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A. Initial Selection among Empiric Antibiotic Options for Complicated 
UTI 
 
In patients with cUTI, which classes of empiric antibiotic therapy should initially be 
prioritized? 
 
Recommendations: 
 

I. For patients with sepsis due to complicated UTI, we suggest initially selecting among the 
following antibiotics, using the four-step assessment (Figure 1.1): third- or fourth-generation 
cephalosporins, carbapenems, piperacillin-tazobactam, or fluoroquinolones, rather than 
newer agents (novel beta lactam-beta lactamase inhibitors, cefiderocol, plazomicin) or older 
aminoglycosides (conditional recommendation, very low to moderate certainty of evidence).  

 
Remarks:  
-See Table 1.1 for a more complete list of empiric antibiotic therapy options.  
-Please refer to the four-step approach in Figure 1.1 to choose among these antibiotics 
for the specific patient (i.e., severity of illness, risk factors for having resistant 
uropathogen, patient-specific considerations, and antibiogram).  
-Agents with broader spectrum of activity against organisms other than Enterobacterales 
(e.g. Pseudomonas aeruginosa, enterococci, or methicillin-resistant Staphylococcus 
aureus) may be considered for patients with sepsis in whom the diagnosis of cUTI is not 
clear or who are suspected to have cUTI due to these pathogens. 
 
Comments: 
-This recommendation places a higher value on providing early, appropriate empiric 
antibiotic therapy to prevent mortality while deferring stewardship considerations to 
definitive therapy.  
- The certainty of evidence was moderate for all classes of antibiotics, except for third 
and fourth generation cephalosporins, and older aminoglycosides, for which the certainty 
of evidence was very low. 

 
 

II. For patients with suspected complicated UTI without sepsis, we suggest initially selecting 
among the following antibiotics, using the four-step assessment (Figure 1.1): third- or 
fourth-generation cephalosporins, piperacillin-tazobactam, or fluoroquinolones, rather than 
carbapenems and newer agents (novel beta lactam-beta lactamase inhibitors, cefiderocol, 
plazomicin) or older aminoglycosides (conditional recommendation, very low to moderate 
certainty of evidence).  

 
Remarks: 
-See Table 1.1 for a more complete list of empiric antibiotic therapy options.  
-Please refer to the four-step approach in Figure 1.1 to choose among these antibiotics 
for the specific patient (i.e., severity of illness, risk factors for having resistant 
uropathogen, and patient-specific considerations).  
-Other agents (e.g., trimethoprim-sulfamethoxazole, amoxicillin-clavulanate, first or 
second-generation cephalosporins) are less well studied but may be appropriate in select 
settings or situations for empiric oral treatment of cUTI.  
 
Comments:  
-This recommendation places a higher value on antibiotic stewardship considerations in 
patients with cUTI who are not septic and in whom the risk of infection-related mortality is 
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low while also considering costs, resources, and practical aspects of antibiotic 
administration 
-The certainty of evidence was moderate for all classes of antibiotics, except for third and 
fourth generation cephalosporins and older aminoglycosides, for which the certainty of 
evidence was very low. 
 
 

 
Table 1.1: Potential Empiric Antibiotics for cUTI^ prior to using the four-step approach 
to choose among these options 
Four-Step Approach to choose among these antibiotics: Assess (1) severity of 
illness, (2) risk factors for resistance, (3) patient-specific considerations, and (4) if 
septic, consider the antibiogram. See discussion below for details of the four steps. 
 
Condition of the Patient Preferred  Alternative  
Sepsis with or without 
shock** 
 

Third or fourth generation 
cephalosporins,* 
carbapenems,# piperacillin-
tazobactam, 
fluoroquinolones&  

Novel beta lactam-beta 
lactamase inhibitors,+ 

cefiderocol, plazomicin, or 
older aminoglycosides% 

Without sepsis, IV route of 
therapy  

Third or fourth generation 
cephalosporins,* piperacillin-
tazobactam, or 
fluoroquinolones&   

Carbapenems,# newer 
agents (novel beta lactams-
beta lactamase inhibitors,+ 
cefiderocol, plazomicin), or 
older aminoglycosides% 

Without sepsis, oral route of 
therapy 

Fluoroquinolones& or 
trimethoprim-
sulfamethoxazole  

Amoxicillin-clavulanate or 
oral cephalosporins (see 
Table 3.1) 

^Difficult-to-treat resistant pathogens may require use of drugs not listed here (e.g., colistin); 
refer to IDSA Antimicrobial Resistance guidance. 
**Sepsis is life-threatening organ dysfunction related to infection, identified by SOFA score of 
2 or higher. Screening tools such as qSOFA or SIRS may be useful for presumptive 
identification. In sepsis with shock, in step 4 choose an antibiotic for which the susceptibilities 
of the most relevant organisms are at least 90%. In sepsis without shock, in step 4 choose an 
antibiotic for which the susceptibilities of the most relevant organisms are at least 80%.   
*Third and fourth generation IV cephalosporins include: ceftriaxone, ceftazidime, cefotaxime, 
and cefepime. (see Table 2.1 & 3.1, Dosing of IV and oral antibiotics for cUTI).  
&The fluoroquinolones approved for UTI currently include ciprofloxacin and levofloxacin.  
#The carbapenems currently include imipenem-cilastatin, doripenem, meropenem, and 
ertapenem. 
+The novel beta lactam-beta lactamase inhibitors currently include ceftolozane-tazobactam, 
ceftazidime-avibactam, meropenem-vaborbactam, and imipenem-cilastatin-relebactam. 
%Older aminoglycosides include gentamicin, amikacin, and tobramycin. 
 
This table was created in 2025; new drugs approved after this date may also be appropriate 
choices. 
 
Please note that nitrofurantoin and oral fosfomycin are generally not appropriate choices for 
cUTI because they may not achieve adequate levels in renal parenchyma and blood. 

 



 

4 
 

 
 
 
 
Introduction  

Complicated UTI (cUTI) is one of the more common reasons for emergency department 
visits and hospital admission. Selection of appropriate empiric antibiotics for cUTI can be 
complex because of increasing resistance to antibiotics used to treat UTI, the association 
between active empiric therapy and improved outcomes in UTI, and the availability of newer and 
broader spectrum agents.  Many new antibiotics have received FDA approval for treating cUTI 
since the prior IDSA UTI guidelines on cystitis and pyelonephritis were published. The 
randomized, controlled trials to gain these FDA approvals provide a rich evidence base about 
the efficacy of various antibiotics for empiric treatment of cUTI. As these trials followed FDA 

Figure 1.1: Four-step approach to choosing empiric antimicrobial therapy for cUTI 

 
This approach starts with the most important issue—the patient’s severity of illness—and then 
takes into consideration the patient’s risk factors for having a pathogen resistant to specific 
antibiotics or antibiotic classes, as well as practical issues such as antibiotic allergies. Finally, 
and only for patients with sepsis related to cUTI, the local antibiogram may have a role in 
helping the provider avoid inappropriate empiric antibiotic therapy if it is recent and relevant to 
the patient under consideration. The antibiogram is the last of the four recommended steps, as 
the evidence that using a facility’s antibiogram to guide antibiotic prescribing for individual 
patients improves outcomes is very uncertain. Choosing which organism to focus on in the 
antibiogram is also a challenge in empiric decision making. The most relevant organism is 
suggested by the prior urine culture, if available. If not, E. coli is the default organism. 

