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Short versus long course antibiotic therapy for acute pyelonephritis
in adults: a systematic review and meta-analysis
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ABSTRACT

Acute pyelonephritis (aPN) is defined as a severe form of urinary tract infection. Despite its severity and the high incidence
in the community setting, there is no consensus on the optimal duration of treatment. The aim was to compare effectiveness and
tolerability of short- versus long-course treatment with the same antibiotic agent in patients with aPN. We searched MEDLINE
(PubMed), EMBASE and CENTRAL up to June 2016 for randomized controlled trials (RCTs). Three pairs of authors inde-
pendently extracted data and appraised risk of bias. We included 4 RCTs (439 participants). Short antibiotic treatment lasted
from 4 to 14 days and long treatment from 7 to 42 days but was at least 2 days longer than the corresponding short-course. At
the end of treatment, we did not find any significant differences in clinical success [risk ratio (RR) 1.01; 95% confidence interval
(CI), 0.96-1.07, moderate quality evidence] as well as in microbiological success (RR 0.99; 95% CI, 0.92-1.07, very low-quality
evidence). At 4-6 weeks after the end of treatment there were no significant differences in clinical relapses (RR 1.20, 95% CI
0.43-3.30, very low-quality evidence) and re-infection of other germs (RR 2.40; 95% CI, 0.68-8.49, very low-quality evidence),
even if short-term therapy seemed to have more risk of recurrences (RR 2.39, 95% CI 1.19-4.83, very low quality of evidence).
The incidence of any adverse effect seemed to be lower with the short-term therapy, though the results are not statistically sig-
nificant (RR 0.63, 95% CI 0.39-1.02, low quality evidence). Short-term treatment for aPN seems to be equivalent to long-term
treatment in terms of clinical and microbiological success at the end of treatment or tolerability. The only relevant difference is
the frequency of recurrence of the same biological germ up to 4-6 weeks after the end of treatment, which is significantly higher
with the short-term therapy.
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Several factors may be involved in the etiology
of aPN: anatomic or functional abnormalities of uri-
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nary tract drainage® or metabolic disorders’® (intra-
venous drug abuse and endocarditis are implicated
in gram-positive hematogenous infections).

Complicated aPN was defined as aPN occurring
in any male patient, in patients with functional or
anatomical abnormalities of the urinary tract, im-
munosuppressed persons, patients with a single kid-
ney, permanent bladder catheter, nephrostomy or
double-J catheter, or those patients who had experi-
enced urinary tract manipulation in the previous two
weeks.’?

Pyelonephritis becomes a potentially fatal disease
when secondary conditions develop, such as emphy-
sematous pyelonephritis (20-80% mortality rate),
perinephric abscess (20-50% mortality rate), or one
of the sepsis syndromes (>25% overall mortality
rate).* Pregnant women are more likely to develop
pyelonephritis and pregnancy is associated with
major risk of complications.!”

The severity of aPN ranges from mild discomfort
to life-threatening illness or death.!! Hospitalization
may be required for up to 10-30% of cases.!?

The extensive use of antibiotics has increased an-
tibiotic resistance during recent years.'*!* For exam-
ple Escherichia coli rates of resistance have reached
50%, 20%, and 10%-20%, respectively for ampi-
cillin, fluoroquinolones, and trimethoprim/sul-
famethoxazole (TMP-SMX).!" Given the high
incidence of acute pyelonephritis in the community
setting, measures should be taken to avoid further de-
velopment of antimicrobial resistance.®

In the current International Clinical Practice
Guidelines for the treatment of acute pyelonephritis,
the recommended duration of treatment for
pyelonephritis is 7 days for fluoroquinolones, 10-14
days for b-lactams and 14 days for TMP-SMX.!7-1

No recommendation is provided for women or
men hospitalized with acute pyelonephritis.?

