicated UTI when indi-
cated. (See Table 2.)

The suprapubic discomfort or dysuria common to UTI can be
treated with oral analgesics (i.e., acetaminophen or ibuprofen) or
phenazopyridine with a TID dose of 100-200 mg for no more
than 48 hours.31 Elderly females with lower UTI symptoms and
no systemic complications may be treated for three days with
similar regimens as prescribed for younger women.32 In patients
suspected of having a complicated UTI, including patients with
symptoms lasting longer than one week, diabetic patients,
immunocompromised individuals, and nontoxic febrile patients
without evidence of acute pyelonephritis, the treatment duration
should be between five and seven days.33 Because these patients
are less able to tolerate treatment failures and are more suscepti-
ble to recurrent infection, ciprofloxacin is recommended as the
initial agent of choice. Moreover, in these patients, a urine cul-

ture is recommended prior to administration of antibiotics to
ensure proper management and identification of the uropathogen
in the event of treatment failure or recurrence.33

Complicated Urinary Tract Infections
Adult patients with pyelonephritis can be managed on an

inpatient or outpatient basis, depending upon clinical severity. A
retrospective comparison of inpatient and outpatient management
of pyelonephritis suggested that general guidelines for admission
should include the following: 1) underlying anatomical urinary
tract abnormality; 2) an immunocompromised host (i.e., diabetes
mellitus, cancer, sickle cell disease, transplant patients); 3) uri-
nary tract obstruction; 4) failed outpatient management of
pyelonephritis; 5) progression of uncomplicated UTI; 6) persist-
ent vomiting; 7) renal failure; 8) suspected urosepsis; 9) age
older than 60; 10) poor social situation; and 11) inadequate
access to follow-up.34 If these criteria are used for making in-hos-
pital dispositions, it is estimated that 70% of all patients who are
treated for pyelonephritis can be managed as outpatients.35

The general consensus for emergency department manage-
ment of pyelonephritis is to begin parenteral therapy with a fluo-
roquinolone (ciprofloxacin) intravenously in patients who meet
admission criteria.36 Non-toxic patients with uncomplicated
pyelonephritis suitable for outpatient management may receive
oral ciprofloxacin for a total of 7-14 days, depending on clinical
judgment and hospital protocols.36 Other parenteral therapies
include a combination of ampicillin or a third-generation
cephalosporin plus an aminoglycoside in extended-interval dos-
ing (i.e., every 24-48 hours).37-40 The extended spectrum
cephalosporins, such as ceftriaxone, should be considered for
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Table 2. Antibiotic Therapy for Acute 
Uncomplicated UTI in Adults

CYSTITIS (3-DAY REGIMEN)

AGENT OF CHOICE: 

Fluoroquinolone (initial agent of choice)
Ciprofloxacin 
extended release: 500 mg po QD x 3 days

ALTERNATIVE FIRST-LINE AGENTS:

Fluoroquinolones (alternative)
Levofloxacin: 250 mg po QD x 3 days
Ofloxacin: 200 mg po BID x 3 days 
Norfloxacin: 400 mg po BID x 3 days
Trimethoprim/sulfamethoxazole*: 160/800 mg po bid x 3 days

SECONDARY ALTERNATIVES:

Amoxicillin: 500 mg po TID x 7-10 days 
(known enterococcus 

infection only)
Nitrofurantoin: 100 mg po BID x 7 days
Amoxicillin-clavulanic acid: 250 mg po QID x 7 days
Fosfomycin: one 3-g sachet orally

*Only if E. coli resistance is < 10-20% in patient population (based on
regional resistance surveillance data)



serious urinary infections because of the high urinary concentra-
tions that are achieved.41

If gram-positive cocci are the causative organism, ampicillin/
sulbactam with or without an aminoglycoside is recommended.42

Admitted patients with suspected enterococci may require
extended spectrum penicillins or alternative therapies, including
nitrofurantoin to treat isolated vancomycin-resistant enterococci
(VRE). Because multi-drug resistance is common in VRE iso-
lates, susceptibility testing is recommended for ampicillin,
aminoglycosides, chloramphenicol, fluoroquinolones, minocy-
cline (a tetracycline), and rifampin.41 UTI caused by
Pseudomonas often will require double antimicrobial coverage.

