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Purpose: Uncomplicated urinary tract infections (uUTIs) are one of the main reasons for
emergency department (ED) visits. Many antibiotics can be used for uUTI treatment.
Currently, no data concerning uUTIs and cost-effectiveness have been reported in Saudi
Arabia. This study aimed to investigate antibiotic and cost-effectiveness of beta-lactams,
fluoroquinolones, and nitrofurantoin as first-line uUTI treatment.

Patients and Methods: This study was a retrospective cohort based on a five-arm comparative
outcome analysis. A cost-effectiveness analysis and comparative group of uUTI treatments in the
ED at King Abdulaziz Medical City (KAMC) in Saudi Arabia over a three-month follow-up period
was done. The patient group consisted of those presenting to the ED with uUTIs who were treated
initially with one of five antibiotics: (1) amoxicillin/clavulanic acid, (2) cefuroxime, (3) ciproflox-
acin, (4) nitrofurantoin, or (5) norfloxacin. The main outcomes were effectiveness in terms of cure
rates, symptom-free days (SFDs), and estimations of cost-effectiveness among this group.
Results: A total of 865 adult patients who presented with uUTIs were enrolled. Most
patients (89.5%) completely recovered, whereas 10.5% of patients were readmitted to the
ED with recurrent infections. Effectiveness in terms of the highest cure rate was observed
with nitrofurantoin and amoxicillin/clavulanic acid (93.2% and 92.2%, respectively) fol-
lowed by norfloxacin, cefuroxime, and ciprofloxacin; no significant differences in cure rates
were found among these antibiotics. Antibiotic effectiveness in terms of SFDs showed that
nitrofurantoin produced the longest SFD period (76 days) followed by amoxicillin/clavulanic
acid (69 days). A cost-effectiveness analysis in terms of uUTI cure rates and number of SFDs
indicated that nitrofurantoin presented the highest cost-effectiveness followed by amoxicillin/
clavulanic acid, norfloxacin, ciprofloxacin, and cefuroxime.

Conclusion: A comparison of five antibiotics for uUTI treatment did not yield clinically
significant differences in cure rates. Nitrofurantoin was more cost-effective than the other
antibiotics.
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Introduction

Urinary tract infections (UTIs) are a serious worldwide health problem affecting all
age groups and both genders.' Urinary tract infections are the third most common
types of infections worldwide, affecting both outpatients and inpatients." An
uncomplicated urinary tract infection (uUTI) is among the most common infections

. 4 .. ..
in emergency departments.*® Escherichia coli is the most common cause of
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uncomplicated UTL"®® Most uncomplicated urinary tract
infections occur in young women, with far fewer cases
occurring in men.>’

In Saudi Arabia, UTI is the second most common
infection that prompts emergency department (ED) visits.
In addition, the prevalence of UTIs among adult patients
was found to be 14.6% of all ED visits.>'°

UTTIs have a significant impact on patient health-related
quality of life (HRQoL) and costs. The mean baseline
HRQoL of Saudi women with UTI was 72% with varying
effects depending on the socio-demographic characteristics
and other comorbid chronic diseases.”'®'" The mean cost
for UTI treatment in EDs in Saudi Arabia is estimated as
$134.56 + $31.34 (United States [US] dollars).?

UTI is among the most common reasons for outpatient
visits and antibiotic use in adult populations. Antibiotics are
the cornerstone for UTI treatment, and several types of anti-
biotics are currently recommended for the treatment of uUTIs;
these antibiotics include beta lactams, fluoroquinolones, nitro-
furantoin, and sulfamethoxazole/trimethoprim.> ®'*'3

The use of effective antibiotics for the treatment of
uUTT is necessary to improve patient HRQoL and reduce
the risk of progression to a more serious condition.
Extensive and inappropriate antibiotic use can have
a negative impact, including treatment failure, antibiotic
resistance, risk of complications, and increased cost of
treatment, on patients and society,!">7-!1:12:14-16

The increasing prevalence of antibacterial resistance
among community uro-pathogens affects the diagnosis
and management of this clinical syndrome.**®

The challenges of managing UTIs in an ED include
limited medical history, lack of follow-up, and lack of culture
and susceptibility results. Most patients do not require an
extensive diagnostic evaluation and can be treated as out-
patients using administration of oral antibiotics.>

To date, no published studies have compared relative
cost-effectiveness of beta lactams, fluoroquinolones, and
nitrofurantoin for treatment of uUTIs in Saudi Arabia, so
minimal information to guide clinicians with respect to
their prescribing choices based on the cost effectiveness
of antibiotics exists.