The guidelines address only young, otherwise
healthy women who are not pregnant. Best manage-
ment for elderly individuals, men and patients with
comorbidities remains unclear. Despite publication
of the guidelines, studies demonstrate a wide varia-
tion in prescribing practices regarding the selection
of antimicrobial agents and duration of therapy.?!-*

A reduction in the duration of the administered
regimes could minimize the selection pressure on po-
tential pathogens, thereby reducing the risk for the
emergence of new resistant strains.?*

Under this perspective, we sought to compare
short-course with long-course treatment with the
same antibiotic regimes, administered by the same
route and in the same total daily dosage for acute
pyelonephritis, in terms of effectiveness and tolera-
bility, by performing a systematic review and meta-
analysis of randomized controlled trials (RCTs).
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Materials and Methods
Registered protocol

We registered the present study in PROSPERO
database (CRD42016051105).

Inclusion criteria

We included RCTs that compared a long-course
versus a short-course antibiotic therapy of the same
antibiotic agents administered by the same route and
in the same total daily dosage. Long course was de-
fined as a therapy, which lasts at least 2 days longer
than the corresponding short-course treatment. The
participants were eligible for inclusion if they were 18
years and older with acute PN, diagnosed based on
clinical criteria (fever, costovertebral pain, and dysuria
symptoms) and microbiologic criteria (pyuria and a
positive culture with >=104 cfu per milliliter of urine.
Pregnant women and patients, both hospitalized and
outpatients, with anatomical or functional abnormali-
ties of the urinary tract, permanent bladder catheter,
immunosuppressed, oncological and diabetic were
also considered. Trials with a mixed population were
included in the systematic review if they provided sep-
arate data for aPN population.

Types of outcome measures and follow-up
assessment

Our primary outcome was Clinical success, de-
fined as a number of subjects with resolution of symp-
toms (fever, costovertebral pain and dysuria), signs
(biohumoral tests as leukocyte count, inflammatory
markers and renal function) and microbiologic criteria
(pyuria and a positive culture with >10* cfu per milli-
liter of urine) at the end of treatment.

Secondary outcomes were: Microbiological suc-
cess, at the end of treatment defined as yielding sterile
urine cultures or positive cultures with <103 cfu/mL of
urine at the end of therapy;** Clinical relapse at 4-6
weeks after the end of treatment, defined as the reap-
pearance of signs and symptoms.

Microbiological relapse, defined as the reappear-
ance of the original strain in a urine culture at 4-6
weeks after the end of treatment, based on species
identification and serotyping results; Microbiological
recurrence or reinfection, defined as the appearance
of another bacteriologic strain in a urine culture at 4-
6 weeks after the end of treatment, based on species
identification and serotyping results;** Renal impair-
ment, defined as a glomerular fraction rate <30
mL/min or creatinine increase >50% from baseline
level; Intensive Care Unit requirement; Mortality for
any cause occurring during the study; Readmission for
the same cause until the end of the follow-up period;
Patients with any Adverse event defined as any unto-
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ward occurrence of any unfavorable and unintended
clinically relevant medical sign, symptom or any dis-
ease temporally associated with the study, which did
not necessarily have a causal relationship with the
study procedure and patient withdrawals due to seri-
ous adverse events during the study.

Search strategy

We searched the following electronic databases:
MEDLINE (PubMed) (January 1966 to June 2016),
EMBASE (Elsevier, EMBASE.com) (January 1974
to June 2016) and CENTRAL (up June 2016) using
the search strategy outlined in the Appendix.

We checked the reference lists of all studies in-
cluded and of any systematic reviews we have identi-
fied during the search process.

We also searched the following clinical trial reg-
istries to identify ongoing trials: ClinicalTrials.gov
(http://clinicaltrials.gov/) and Current Controlled Trials
(http://www.controlledtrials.com/); we included studies
written in English, French, Spanish and Italian.

Selection of studies and data extraction

Three pairs of authors (BF, ATM, PS, TL, TD, TM)
screened titles and abstracts obtained by the search
strategy. Then they independently assessed the full
text of potentially relevant studies for inclusion. Any
disagreement was solved by discussion with a further
author (SM).

We adopted a standardized data collection form to
extract the following information: number and char-
acteristics of participants, setting, type of experimen-
tal and control intervention (antibiotic agent, length
of treatment, any further treatment), length of follow-
up, types of outcomes, country of origin, funding and
conflict of interest, clinical success, bacteriologic ef-
ficacy, relapses, recurrences, any adverse events
and/or patient withdrawals due to adverse events. We
contacted authors if the reported data were insuffi-
cient or unclear.

