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Aim

 

To assess determinants of treatment failure after antimicrobial therapy of urinary tract
infections in women.

 

Methods

 

In primary care 16 703 Dutch women who received a first course (3, 5 or 7 days)
of  trimethoprim, nitrofurantoin or norfloxacin between 1 January 1992 through
31 December 1997 and who were between 15 and 65 years old at the day of first
use were selected. Failure of the initial treatment was defined as a further prescription
for one of these three antibiotics or for cotrimoxazole, amoxicillin, ciprofloxacin or
ofloxacin, within 31 days after the end of the initial therapy.

 

Results

 

Treatment failure rate was 14.4% in patients treated with trimethoprim and nitro-
furantoin and 9.6% in patients treated with norfloxacin. A multivariate analysis showed
that 5 days’ [RR

 

NIT

 

 0.67, 95% confidence interval (CI) 0.57, 0.82, RR

 

TRI

 

 0.82, 95% CI
0.73, 0.91] and 7 days’ (RR

 

NIT

 

 0.64, 95% CI 0.53, 0.77, RR

 

TRI

 

 0.85, 95% CI 0.71,
1.02) trimethoprim and nitrofurantoin treatment appeared to be more effective than
a 3-day treatment (reference category). Other factors increasing treatment failure
rates were the age of the patient, the year of therapy and previous hospitalization.

 

Conclusions

 

It may be concluded that 3-day courses of nitrofurantoin and trimethoprim are less
effective than 5- and 7-day courses in the treatment of uncomplicated urinary tract
infections in women.
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Introduction

 

Recently, the comparable efficacy of 3, 5 and
7 days’ treatment for uncomplicated urinary tract
infections was reviewed [1]. One of the conclusions
was that the evidence on the efficacy of short 3-day
courses was mostly derived from small studies in

which different dosages, durations and combinations
of antibiotics were compared. Moreover, the results
of  randomized  clinical  trials  on  the  efficacy  of 3-
day courses  of  cotrimoxazole  or  fluoroquinolones
were extrapolated  to  trimethoprim  or  nitrofurantoin
[1, 2].
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The Dutch College of General Practitioners (NHG)
recommends a short course (3 days) of trimethoprim or
nitrofurantoin in the case of an uncomplicated urinary
tract infection in females [3]. This recommendation was
partly based on the fact that the antimicrobial resistance
to trimethoprim and nitrofurantoin in 

 

Escherichia coli

 

,
the main causative pathogen, remained low in the Neth-
erlands in the last 10 years (1% resistance for nitro-
furantoin and 10% resistance for trimethoprim in 1999)
[4, 5].

However, the percentage of patients who return to the
general practitioner (GP) within 1 or 2 months after the
initial treatment for cystitis with a treatment failure is
unknown. It is recognized that in some pathogens, such
as 

 

E. coli

 

, 

 

in vitro

 

 microbiological resistance is not
always predictive of the success or failure of antibiotic
treatment [6]. As a result, the percentage of treatment
failures may change over the years, while antibiotic
resistance remains constant. The aim of this study was
to study treatment failure after prescription of antibiotics
for uncomplicated cystitis in females in relation to
changes in the duration of prescribing of antibiotics for
urinary tract infections, rates of therapy failure for dif-
ferent treatment regimes, and factors that are associated
with treatment failure.

 

Methods

 

Data sources

 

Data for this study were obtained from the PHARMO
medical record linkage system in the Netherlands. The
PHARMO medical record linkage scheme includes the
drug-dispensing records from community pharmacies
and hospital discharge records of all 320 000 commu-
nity-dwelling inhabitants of eight medium-sized cities
in the Netherlands [7, 8]. PHARMO is a noncommer-
cial database. The prescription data are locally entered
at the participating pharmacies and sent by tape to
PHARMO every 3 months [7–10] For all residents, the
drug-dispensing histories are linked to the hospital dis-
charge records of the same patient, using a probabilistic
algorithm, based on characteristics such as date of
birth, gender, and a code for the GP. Validation of 9822
linked records showed that these registries were linked
with a sensitivity and specificity exceeding 95%, which
is comparable to record linkage systems based on
unique personal identifiers [7, 8]. The computerized
drug-dispensing histories contain data concerning the
dispensed drug, type of prescriber, dispensing date, dis-
pensed amount, prescribed dose regimens, and the pre-
scription length. The hospital records include detailed
information concerning the primary and secondary

diagnoses, procedures, and dates of hospital admission
and discharge. All diagnoses are coded according to the
ICD-9-CM (

 

International Classification of Diseases,

 

9th Revision, 

 

Clinical Modification

 

).
Ethical approval was not relevant because data were

anonymized before entering the PHARMO database.
Researchers only have information on the gender and
age of the patient. All other identifying information is
deleted after the linkage with the hospital records from
the National Medical Registry. This approach was
approved by the Dutch Data Protection Authority.