Acute Pyelonephritis. Patients with pyelonephritis generally
are more ill than those with uncomplicated cystitis. As would be
expected for a more invasive infection, the recommended treat-
ment duration is significantly longer. Although some studies have
shown a shorter duration of therapy may be effective,43-45 most
authors recommend a seven- to 14-day treatment course for
pyelonephritis.16,21 Intravenous therapy commonly is administered
to patients with more severe illness, with oral therapy reserved for
outpatient treatment. However, there are few data demonstrating
superiority of intravenous over oral antibiotics. Even for patients
who will be managed as outpatients, many physicians will give at
least one dose of IV antibiotic, followed by oral therapy for the
duration of the treatment course.

To evaluate the efficacy and cost of antibiotics used in
pyelonephritis, a randomized, double-blind, multicenter trial ana-
lyzed 255 women with acute uncomplicated pyelonephritis.
These patients received either ciprofloxacin 500 mg BID for
seven days or TMP-SMX 160/180 mg BID for 14 days.10 More
than 90% of UTI culture isolates from both groups were E. coli.
Bacteriologic and clinical cure rates were greater at 4-11 days in
the ciprofloxacin group (99% and 96%, respectively) than the
TMP-SMX group (89% and 83%, respectively). At 22-28 days,
bacteriologic and clinical cure rates were 84% vs. 74% and 82%
vs. 74%, respectively. Bacterial and clinical cure rates with TMP-
SMX in patients found to be infected with resistant E. coli were
only 50% and 35%, respectively. Adverse effects were similar
among groups, occurring in 24% with ciprofloxacin and in 33%
with TMP-SMX. Health care resource use and estimated total
treatment costs were calculated, from initial evaluation to pre-
scription pad to cure, including needed hospitalization, lab test-
ing, office visits, and other procedures. Mean total cost per
patient was 29% higher for TMP-SMX-treated patients than for
ciprofloxacin-treated patients.10

Because of additional interventions and antibiotic prescrip-
tions required in the TMP-SMX group to achieve a cure, the
mean cost per cure also was 25% higher in the TMP-SMX
group than in the ciprofloxacin-treated patients. These studies
help confirm that knowledge of local resistance rates is impera-
tive in deciding which antibiotics should be used in the treat-
ment of UTI. They support the use of ciprofloxacin as a first-
line agent in the management of uncomplicated pyelonephritis.
With the current outcome- and cost-sensitive environment of
managed care, clinicians must make informed choices in the

management of their patients.10,42 A related randomized trial
found that oral and intravenous ciprofloxacin equally are effec-
tive in the empiric treatment of severe pyelonephritis or compli-
cated UTIs, provided that severe sepsis, obstruction, and focal
renal suppuration are not present.46 Since all patients in this
study were hospitalized, a direct comparison between inpatient
and outpatient treatment with ciprofloxacin still is needed. 

In pregnant women, pyelonephritis tends to occur more com-
monly during the second half of pregnancy.47 In general, outpa-
tient treatment is not the standard of care for pregnant women.
Inpatient treatment with intravenous antibiotics and close moni-
toring usually are required to maximize outcomes. Treatment
options are similar to other adult regimens, including ampicillin
with gentamicin, cephalosporins, and extended spectrum peni-
cillins or aztreonam.47 Patients may be discharged safely and
parenteral therapy stopped after defervescence within 48-72
hours of admission.48 Persistent fever or symptoms require fur-
ther evaluation and consultation. 

A study of more than 100 women with uncomplicated
pyelonephritis at fewer than 24 weeks gestation found that
almost 10% of those treated initially as outpatients eventually
required hospitalization.49 Two additional studies suggest that, in
very carefully selected patients, outpatient treatment may be a
safe option.50,51 However, without concise, evidence-based proto-
cols or guidelines to guide this decision, the acceptable and pru-
dent choice in pregnant women is to admit them for initial par-
enteral antibiotics and supportive care. In both nonpregnant
adults and pregnant patients, failure to respond to appropriate
antibiotics requires emergent radiologic studies, including ultra-
sound and possible computed tomography (CT) scan, to evaluate
for obstruction, masses, and renal and perirenal abscess. All
patients should have follow-up urine cultures 1-2 weeks after
completion of therapy to ensure eradication of infection. (See
Table 3.)