Risk of bias (quality) assessment

Two authors (TL, TD) independently assessed the
risk of bias of the included studies. Any disagreement
was resolved by discussion with a further author (SM).
We assessed the risk bias using the Cochrane criteria.?
We considered the following specific domains: se-
quence generation and allocation concealment (selec-
tion bias), blinding of participants and providers
(performance bias), blinding of outcome assessors (de-
tection bias), incomplete outcome data (attrition bias)
and selective outcome reporting (reporting bias). Each
domain was judged as high, low or unclear risk of bias.
To incorporate our assessment of risk of bias in the re-
view process, we first plotted the intervention effects
estimates, stratified by risk of bias for allocation con-
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cealment (selection bias), blinding of outcome assessors
(detection bias) and attrition bias. If differences in the
results were present among studies at different risks of
bias, we performed sensitivity analysis by excluding
studies with high risk of bias from the analysis.

Data synthesis

We analyzed dichotomous outcomes by calculat-
ing the risk ratio (RR) for each trial with the uncer-
tainty in each result being expressed with a 95%
confidence interval (CI).

We combined the outcomes from the individual tri-
als through meta-analysis where possible using a ran-
dom-effects model*® because a certain degree of
heterogeneity was expected among trials. We analyzed
heterogeneity by means of the 12 statistic and the Chi?
test. The cut-off points were I? value of more than 50%
and a P value for the Chi? test of less than 0.1.%7 If a
very high heterogeneity was found (i.e., greater than
90%) no meta-analyses were performed and results
were described narratively.

We planned to investigate the publication bias
using visual inspection for asymmetry of funnel plots
if there were at least 10 studies included in the meta-
analysis. We assessed the overall quality of the evi-
dence for the primary outcome using the GRADE
methodology.?®* The GRADE approach uses five di-
mensions (risk of bias, consistency of effect, impreci-
sion, indirectness and publication bias) to assess the
quality of the body of evidence. The evidence is down-
graded from high quality by one level if serious, or by
two levels if very serious limitations are found for
each of the five dimensions. We developed a summary
of findings table presenting the quality of the evidence,
reasons for limitation and main findings for the pri-
mary outcome in simple tabular format.

Results
Study selection

A total of 725 articles were retrieved from
PubMed, 608 from EMBASE, and 185 from CEN-
TRAL. After 175 duplicates were removed we were
left 1343 articles and following a preliminary screen-
ing by reading the titles and abstracts we removed
other 1331 articles. Out of 12 articles assessed as po-
tentially eligible, 6 were excluded for the following
reasons: two studies were not RCT,*3! one study con-
sidered patients with recurrent urinary-tract infections
and not acute pyelonephritis,* two studies did not
compare two regimens with the same antibiotic****and
one study used two different routes of administra-
tion;* two further studies were considered awaiting
assessment: one study was published in Chinese lan-
guage®® and one was a protocol in recruiting phase.?’
We finally included 4 RCTs (Figure 1).
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Characteristics of included studies

We included 4RCTs**3-40 with 439 participants
conducted between 1987 and 2012. Three studies were
conducted in European countries®3%4°and one in the
USA.# All studies included patients >15 years with
aPN. Three trials**** included only patients with aPN,
while the remaining trial®® included patients with com-
plicated urinary tract infections; we extracted data
only for the subgroups (n=34) with aPN. The majority
of patients were women (87%, range 66.7 to 100%);
mean age was 50.75 years, range 16-94.

One study? enrolled only patients who were hos-

press

N

pitalized, two studies*®* included both inpatients and
outpatients and the last one*® involved only outpa-
tients. One study*’ analyzed two subgroups of popu-
lation treated with different antibiotic and, in this
review, we classified it as Stamm A and Stamm B.

The antibiotic drugs investigated were the following:
ampicillin,* trimethoprim-sulfathoxazole,* B-lactams
(pivampicillin/pivmecillinam);*®  fluoroquinolones:
fleroxacin® and ciprofloxacinin.*

The duration of treatment for short antibiotic ther-
apy ranged from 4 to 14 days. The duration for long
therapy was >7 days (ranging from 7 to 42 days), but
at least 2 days longer than the corresponding short-

Records identified

Records identified

Records identified

through EMBASE through PUBMED through CENTRAL
searching searching searching
(n=608) (n=725) (n=185)

A

Records after duplicates removed

(n=1343)

Figure 1. Study flow diagram.