In Saudi Arabia, the government provides free health-
care services to all citizens through a number of govern-
ment agencies; however, this policy has generated cost
pressures on the government, especially in view of the
rapid population growth.

The objective of this study was to investigate the
effectiveness and cost impact of using beta lactams,

fluoroquinolones, and nitrofurantoin for first-line uwUTI
treatment in Saudi Arabia.

This study will provide new information on the cost-
effectiveness and budget impact of oral antibiotics for uUTI
treatment: (1) beta lactams (amoxicillin/clavulanic acid
[Augmentin], cefuroxime), (2) fluoroquinolones (ciproflox-
acin, norfloxacin), and (3) nitrofurantoin for uUTI treatment
and a comparison of efficacy and direct costs.

Methods
Study Setting

This study represents a real-world clinical setting in the
ED of King Abdulaziz Medical City (KAMC). KAMC is
a university-affiliated tertiary care center in Riyadh, Saudi
Arabia, which has the Joint
Commission International.

been accredited by

Study Design

This study was a retrospective cohort based on a five-arm
comparative outcome analysis. A cost effectiveness analysis
in conjunction with comparative antibiotic treatment of uUTIs
in the ED at KAMC in Saudi Arabia with a three-month
follow-up period was done. Decision trees were used to com-
pare the costs and effects of different antibiotics (amoxicillin/
clavulanic acid, cefuroxime, ciprofloxacin, nitrofurantoin, and
norfloxacin) to treat uUTIs in patients who visited the ED

(Figure 1).

Study Population
The population consisted of adults > 18 years old who
presented to the ED with symptoms indicating uUTI as
diagnosed by emergency physicians and who were
given one of five antibiotics as first-line treatment: (1)
amoxicillin/clavulanic acid, (2) cefuroxime, (3) cipro-
floxacin, (4) nitrofurantoin, or (5) norfloxacin after
which the patients were then followed up to measure
the efficacy and analysis of the impact cost of treat-
ment. The usual criteria applied to an initial UTI diag-
nosis consist of medical history, clinical findings, and
results from a dipstick test.

Any cases with medical histories of diabetes, renal
UTI with
associated UTI, and/or comorbidities were excluded.

failure, sepsis or bacteremia, catheter-

Data Collection
Several sets of data were reviewed. Patient characteristics
included demographic data, number of visits to the ED for
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Figure | Antibiotic decision tree for cost-effectiveness analysis of uncomplicated urinary tract.

each patient within three months, and recurrent episodes of
UTI. The main outcome characteristics included antibiotic and
cost-effectiveness of the five antibiotics used for treating
uUTIs.

The effectiveness of these antibiotics is defined as com-
plete recovery from a uUTI during study period. The measure-
ment of treatment effectiveness in terms of clinical cure and of
number of symptom-free days (SFDs) was evaluated. The
clinical cure rate was measured as the percentage of patients
who achieved resolution of uUTI symptoms and had no recur-
rent episodes during the study period after being treated with
the initial antibiotic (no others were needed).

The number of SFDs was defined as the number of
symptom-free days due to a uUTI during the study period
after treatment with the initial antibiotic.

For the
effectiveness ratio in terms of clinical cure was defined

cost-effectiveness  analysis, the cost-

as cost of initial antibiotic during the study period divided
by proportion of clinical cure (Cost/Cure).

The cost-effectiveness ratio in terms of SFDs was
defined as total cost of initial antibiotic during the study
period divided by number of SFDs (Cost/ SFD).