UTI Management in High Risk Populations
Catheterized Patients (Indwelling and Intermittent). A

significant percentage of complicated UTIs originate in patients
with chronic indwelling bladder catheterization. Studies show
that following initial indwelling bladder catheterization, 5% of
patients per day will develop bacteriuria.52 Patients with long-
term catheterization invariably are bacteriuric.53-54 Prophylactic
antibiotics lower the incidence of bacteriuria,55-56 at the expense
of selecting out more virulent organisms.57-59 Currently, prophy-
lactic antibiotics in catheterized patients are not recommended.60

A small percentage of patients with bacteriuria will progress
to symptomatic UTI.57 However, the vast majority will clear
spontaneously.61 In an autopsy study comparing catheterized and
uncatheterized patients, catheterized patients were seven times
more likely to have renal inflammation or pyelonephritis.62

Although smaller studies have shown an increased mortality
associated with nosocomial UTIs,53,63 definitive investigations in
this area have not yet been conducted. 

Intermittent bladder catheterization may substitute for chronic
indwelling catheters in some patient populations. Spinal cord
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injury (SCI) can cause a neurogenic bladder, resulting in func-
tional obstruction during urination. These patients have a much
higher rate of UTI,64 and the value of intermittent catheterization
has been well established.65-67 One study followed daily urine
culture and analysis for 60 days of intermittent catheterization
and found a total of 178 episodes of bacteriuria from 25,780
catheterizations.68

The consequences of and approach to asymptomatic bacteriuria
in SCI patients is not universally agreed upon, as some authors
believe that bacteria in the urine serves as a reservoir for more seri-
ous infections.69 Studies reviewing various methods of ridding SCI
patients of bacteria in their urine have shown mixed results.64,70,71

Using antibiotics to prevent UTI does not seem to have any lasting
effect and may pre-select out more virulent pathogens. One con-
sensus panel of experts in the field recommends no treatment of
asymptomatic bacteriuria in this population.72

Urinary Tract Infection in Men. UTIs in young men are
uncommon and, consequently, they are classified as complicated
by some authors.21 The significant difference in UTI rates
between men and women of the same age is thought to be due to
anatomical differences between the sexes. Among other factors,
the length of the urethra, a drier environment surrounding the
meatus, and antibacterial properties of prostatic fluid contribute
to a lower rate of infection in men.73 Some of the risk factors that
have been identified in men are homosexuality,72 sex with an
infected partner,74 prostatic hypertrophy,73 and lack of circumci-
sion,75 but this is not agreed upon universally.76

Some of the differences between UTIs in men and women sup-
port the classification of male UTIs as complicated. E. coli has
been found to be the most common infectious agent in male UTIs,
with a distribution of pathogens closer to that found in complicated
female UTIs.73,76 Although uropathogens in men show an increased
virulence as compared to those seen in women,77 the symptoms of
male cystitis are similar to those seen in women.76 A urine culture

is recommended in the workup of male patients with dysuria, with
103 cfu/mL considered to be positive. 

Because of the relatively small number of clinical studies on
UTIs in men, treatment recommendations in this population are
based on studies in women.78 As a rule, seven days of antibiotic
therapy are recommended for the treatment of a lower UTI, and
14 days for pyelonephritis. Recurrent UTIs require a six-week
regimen.73 Studies in men have shown that asymptomatic bacteri-
uria in men does not require treatment.79,80

Prostatitis always must be considered in the differential diagno-
sis. The male urethra courses through the center of the prostate on
its way to the bladder. This relationship allows for invasion of uri-
nary tract pathogens into the prostate, causing acute bacterial pro-
statitis. Patients with prostatitis will present with symptoms of a
UTI and a large, tender prostate.81 The enlarged prostate also may
cause symptoms of bladder obstruction by physically blocking
urine flow. The agents that cause prostatitis are the same gram-neg-
ative agents that cause UTI. Treatment for acute bacterial prostatitis
may include TMP-SMX or a fluoroquinolone and should last four
weeks. Ciprofloxacin is recommended for treatment for chronic
prostatitis and requires a treatment duration of 6-12 weeks.82

Renal Stones and UTIs. Although not common, the coexis-
tence of nephrolithiasis and infection may have serious conse-
quences. Renal stones associated with infection usually are one
of two types: struvite or apatite, although any type of renal stone
may be associated with infection. Struvite stones usually are
found in women with recurrent infections and are associated with
urease-producing organisms such as Proteus mirabilis and Provi-
dencia stuartii.83 Apatite renal stones also commonly are associ-
ated with infection and are formed of calcium phosphate. Many
of the struvite stones form what are called “staghorn calculi,”
with large, branching stones located within the renal pelvis.
Smaller calcium phosphate stones (typical renal stones) also may
become associated with infection, but this is even less common.