Records screened
(n=1343)

Records excluded
(n=1331)

A

Full-text articles
assessed for
eligibility
(n=12)

A

Studies included in
qualitative synthesis
(n=4)

Studies included in
quantitative
synthesis
(n=4)

Full-text articles
excluded (n=6):
- not RCT (n=2)
- not comparison (n=2)

- not the same antibiotic
agent or not the same
route (n=1)

- simple cystitis and not
pyelonephritis (n=1)

Awaiting assessment
(n=2):

- still recruiting (n=1)

- full text not found

(n=1)
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course treatment. The timing of outcomes assessment
varied among studies and ranged from end of treat-
ment up to 180 days.

Three trials were funded by pharmaceutics com-
pany: one from Hoffmann La Roche,”® one from Leo
Pharmaceutical®® and one from Bayer.* One trial was
partially funded by National Institutes of Health and
by a grant from Burroughs Wellcome Foundation*
(Table 1).

Risk of bias assessment

Three studies®- 34 reported an appropriate method
of randomization. One study*® did not report sufficient
information to permit judgment of low or high risk.
Only one study® reported an adequate procedure for
allocation concealment, the others®**%4" were at un-
clear risk of bias not reporting enough information to
make a judgment. The main characteristics of the par-
ticipants in the two groups were similar in all selected
studies.

Two studies were double-blind (blinding of
providers and patients)*** while the other two?* were
open label and judged at high risk of performance
bias. Two studies reported that the outcome assessors
were blinded,”** one was open label and judged at
high risk of detection bias* while the fourth®® did not
report sufficient information. All the studies were
judged at high risk of attrition bias and at low risk of
selective outcome reporting. Risk of bias assessment
is presented in Figure 2. The risk of publication bias
has not been evaluated because less than ten studies
were included.

Effects of interventions
Clinical success at the end of treatment

We found no significant differences in clinical suc-
cess between short and long antibiotic therapy at the
end of treatment (RR 1.01, 95% CI 0.96-1.07, 4 stud-
ies, 250 participants) with a moderate quality of evi-
dence (Figure 3A and Table 2).

Microbiological success at the end of treatment

We found no significant differences in the micro-
biological success at the end of antibiotic treatment
between short or long-term therapy (RR 0.99, 95% CI
0.92-1.07, 2 studies, 190 participants) with low quality
of evidence (Figure 3B and Table 2).

Clinical relapse at 4-6 weeks

We found no significant differences in clinical re-
lapse at 4-6 weeks after the end of treatment between
short and long-term therapy (RR 1.20, 95% CI 0.43-
3.30, 2 studies, 218 participants) with very low quality
of evidence (Figure 4A and Table 2).
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Microbiological relapse at 4-6 week follow-up

The long-term therapy seemed to prevent recur-
rences of the same biological germ up to 4-6 weeks
after the end of treatment compared to short-term ther-
apy (RR 2.39, 95% CI 1.19-4.83, 2 studies, 95 partic-
ipants) with very low quality of evidence (Figure 4B
and Table 2).

Microbiological reinfection at 4-6 week follow-up

We found no significant differences between long-
and short-term therapy in the prevention of re-infection
by different germs from the one originally isolated (RR
2.40,95% CI 0.68-8.49, 2 studies, 95 participants) with
very low quality of evidence (Figure 4C and Table 2).

Number of patients with adverse effects

The number of patients with at least one adverse
effect from antibiotic therapy seemed to be higher in
the long-term therapy compared to that of short-term
but the difference was not statistically significant (RR
0.63, 95% CI 0.39-1.02, 4 studies, 375 participants)

Random seqguence generation {selection hias)

= | Allocation concealment (selection hias)

De Gier 1995

-~

) . Blinding of outcome assessment {detection bias)

-

Jernelius 1988

Sandberg 2012

Stamm 1987 a

® O O O O ncompleteoutcome data (attrition bias)
® O O | ® | @ | seclectve reporting (reporting hias)

® ©® | ® | ® | @ cinding of participants and personnel (performance bias)

Stamm 1987 b

Figure 2. Risk of bias summary.
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(Figure 5 and Table 2). None of the included studies
reported results for the outcomes Renal impairment,
Intensive Care Unit requirement, Mortality for any
cause, Hospital readmission for the same cause.