Key: Sepsis is life-threatening organ dysfunction related to infection, identified by a SOFA 
score of > 2. Septic shock is defined as sepsis in which despite volume resuscitation, 
vasopressors are required and serum lactate is > 2 mmol/L. Risk factors for resistant 
organisms include prior urine cultures with a resistant organism and fluoroquinolone exposure 
in the past 12 months. Patient-specific factors include allergies, contraindications, and drug-
drug interactions. Antibiogram thresholds refer to the susceptibilities of the most relevant 
organism(s). 
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guidance about cUTI trial design, most are similar in design (non-inferiority) and patient 
populations. This is, at once, both a strength and a weakness of the evidence base. For 
example, we can draw comparisons across trials (assuming similar prevalence of resistance), 
but the inclusion/exclusion criteria were selected for a younger population with few comorbidities 
and often excluded patients in septic shock. Mortality in the trials that accepted patients without 
specifying a resistant uropathogen as an inclusion criterion was accordingly low (< 1% in all), 
which may not reflect real-world survival for patients hospitalized with cUTI. Another common 
design feature in these randomized, controlled trials is that clinical and microbiological 
outcomes were assessed at “test of cure,” usually 5-10 days after completion of antibiotics. In 
clinical practice, patients who are feeling better after treatment for cUTI or acute pyelonephritis 
do not typically return for clinical assessment or repeat urine cultures. In fact, collection of a 
urine culture in a now asymptomatic patient is discouraged in clinical practice guidelines as 
asymptomatic bacteriuria (ASB) treatment does not prevent UTI and may predispose to 
subsequent recurrent UTI.1-4 Uncertainty over the clinical relevance of ASB at the test of cure 
study visit influenced the panel’s choice of important outcomes, as discussed below. 
 

The scope of this clinical question was limited to empiric choice of antibiotics in 
suspected cUTI. If the causative organism has already been identified as a difficult-to-treat 
resistant pathogen, please refer to the IDSA guidance on antimicrobial resistance.5 For patients 
with septic shock from a urinary source, in addition to using these cUTI guidelines to guide 
empiric antimicrobial therapy, please refer to the Sepsis-3 Task Force guidelines for other 
management strategies.6 The guidelines below first discuss the evidence for specific antibiotics 
or classes of antibiotics that can be used as empiric therapy for cUTI. Then, the stepwise 
approach is discussed, with explanations of the evidence on the potential impact of 
inappropriate initial antibiotic therapy, the predictive value of specific risk factors for having a 
resistant uropathogen (including prior urine cultures and prior antibiotic exposure), and modeling 
approaches for establishing what threshold to use on the antibiogram when choosing empiric 
antibiotics for a cUTI patient with sepsis. 

 
 
Background on the trials providing evidence about specific antibiotics for cUTI 
 

All but five of these 15 published trials discussed here were designed as FDA 
registration trials to gain an FDA indication for a novel agent’s use in cUTI and pyelonephritis 
(See Table A.1 “Characteristics of Included Studies” in the Supplementary Materials). Thus, 
most trials followed the FDA-recommended non-inferiority design and largely demonstrated that 
the newer agents are non-inferior to older antibiotics. Patients enrolled in these randomized, 
controlled trials may not reflect the real-world population with cUTI; many of the randomized, 
controlled trials had a low mortality rate (1% or less) compared to the above 5% mortality rates 
reported in observational studies examining the consequences of inappropriate empiric 
antimicrobial therapy (IEAT) in cUTI. Another important caveat is that clinical and 
microbiological outcomes in some trials were affected by high levels of uropathogen resistance 
to one of the antibiotics under comparison (such as fluoroquinolones or ceftriaxone).  
 

The aim of our systematic review was to assess the balance of benefits and harms for 
currently used antibiotics (especially in the context of increasing resistance) as well as the drugs 
newly available in the US since 2008. We found antimicrobial agents were generally 
comparable in terms of achieving clinical cure as long as the causative pathogen was 
susceptible to the agent given, and we conclude that other factors, such as patient risk factors 
for resistance to specific antibiotics, antibiotic stewardship considerations, drug adverse event 
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profiles, and cost should drive choice among these agents. A decisional strategy for selecting 
empiric therapy in cUTI will be presented. 
 
 
Methods for reviewing specific antibiotic classes for empiric treatment of cUTI  
 

To understand the evidence presented, it is important to appreciate the following issues: 
the choice of antibiotics, the timeframe of the studies, the background level of antibiotic 
resistance, the prioritization of outcomes, and the clinical decision threshold. The panel’s 
decisions on the choice of antibiotics and years of publication are addressed below. Please see 
the introduction for a discussion of the prioritization of outcomes and selection of a clinical 
decision threshold. The background level of antibiotic resistance is addressed under each 
specific class of antibiotics, in the context of the studies that provided the supporting evidence. 
 
Choice of antibiotics:  

The panel established some criteria for which antibiotics to include in these cUTI 
guidelines. The antibiotic needed to be available in the United States, which implies FDA 
approval (although not necessarily for a UTI indication). Drugs that sought but did not attain 
FDA approval for cUTI were not included in our evidence tables, but we discuss several of these 
drugs below. 
 
Years of publication:  

The literature search for randomized, controlled trials of empiric treatment of cUTI 
started in 2008, updating from prior guidelines. To gather evidence on risk factors for having an 
organism resistant to specific antibiotics or for more general concepts related to cUTI treatment, 
literature searches started in 2000. Some older antibiotics have not been tested in a 
randomized, controlled trial since 2008 but may still have relevance to empiric treatment of 
cUTI; for such antibiotics, we looked at literature reviews and provided narrative discussion. 
Ampicillin-sulbactam, cefazolin, and trimethoprim-sulfamethoxazole (TMP-SMX) have not been 
tested in an RCT for cUTI since 2008; their ongoing relevance to empiric treatment of cUTI is 
unclear due to the high prevalence of resistance among Escherichia coli to these antibiotics. 
Many antibiotics included in our search strategy were not actually studied in any of the 
references identified to form the evidence base for this clinical question (e.g. many 
cephalosporins), and recommendations could be made only via indirect evidence from 
similar/nearly equivalent antibiotics.  
 

Our literature searches for clinical trials of various antibiotics to treat cUTI extended back 
to studies published in 2008, picking up where the prior UTI guidelines’ literature review 
stopped. Although the prior UTI guidelines focused on cystitis and pyelonephritis in 
premenopausal women, the panel judged that literature prior to 2008 would not be relevant to 
management of cUTI in the current era. In particular, the prevalence of antibiotic resistance 
among urinary pathogens has changed considerably from 2008 to the present (2023). 
Additionally, many prior first-line antibiotics for cUTI (e.g., aminoglycosides and ceftriaxone) 
were rarely studied in randomized, controlled trials from 2008-2023, as much older trials had 
established their efficacy. The clinical trials gathered to address this clinical question, along with 
important contextual information such as the main uropathogens isolated and their rates of 
resistance to the study antibiotics, are given in the Supplemental Materials (Table 
“Characteristics of the Included Studies”). 
 

Antibiotics’ effectiveness in these trials related to the prevalence of resistance among 
uropathogens to each of the two study drugs in the study population at the time. Usually, the 
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comparator in a given trial was an older agent with a higher prevalence of resistance among the 
isolated uropathogens. An unconfounded comparison would require the prevalence of 
resistance to each study drug to be the same. In these guidelines’ supporting text and tables, 
we have reported resistance rates in two different ways: (1) general rate of resistance to a 
specific antibiotic among all bacteria isolated, tested, and reported in that trial, or (2) the specific 
rate of resistance to an antibiotic within a treatment group (i.e. the people actually receiving that 
drug).  
 