Patients with infected renal stones usually do not present with
signs of renal colic. The growth of these stones is slow and insid-
ious, and patients may present with chronic complaints. Such
symptoms may include fever, hematuria, vague abdominal pain,
recurrent UTIs, or urosepsis.83 The exception to this is the infec-
tion of a typical calcium phosphate stone, which may present
with renal colic. Complications of infected renal stones include
recurrent stones, renal failure, sepsis, and death.

Treatment for most infected stones focuses on removal of the
stone, but advanced disease may require nephrectomy.83 Studies
evaluating conservative treatment vs. surgical removal found a
higher rate of kidney failure and mortality in patients managed con-
servatively.84,85 Although antibiotics are recommended in patients
with stones, if significant obstruction is present, the antibiotic will
not be filtered by that kidney and will be unable to penetrate to the
source of infection.86 For smaller non-obstructing stones, antibiotics
and close follow-up for stone passage may be acceptable.

Pregnancy. UTIs in pregnancy are associated with a num-
ber of serious side effects generally not encountered in the
general population. The most important risk stems from the
effect of the infection on the unborn fetus. Multiple studies
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Table 3. Antibiotic Treatment 
of Pyelonephritis (10- to 14-Day Treatment 
Duration)16,21

FIRST-LINE AGENTS

Fluoroquinolones 10- to 14-day course

Ciprofloxacin (preferred) 500 mg Q 12 hours PO, IV

ALTERNATIVE FIRST-LINE AGENTS

Levofloxacin 250 mg Q 24 hours PO, IV

Ceftriaxone 1-2 g Q 24 hours IV

Ofloxacin 200-300 mg Q 12 hours PO, IV

Norfloxacin 400 mg Q 12 hours PO

SECOND-LINE AGENTS

TMP-SMX 160/800 mg Q 12 hours PO, IV
Ampicillin/sulbactam 3 g Q 6 hours IV
Amoxicillin/clavulanate 875/125 mg Q 12 hours PO
Piperacillin/tazobactam 4.5 g Q 8 hours IV
Gentamicin 3-5 mg/kg/day divided q 6 hours IV



have shown that untreated UTI increases the rate of prematuri-
ty as well as fetal morbidity and mortality. In one study of
pregnant women with pyelonephritis, 15% of the newborns
weighed 2500 grams or fewer.87 A retrospective study looking
at 41,000 matched pregnant women with and without UTIs
found an increased rate of fetal death as well as developmental
delay later in life.88

Although pregnancy does not predispose a patient to acquire
bacteriuria, it is associated with an increased incidence of
pyelonephritis.89 The reasons for this most likely are related to
the hormonal effects on the ureters and mechanical effects of the
uterus.15 Accordingly, most cases of pyelonephritis occur in the
second and third trimesters. A small minority (1-2%) of these
patients may present in septic shock.84 The physical exam and
most laboratory findings are similar to non-pregnant patients
with pyelonephritis. One important difference, however, is that a
urinalysis may be inaccurate in pregnant patients and should not
be relied upon for diagnosing a UTI.90

The treatment of pregnant patients with UTIs differs from that
of non-pregnant patients. Due to the consequences of UTI in
pregnancy, treatment of asymptomatic bacteriuria is recommend-
ed for all patients. A three-day course of a beta-lactam, nitrofu-
rantoin, or a sulfonamide is recommended for both cystitis and
asymptomatic bacteriuria.15 Follow-up is critical for these
patients, as one-third of them will become reinfected during their
pregnancies. Urine cultures also are recommended due to the
high levels of beta-lactam resistance (up to 40%) seen in most
communities. The length of treatment for both asymptomatic
bacteriuria and cystitis is controversial and can range from three
to seven days.

The treatment of pyelonephritis is more aggressive in preg-
nant patients. All pregnant patients with pyelonephritis should be
hospitalized for at least 24 hours. Hydration is critical, as many
of the patients will be dehydrated from vomiting. Beta-lactams
are considered the agents of choice until culture results return.
Ceftriaxone is one recommended agent of choice for initial
empiric therapy. (See Table 4.)