Discussion

Summary of main results

This systematic review offers an update of results
of all randomized trials that compare short- versus
long-term antimicrobic therapy for acute pyelonephri-
tis in adults. It is based on an extensive research, in-
cluding incomplete data by attempting to contact all
authors.

We found moderate quality evidence that short-
and long-term treatments probably did not differ in
terms of clinical success as well as in microbiological
success at the end of treatment.

Conversely at 4-6 weeks after the end of treatment
we found with a very low quality of evidence that mi-
crobiological relapse of the same biological germ may
be more frequent with short-term therapy, but there

may be no difference in the frequency of clinical re-
lapse and re-infection by different germs.

Finally, we found that the incidence of any adverse
effect seemed to be lower with the short-term therapy,
though the results are not statistically significant and
the quality of evidence is moderate. It was not possible
to interpret the finding related to Mortality, Renal im-
pairment, Intensive Care Unit requirement, Hospital
readmission for the same cause since no data were re-
ported in any of the included trials.

Strengths, limitations and uncertainties

The strengths of this review include the adherence
to accepted standards for the conduct of systematic re-
views and the use of extensive literature searches to
identify relevant data.**** Moreover we included stud-
ies written in English, French, Spanish and Italian, so
reducing the risk of language bias.

The major limitation of this review is the small
number of participants on which we could base our
conclusions: we found only four randomized studies
fulfilling our inclusion criteria and most of them had
had small sample size. Since aPN could be considered

A
shorttherapy long therapy Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF
De Gier 1995 11 18 11 16 1.2% 0.89 [0.54, 1.46)
Sandbery 2012 7 73 80 83 94.7% 1.01 [0.95,1.07)
Stamm 1987 a T 17 4 10  0.4% 1.62[0.70,3.73) —
Stamm 1987 b 19 21 10 12 3.7% 1.09 [0.81, 1.45) S TR
Total (95% CI) 129 121 100.0% 1.01 [0.96, 1.07] 1}
Total events T2 105
Heterogeneity: Tau®= 0.00; Chi*= 2.30, df= 3 (P = 0.51); F= 0% [?] 2 0?5 é 55
Test for overall effect: 2= 0.43 (P = 0.67) Favours long therapy Favours short therapy
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
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Figure 3. Forrest plots of comparison short vs long course antibiotic therapy at the end of treatment for A) clinical and

B) microbiological success.

OPEN 8ACCESS

[Italian Journal of Medicine 2018; 12:840]

[page 45]



press

*SJUQAD JO ToqUINU

M3J KI9Ag SBIQ UONLIIE JO YSLI YSIY 18 SAIPNIS OM],, ‘SIUIAD JO JOqUINU MIJy ‘SBIq UONLOIE JO S YSIY 18 SAIpnIs om) “serq doururiofsad Jo Sysir ySiy 1e Apnis duo, (seiq uonLmie Jo Ysu Y3y 18 sarpms 921y} ‘serq douewiofsad Jo ysir ysiy 1e sarpmis
OM,, 193] JO 21BWNS? ) WOIJ JUIJIIP A[[R1IULISqNS 3q 0 A[NI] ST JO9JJO NI} Y[ :9JBUWIIISI 1031J2 AY) UI 0UIPIJUOD NI AIOA dARY M A71jpnb moj A13,4 $1931F0 oy} JO JBWIIIS dY) WOLJ JURIPIP A[[enjueisqns oq AW J99J aN1) Y[ :pAIwI] ST
Q1RSI 1031J2 AY) UI DUIPIFUOD INO A717pnh moT YuaIdgip Arenue)sqns si 31 jey) Ajiqissod e ST 219Y) Jnq 99932 2} JO AJLWINS 3} 0] S0[d 3q 0} A[I] ST 1931J2 NI} Y :2JLWNSI 1931J2 ) UI JUIPIJUOD A[2JRIOPOW dI8 IM A717nnb 21n.42popy 93
Q) JO QJeWINSI YJ JO JBY) 0} 9SO[O SAI[ J09JJ NI} Y} ey} JUOPIFUOd AIOA d1e oM A71ypnb yS1y :00uap1Ad Jo soperS dnoin Sunpop FAVID (1D %S6 S} PUL) UOIIUSAISIUL AU} JO JO9JJ0 oAne[aI Ay} pue dnoid uostredwod ay) ur YSLI pawnsse Y}
U0 Paseq SI ([BAISIUT dOUIPIFUOD 9,66 SH pue) YsuI Surpuodsor1od oy, 'sjoujooy ur papraoid si (Sa1pnys ssoIoe st dnoi [0Nu0d ULIPIW Ay} "3°2) JSLI PIWNSSE Y} J0J SISEq YL 4 SHUN SUTULIOJ-AUO[0D ‘NJO 0TI NSLI Y {[BAISIUI QOUIPIFUOD ‘T