 

Patient selection

 

All women aged 15–64 years between 1991 and 2000
with at least 1 year of data in the PHARMO database
were included. Because there was no information on the
prescribing diagnosis, we only included patients with a
first prescription of trimethoprim, nitrofurantoin and
norfloxacin for 3, 5 or 7 days, because common use of
these short courses is restricted as advised by the NHG
[3] to therapy of uncomplicated urinary tract infections.
A ‘first’ prescription with one of these three antibiotics
was defined when the patients did not use any antibiotic
in the previous 6 months. In the case that a patient had
more than one ‘first’ antibiotic prescription, for instance
in 1993 and 1996, random selection, instead of selection
of the earliest, was used to select just one ‘first’ prescrip-
tion per patient. Because there was only information on
a patient for a restricted period (1992–1998) there was
no possibility of assessing whether an earliest ‘first’
prescription could be selected and random selection was
used instead. Patients were followed from the first day
of treatment (index date) and monitored until 31 days
after the end of the initial treatment.

 

Outcomes

 

A further prescription for one of three initial antibiot-
ics or for cotrimoxazole, amoxicillin, ciprofloxacin or
ofloxacin, within 31 days after the end of the initial
therapy, was defined as an indicator for failure of the
initial treatment. Cotrimoxazole, pipemidic acid (not
very commonly used; before the introduction of nor-
floxacin sometimes used after an initial treatment
failure), ofloxacin and ciprofloxacin were included
because they were also regularly prescribed for the
treatment of urinary tract infections. In case of con-
comitant prescription of one of these antibiotics with
other medications from the ATC (Anatomical Thera-
peutic Chemical classification system) main groups A
(gastrointestinal), D (skin), R (respiratory) and S (ear,
eye), this further treatment was not assigned as failure
to initial treatment.
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Additional information on other possible determi-
nants of treatment failure such as the use of oral contra-
ceptives (ATC code G03A), hormone replacement
therapy (ATC code G03 except G03A), oral corticoster-
oids (ATC code H02), antidiabetics (ATC code A10) and
hospital admission was assessed in the previous year
[11–13]. Crude and multivariate analyses to identify
independent determinants of treatment failure of antibi-
otic therapy were conducted using Cox’s proportional
hazard analyses (SAS ver. 8.2 for Windows, Cary, NC,
USA). Variables significantly associated with treatment
failure (

 

P

 

 

 

<

 

 0.05) in the crude analyses were included in
the multivariate analysis.

 

Results

 

The treatment failure analysis included a group of
16 703 women between 15 and 64 years who started
3-, 5- or 7-day courses of trimethoprim, nitrofurantoin
or norfloxacin (5 or 7 days’ treatment); 10 195 patients
started with trimethoprim, 5760 with nitrofurantoin and
748 with norfloxacin (Table 1). For trimethoprim, most
prescriptions were for 3 or 5 days, while for nitrofuran-
toin 3-, 5- and 7-day treatments were common (Table 1).
For nitrofurantoin, 3454 prescriptions were furabid
(capsule, sustained release, 100 mg, twice daily), 1424
were 50 mg nitrofurantoin, and 882 100 mg nitrofuran-
toin (both four times daily).

Of the 16 703 patients, 2369 (14.2%) required a new
prescription within 31 days after the end of the initial
treatment. Treatment failure was comparable after initial
therapy with trimethoprim or nitrofurantoin (14.4%) and
relatively low after initial therapy with norfloxacin
(9.6%). Univariate analysis indicated that treatment fail-
ure was higher in older patients and in more recent years
(Table 2). Previous hospitalization increased treatment
failure rates. Treatment failure in nonhospitalized
patients was 13.9%, 16.2% in patients hospitalized 3–
12 months before the index date, and 19.9% in patients
hospitalized within 3 months before the index date.

Treatment failure was highest in patients who had a 3-
day course of nitrofurantoin (18.9%) (see also Figure 1)
and, to a lesser extent, in patients who had a 3-day
course of trimethoprim (15.6%). Previous use of oral
contraceptives, hormone replacement therapy, oral cor-
ticosteroids and antidiabetics did not significantly affect
the treatment failure rate (Table 2). In a multivariate
model with a 3-day treatment with nitrofurantoin as a
reference, longer treatments with nitrofurantoin and tri-
methoprim demonstrated lower therapy failure rates
(Table 2). Results from an analysis with 3 days’ treat-
ment with trimethoprim as a reference showed similar
results (data not shown).

