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Abstract
Background  The Italian Society of Internal Medicine (SIMI) Choosing Wisely Campaign has recently proposed, among 
its five items, to reduce the prescription of long-term intravenous antibiotics if not indicated. The aim of our study was to 
assess the available evidences on optimal duration of antibiotic treatment in pyelonephritis through a systematic review of 
secondary studies.
Materials and methods  We searched for all guidelines on pyelonephritis and systematic reviews assessing the optimal 
duration of antibiotic therapy in this type of infection. We compared the recommendations of the three most cited and 
recent guidelines on the topic of interest. We extracted data of non-duplicated RCT from the selected systematic reviews 
and performed meta-analyses for clinical and microbiological failure. A trial sequential analysis (TSA) was also achieved 
to identify the need for further evidence.
Results  We identified 4 systematic reviews, including data from 10 non-duplicated RCTs (1536 patients). The meta-analysis 
showed a higher rate of clinical cure for short-course antibiotic treatment (RR for clinical failure 0.70, 95% CI [0.53–0.94]). 
No significant difference in the rate of microbiological failure (RR 1.06, 95% CI [0.75–1.49]) was observed. In terms of 
clinical cure, the TSA suggests that current evidence is sufficient to consider short course at least as effective as long-course 
treatment. Selected guidelines recommend considering shorter courses, but do not cite most of the published RCTs.
Conclusions  Short-course antibiotic treatment is at least as effective as longer courses for both microbiological and clinical 
success in the treatment of acute uncomplicated pyelonephritis.
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Background

Overtreatment and overdiagnosis in health care are issues 
that have been debated for more than ten years. In 2012 the 
American Board of Internal Medicine (ABIM) launched the 
“Choosing Wisely” (CW) Campaign with the purpose to pro-
mote a patient-oriented, evidence-based and economical and 
biological sustainable medicine [1].

In Italy, the Italian Society of Internal Medicine (SIMI) 
took part in the campaign and developed its five items on 
appropriateness of cures in 2015 [2]. One of the five items 
proposed was the reduction of the prescription of long-term 
intravenous antibiotics if not indicated.

Overuse of antibiotics is, indeed, strictly related to seri-
ous consequences such as adverse effects for patients, global 
microbiological resistances and financial costs.

Recent US data show that antibiotic prescription prevalence 
can reach up to 50% of all hospitalized patients [3, 4]. The 
use of antibiotics in different European countries mirrors the 
global increase in resistant strains [5]. Particularly troublesome 
is the increasing resistance to broad-spectrum antibiotics, 
mainly to fluoroquinolones, cephalosporins and, even more 
alarming, to the carbapenem class, due to an overconsumption 
of these antibiotics.

In support to the aim of the SIMI Choosing Wisely Cam-
paign, our group has recently performed a systematic review of 
secondary studies with meta-analyses to evaluate the optimal 
length of antibiotic treatment in community acquire pneumo-
nia (CAP). We showed that a short-course antibiotic treatment 
(< 7 days) is not associated with higher rates of treatment fail-
ure than longer courses and should thus be considered [6].

Urinary tract infections (UTIs) are highly prevalent dis-
eases. Acute pyelonephritis represents a frequent cause of mor-
bidity, reaching an annual incidence of 12–13 cases per 10,000 
women and 10,000 hospital admissions per year in the USA 
[7, 8]. Depending on the severity of the illness (from relatively 
mild to life threatening), patients may need to be hospitalized, 
whereas others might be treated successfully as outpatients. 
Despite publication of guidelines, studies demonstrate a wide 
variation in prescribing practices regarding the selection of 
antimicrobial agents and duration of therapy [9–14].

The objectives of our study were thus to summarize the 
available evidence from systematic reviews and guidelines and 
to identify fields were further data are needed regarding the 
optimal duration of antibiotic treatment in pyelonephritis.

Materials and methods

We performed a systematic review of secondary studies. We 
analyzed all systematic reviews and meta-analyses on the 
optimal duration of antibiotic treatment in pyelonephritis. 

We then compared the extracted evidence with the recom-
mendations provided by the three most cited guidelines on 
pyelonephritis published in the last ten years.

Systematic reviews and meta‑analyses selection 
and analysis

To identify systematic reviews and meta-analyses, we 
searched PubMed on the 26/11/2019 using the following 
string: “cystitis” OR “urinary tract infection” OR “pyelone-
phritis”. Filters for Meta-analyses and Systematic Reviews 
were applied, no date limit was employed. We limited our 
search to English written studies.