 
Summary of Evidence for Specific Antibiotic Classes for Empiric Treatment of 
cUTI  
 
Different classes of antibiotics that can be used as empiric therapy for cUTI will be discussed 
below. Doses of the antibiotics used in these studies are in Table 2.1 below. 
 
Table 2.1: Dosing of intravenous (IV) antibiotics for complicated UTI used in clinical studies 
presented in alphabetical order.  
 
Drug Dosing regimen used in clinical trials for patients with normal 

renal function 
Cefepime 1-2g every 8 to 12 hours7,8 
Cefepime-enmetazobactam 2g/0.5g (infused over 2 hours) every 8 hours9 
Cefiderocol 2g (infused over 3 hours) every 8 hours10,11 
Cefotaxime 1-2g every 8 hours12 
Ceftazidime 1-2g every 8 hours13,14 
Ceftazidime-avibactam 2.5g (infused over 2 hours) every 8 hours15-17 
Ceftolozane-tazobactam 1.5g every 8 hours18 
Ceftriaxone 1-2g daily19,20 
Ertapenem 1g daily20 
Fosfomycin 6g every 8 hours21 
Imipenem-cilastatin 500mg every 6 hours17,22 

1g every 8 hours11 
Imipenem-cilastatin-relebactam 500mg/125mg every 6 hours22 
Meropenem 1g every 8 hours19,23 
Meropenem-vaborbactam 2g/2g (infused over 3 hours) every 8 hours24 
Piperacillin-tazobactam 4.5g every 8 hours9,21,24 
Plazomicin 10-15mg/kg daily23,25 
Table 2.1 includes IV dosing for cUTI based on review of randomized controlled trials among 
patients with complicated UTI. 

 
 
1) Ceftriaxone / third and fourth generation cephalosporins  
 

Ceftriaxone (and to a lesser extent, other parenteral third and fourth-generation 
cephalosporins) have a long history of use to treat cUTI including pyelonephritis, including a 
recommendation in the prior IDSA UTI guidelines of these agents as appropriate treatment for 
women with acute pyelonephritis.26 While the increasing prevalence of Enterobacterales 
producing extended-spectrum beta lactamases threatens to undermine the efficacy of 
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ceftriaxone and other antibiotics in its class, ceftriaxone remains a frequent choice for empiric 
therapy of cUTI. 
 
Summary of evidence for empiric use of ceftriaxone to treat cUTI  
 

The key studies establishing the efficacy of ceftriaxone for treatment of cUTI were 
published prior to our literature search’s time frame of 2008-2023. Two randomized, controlled 
trials compared ceftriaxone and the newer agent ertapenem for cUTI (including acute 
pyelonephritis), and the findings were summarized in a meta-analysis.27-29 In both studies 
patients received the antibiotic IV initially, and then a switch to oral agents was permitted after 
three days of treatment, to complete 10-14 days total therapy. The most commonly used oral 
agent was a fluoroquinolone. Of the 850 randomized patients in the combined trials, 480 cases 
were microbiologically evaluable. The primary efficacy endpoint in these trials was not clinical 
cure but microbiologic cure at the test of cure visits, 5-9 days after completion of therapy. The 
primary outcome (microbiologic response) was achieved in 91% in the ceftriaxone arm versus 
90% of patients in the ertapenem arm (risk difference (RD): 0.9%; 95% CI, -4.5% to 6.3%). 
Clinical response was not reported. Baseline resistance to ertapenem and ceftriaxone was not 
observed in these trials except for a few enterococci and P. aeruginosa isolates.28   
 

Only one RCT was identified in our present literature search, which reported the results 
of a multi-center trial from South Korea comparing ceftriaxone to ertapenem for empiric 
treatment of cUTI (Park 2012).20 After five days of IV therapy, patients could be switched to oral 
ciprofloxacin or cefixime to complete 10-14 days of antibiotic therapy. Among the 267 patients 
enrolled from 2008-2009, uropathogen resistance to ceftriaxone was only 6.2% (including 4.5% 
ESBL-producing organisms).  
 
 
Benefits, Harms and Certainty of evidence 
 

The single trial identified in our present literature review reported only a combined 
endpoint of clinical cure and microbiological response, both assessed at 5-9 days after 
completion of antibiotic therapy (i.e. data on clinical cure alone were not available).20 Treatment 
with ceftriaxone may lead to similar cure rates (cure being a composite of clinical and 
microbiologic outcomes) in comparison to ertapenem, but the evidence is very uncertain mainly 
due to serious imprecision (i.e. small sample size).  Specifically, the overall combined clinical 
cure and microbiological response reported in this single trial was 87% for ceftriaxone vs 88% 
for ertapenem (RD: -0.6%; 95% CI: -11.6% to 10.5% / relative risk (RR): 0.99; 95% CI: 0.88 to 
1.13; very low certainty of evidence). For microbiologic cure, ceftriaxone may lead to similar 
rates of microbiological cure as ertapenem (RD: 0.9%; 95% CI: -9.9% to 11.6% / RR: 1.01; 
95%CI: 0.89 to 1.14). Recurrence of infection was not reported in this study. 
Patients treated with ceftriaxone may experience fewer non-serious adverse events than the 
comparator group (4.4% in ceftriaxone group vs 10.6% in ertapenem group), with the 
ceftriaxone group experiencing fewer drug-related gastrointestinal adverse events (diarrhea and 
nausea). No serious adverse events were documented, and mortality was not reported. 
 
Other considerations  
 

Ceftriaxone is a practical choice for outpatient antibiotic therapy programs when the 
once-daily dose is sufficient, both for ease of dosing and for its low cost relative to newer 
agents. It can also be administered intramuscularly, which can be a particularly useful route in 
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patients who lack sensation in lower limbs or gluteal areas due to spinal cord injury. Ceftriaxone 
susceptibility cannot be extrapolated to cefpodoxime or cefepime.  
 

The 2010 publication of the UTI guidelines on cystitis and pyelonephritis recommended 
a single dose of aminoglycoside or ceftriaxone at the initiation of oral antibiotics to treat acute 
pyelonephritis, if resistance to the oral agent was a concern.26 We identified one study of single 
dose ceftriaxone in non-pregnant adults; this study suggested that a single dose of IV 
ceftriaxone prior to switching to an oral cephalosporin was an effective strategy for women with 
pyelonephritis.30  
 
   
Rationale for recommendation and implementation 
 

The panel judged that ceftriaxone, and by extension third and fourth generation 
cephalosporins remain one of the preferred classes of antibiotics to empirically treat patients 
with cUTI, particularly in patients without sepsis. If after applying the four empiric antibiotic 
choice steps (severity of illness, risk factors for resistance, patient-specific factors, and 
antibiogram), third or fourth generation cephalosporins have not been excluded from 
consideration, they may be appropriate empiric choices for patients with sepsis related to cUTI.  
 

As an example of applying the four steps, if the patient had an ESBL-producing 
organism in a recent prior urine culture, ceftriaxone would not be an appropriate choice for cUTI. 
As another example, if the prevalence of ceftriaxone resistance exceeds 10% or 20%, 
ceftriaxone should not be used as empiric therapy for patients with cUTI in septic shock or 
sepsis, respectively. 