 

Discussion

 

Our data indicate that treatment failure or the need
to have further treatment within 31 days after the end
of the initial treatment for urinary tract infections is
not extraordinarily high. This result is in line with
data from a study from the UK [11] in which 14%
treatment failure was found. However, data from our
study indicate that in certain groups of female
patients, especially the older and recently hospital-
ized, the risk of treatment failure is not negligible. It
might be assumed that older patients have a higher
lifetime exposure to antibiotics which might lead to
an increased resistance [14] and subsequently
increased treatment failure rate. In another paper
from the Netherlands it was indicated that resistance
to quinolones increases independently of age [15].
Another suggestion might be that urinary tract infec-
tions in older patients have a more complicated
nature, which might lead to a higher treatment fail-
ure percentage. However, data from different Dutch
GP surveillance systems [16, 17] indicate that the
incidence of uncomplicated urinary tract infections is
high (

 

>

 

95% of all urinary tract infections in women),
even in the elderly, compared with other more com-
plicated types of urinary tract infections. Moreover,

 

Table 1

 

Duration of the initial treatment for nitrofurantoin, trimethoprim and norfloxacin in the cohort of females between 15 and
64 years

 

Duration of initial treatment
Antibiotic 3 days 5 days 7 days

 

Nitrofurantoin (

 

n

 

 = 5760) 1463 (25.4) 2687 (46.6) 1610 (28.0)
Trimethoprim (

 

n

 

 = 10 195) 4737 (46.5) 4509 (44.2) 949 (9.3)
Norfloxacin (

 

n

 

 = 748) – 220 (29.4) 528 (70.6)
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the exclusion of patients who had antibiotics within a
half year before the initial treatment will lead to the
removal of patients with complicated types of urinary
tract infections from the study group.

The effects of previous hospitalization on treatment
failure percentage can be explained in different ways.
First, the overall condition of patients previously
hospitalized may be inferior to the condition of non-

 

Table 2

 

Crude and adjusted rate ratios from Cox regression analyses of determinants of therapy failure for antibiotic treatment of urinary 
tract infections

 

Crude RR 95% CI Adjusted* RR 95% 95% CI Failure (%)

 

Characteristics at index date

 

Age group (years)
15–24 1.0 1.0 13.5
25–34 0.99 0.88, 1.12 0.99 0.87, 1.11 13.3
35–44 0.99 0.85, 1.12 0.99 0.88, 1.13 13.3
45–54 1.16 1.03, 1.31 1.19† 1.05, 1.34 15.5
55–64 1.22 1.07, 1.39 1.26† 1.10, 1.43 16.2

Year start
1992–1993 1.0 1.0 12.4
1994–1996 1.19 1.07, 1.32 1.17† 1.05, 1.31 14.6
1997–1998 1.21 1.08, 1.36 1.22† 1.08, 1.37 14.9

Type of antibiotic and duration of therapy
Nitrofurantoin

3 days 1.0 1.0 18.9
5 days 0.67 0.57, 0.79 0.67† 0.57, 0.79 13.1
7 days 0.64 0.53, 0.77 0.63† 0.52, 0.75 12.5

Trimethoprim
3 days 0.82 0.71, 0.94 0.82† 0.72, 0.95 15.6
5 days 0.68 0.59, 0.79 0.69† 0.60, 0.80 13.2
7 days 0.71 0.58, 0.88 0.71† 0.58, 0.88 13.7

Norfloxacin
5 days 0.62 0.42, 0.92 0.60† 0.40, 0.89 12.3
7 days 0.43 0.31, 0.59 0.42† 0.30, 0.57 8.5

 

One year prior to start of antibiotic therapy

 

Oral corticosteroids
No 1.0 14.2
Yes 1.08 0.86, 1.36 15.2

Hormone replacement therapy
No 1.0 14.1
Yes 1.04 0.92, 1.17 14.6

Antidiabetic therapy
No 1.0 14.2
Yes 0.86 0.66, 1.12 12.3

Oral contraceptives
No 1.0 14.5
Yes 0.94 0.87, 1.02 13.8

Hospitalization
No 1.0 1.0 13.9
Yes 1.28 1.12, 1.46 1.31† 1.15, 1.50 17.4

*

 

Variables significantly associated with therapy failure after antibiotic treatment (RR 

 

<

 

 

 

>

 

 1) were analysed in one multivariate
model.