Diabetes. Women with diabetes mellitus are more likely to
have UTIs than those without this condition.91 Moreover, diabetic
women with asymptomatic bacteriuria also are more likely to
progress to pyelonephritis.92 One study reviewing UTIs in diabet-
ics found that the greatest risk factors for developing complicated
UTI were the presence of bacteriuria and recent sexual inter-
course. Diabetics also are at increased risk for certain complica-
tions. About 75% of patients with perinephric abscess and 85-
100% of those with emphysematous pyelonephritis have diabetes
as a comorbid condition.938

To complicate matters further, diabetes also may be a risk factor
for single and multi-drug resistance. One study of multi-drug
resistance in the emergency department found that non-catheter-
ized diabetic patients were 2.4 times more likely to have a two-
drug resistant urinary pathogen.94 However, increased uropathogen
resistance in diabetic patients has not been found by all investiga-
tors.95 All diabetic patients with a UTI require a culture and close
follow-up. 

Summary
UTIs encompass a wide range of disorders, from asympto-

matic bacteria to fulminant sepsis. Historically, the treatment of
UTI has proven successful with empiric antibiotic therapy.
Although the range of pathogens has remained relatively con-
stant over time, the changing spectrum of resistance has altered
the treatment landscape dramatically. Antibiotic agents, especial-
ly TMP-SMX, which has been a mainstay of therapy, cannot be
considered the treatment of choice in areas in which E. coli
resistance to TMP-SMX surpasses 10-20%; resistance rates of
this magnitude now are reported in all regions of the United
States except New England. 

New formulations of antimicrobials that historically have been
shown to be effective and safe for management of uncomplicated
UTI now are available and represent first-line therapy. In this
regard, extended release ciprofloxacin has potentially compliance-
enhancing properties (once-daily dosing and a well-tolerated side
effect profile), an extended release delivery system, and produces
clinically effective urine concentrations in patients with uncompli-
cated UTI. As such, it represents a risk-management upgrade as
compared to BID ciprofloxacin and should replace this older for-
mulation as the clinical standard for treatment of uncomplicated
UTI when indicated. A well-designed, real world clinical trial
supports the shift to the once-daily, extended release formulation.
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Physician CME Questions

91. Standard first-line treatment for UTI (i.e., TMP-SMX) is being

replaced in many instances by the fluoroquinolone class.

A. True

B. False

92. Which of the following characteristics is/are true of the newer 

fluoroquinolones?

A. They have longer serum half-lives.

B. Single or twice-daily dosing is available.

C. They are well-absorbed from the gastrointestinal tract.
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D. They provide excellent penetration into various tissues.

E. All of the above

93. High oral bioavailability of fluoroquinolones allows for switching

from intravenous to oral therapy without dosage adjustments.

A. True

B. False

94. Which of the following statements is true of fluoroquinolones used to

treat UTIs?

A. Ciprofloxacin and norfloxacin are effective only in twice-daily

doses.

B. Levofloxacin preliminarily has been shown to be less effective in

single doses.

C. Of the newer fluoroquinolones, only levofloxacin is approved

for upper and lower UTIs.

D. Ciprofloxacin has higher cure rates than levofloxacin or lome-

floxacin for complicated UTI.

95. Which of the following statements is/are true regarding antibiotic

treatment of acute bacterial cystitis?

A. Forty percent of most common uropathogens are resistant to

beta-lactams.

B. Beta-lactams are the drug of choice for treating pregnant women

and those with UTIs caused by enterococcus.

C. Sulfonomides may interfere with bilirubin binding and are not

recommended in pregnant women near term.

D. Current recommendations are to use TMP-SMX as first-line

therapy only in areas where resistance is less than 10-20%.

E. All of the above

96. General guidelines for admission of a patient with pyelonephritis

include which of the following?

A. An immunocompromised host

B. Failed outpatient management of pyelonephritis

C. Suspected urosepsis

D. Age older than 60

E. All of the above

97. How does catheterization affect UTI and its treatment?

A. Studies show that following initial indwelling bladder catheteri-

zation, 10% of patients per day will develop bacteriuria.

B. Prophylactic antibiotics in catheterized patients are not 

recommended.

C. In a study comparing catheterized patients and noncatheterized

patients, there was no difference in the likelihood of renal

inflammation or pyelonephritis.

D. Few complicated UTIs originate in patients with chronic

indwelling bladder catheterization.

98. Which of the following factors contributes to a lower urinary tract

infection rate in men compared to women?

A. The shape of the urethra

B. A moist environment surrounding the meatus

C. Antibacterial properties of prostatic fluid

D. Infection with E. coli

99. Regarding UTI in pregnant patients, all of the following statements

are true except:

A. Urinalysis may be inaccurate in pregnant patients and should not

be relied upon for diagnosing UTI.