 
 

2) Piperacillin-tazobactam 
 

Piperacillin-tazobactam is an extended-spectrum penicillin and beta-lactamase inhibitor 
combination with broad activity against Gram-negative organisms, including Pseudomonas 
aeruginosa. Since its approval in 1993, recommended doses of piperacillin-tazobactam have 
been increased to overcome rising MICs in common pathogens; for the same reason, many 
sites now employ extended or continuous infusion piperacillin-tazobactam dosing strategies. 
 
  
Summary of evidence for the empiric use of piperacillin-tazobactam to treat cUTI 
 

Three randomized, controlled, multicenter, international trials included piperacillin-
tazobactam as a treatment group for cUTI, including 2,043 evaluable patients with cUTI or acute 
pyelonephritis (per the FDA definitions).9,21,24 The aim of these FDA registration trials was to 
establish the efficacy of novel agents (cefepime-enmetazobactam, meropenem-vaborbactam 
and IV fosfomycin) versus piperacillin-tazobactam in cUTI/acute pyelonephritis. The TANGO I 
study (Kaye 2018) compared meropenem-vaborbactam (a novel beta-lactam, beta-lactamase 
inhibitor, or BLBLI) to piperacillin-tazobactam in 545 patients with cUTI.24 Patients received an 
average of 8 days of IV therapy, followed by 2 more days of oral levofloxacin. The ZEUS study 
(Kaye 2019) compared IV fosfomycin to piperacillin-tazobactam in 464 patients, with 7 days of 
IV therapy and no oral switch options.21 In these two trials, resistance to piperacillin-tazobactam 
was 7% and 13%, while resistance to meropenem was 1% and resistance to the two novel 
drugs (IV fosfomycin and meropenem-vaborbactam) was not reported. The ALLIUM study 
(Kaye 2022) compared cefepime-enmetazobactam (a novel BLBLI) to piperacillin-tazobactam in 
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1,034 with cUTI.9 Patients also received an average of 8 days of IV therapy and no transition to 
oral antibiotic was allowed. Patients with resistant uropathogens to either studied drugs were 
excluded from the analysis. For all three studies, clinical and microbiological outcomes were 
assessed at test of cure, 7-14 days after end of antibiotics.  
 
 Benefits, Harms and Certainty of evidence 
 

Treatment with piperacillin-tazobactam (PT) likely leads to the similar rate of clinical cure 
at the test of cure timepoint as does treatment with comparators  in patients treated for cUTI 
(overall clinical cure for PT was 88.9% vs 91.5% for comparators; RD: -2.7%; 95% CI: -5.5% to 
0.9%/ RR: 0.97; 95% CI: 0.94 to 1.01; moderate certainty of evidence).  
 

The evidence suggests that piperacillin-tazobactam leads to lower microbiological cure 
at test of cure than the comparators. Overall, microbiological eradication for piperacillin-
tazobactam was 60.8% versus 74.2% in the comparator group (RD: -14.1%; 95% CI: -17.8% to 
-9.6%/ RR: 0.81; 95% CI: 0.76 to 0.87). Recurrence of infection was recorded only in one trial 
(Kaye 2019) at late follow up. The evidence suggests that treatment with piperacillin-tazobactam 
leads to similar recurrence of infection rates, as compared to IV fosfomycin (3.9% with 
piperacillin-tazobactam versus 4.3% with fosfomycin), but this estimate is likely imprecise due to 
the few events. 
 

The evidence suggests that serious adverse events and mortality were comparable 
between the two groups (mortality rate was 0.5%). Non-serious adverse events were lower in 
patients receiving piperacillin-tazobactam versus the comparators (RD: -6.6%; 95% CI: -10.4% 
to -2.4%/ RR: 0.86; 95% CI: 0.78 to 0.95).   
 
Other considerations  
 

Administration of piperacillin-tazobactam requires an increasingly thoughtful approach, 
with improved time above the MIC for many pathogens more likely to be achieved through 
prolonged or continuous infusion. Such dosing strategies create challenges for nursing staff, 
pharmacists, and patients. Piperacillin-tazobactam is formulated as a salt and can cause 
hypokalemia or fluid overload. Rising rates of ESBL-producing organisms and multidrug-
resistant Pseudomonas are challenging the effectiveness of piperacillin-tazobactam.  
 
Rationale for recommendation and implementation 
 

The panel judged that piperacillin-tazobactam remains one of the preferred antibiotics for 
empiric treatment of patients with cUTI without sepsis. If after applying the four empiric antibiotic 
choice steps (severity of illness, risk factors for resistance, patient-specific factors, and 
antibiogram), piperacillin-tazobactam has not been excluded from consideration, it may be an 
appropriate empiric choice for patients with sepsis related to cUTI.  
 

As an example of applying the four steps, if the patient had an organism resistant to 
piperacillin-tazobactam in a recent prior urine culture, piperacillin-tazobactam would not be an 
appropriate choice for cUTI. As another example, if the prevalence of piperacillin-tazobactam 
resistance exceeds 10% or 20%, piperacillin-tazobactam should not be used as empiric therapy 
for patients with cUTI in septic shock or sepsis, respectively.   

 
 

3) Fluoroquinolones  
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The fluoroquinolones (FQ) have a long history in treatment of urinary tract infections, 

including pyelonephritis, with the first clinical trials of quinolones to treat UTI appearing nearly 
40 years ago.31,32 While fluoroquinolones are very useful for treating infections of the urinary 
tract and have excellent oral bioavailability, they also have an important role in treating 
respiratory infections, bone and joint infections, enteric pathogens, Pseudomonas aeruginosa, 
mycobacteria, and Neisseria spp. Unfortunately, widespread use and overuse of 
fluoroquinolones have led to both dramatic increases in bacterial resistance and a better 
appreciation of these agents’ potential for serious side effects, including collagen-vascular 
adverse events (tendinitis, tendon, and aortic aneurysm or dissection rupture), peripheral 
neuropathy, central nervous system effects, hypoglycemia, QT interval prolongation, and C. 
difficile colitis. In 2016 the FDA issued advice that in light of the potentially severe side of effects 
of fluoroquinolones, these drugs should not be used to treat uncomplicated UTIs in patients who 
have other treatment options.33 Given the rising resistance, concern for serious toxicities, and 
important role quinolones play in more serious infections, many antibiotic stewardship programs 
have focused on reducing fluoroquinolone use in cUTI.    
 
Summary of evidence for empiric use of fluoroquinolones to treat cUTI 
 

Our literature search from 2008-2023 identified three randomized, controlled trials of 
empiric treatment of cUTI using a fluoroquinolone (levofloxacin).18,25,34 These were multicenter, 
international trials conducted to establish the efficacy of new drugs to treat cUTI (including acute 
pyelonephritis) and gain FDA approval for cUTI. A total of 1,956 patients were treated for 
complicated UTI/acute pyelonephritis (as defined by the FDA) in these studies, with enrollment 
spanning 2003-2013. The prevalence of fluoroquinolone resistance was increasing during this 
period, and levofloxacin resistance among uropathogens isolated in these trials ranged 15-27% 
compared to 0.5-6% for the novel comparator agents, which were doripenem (Naber 2009),34 
ceftolozane-tazobactam (ASPECT-cUTI trial, Wagenlehner 2015),18 and plazomicin (Connolly 
2018).25,35 Patients received IV antibiotics for 5-7 days; one trial permitted additional oral 
therapy with levofloxacin (Naber 2009). Clinical and microbiologic outcomes were measured at 
the test of cure (TOC) visit, 5-12 days after the last dose of antibiotics. 
 