- odBIOPOIN (sarpmus 4) (20’101 6€0) (6101 1L) SKBp 7-6 :dn-mofjoq
S 19¢ €9°0 WY 0001 22d 611 0001 od 681 JUOAD OSIOAPE OUO JSEI] JE (1M $102[qng
SJUIAD ISIIAPY
SYoM 9- :dn-moj[o,]
- 5#0] A10A (sorpmus 7) (6¥°8 01 89°0) (995 01 69) aIyno ouLIN € ur
--- 4 S6 7 ad 0001 1od 091 0001 1od 29 urens 9130[0119}0.q Idyjoue Jo ddueredddy
SHIIM 9-f )& UONIPUINY
- 54M0] KIoA (sarpmus 7) (€8'r0161°1) (658 01 T1T) $400M 9-f :dn-mo[of
--- S6 6€7 M 0001 1od ¢z 0001 1od 8.1 urens [es130]0110)oeq [euISLio oY) Jo oouereaddeay
$YIIM 9- Isde[a. [8I1S0[01qOIINIA!
- VMO 1A (sorpmus 7) (€€ et0) (0T 01 L7) S3eoM 9-p :dn-Mmo[[o]
--- 4 81T AR 0001 1od ¢/, 0001 1od 79 swoldwAs pue sugis Jo aouereaddeay
}oIM 9-f asdefaa [earur)
skep -6 :dn-moj[oq
- MO0 (sarpmus 7) (LO'T0126'0) (€L6 01 9¢8) QULIN JO TW/NId €0T> Yim
SR 061 66°0 94 0001 2d 006 0001 2d 606 sam[no aan1sod 10 SAIMIMD duLN ALI)S
JUIWIIELII) JO PUI SSIIINS [BIIFO[01OIINIA
SAep -6 :dn-mofjo,|
oOJIOPOIA (sarpms €) (L0°1 0196°0) (626 01 £€8) BLIOJLID [E2150[0IqOI0IW
- S+ 0sT 10T ¥d 0001 12d 9.8 0001 1od 898 pue susis ‘swojdwAs jo uonnjosar yIm 100[qng
JUIUIILIL) JO PUI $SIIINS [BIIUI[D
Adeaayy yioyg Adeaayy Suoy
FAVID) (sa1pmys) 1D %S6) s Surpuodsario) YSLI pownssy
spudWWo)) IUIPIAI Y Jo Aypend) sjuedrn.aed jo “oN 199139 dANBY (ID %S6) »SASH dAneredwod danesnf| souwodnQ

Adexoyy Suof :uosrtieduwo))
Ade1oy) 1I0US 1UOnUIAIIU]
syuonedino pue syuonedur :s3unag

snydouojoAd gnoe yym syuoned :uonendod o Jusneg

sprydauopAd aynoe a0y Adesdyy Suoj 03 paasedwod Aderdy) yioys

dyord FAVUD-IUIPIAd Jo AfenQ 7 dqEL

OPEN 8ACCESS

12:840]

s

[Italian Journal of Medicine 2018

[page 46]



\\,_,P"ess Short versus long course antibiotic therapy for acute pyelonephritis

almost a rare condition because presented few cases
every 10,000 habitants* multicenter RCTs should be
encouraged in order to increase the precision and the
strength of the recommendation for the evidence of
findings. Further studies should address this limitation
by providing a larger sample size and improve the
methodological quality of the studies, for example,
opting for double-blind studies.