 

 

 

†

 

Significantly different from reference category. RR 

 

>

 

1 indicates that the variable increases therapy failure after antibiotic
therapy, while RR 

 

<

 

1 indicates that the variable decreases therapy failure after antibiotic therapy.
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hospitalized patients, leading to less therapy success.
Additionally, the antibiotic treatment of patients in the
hospital might lead to the development of resistant bacte-
ria that in turn might be responsible for the following
urinary tract infection. Our data indicate that the effect of
previous hospitalization is most pronounced in patients
who were hospitalized within 3 months before the index
date. Moreover, we have some indications that the effect
of previous hospitalization is more distinct in patients
who had an initial therapy with norfloxacin; therapy
failure rates in hospitalized and nonhospitalized patients
are, respectively, 20.6% and 8.4%. In the Netherlands,
patients in hospitals are often treated with fluoroquinolo-
nes, while treatment with trimethoprim or nitrofurantoin
is less common [18]. This might explain the discrepancy
of our results with the results of studies from the UK that
did not find any relation between previous hospitalization
and resistance to trimethoprim [12, 13].

A possible effect of the duration of therapy on treat-
ment failure is important for daily practice. In particular,
treatment with nitrofurantoin for 3 days appears to lead
to more treatment failure, while the effect for trimetho-
prim is less evident. In a study from the UK a difference
between the number of second consultations within
2 weeks after the first prescription of trimethoprim was
shown for 3, 5 and 7 days of treatment [1]. This differ-
ence was not significant, probably due to the small num-
ber of prescriptions studied (

 

n

 

 = 271). In another study
from the UK [11], a difference in treatment failure
between 3, 5 or 7 days of trimethoprim treatment was
not found. Differences in results between our study and
the two studies in the UK might be related to the fact
that we used a pharmacy database, while in the two UK

studies data from the GPs were used. A major advantage
of a pharmacy database is that the pharmaceuticals are
actually delivered to the patient, while in a GP database
this information is not available. There are data from the
UK indicating that the primary noncompliance, when
patients fail to have their prescription dispensed, for
anti-infective drugs for women is 

 

>

 

6% [19, 20]. This
may bias the outcome of a study on the effects of dif-
ferent treatment regimes on treatment failure rates.

Our results question the quality of evidence that sup-
ports the use of 3 days’ trimethoprim or nitrofurantoin
treatment for urinary tract infection. For trimethoprim,
most evidence is based on extrapolations of randomized
controlled trials on cotrimoxazole, which are often of
mediocre quality [1, 2, 21]. For nitrofurantoin, most
evidence is based on information from one small clinical
trial on 3 days’ treatment that demonstrates a very low
cure rate of 61% [22], which is significantly lower than
the cure rate after treatment with cotrimoxazole. Addi-
tionally, noncompliance that increases with the number
of administrations per day [23] may limit the efficacy of
these 3-day courses in daily practice. This is especially
relevant in the case of nitrofurantoin, which needs be
administered at least twice per day.

Results from the PHARMO database indicate that in
more recent years GPs in the Netherlands have changed
their behaviour concerning prescribing antibiotics for
treatment of urinary tract infections. In particular, it was
demonstrated that there has been an increase in the per-
centage of 3-day trimethoprim prescriptions from 

 

<

 

20%
in 1992 to 35% in 1998 and for nitrofurantoin from 4%
in 1992 to 15% in 1998 (Figure 2). We believe that in
most cases this change in daily practice, as suggested
by the guidelines of the NHG, is reasonable. However,
a GP should evaluate carefully the background of the
patient, including age, history of urinary tract infections,
previous hospitalizations and previous adverse effects
[19]. In the case of a patient with previous hospitalization
the treatment failure rate after 3 days’ nitrofurantoin
treatment was 24%, while this percentage was 15% after
7 days’ trimethoprim treatment. So, in these cases it
might be suggested that the GP requests antibiotic sus-
ceptibility testing after one treatment failure or after a
recent hospitalization instead of the advice of the Dutch
College of General Practitioners to do antibiotic suscep-
tibility testing only after two treatment failures [3]. How-
ever, we believe that a relationship between treatment
failure and antibiotic susceptibility in daily practice for
these types of infections should be established more
clearly before giving such advice. For these patients a
GP should look for an alternative antimicrobial therapy
that could decrease the chance of therapy failure.

 

Figure 1

 

Percentage of female patients who did not return for a second antibiotic 
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Figure 2

 

Changes in the duration (in days) of the prescriptions for nitrofurantoin 

and trimethoprim between 1992 and 1998. 3 days (
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