Benefits, harms, and certainty in the evidence 
 

Despite the much higher resistance rates to fluoroquinolones than to the comparators, 
empirical treatment of suspected cUTI/acute pyelonephritis with fluoroquinolones (FQ) likely 
leads to lower clinical cure rates at test of cure versus the comparators, but this difference was 
judged clinically unimportant at a decision threshold of 10% (see Methods section on decision 
threshold).  More specifically, clinical cure for FQ was 88.2% vs 91.3% for the comparator group 
(RD: -3.7%; 95% CI: -6.4% to -0.9%; RR:0.96; 95% CI: 0.93 to 0.99/ moderate certainty of 
evidence).  
  

Interestingly, fluoroquinolones may lead to similar rates of microbiological cure as the 
comparators, but the evidence is very uncertain. Microbiological cure in the FQ was 75.9% and 
was 79.2% in the comparator group (RD: -3.2%; 95% CI: -11.1% to 4.8%/ RR: 0.96; 95% CI: 
0.86 to 1.06).  
 

The lower rates of clinical cure with fluoroquinolones are likely explained by the much 
higher resistance rates to fluoroquinolones versus the new drugs among the isolated 
uropathogens. One trial performed a post-hoc analysis to analyse the subgroup of patients 
found to have a fluoroquinolone-resistant pathogen in the ASPECT-cUTI trial (ceftolozane-
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tazobactam).35 A total of 212 patients mainly with acute pyelonephritis and levofloxacin-resistant 
uropathogens were analysed. In these patients whose baseline organism was resistant to 
levofloxacin, empirical treatment with levofloxacin was associated with lower rate of clinical cure 
at TOC (RD: -13.2%; 95% CI: -23.0% to -3.4%). Interestingly, overall response rates in these 
patients with levofloxacin-resistant uropathogens (i.e. regardless of antibiotic treatment) were 
lower than in the parent study (83% vs 90% respectively) which suggests that these patients’ 
infections might be more difficult to cure either due to differences in the uropathogens, 
differences in the patients’ risk factors for having UTI, or both. These findings are congruent with 
multiple observational studies suggesting that patients infected with resistant organisms more 
often have comorbidities or risk factors for poor outcomes than patients with more susceptible 
organisms.36-39 
 

Recurrence of infection at late follow up was reported only in one study.18 This evidence 
suggests that treatment with fluoroquinolones may lead to similar rates of recurrence of infection 
as the comparators (6% with levofloxacin versus 14% with ceftolozane-tazobactam; RD: -8%; 
95% -13.6% to 37.0%),18 but this estimate is likely imprecise due to the few events and a very 
small sample size. Serious and non-serious adverse event rates were likely comparable 
between groups. Mortality was rare (0.1%). 
 
Other considerations  
 

Other considerations specific to fluoroquinolones include their ease of administration, 
low cost, potential for serious adverse events, and antibiotic stewardship concerns. 
Fluoroquinolones have excellent bioavailability, with the IV to oral switch being dictated by when 
the patient can take oral drugs rather than concerns about bioavailability. Antibiotic stewardship 
concerns are perhaps more relevant to this class of antibiotics than others given that two recent 
antimicrobial resistance surveillance reports found that approximately 30% of Enterobacterales 
isolates were resistant to fluoroquinolones in a national study of hospitalized patients,40 while 
the SENTRY report on bloodstream isolates 2012-2017 found that 30% of E. coli were resistant 
to ciprofloxacin.41  
 
Rationale for recommendation and implementation 
 

The panel judged that fluoroquinolones remain one of the preferred classes of antibiotics 
to empirically treat patients with cUTI without sepsis, despite the possibility of lower clinical cure 
rates in patients with fluoroquinolone-resistant uropathogens, because cUTI-related mortality is 
low in the absence of sepsis. If, after applying the four empiric antibiotic choice steps (severity 
of illness, risk factors for resistance, practical considerations, and antibiogram), fluoroquinolones 
have not been excluded from consideration, they may be an appropriate empiric choice for 
patients with sepsis related to cUTI. Fluoroquinolones as a class can be very effective therapy 
for cUTI but should be reserved for cases in which resistance is not expected.  
 

As an example of applying the four steps, if the patient had taken a fluoroquinolone 
within the past 12 months or had a recent urine culture with a fluoroquinolone-resistant 
organism, a fluoroquinolone would not be an appropriate choice for cUTI. As another example, if 
the prevalence of fluoroquinolone resistance exceeds 10% or 20%, fluoroquinolones should not 
be used as empiric therapy for patients with cUTI in septic shock or sepsis, respectively. 
Caution is advised in applying these recommendations because the studies with supporting 
evidence last enrolled patients in 2013, and the rate of resistance to fluoroquinolones has 
increased since that time.  
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4) Carbapenems (without beta-lactamase inhibitors or BLI) 
 

Carbapenems have a broad spectrum of activity and stability against many beta-
lactamases, though carbapenem-resistant organisms are an increasing concern.42-44 Given 
carbapenems’ value as empiric therapy for suspected Gram-negative bacterial infections in the 
critically ill, preserving carbapenem effectiveness is a high priority for antibiotic stewardship 
programs. In this section, we discuss clinical trials of imipenem-cilastatin, ertapenem, 
meropenem, and doripenem for complicated urinary tract infections (cUTIs). None of these 
drugs have an oral option. Discussion of tebipenem and sulopenem (neither approved in the US 
at the time this passage was written) appears elsewhere.  
 
 
Summary of the evidence for empiric use of carbapenems (without BLI) to treat cUTI 
 

We identified seven randomized, controlled trials published from 2009-2019 (total 
n=3554 patients) that compared a carbapenem to alternative therapy for cUTI and/or acute 
pyelonephritis.11,15-17,20,23,34 In two of the older trials, carbapenems were the new drug of interest, 
compared to fluoroquinolones (Naber 2009)34 or ceftriaxone (Park 2012).20 In five of the trials, 
carbapenems were the older comparator, and the drug of interest was a novel beta-lactam, 
beta-lactamase inhibitor combination (Vasquez 2012, Wagenlehner 2016, Carmeli 2016),15-17 
plazomicin (Wagenlehner 2019),23 or cefiderocol (Portsmouth 2018).11  
 

Antimicrobial susceptibilities of the uropathogens in these trials are key context for 
interpreting their results. For example, resistance to ceftriaxone in the Park 2012 study was 
6.2%,20 and resistance to levofloxacin was 14.8% in the Naber 2009 study;34 in contrast, 
resistance to carbapenems in both studies was less than 1%. These high resistance rates to the 
older comparator would favor carbapenems. On the other hand, in the studies published from 
2016 onwards, resistance rates to carbapenems ranged from 3-5%, while resistance to the 
novel agents was rare.11,15,16 The average duration of IV therapy in these trials ranged from 5-10 
days, and some studies continued with oral therapy based on the susceptibility of the isolated 
organisms.  
 