Furthermore, the retrieved evidence comes to stud-
ies - except Sandberg® - that were >10 years old and
some of the antibiotics used in the included studies
(i.e., fleroxacin) are not available in a number of coun-

tries worldwide. The included studies did not provide
data on mortality and only one*’ reported information
about the degree of severity of aPN.

In addition, we detected some deficiencies in the
methodological quality of some of the included studies
in this review. Only two trials were double blind and
all were at high risk of attrition bias. Overall, the qual-
ity of evidence was judged from moderate to very low
due to serious risk of bias and imprecision.

We could not assess the risk of publication bias by
visual inspection for asymmetry of funnel plots be-
cause only four studies were included in meta-analy-

A
shorttherapy  long therapy Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFTF
Jernelius 1988 3 32 1 29 21.2% 2.72[0.30, 24.70] f [EX X 1]
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Heterogeneity: Tau®= 0.00; Chi*= 0.68, df=1 (P=0.41); F=0% 0 505 012 7 é 250
Testfor overall effect Z=0.35 (F=0.73) Favours short therapy Favours long therapy
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
B
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(F) Selective reporting (reporting bias)
C
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Figure 4. Forest plots of comparison short vs long course antibiotic therapy at 4-6 weeks from the end of treatment for A)
clinical relapse, B) microbiological relapse, and C) microbiological reinfection.
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Figure 5. Forest plot of comparison short vs long course antibiotic therapy, outcome: number of patients with adverse

effects.

sis. So, the risk of publication bias cannot be excluded
though we performed a very sensitive search looking
also for unpublished studies and studies published in
languages other than English.

Agreements and disagreements with other studies
or reviews

We obtained the same findings of previous meta-
analyses.?** The review published in 2008 by Kyri-
akidou et al.** included 4 studies with 283 patients
(one double-blinded RCT and three open-label RCTs)
comparing a short (defined as 7-14 days) versus a long
arm (defined as 14-42 days) for the same antibiotic
treatment. Authors found no significant difference be-
tween the short- and long-course regimens efficacy at
the end of treatment or at follow-up. Another system-
atic review published in 2013 by Eliakim-Raz ef al.*
investigated the duration of treatment for acute
pyelonephritis including 2515 patients, 1239 treated
for <7 days versus 1276 treated for >7 days. Five trials
made comparisons using the same antibiotic, and three
made comparisons using different antibiotics. They
found out that seven days of treatment for acute
pyelonephritis is equivalent to longer treatment in
terms of clinical failure and microbiological failure,
including bacteremic patients. In patients with urogen-
ital abnormalities, the evidence, although weak, sug-
gests that longer treatment is required.

Published Guidelines!” do not address the specific
question of duration of treatment in acute pyelonephri-
tis patients. However the following types of good clin-
ical practice are performed: 7 days for
fluoroquinolones, 10-14 days for -lactams and 14
days for TMP-SMX.!7!? Since in our study we found
no difference in terms of clinical and microbiological
success or tolerability for short (from 4 to 14 days)
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and long course antibiotic therapy (ranging from 7 to
42 days), we can confirm the actual antibiotic recom-
mendations even if the grade of recommendation is
week for low quality of evidence due the paucity of
patients and risk of bias of trials.

Finally, the reduction in patient exposure to antibi-
otics may also limit the increasing rates of antimicro-
bial drug resistance,*® decreasing costs,*’ and may
improve patient adherence and tolerability.

Conclusions

This review suggests that short-term treatment for
acute pyelonephritis may be equivalent to longer-term
treatment in terms of clinical success and microbio-
logical success at the end of treatment adverse event
may be slightly more frequent with the long therapy.
The long-term therapy may be more effective for the
prevention of microbiological relapse of the same bi-
ological germ up to 4-6 weeks after the end of treat-
ment compared to short-term therapy.

Further high-quality research, through the launch
of multicenter RCTs, is needed to confirm the clinical
and microbiological equivalence of short and longer-
term antibiotic treatment for aPN, including in patients
with serious prognostic categories.
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