Two authors (AM and EM) independently screened the 
articles’ titles and abstracts selecting the ones useful for 
our objectives. We included only systematic reviews and 
meta-analyses on adults (age > 16) and immunocompetent 
patients evaluating the duration of antibiotic treatment in 
uncomplicated pyelonephritis (defined as pyelonephritis lim-
ited to men or non-pregnant, pre-menopausal women with 
no known urological abnormalities or comorbidities); stud-
ies on patients with cystitis or studies about prevention in 
recurrent urinary tract infections (UTIs) were not included 
in this study.

Bibliography of screened articles was reviewed to iden-
tify systematic reviews or meta-analysis missed by our 
search. Rate of agreement among the two reviewer authors 
was evaluated with Cohen’s K coefficient. Disagreements 
were solved through discussion between the two reviewers 
and a third author (GC).

Each selected article was fully evaluated and a pre-spec-
ified Excel™ table was used for data extraction. For each 
meta-analysis or systematic review, we recorded authors’ 
conclusions, number, type and title of original included tri-
als, reported information on and number of enrolled patients 
(i.e. adult, cancer, surgical etc.), definition of short and long-
term treatment and of the evaluated outcomes.

To completely assess the actual evidences on the opti-
mal length of antibiotic treatment, we then considered the 
outcome “clinical failure” (defined as a lack of resolution 
of fever or signs and symptoms of UTI at the end of ther-
apy) and the outcome “microbiological failure” (defined 
as positive urine culture at the end of therapy). We built a 
two-by-two table with the outcome prevalence in the two 
treatment groups of interest (i.e. short and long-course treat-
ment). We then performed a meta-analysis with the data of 
all non-duplicated RCTs on the outcomes of interest. We 
took into consideration only the data reported in the sys-
tematic reviews, either text or tables, and did not review the 
original studies. In case of dis-agreement, we considered 
data reported in the systematic review that had enrolled the 
highest number of RCTs.
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Results were reported as risk ratio (RR) with 95% con-
fidence interval (CI). A random effect model was used for 
analyses. Heterogeneity among studies was evaluated with 
the Cochran’s Q and I2 statistics.

Additionally we reported secondary outcomes such as 
“relapse” (defined as reappearance of the original strain in a 
urine culture between the test-of-cure visit and the follow-up 
visit) and “recurrence” (defined as reappearance of another 
bacteriologic strain in a urine culture between the test-of-
cure visit and the follow-up visit); we didn’t perform any 
analysis on these outcomes.

Lastly, considering the outcome “clinical failure”, we per-
formed a trial sequential analysis (TSA) to clarify whether 
additional trials are needed to confirm the current evidence 
on the topic and to calculate the corresponding required 
information size (number of participants needed in a meta‐
analysis to detect an anticipated treatment effect) [15].

We assumed 8,9% of failure to achieve clinical improve-
ment in the short-course group. This corresponds to the 
rate of clinical failure observed in our meta-analysis for the 
short-course treatment group. The required information size 
was calculated assuming a clinically relevant relative risk 
reduction of 30%, a risk of type I error of 5% and a risk of 
type II error of 20% (power of the study of 80%). According 
to these assumptions, 3080 patients were required for our 
primary analysis.

Review Manager version 5.3® and the TSA software 
(Copenhagen Trial Unit Centre for Clinical Intervention 
Research, Rigshospitalet, Copenhagen, Denmark) were 
used for performing the meta-analysis and the trial sequen-
tial analysis, respectively.

Guidelines selection and analysis

To select the most relevant guidelines we performed a sec-
ond search with PubMed using the following string: (((cys-
titis) OR urinary tract infection) OR pyelonephritis) AND 
guideline*))). To include the most updated data we limited 
our search between the 26/11/2009 and the 26/11/2019.

Two authors (AM and EM) independently screened the 
studies to include only guidelines on pyelonephritis in adult 
patients; studies on cystitis were excluded. We also included 
guidelines on infective diseases that assessed antibiotic treat-
ment in pyelonephritis.

To identify the most relevant guidelines, for each article, 
we considered a citation-per-year rate that was calculated 
dividing the guideline’s total number of citations by the dif-
ference between the year of our search (i.e. 2019) and the 
year of the guideline’s publication. The number of citations 
was obtained from Scopus or Google Scholar considering 
the highest one among the two databases.