Benefits, harms, and certainty of evidence 
 

Treatment with carbapenems likely leads to similar rates of clinical cure as the antibiotic 
comparators at test of cure across these seven studies. Specifically, clinical cure in patients with 
cUTI treated with carbapenems was 91.2% vs 89.9% for comparators (RD: 1.8%; 95% CI: -
0.9% to 3.6%/ RR: 1.02; 95% CI: 0.99 to 1.04; moderate certainty of evidence). The test of cure 
visit was typically 7-10 days after the last dose of antibiotics. 
 

The evidence suggests that treatment with carbapenems leads to fewer microbiological 
cure (at TOC) versus the comparators, but this reduction was judged clinically unimportant at a 
decision threshold of 10%. More specifically, the microbiologic cure was 72.8% in patients 
treated with carbapenems than 80.4% with comparators (RD: -8.8%; 95% CI: -13.7% to -2.4%/ 
RR: 0.89; 95% CI: 0.83 to 0.97), but three of the seven trials accounted for the difference, each 
comparing carbapenems to a newer agent. Heterogeneity in this estimate is due to the EPIC 
trial,23 in which the comparison was between meropenem and plazomicin, and the TOC visit 
was somewhat later than other trials, at 15-19 days after start of therapy. Another trial driving 
the microbiologic cure results against carbapenems was REPRISE, in which the comparison 
was between ceftazidime/avibactam and best available therapy (96% of which was a 
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carbapenem).15 Only patients with ceftazidime-resistant Enterobacteriaceae and Pseudomonas 
aeruginosa were included in REPRISE. The third trial compared cefiderocol to imipenem-
cilastatin, finding higher microbiologic cure at the TOC in the cefiderocol group than the 
imipenem group (73% versus 56%).11 If these three trials are excluded, carbapenems might not 
have resulted in fewer microbiologic cures than the comparator antibiotics. 
 

Only two of these seven trials reported the outcome of recurrent clinical infection, one of 
which was the EPIC trial of plazomicin,23 and the other of which studied cefiderocol as the 
comparator.11 In both trials clinical recurrence was measured 3-4 weeks after initiation of IV 
therapy. The evidence suggests that treatment with carbapenems leads to more recurrence of 
infection than the comparators in these two trials (8.2% vs 3.4%, respectively; RD: 6.1%; 95% 
CI: 1.6% to 14.8%/ RR: 2.80; 95% CI: 1.46 to 5.38). Of note, both trials also found a lower 
microbiologic cure rate in the carbapenem group, potentially implying a connection between 
microbiologic failure and recurrence of infection; again, however, whether this is a causative 
relationship (i.e. failing to kill the bacteria in the bladder leads to recurrence) or a linked 
relationship along a causal pathway (i.e. persistent bacteriuria is a marker for host factors such 
as urinary retention that also increase the risk of recurrent UTI) is unclear.   
 

Mortality was rare in these randomized, controlled trials (0.4%), as expected given that 
life-threatening illness, expected imminent death, and serious comorbidities were frequent 
exclusion criteria. The rates of serious and non-serious adverse events were likely comparable 
between groups. 
 
Other considerations  
 

Other considerations specific to carbapenems include their crucial role in treating 
severely ill patients with healthcare-associated infections or risk factors for resistant pathogens. 
Carbapenems as a class are an important priority of antibiotic stewardship, to preserve their 
effectiveness.  
    
   
Rationale for recommendation and implementation 
 

The panel’s overall assessment of the evidence was that carbapenems provide 
adequate clinical cure of cUTI in all studied comparisons. Carbapenems may be inferior to some 
newer agents (plazomicin, ceftazidime-avibactam, and cefiderocol) for microbiologic cure and 
prevention of recurrent infection, though the clinical relevance of the discrepancy between 
clinical and microbiologic cure is unclear.  
 

Carbapenems clearly have a role in empiric treatment of cUTI in patients with sepsis and 
a higher risk of mortality. In the context of increasing rate of resistance to fluoroquinolones, third 
and fourth generation cephalosporins, and piperacillin/tazobactam, the panel considered 
carbapenems to be among the preferred antibiotics to empirically treat patients with sepsis 
assumed to be caused by cUTI, to avoid inappropriate empiric antibiotic therapy and possible 
associated excess mortality. However, in patients with cUTI without sepsis, the panel judged 
that carbapenems are not a first-line empiric antibiotic choice due to stewardship 
considerations, as initial drug-bug mismatch (causative organism not susceptible to the 
antibiotic given) in cUTI without sepsis is unlikely to substantially contribute to mortality, and 
clinical cure is still achieved in the majority of cases. 
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5) Novel beta-lactam/beta-lactamase inhibitors (BLBLI) 
 

Multidrug-resistant and difficult to treat Gram-negative uropathogens such as 
carbapenem-resistant Enterobacterales (CRE) uropathogens such as Klebsiella-pneumoniae 
carbapenemase-producing (KPC) E. coli, multidrug resistant Pseudomonas aeruginosa, 
Acinetobacter spp., and Stenotrophomonas maltophilia have increased the challenge of treating 
cUTIs.45 To meet this challenge, a welcome number of new drugs have been developed, 
including novel beta-lactams and beta-lactamase inhibitor combinations (BLBLIs). In recent 
years, ceftazidime-avibactam, ceftolozane-tazobactam, imipenem-cilastatin-relebactam, 
meropenem-vaborbactam, and cefepime-enmetazobactam have all been approved for use in 
treating cUTI following one or more FDA registrational trials.  In most of these agents the novel 
beta-lactamase component has been designed to inhibit the activity of beta-lactamases, 
including certain carbapenemases. In parallel with development of these new combination 
antibiotics, molecular tests to define the specific resistance genes expressed by the bacterial 
pathogen are also coming into widespread use. Antibiotic stewardship considerations suggest 
that the main role of novel BLBLIs currently may be in treating identified multidrug-resistant 
pathogens, particularly when the resistance gene or mechanism has been established. 
 
Summary of evidence for empiric use of novel beta-lactam/beta-lactamase inhibitors to 
treat cUTI 
 

The evidence for the use of novel BLBLI in treatment of cUTI include seven randomized, 
controlled trials, published from 2012-2023 and including 4,432 patients with cUTI (including 
acute pyelonephritis). All trials evaluated the efficacy of a novel BLBLI versus a standard cUTI 
comparator, including levofloxacin in the ASPECT-cUTI (Wagenlehner 2015) trial,18 
carbapenems in four trials (Vasquez 2012, Wagenlehner 2016, Carmeli 2016, Sims 2017),15-17,22 
and piperacillin-tazobactam in the TANGO I and ALLIUM trials (Kaye 2018 and Kaye 2022).9,24 
The average duration of IV therapy ranged from 5-10 days, and some trials transitioned patients 
to oral therapy with a fluoroquinolone or TMP/SMX. Clinical cure and microbiologic cure were 
usually measured at TOC, 5 to 10 days after end of antibiotic therapy.  
 
Benefits, Harms and Certainty of evidence 
 

Overall, treatment with the novel BLBLIs likely leads to similar clinical cure as the 
comparator antibiotics at test of cure in patients with cUTI (overall clinical cure for novel BLBLIs 
was 91.9% vs 89.7% for comparators; RD: 0.9%; 95% CI: -0.9% to 3.6%/ RR: 1.01; 95% CI: 
0.99 to 1.04; moderate certainty of evidence). 
 