The incremental cost-effectiveness ratio (ICER) was cal-
culated for each of the five antibiotics used in the study
treatment of the uUTI, and the difference between the cost
divided by difference between the cure was determined.

Estimated prices of antibiotics for the treatment of uUTI
were computed based on prices of the medicines from the
Saudi Food and Drug Administration (FDA). US dollars
were used to calculate the costs associated with the study.'’

Ethical Issues
This study was approved by the research committee at
King Abdullah International Medical Research Center
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(KAIMRC), King Saud Bin-Abdulaziz University for
Riyadh, Saudi Arabia (RC20/551/R).
An informed consent to review medical files was not

Health Sciences,

required and waived by the research committee at
KAIMRGC, as the study was a retrospective chart review.

This study followed the recommendations of the
International Conference on Harmonization for Good
Clinical Practice (ICH-GCP) and in compliance with the
Declaration of Helsinki.

Patient confidentiality and privacy of information were
secured by the principal investigator.

Data Management and Analysis

The SPSS statistical software (version 22; IBM, Armonk, NY,
USA) was used for data entry and analysis. Bivariate analysis
using Pearson’s ¢* test was used for the effectiveness of an
antibiotic. For cost analysis, data were summarized in the
form of mean + standard deviation (SD) for continuous vari-
ables and numbers and percentages for categorical variables,
and P-values < 0.05 were considered statistically significant.

Results

During the study period, a total of 876 patients (age >18)
were diagnosed with uUTI and enrolled in the study; 784
patients demonstrated a complete recovery from a single visit
(representing 89.5% of the study patients), whereas 92
patients were readmitted to the ED with same, recurring
uUTT (representing 10.5% of the study patients). Female
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patients made up most patients (65.7%) visiting the ED
with a uUTL. The male to female ratio was 1:1.8 with mean
patient age of 37.3 + 11.65 years and range 19—64 years.

Most patients received one antibiotic during the study
period (89.5% of patients), 8.56% received two courses of
antibiotics, and 1.6% of patients received three courses
during the study period.

Clinical Outcomes

Effectiveness

The measurement of treatment effectiveness was done in
terms of cure rate and number of SFDs.

Figure 2 illustrates slight differences in cure rates among
the five antibiotics. Slight differences in recurrent infection
rates were also noticed among the five target antibiotics.

Table 1 shows the highest cure rate occurred after
nitrofurantoin and amoxicillin/clavulanic acid administra-
tion (93.2% and 92.2%, respectively) followed by norflox-
acin, cefuroxime, and ciprofloxacin (89.9%, 88.2%, and
86.4%, respectively). No significant differences among
0.399). The
least number of recurrent infections occurred in patients

cure rates of antibiotics were found (p =

treated with nitrofurantoin (6.8%) followed by amoxicil-
lin/clavulanic acid (7.8%) and then norfloxacin (10.2%).
No clinically significant differences among recurrent rates
of infection among antibiotics were found (p = 0.431).
The measurement of treatment effectiveness in terms of
the number of SFDs showed nitrofurantoin produced 76

89.8

Nitrofuranton Norfloxacin

Initiated Antibiotics

B Cure Rate

Figure 2 Cure rate (%) and recurrent infection rate (%) for different antibiotics.

B Recurrent Infection Rate
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Table I Outcome Treatment of Uncomplicated Urinary Tract Infection (uUTI) Among Different Antibiotics During Study Period

According to Cure Rate

Initiated Antibiotic Sample, Completely Recovery Recurrent Infection
N (%)
(N= 876) Cure Cost Recurrence Cost
rates® Infection Rates
(N, %) Mean 95% ClI P value (N, %) Mean £ SD 95% ClI P value
SD %)