The three guidelines with the highest citation-per-
year rate were finally enrolled. Rate of agreement on 

articles’ selection among the two authors was evaluated 
with Cohen’s K coefficient. Disagreement among the two 
reviewers was solved through consultation with a third 
author (GC).

Consultation with an expert in Infectious Diseases was 
performed before final enrolment to ensure that all signifi-
cant guidelines had been considered.

We compared the three selected guidelines on the rec-
ommendations given, the evidence grading system used 
and the studies cited to support recommendations.

If present, we compared evidences among specific sub-
groups of patients (i.e. hospitalized vs ambulatory ones, 
different grades of severity).

We finally rated the recommendations given by each 
guideline with the GRADE system [16] and used this 
parameter to evaluate the agreement among the different 
guidelines.

Results

Through bibliographic search in PubMed we identified 1868 
systematic reviews and 1758 guidelines (Appendix Figs 1 
and 2).

Systematic reviews

Two authors (AM and EM) screened all titles and abstracts 
of the studies and finally eleven systematic reviews compar-
ing antibiotic treatment of different duration in UTIs were 
assessed for eligibility. The two reviewers were concordant 
on the inclusion of 10/11 studies (k = 0,638, good strength of 
agreement [17]), one study was included after consultation 
with a third author.

After an extensive evaluation of the articles, four studies 
on pyelonephritis were included.

Among the excluded studies four of them, by Milo et al. 
[18], by Lutters et al. [19], by Katchman et al. [20] and by 
Cai et al. [21], focused on the treatment of cystitis only; two 
systematic review, by Hooton et al. [22] and by Winten-
berger et al. [23], were not considered because systematic 
reviews of guidelines; one systematic review, by Masson 
et al. [24], was a descriptive review of systematic reviews 
and meta-analyses and did not have useful data (Appendix 
Fig. 1).

Four systematic reviews, by Kyriakidou et al. [25], by 
Eliakim-Raz et al. [26], by Hanretty et al. [27] and by Royer 
et al. [28] (Table 1) were identified for the comparison of 
short and long-course antibiotic treatment in pyelonephritis 
(for a complete description of included systematic reviews 
see Appendix Description 1).
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Table 1   Description of enrolled Systematic Reviews for Pyelonephritis

EOT end of treatment, EOF end of follow-up, Nr not reported, MA meta-analysis
α: a lack of resolution of fever or signs and symptoms of UTI, or modification of antibiotics at the end of the long-treatment arm (end of treat-
ment) or at the end of follow-up (definitions varied among each study)
β: definition varied among the different studies
χ: total number of adverse events, definition varied among different studies
δ: resolution of symptoms and signs at the test-of-cure visit
ε: yielding sterile urine cultures or positive cultures with < 103 cfu/mL of urine at the test-of-cure visit
ϕ: reappearance of the original strain in a urine culture between the test- of-cure visit and the follow-up visit, based on species identification and 
serotyping results
γ: reappearance of another bacteriologic strain in a urine culture between the test-of-cure visit and the follow-up visit, based on species identifi-
cation and serotyping results
η: definition varied among the different studies
*Outcomes from Eliakim-Raz et al. are reported as clinical and microbiological failure, outcomes from Kyriakidou et al. as clinical and micro-
biological success, outcomes from Hanretty et al. are reported as clinical and microbiological cure rates
**Results from Eliakim-Raz et al. are reported as RR, results from Kyriakidou et al. as OR

Meta-analysis/system-
atic review (year)

Short-course treatment 
Vs long-course treat-
ment

Outcome* Studies (n) No of patients RR/OR** (95% CI) Heterogeneity I2

Eliakim-Raz et al. 
(2013)

 ≤ 7 d vs > 7 d Clinical failureα at 
EOT

RCT (5) 1076 0.63 (0.33–1.18) 0.41

Clinical failureα at 
EOF

RCT (7) 1398 0.79 (0.56–1.12) 0.01

Microbiological 
failureβ at EOT

RCT (3) 876 0.60 (0.09–3.86) 0.7

Microbiological 
failureβ at EOF

RCT (8) 1402 1.16 (0.83–1.62) 0.52

Adverse eventsχ RCT (7) 2127 0.93 (0.73–1.18) 0.48
Adverse eventsχ 

requiring discontinu-
ation of therapy

RCT (7) 2127 0.78 (0.52–1.18) 0

Kyriakidou et al. 
(2008)