The evidence suggests that treatment with novel BLBLIs leads to more microbiological 
cures at test of cure in patients with cUTI versus comparator antibiotics, but this increase was 
judged clinically unimportant at a decision threshold of 10% (. More specifically, microbiological 
cure for novel BLBLI was 79.3% and 69.0% for the comparators (RD: 8.3%; 95% CI: 1.4% to 
15.9%/ RR: 1.12; 95% CI: 1.02 to 1.23). When stratifying by classes of antibiotics in the 
comparator group, the difference in microbiological cure was larger when the comparator was 
piperacillin-tazobactam (RD: 15.0%; 95% CI: 8.1% to 22.4%). Microbiologic cure was more 
comparable with fluoroquinolones or carbapenems versus BLBLIs. Unfortunately, infection 
recurrence was not reported in these trials, so the relevance of in the higher microbiological 
cure rates with novel BLBLIs is unclear. 
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For harms, serious and non-serious adverse events were likely comparable between 
groups. Mortality was rare (0.4%), for reasons discussed above related to enrollment criteria for 
randomized, clinical trials.  

 
Other considerations 

Other considerations specific to these novel BLBLI agents are their crucial role in our 
current armamentarium against multidrug-resistant pathogens, and their higher costs as newer 
agents. The current role of these antibiotics in management of cUTI may be for use after 
identification of specific patterns of multidrug resistance. For example, IDSA guidance on 
antibiotic treatment of antimicrobial resistant Gram-negative infections suggests that the novel 
BLBLI agents be reserved for treating infections caused by organisms exhibiting carbapenem 
resistance.5 Cost also becomes an important consideration with these agents. For example, 
according to the 2023 Wholesale Acquisition Cost (WAC) database, a dose of 
piperacillin/tazobactam ranges in cost from $30-$156, and meropenem costs $30-150 per dose, 
while ceftolozane/tazobactam costs $1443 per dose.46 Higher costs can lead to inequities in 
access to these drugs, particularly if hospitals with underserved populations do not include 
these drugs on their formularies.  
 
Rationale for recommendation and implementation 
 

The novel BLBLIs have been designed to function against specific types of antibiotic 
resistance, particularly carbapenemases. From an antibiotic stewardship perspective, these 
drugs are among the few remaining options against multidrug resistant pathogens. As such, 
they should be reserved for situations in which they are truly needed, such as when 
susceptibility testing and molecular resistance testing results are available to guide the choice of 
novel BLBLI. When choosing empirically (prior to culture results) to treat a patient with cUTI, the 
panel judged that BLBLI are not first choice antibiotics because of these antibiotic stewardship 
considerations. Empiric use of novel BLBLIs for cUTI should be largely restricted to patients in 
septic shock for whom prior culture data or risk factors suggest that preferred antimicrobials are 
likely to be inappropriate. 

 
 

6) Cefiderocol 
 

Cefiderocol is a novel siderophore cephalosporin brought to the periplasm by bacterial 
iron transporters through a “Trojan horse” strategy, a unique mechanism of delivery conferring 
activity against many otherwise highly resistant Gram-negative bacteria.45,47 Cefiderocol was 
approved by the FDA in 2019 for treatment of complicated UTI caused by susceptible Gram-
negative microorganisms in patients who have limited or no alternative treatment options.48 
Unfortunately, resistance to cefiderocol, related to changes in siderophore receptors or 
traditional resistance mechanisms to cephalosporins, is already emerging. 
 
Summary of evidence on empiric use of cefiderocol to treat cUTI 
 

Two randomized, controlled trials were included, one of which focused specifically on 
cUTI caused by Gram-negative pathogens (Portsmouth 2018),11 and the other which enrolled 
patients with serious infections caused by carbapenem-resistant Gram-negative bacteria 
(CREDIBLE-CR trial) (Bassetti 2021).10 Both trials were multicenter and international. The 
Portsmouth trial enrolled 452 patients, all with cUTI, while CREDIBLE-CR enrolled 152 patients, 
of which only 36 had cUTI. The analyses below for clinical and microbiologic cure include 326 
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evaluable patients with cUTI. The comparator in the Portsmouth trial was imipenem-cilastatin, 
while the comparator in CREDIBLE-CR was best available therapy, of which the majority were 
colistin-based regimens. Although CREDIBLE-CR was randomized, the treatment was open 
label, and the duration of therapy was longer in the cefiderocol group (10.5 days versus 6.5 
days).10 Portsmouth 2018 was randomized and blinded, and duration of IV therapy averaged 9 
days.11 Test of cure in both studies was at 5-9 days after end of treatment. 
 

Many of the causative organisms in these two multicenter, international trials were 
resistant to antibiotics. In the Portsmouth trial, despite excluding patients who were known to 
have an organism resistant to carbapenems, 6.5% of organisms were resistant to imipenem, 
55% to levofloxacin, 28% to cefepime, and 15% to piperacillin-tazobactam.11 The top three 
causative organisms were Escherichia coli, Klebsiella pneumoniae, and Pseudomonas 
aeruginosa. In the CREDIBLE-CR trial, the organisms causing cUTI were predominantly 
Klebsiella pneumoniae and Pseudomonas aeruginosa, and all organisms were resistant to 
carbapenems.10 Surprisingly, 8/185 pathogens (4%) had a cefiderocol MIC of greater than or 
equal to 4 ug/mL at baseline in the main cohort. 
 
Benefits, Harms and Certainty of evidence 
 

Treatment with cefiderocol likely leads to similar clinical cure at test of cure in patients 
with cUTI versus the comparator antibiotics. . Specifically, clinical cure for cefiderocol was 
88.5% vs 86.3% for comparators (RD: 2.6%; 95% CI: -4.3% to 10.4%/ RR: 1.03; 95% CI: 0.95 
to 1.12; moderate certainty of evidence). 
 

The evidence suggests that treatment with cefiderocol leads to higher rates of 
microbiological cures in at test of cure in patients with cUTI versus the comparator antibiotics. 
More specifically, microbiological cure at TOC for cefiderocol was 72.9% and 54.8% for the 
comparators (RD: 18.1%; 95% CI: 6.6% to 32.4% / RR: 1.33; 95% CI 1.12 to 1.59). The 
evidence suggests that cefiderocol leads to similar recurrence of infection at late follow-up 
(4.8% for cefiderocol vs 9.7% for the comparator group; RD: -4.8%; 95% CI -7.4% to 0.4% / RR: 
0.50; 95% CI 0.24 to 1.04), but this estimate is imprecise due to the small number of 
recurrences documented. 

 
Cefiderocol likely leads to fewer non-serious adverse events than the comparator 

antibiotics (RD: -11.1%, 95% CI: -18.7% to -2.5% / RR: 0.78; 95% CI: 0.63 to 0.95), but this 
finding was clearly driven by a high rate of gastrointestinal disturbances in the imipenem-
cilastatin group in the Portsmouth 2018 trial. Serious adverse events were frequently reported in 
these studies. Cefiderocol may lead to comparable rates of serious adverse events (reported in 
7.4% in the cefiderocol group and 10.8% in the comparator group) and mortality (1.5% in the 
cefiderocol group versus 1.3% in the comparator group) versus the comparators. The greater 
overall mortality with cefiderocol in CREDIBLE-CR appeared to be driven primarily by patients 
with hospital-acquired/ventilator-associated pneumonia or bloodstream infections and by 
infections with Acinetobacter spp..10 
 
 
Other considerations 
 

Other considerations specific to cefiderocol are that dosing needs to be adjusted 
carefully according to renal function, with increased frequency required to achieve therapeutic 
levels for patients on renal replacement therapy with augmented renal clearance (greater than 
120 mL/min). As the Portsmouth 2018 trial excluded patients with creatinine clearance less than 
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20mL/min, the real-world impact of the need for dose adjustment on clinical outcomes remains 
to be seen.11 Additionally, resistance to cefiderocol is already emerging. In the CREDIBLE-CR 
trial, 17% of enrolled patients in the cefiderocol arm received combination therapy, which may 
have boosted apparent effectiveness.10 As a newer drug, the costs are expected to be higher 
than with older antibiotic agents.  
 