Amoxicillin/clavulanic acid | 153 (17.47) | 141 (92.2) | 25.72£12.57 | 23.62-27.8] | <0.0001 12 (7.8) 54.11 £29.15 | 35.59-72.62 | <0.0001
Cefuroxime 389 (44.41) | 343 (88.2) 33.9149.77 | 32.87-34.94 46 (11.8) 66.96 £23.98 | 59.84-74.1
Ciprofloxacin 59 (6.74) 51 (86.4) | 19.67+14.97 | 15.46-23.89 8 (13.6) 35.84 £19.14 | 19.83-61.84
Nitrofurantoin 59 (6.74) 55(93.2) | 20.67+ 8.88 18.27-23.1 4 (6.8) 47.69 £25.73 6.76-88.63
Norfloxacin 216 (24.66) | 194 (89.8) | 19.55+13.50 | 17.64-21.45 22 (10.2) 47.94 £28.50 | 35.3-60.58
Total 876 784 (89.5) | 26.29+13.35 | 25.40-27.19 92 (10.5) 56.28 £27.26 | 50.78-61.77

Notes: *No clinically significant differences between six different antibiotics were found; p = 0.399.
Abbreviations: SD, standard deviation; Cl, confidence interval.

Table 2 Costs, Cure, and Cost-Effectiveness Ratios of a Set of Interrelated Antibiotics

Amoxicillin/ Cefuroxime | Ciprofloxacin | Norfloxacin | Nitrofurantoin
Clavulanic Acid

Method |: Cost consequence analysis
Cost per course $12.00 $34.65 $21.73 $12.31 $3.38
Cost per three months $10,608.00 $29,279.25 $17,992.44 $10,598.91 $3,018.34
Outcome
Cured% 92.2 88.2 86.4 89.9 93.2
Symptoms free days (SFD) in three months (days) 69 60 69 60 76
Number recurrent episodes
One 10 (6.5) 39 (10) 6 (10.2) 17 (7.9) 3 (6.8)
Two 2 (1.3) 6 (1.5) 2 (34 4 (1.9) 0
Three 0 1 (0.3) 0 1 (0.5) 0
Method 2: Cost-effectiveness ratio: (CE Ratio)
Cure $11,505.42 $33,196.43 $20,353.44 $11,789.67 $3,238.56
SFD $153.74 $487.99 $260.76 $176.65 $39.72

Notes: Cure is the cost of antibiotics divided by the cure rate (Cost/Cure), SFD ratio is a cost of antibiotics divided by symptom-free days (Cost/ SFD).

Abbreviation: SFD, Symptom-free days.

SFDs followed by amoxicillin/clavulanic acid (69 days)
treatment, and no differences between cefuroxime, cipro-
floxacin, and norfloxacin were detected, as shown in Table 2.

The number of frequent uUTI episodes were lower
with nitrofurantoin (one episode) followed by amoxicil-
lin/clavulanic acid (two episodes) and then cefuroxime,
ciprofloxacin, and norfloxacin with three episodes each
reported during the study period (Table 2).

Cost Analysis
Table 2
effectiveness ratios of five antibiotics.

illustrates the comparison between cost-

Cost-effectiveness was calculated in terms of cure and SFD
ratios. The findings indicate that initiation of nitrofurantoin for
uUTI management presented a higher cost-effectiveness fol-
lowed by amoxicillin/clavulanic acid, norfloxacin, ciprofloxa-
and finally cefuroxime ($3,238.56, $11,505.42,
$11,789.67, $20,353.44, and $33,196.43, respectively).

Figure 3 indicates that nitrofurantoin was more effective

cin,

and cost less, and no differences between the cost-
effectiveness of amoxicillin/clavulanic acid and norfloxacin
were found. Cefuroxime had the lowest cost-effectiveness.

The cost-effectiveness of nitrofurantoin initiation was
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Figure 3 Effectiveness and cost effectiveness of study antibiotics.

approximately triple the cost-effectiveness of norfloxacin and
augment, six times that of ciprofloxacin, and ten times that of
cefuroxime.

Cost-effectiveness in terms of SFD ratio showed nitro-
furantoin initiation for the management of uUTI had
higher cost-effectiveness than other antibiotics in all ana-
lyses followed by amoxicillin/clavulanic acid, norfloxacin,
ciprofloxacin, and cefuroxime ($39.72, $153.74, $176.65,
$260.76, and $487.99, respectively).