7–14 d vs > 14 d Clinical successδ RCT (4) 199 1.27 (0.59–2.70) 0.08

Bacteriological 
efficacyε

RCT (4) 199 0.80 (0.13–4.95) 0.8

Relapseϕ RCT (4) 199 0.65 (0.08–5.39) Nr
Recurrenceγ RCT (4) 199 1.39 (0.63–3.06) Nr
Adverse eventsη RCT (4) 258 0.64 (0.33–1.25) Nr

Hanretty et al. (2018) 5–7 d vs 10–14 d Adverse eventsη 
requiring discontinu-
ation of therapy

RCT (4) 258 0.65 (0.28–1.55) Nr

Clinical cureδ rates RCT (1) 255 96% vs 83% (0.06–
0.22)

No MA

Bacteriological cureε 
rates

RCT (1) 255 99% vs 89% (0.04–
0.16)

No MA

Clinical cureδ rates RCT (1) 506 91% vs 87% (-9.6–1.2) No MA
Bacteriological cureε 

rates
RCT (1) 506 88% vs 87% (-8.8–4.1) No MA

Clinical cureδ rates RCT (1) 248 97% vs 96% (-6.5–4.8) No MA
Royer et al. (2017) 7 d vs 14 d Microbiological cureε 

at EOF
RCT (1) 34 Nr No MA
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Meta‑analysis and trial sequential analysis

Data of non-duplicated RCTs enrolled in the four system-
atic reviews comparing treatments of different duration are 
reported in Table 2. To assess optimal length of antibiotic 
treatment, we considered two outcomes: clinical failure 
(defined as a lack of resolution of fever or signs and symp-
toms of UTI at the end of therapy) and microbiological fail-
ure (positive urine culture at the end of therapy).

Most studies compared treatment of ≤ 7 days with longer 
courses. Only one study by Stamm et al. [31] compared 
treatments of ≤ 14 days and > 14 days but it was analyzed 
together with the other studies.

For the outcome “clinical failure” we considered data 
from 10 non-duplicated RCTs [29–38] for a total of 1536 
patients of whom 784 were in the short course and 752 in 
the long-course group. Two RCTs had been selected by both 
the systematic reviews [29, 32]. Data were analyzed with a 
per-protocol analysis. We obtained a total of 162 events, 70 
in the short-course group and 92 in the long-course group. 
Meta-analysis on the data from original articles is shown 
in Fig. 1.

We found a statistically significant reduction in the rate of 
clinical failure favoring short-term antibiotic course, with an 
estimated RR of 0.70 (95% CI [0.53–0.94]). No heterogene-
ity was found among enrolled studies (I2 = 0%).

For the outcome “microbiological failure” we considered 
data from 10 non-duplicated RCTs [29–38] for a total of 
1506 patients of whom 775 were in the short course and 
731 in the long-course group. Two RCTs had been selected 
by both the systematic reviews [29, 32]. Data were ana-
lyzed with a per-protocol analysis. We obtained a total of 
255 events, 131 in the short-course group and 124 in the 
long-course group. Meta-analysis on the data from original 
articles is shown in Fig. 2.

No significant difference emerges between short- and 
long-term antibiotic course in the rate of microbiological 
failure of therapy, with an estimated RR of 1.06 (95% CI 
[0.75–1.49). Significant heterogeneity emerged among 
enrolled studies (I2 = 55%).

The TSA for the outcome “clinical failure” showed that 
the cumulative Z curve lies in between the boundary in favor 
of short-term antibiotic course and the futility boundary. 
This result suggests that in the worst case future scenario 
we might consider short course at least as effective as long-
course treatment (Fig. 3).

Guidelines

Two authors (AM and EM) screened all titles and abstracts 
of the studies and six guidelines on UTI were identified 
(Cohen’s K = 0.768, good strength of agreement [17]). 
Two more studies were included after screening the 

bibliographies of initially selected systematic reviews. Even-
tually, three articles were selected by both authors consider-
ing a citation-per-year rate.

The most common reasons for articles’ exclusions were 
type of population (pediatric, immunosuppressed or preg-
nant women) and focus on prevention of recurrent UTIs. 
We included only guidelines on pyelonephritis (Appendix 
Fig. 2). Enrolled guidelines by Gupta et al. [9], Bonkat et al. 
[39] and Kranz et al. [40], with recorded data on recom-
mendations, level of evidence, GRADE level and provided 
citations are reported in Table 3.