B. Pregnancy is associated with a decreased incidence of

pyelonephritis.

C. Studies show that untreated UTI increases the rate of prematuri-

ty and fetal morbidity and mortality.

D. Follow-up is critical because one-third of pregnant patients will

be reinfected during their pregnancies.

100. All of the following statements are true of diabetic patients with UTI

except:

A. Diabetic women with asymptomatic bacteriuria are more likely

to progress to pyelonephritis than women without diabetes.

B. Women with diabetes mellitus are more likely to have UTIs than

those without diabetes.

C. Patients with diabetes are at increased risk for certain complica-

tions, such as perinephric abscess or emphysematous

pyelonephritis.

D. A culture and follow-up are not required for all patients with dia-

betes and UTI.
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CME Answers
91. A
92. E
93. A
94. C
95. E

96. E
97. B
98. C
99. B
100. D
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Urinary Tract
Infection, Part II

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Ciprofloxacin Extended Release 
vs. Ciprofloxacin BID in Patients 
with Uncomplicated UTI

SIDE EFFECT, SAFETY, AND TOLERABILITY PROFILES

CIP EXT-REL CIP BID
(N = 444) (N = 447)

Drug-related adverse 
events (AEs) 46 (10%) 41 (9%)

Headache 7 (2%) 3 (< 1%)

Nausea 12 (3%) 4 (< 1%)

Vaginal moniliasis 4 (< 1%) 10 (2%)

Vaginitis 4 (< 1%) 7 (2%)

Serious drug-related AEs 0 (0%) 0 (0%)

Drug-related AEs leading to
premature discontinuation 1 (< 1%) 0 (0%)

Antibiotic Treatment of Pyelonephritis 
(10- to 14-Day Treatment Duration)

FIRST-LINE AGENTS

Fluoroquinolones 10- to 14-day course

Ciprofloxacin (preferred) 500 mg Q 12 hours PO, IV

ALTERNATIVE FIRST-LINE AGENTS

Levofloxacin 250 mg Q 24 hours PO, IV

Ceftriaxone 1-2 g Q 24 hours IV

Ofloxacin 200-300 mg Q 12 hours PO, IV

Norfloxacin 400 mg Q 12 hours PO

SECOND-LINE AGENTS

TMP-SMX 160/800 mg Q 12 hours PO, IV
Ampicillin/sulbactam 3 g Q 6 hours IV
Amoxicillin/clavulanate 875/125 mg Q 12 hours PO
Piperacillin/tazobactam 4.5 g Q 8 hours IV
Gentamicin 3-5 mg/kg/day divided q 6 hours IV

Antibiotic Therapy for Acute 
Uncomplicated UTI in Adults

CYSTITIS (3-DAY REGIMEN)

AGENT OF CHOICE: 

Fluoroquinolone (initial agent of choice)
Ciprofloxacin 
extended release: 500 mg po QD x 3 days

ALTERNATIVE FIRST-LINE AGENTS:

Fluoroquinolones (alternative)
Levofloxacin: 250 mg po QD x 3 days
Ofloxacin: 200 mg po BID x 3 days 
Norfloxacin: 400 mg po BID x 3 days
Trimethoprim/sulfamethoxazole*: 160/800 mg po bid x 3 days

SECONDARY ALTERNATIVES:

Amoxicillin: 500 mg po TID x 7-10 days 
(known enterococcus 

infection only)
Nitrofurantoin: 100 mg po BID x 7 days
Amoxicillin-clavulanic acid: 250 mg po QID x 7 days
Fosfomycin: one 3-g sachet orally

*Only if E. coli resistance is < 10-20% in patient population (based on
regional resistance surveillance data)

Antibiotic Options for UTI During 
Pregnancy

DRUG DOSE PREGNANCY
CATEGORY RANKING

Ceftriaxone 1-2 g Q24 h IV Class B
Cephalexin 250 mg BID-QID Class B
Amoxicillin 500 mg TID Class B
Erythromycin 250-500 mg QID Class B
Nitrofurantoin 100 mg BID Class B
Amoxicillin-clavulanic 250 mg QID Class B

acid
Fosfomycin One 3-g sachet Class B

Or

Nitrofurantoin 100 mg QHS Class B
for 10 d

Note: TMP-SMX should not be used during 1st trimester of pregnancy 
or at term.
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