The ICER was calculated for each of the five antibio-
tics used in the treatment of the uUTI, and results are
given in Table 3. The results demonstrate that nitrofuran-
toin had less ICER when compared with other oral anti-
biotics, which represented more effectiveness and less
cost, expressed as more cost-effectiveness.

Negative results indicate cost savings. Negative ICER
score for antibiotics indicate that these antibiotics are the
most effective with a corresponding reduction in costs and

are dominant alternatives over other antibiotics used for
the treatments.

Discussion
The present study was the first cost-effectiveness study
conducted in Saudi Arabia that used real-world cost data
to compare five oral antibiotics for the management of
uUTIs in the ED: (1) amoxicillin/clavulanic acid, (2)
cefuroxime, (3) ciprofloxacin, (4) norfloxacin, and (5)
nitrofurantoin. Use of a cost-effectiveness analysis to esti-
mate the economic and health implications of five oral
antibiotics for treatment of UTI proved to be an effective
method for examining these two parameters.
Fluoroquinolones, sulfonamides, amoxicillin/clavula-
nic, and nitrofurantoin were found to be the most fre-
quently used antibiotics for uUTI treatment. Limited
evidence on the cost-effectiveness of antibiotics for urin-
ary tract infection in ED exists.

Table 3 Comparison Between Different Incremental Cost Effectiveness Ratios (ICER) of Antibiotics During the Study Period

Incremental Cost Effectiveness Ratio (ICER)

Scientific Name Amoxicillin/Clavulanic Acid Cefuroxime Ciprofloxacin Norfloxacin Nitrofurantoin
Amoxicillin/clavulanic acid $0.00 —$487.33 -$132.87 $0.00 —$792.00
Cefuroxime —-$487.33 $0.00 $654.81 -$1,146.67 —-$548.27
Ciprofloxacin -$132.87 $654.81 $0.00 -$220.19 —-$229.80
Norfloxacin $0.00 -$1,146.67 —-$220.19 $0.00 —$240.00
Nitrofurantoin -$792.00 —-$548.27 -$229.80 -$240.00 $0.00
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In the current study, the highest cure rates occurred
with nitrofurantoin and amoxicillin/clavulanic acid, which
were slightly higher than norfloxacin, cefuroxime, and
ciprofloxacin, with no clinically significant differences
between cure rates of five antibiotics. This finding was
consistent with cure rates determined in a study conducted
in the UK in which no significance differences between
ciprofloxacin, nitrofurantoin, norfloxacin, cephalosporin,
and trimethoprim for the treatment of uUTI in young
women were found.'® Other studies reported that cipro-
floxacin was more clinically curative than amoxicillin/cla-
vulanic, whereas in terms of adverse effects, no significant
differences were detected.'®-*°

The present study showed the least recurrent infection
was observed after treatment with nitrofurantoin followed
by amoxicillin/clavulanic acid and norfloxacin. These
results contradict those from other studies in which it
was demonstrated that ciprofloxacin, cephalexin, and co-
amoxiclav were associated with lower rates of treatment
failure and similar risks of UTI-related hospitalizations or
death in older people than was nitrofurantoin.?’

Information available in Saudi Arabia concerning the
differences in cure rates based on sensitivity found nitro-
furantoin had the highest cure rate followed by ciproflox-
acin, amoxicillin/clavulanic acid, and norfloxacin and the
least sensitive was reported as co-trimoxazole out of all of
the tested antibiotics.’

This finding was consistent with other studies that
reported nitrofurantoin presented the lowest resistance
and
highest.

Resistance development in common UTI pathogens

trimethoprim—sulfamethoxazole
13,22

produced the

(especially to fosfomycin, sulfamethoxazole-trimethoprim,
fluoroquinolones, and third-generation cephalosporins),
have seriously restricted therapeutic options, especially in
outpatient settings.*>

Ciprofloxacin is an important antibiotic for treatment
of more serious infections, and overuse of this antibiotic
may have serious implications for the treatment of more
serious infections. The Infectious Diseases Society of
America (IDSA) guidelines have reduced fluoroquinolones
from first-line therapy to alternative agents for uUTI
treatment.”