Recommendations on optimal duration of antibiotic regi-
men changed among guidelines depending on the severity of 
disease and the type of antibiotic used. For mild or moderate 
uncomplicated pyelonephritis all guidelines selected were 
concordant in recommending 5–7 days of treatment with 
a fluoroquinolone (if prevalence of fluoroquinolone resist-
ance < 10%), 7–10 days of treatment with a 3rd generation 
oral cephalosporin, 10–14 days of treatment with trimeth-
oprim-sulfamethoxazol and 10–14 days of treatment with 
penicillin. For severe uncomplicated pyelonephritis guide-
line by Bonkat et al. [39] and by Kranz et al. [40] suggested 
to complete a course of 1 or 2 weeks of antibiotic treatment.

Levels of evidence were reported to be moderate to good 
but citations provided to support recommendations were sig-
nificantly different between guidelines. These citations did 
not include most of the RCTs identified with our systematic 
search. Guidelines by Kranz et al. [40] did not cited single 
RCTs but only another guidelines, the one by Grabe et al. 
[41], the same guidelines updated to years later by Bonkat 
et al. [39].

Discussion

Current evidence from published meta-analyses and the 
results of the meta-analysis with data from non-duplicated 
RCTs included in the selected systematic reviews do not 
show any differences between short and long-course antibi-
otic treatment for uncomplicated pyelonephritis in terms of 
clinical failure and microbiological failure.

TSA suggests that current evidence is sufficient to 
consider short course at least as effective as long-course 
treatment.

Guidelines’ recommendations are only partially concord-
ant with such findings and not supported by high quality 
evidence. Indeed, they recommend different treatments 
duration depending on the severity of disease and the type 
of antibiotic used: for mild/moderate uncomplicated pye-
lonephritis 5–7 days of treatment with a fluoroquinolone, 
7–10 days with a 3rd generation oral cephalosporin and 
10–14 days with trimethoprim-sulfamethoxazol or penicil-
lin. These recommendations are considered to be supported 
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by a moderate to good level of evidence. Nevertheless, only 
few RCTs included in our meta-analysis are cited by the 
guidelines, and there is low concordance between the cita-
tions provided by the different guidelines.

To our knowledge, this is the first study comparing sys-
tematic reviews’ evidence and guidelines recommendations 
on antibiotic treatment duration in pyelonephritis.

Results of our study may warrant few clarifications in par-
ticular in the comparison with guidelines recommendations.

Most RCTs included in the selected systematic reviews 
used different time cut-offs to define treatment groups: a 
minimum of 5  days when fluoroquinolones were used, 
7 days with 3rd generation cephalosporins and a maximum 
of 14 days using trimethoprim/sulfamethoxazole or penicil-
lin. Nevertheless, in our meta-analyses 9/10 studies had a 
cut-off of ≤ 7 days, including most antibiotic classes. It is 
thus surprisingly that guidelines suggest longer courses for 
all antibiotic classes except for quinolones. Comparing the 
citations provided to support guidelines recommendations 
it seems that the authors have not considered most of the 
systematic reviews and RCTs (4/10) that have been pub-
lished throughout the years. This appears in contrast with 

the good rating of the evidence provided by the guidelines. 
Using the GRADE rating system to compare evidence it 
emerged a high strength of recommendation for both patients 
and clinicians and a low to moderate quality of evidence. 
Even though TSA shows that current evidence is not suffi-
cient to be considered definite, we do believe that guidelines 
should modify their recommendations to support treatment 
of ≤ 7 days in most cases of pyelonephritis. This would prob-
ably have a favorable effect on patients’ compliance, risk of 
adverse events, selection of resistant bacteria and on reduc-
ing economical costs.

We believe that the results obtained by our study are prob-
ably extendable in everyday clinical practice to most of the 
patients with uncomplicated pyelonephritis: the population 
of the RCTs enrolled in our study included both inpatients 
and outpatients, with a pyelonephritis of different severity 
and etiology, treated with different antibiotic regimens. The 
unique peculiarity of the population is about gender: looking 
at the studies included in the two systematic reviews and in 
our meta-analysis, > 80% of patients enrolled were women. 
Nevertheless, females are almost fivefold more likely than 
males to be hospitalized for acute pyelonephritis [42].