In the present study, the results indicate that initiation
of nitrofurantoin for the management of uUTI showed
a lower ICER and higher cost-effectiveness followed by

amoxicillin/clavulanic acid, norfloxacin, and ciprofloxacin.

Moreover, cefuroxime had a higher ICER than other oral
antibiotics in all analyses.

The ICER of nitrofurantoin was approximately $3,238.
Amoxicillin/clavulanic acid and norfloxacin versus nitro-
furantoin had triple the ICER, ciprofloxacin was six times
the ICER of nitrofurantoin, and cefuroxime was 10 times
the ICER of nitrofurantoin. Amoxicillin/clavulanic acid
and norfloxacin were similar in cost-effectiveness in
terms of cure ratios but less cost-effective in terms of
SFDs. No other local studies to compare relative cost-
effectiveness of these antibiotics in Saudi Arabia have
been published. When compared with previous studies in
other countries, it was found that trimethoprim was
reported to be a more cost-effective treatment than nitro-
furantoin and fosfomycin when resistance level to tri-
methoprim was < 30%, but at resistance levels of > 35%
for trimethoprim, both fosfomycin and nitrofurantoin were
shown to be more cost-effective.’* In other studies, the
sulfonamides, fluoroquinolones, and nitrofurantoin were
reported to have similar costs per patient.*’

In study conducted in the US, it was found that nitro-
furantoin for the treatment of uUTIs minimized costs when
compared with trimethoprim—sulfamethoxazole in many
areas of the US and was cost-competitive when compared
with generic ciprofloxacin.?

Despite the lower cost of and less resistance presented
by nitrofurantoin, it is still less commonly used for the
treatment of uUTIs.

Although a limited number of studies have evaluated
the effectiveness of antibiotics for the treatment of uUTI,
differences in cure rates and cost-effectiveness among
countries can be found. Local sensitivities and antibiotic
prices are important when calculating cost-effectiveness
and making suitable choices.

Sensitivity and resistance play an important role when
considering the cost-effectiveness of antibiotics; when the
sensitivity increases, the efficacy of the treatment
increases, whereas when resistance increases, the efficacy
decreases, and the cost of UTI treatment will increase.
Overall, the cost-effectiveness of antibiotics differs from
country to country due to variations in local sensitivity,
cost of antibiotics, and clinical practice guidelines.

The results of this study may help guide clinicians
when choosing the most cost-effective antibiotic for the
treatment of uUTI based on the local knowledge of resis-
tance levels. Treatment of an uncomplicated uUTI is often
acute for which good treatment decisions must be made
rapidly and promptly in order to prevent complications.
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Limitations
This study has several limitations. First, the study was

conducted in only one setting; thus, this ED does not

represent other healthcare settings. Second, the cost of

antibiotics differs from one manufacturer to another. The

antibiotic costs included in my analyses reflect the trade

name of antibiotics used during study period, which may

differ in other settings in Saudi Arabia; therefore, the

findings cannot be generalized to the entire country.

Finally, other limitations may have resulted in over- or

under-estimations of the actual costs associated with UTIs.

Large-scale prospective studies are recommended to help

yield a more accurate determination of the cost-

effectiveness of UTI treatments in Saudi Arabia.

Conclusion
All five antibiotics in the current study proved to be

effective for the treatment of uUTI. From a cost-

effectiveness point of view, nitrofurantoin was more cost-

effective than the four other studied antibiotics that were

used for treatment of uUTI. It was also found that amox-

icillin/clavulanic acid produced similar cost-effectiveness

compared with norfloxacin in terms of cure rates but less

in term of SFDs. Results of this study cannot be readily

generalized to other countries since regional differences in

antibiotic resistance patterns and costs exist.

Additional studies should be performed in terms of

cost-effective uUTI treatments in Saudi Arabia.
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