Fig. 1   Forest plot for data of non-duplicated enrolled RCTs for the outcome “clinical failure”

Fig. 2   Forest plot for data of non-duplicated enrolled RCTs for the outcome “microbiological failure”
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Patients with complicated pyelonephritis (defined as pyelo-
nephritis that occurs in a patient who has a functionally, meta-
bolically or anatomically abnormal urinary tract or is caused 
by pathogens that are resistant to antibiotics) might need a 
more careful management. The systematic review by Eliakim-
Raz et al. [26], showed that longer antibiotic regimen was suc-
cessful in microbiological efficacy after more than two weeks 
to the end of therapy: including only a subgroup of studies 
with more than 20% of patients with urogenital abnormalities 
[29, 32, 33], microbiological failure at end of follow-up was 
significantly lower in the long-treatment arm (RR 1.78, 95% CI 
[1.02–3.10]), with no significant heterogeneity (287 patients, 
of whom only about 100 had urogenital abnormalities). These 
data suggest that patients with urogenital abnormalities may 

need a longer duration of antibiotic treatment to avoid subse-
quent relapses or recurrences, although the evidence is based 
on a small group of patients.

Another possible exception to the general rule of ≤ 7 day 
antibiotic treatment could be when trimethoprim-sulfameth-
oxazol is used. In such case, few data are available, and the 
only study from Stamm et al. [31] treated patients for at 
least 14 days.

Limitations

This is a study on secondary data and there are certain limi-
tations that should be considered.

Fig. 3   Trial sequential analysis of non-duplicate enrolled RCTs for 
the outcome “clinical failure.” The cumulative Z curve (blue line) 
represents the cumulative evidence for the outcome “clinical failure” 
in the comparison among short- and long-course antibiotic treat-
ment. Trial sequential monitoring boundaries for benefit or harm 
(red inward sloping lines) represent the lines above and below which 
sufficient amount of evidence favoring, respectively, short- and long-
course antibiotic treatment have been reached, so that further trials 
are unlikely to change the conclusions. Futility boundaries (red out-
ward sloping lines) represent the lines below and above which suf-
ficient amount of evidence have been reached on no difference among 
the two treatment courses, so that addition of future trials is unlikely 
to change the conclusions. Red vertical line at the right end of the 

figure represents the sample size above which sufficient amount of 
evidence favor either short or long antibiotic course and further trials 
are unlikely to modify conclusions. The green lines represent the con-
ventional boundaries of p value < 5%. The required information size 
was calculated in 3080 patients, assuming 8.9% of failure to achieve 
clinical improvement in the short-course group, a clinically relevant 
relative risk reduction of 30%, a risk of type I error of 5% and a risk 
of type II error of 20%. In our analysis, the cumulative Z curve lies in 
between the boundary in favor of short-term antibiotic course and the 
futility boundary. This suggests that in the worst case scenario we can 
consider short course at least as effective as long-course treatment 
(color figure online)
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Data are usually collected in different settings and for 
different purposes so that bias in selection is amplified at 
final analysis.

In the analysis for microbiological failure a high grade 
of heterogeneity among trials was found (I2 = 55%). This 
can be explained by the use of different antibiotics that are 
more or less microbiologically effective depending on the 
duration of administration: a longer duration of therapy 
may be more efficient in sterilizing urine. Still, presence 
of bacteria in the urine, in asymptomatic patients (without 
identified risk factors and non-pregnant women), does not 
warrant any treatment [39].

The included studies were quite heterogeneous regard-
ing the definitions of short and long course. In particular 
in the study by Stamm et al. [31] 14 days was consid-
ered short course, whereas in some of the other study 
14 days was considered long course. However, this study 
accounted for a very small proportion of total events and 
patients (16 and 60 respectively).

The data reviewed were derived from studies often 
more than 10 years old (especially for beta-lactams) and 
some of the medications used in the included trials (ie, 
fleroxacin) are not available anymore. Also, trials that 
included only beta-lactams (dated 1980, 1987, 1988 and 
1999, respectively), include a small number of patients 
(521 patients in total).

Another limitation might be represented by the current 
progressive change in the antibiotic susceptibility pattern 
of bacteria causing pyelonephritis. The studies included 
did not address this issue, and therefore the results should 
be interpreted with caution when generalized to current 
hospital settings.

The most recent systematic review enrolled in our study 
was published in 2013, so it is possible that, since then, 
other RCTs have been published on the duration of antibi-
otic treatment in pyelonephritis. Indeed, the results of TSA 
suggest the need of further studies on this topic to increase 
the reliability of our results.

Conclusions

In the treatment of acute uncomplicated pyelonephritis, 
a short-course antibiotic treatment is not associated with 
higher rates of clinical or microbiological failure than longer 
courses. Guidelines on antibiotic duration in pyelonephritis 
are only partially concordant with these findings and should 
update recommendations and provided citations.
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