Rationale for recommendation and implementation 
 

The panel judged that cefiderocol is an alternative antibiotic to empirically treat patients 
with cUTI but is not preferred due to stewardship considerations and uncertainties about real-
world effectiveness. Care should be taken to ensure adequate dosing in patients receiving renal 
replacement therapy. Cefiderocol’s use may be ideally reserved for highly resistant 
uropathogens in which the resistance mechanism of the organism is known and should be 
overcome by cefiderocol (i.e. organisms with metallo-beta-lactamase carbapenemases). 

 
 

7) Older aminoglycosides (gentamicin, amikacin, and tobramycin) 
 

Aminoglycosides are among the earliest antibiotics to enter clinical use, though their use 
declined over the past half-century as alternative antibiotics with fewer side effects became 
available. As a class, aminoglycosides can cause renal impairment and ototoxicity, and these 
harmful effects often emerge during treatment despite optimized (i.e. once-daily) dosing. With 
rising rates of antimicrobial resistance, aminoglycosides are receiving renewed interest.  
 

In this section we will discuss the indirect evidence for empiric use of older 
aminoglycosides (gentamicin, amikacin, and tobramycin) to treat cUTI. Plazomicin, the newest 
aminoglycoside, will be discussed separately. 
 

No randomized, controlled trials of aminoglycoside monotherapy for empiric treatment of 
cUTI were published from 2008-2023; these agents were predominately tested in the last 
century. One systematic review of the literature and meta-analysis included 37 randomized, 
controlled trials published between 1966 up to 2006, mostly in adults.49 These trials compared 
systemically administered aminoglycosides as a single drugs (monotherapy) versus another 
systemically administered single antibiotic or an antibiotic combination without aminoglycosides. 
The aminoglycosides studied were gentamicin, amikacin, tobramycin but also netilmicin (not 
currently available), and dosing was once daily in only three of these trials. The majority of the 
26 UTI trials were published between 1981 and 1992 and included both inpatients and 
outpatients. Many of the UTI trials had very small sample sizes (34-186 patients), and only five 
reported on organisms’ susceptibility to aminoglycosides. Comparator antibiotics were beta-
lactam antibiotics (mostly cephalosporins) and quinolones. 

 
Six of the UTI trials reported 30-day mortality, finding a statistically non-significant 

increase in mortality in the aminoglycoside arm (RR 1.96, 95% CI 0.61-6.29). Overall mortality 
in these studies were very low, precluding meaningful comparisons.   
 

Twenty of the UTI trials reported on treatment failure, finding no significant difference 
between groups (RR 1.11, 95% CI 0.94-1.30). Microbiological failure at 5-9 days after end of 
therapy was higher in the aminoglycoside group in comparison to beta-lactams or quinolones 
(RR 1.40, 95% CI 1.16-1.69). During the timeframe of these trials, the cephalosporins and 
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quinolones were the newer drugs. Rates of relapse of infection were not significantly different 
between groups and were not reported further. 
 

Adverse events were less often reported in the aminoglycoside group compared to the 
beta-lactams (RR 0.46, 95% CI 0.33-0.63), but the types of adverse events were different. Beta-
lactams were associated with rash, phlebitis, gastrointestinal, and hepatic adverse events, while 
aminoglycosides were associated with nephrotoxicity, which was reported significantly more 
commonly in patients in the aminoglycoside group (RR 3.61, 95% CI 1.67, 7.80).  
 

In summary, older trials (in which cephalosporins and quinolones were the novel agents 
without substantial resistance, and in which aminoglycoside resistance frequently went 
unreported) suggested similar performance of aminoglycosides versus comparators for cUTI, 
albeit with more nephrotoxicity. Many of these trials were too small to ensure randomization was 
successful and balanced for important characteristics, and these trials suffered from other 
methodologic flaws that limit their ability to inform modern clinical practice.  
 
 
Summary of evidence for empiric use of older aminoglycosides to treat cUTI 
 

More recently, two retrospective studies from Israel compared clinical outcomes of 
aminoglycosides to non-aminoglycoside antibiotics in patients hospitalized for cUTI between 
2014-2019.50,51 One study evaluated 2,026 patients with pyelonephritis (Elbaz 2020) of which 
29% were bacteremic,51 while the other studied 218 patients with bacteremia of urinary source 
with ESBL-producing Enterobacterales (Zohar 2019).50 The rate of ESBL-producing organisms 
was 30% in the pyelonephritis study and 100% in the bacteremia study (by enrollment criteria). 
Patients in these two retrospective studies were older than patients in RCTs, with median ages 
of 79 and 82 years. The non-aminoglycoside antibiotics given were ceftriaxone, piperacillin-
tazobactam, carbapenems, and fluoroquinolones. In both studies the primary outcome was 30-
day mortality, and multivariate analysis was done to adjust for confounding variables. The 
mortality rate in the pyelonephritis study was 9.9% and16.6% in the bacteremia study, as 
expected with real-world data.  
 
Benefits, harms and certainty of evidence 
 

Both retrospective studies found that 30-day mortality was lower in the aminoglycoside 
group (ranging from RD: -2.4%, 95%CI: -3.9% to -0.6% / adjusted RR: 0.78; 95%CI: 0.65 to 
0.95 to RD: -10.3; 95% CI: -21.4% to 0.8% / adjusted OR: 0.51; 95%CI: 0.24 to 1.06, but the 
certainty in the evidence is very low. Clinical cure was not reported, and microbiological cure 
was reported only in only one study. The evidence suggests that microbiological cure was 
comparable between groups (RD; -8.9%; 95%CI: -29.4% to 12.8% / adjusted OR: 0.70; 95%CI: 
0.28 to 1.72), but this estimate was imprecise due to a very small sample size.50   
 

Acute kidney injury may be comparable between groups in both studies (ranging from 
RD: -0.1%, 95%CI: -0.1% to 0% / adjusted RR: 0.98; 95%CI: 0.97 to 1.00 and RD: 1.3%; 
95%CI: -5.4% to 14.4% / OR: 1.14, 95%CI (0.46 to 2.81) , but these estimates are very 
uncertain due to the serious risk of bias. Length of hospital stays and rehospitalization at 3 
months may favor the aminoglycoside group in one study.51 
 

Both studies found that patients who received aminoglycosides had fewer comorbidities, 
better renal function, and a better functional status than patients who received comparator 
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antibiotics. Confounding-by-indication with residual confounding remains very likely, despite 
authors’ efforts to adjust for this selection bias. These clinical outcomes should be taken in the 
context that the patients treated with aminoglycosides were a relatively healthier group. 
 
Other considerations  
 

Aminoglycosides are now given once daily for cUTI,52 and close consultation with a 
pharmacist is advised to adjust the dose and interval. Serious and irreversible nephro- and 
ototoxicity can occur with prolonged courses of therapy. Patients receiving these antibiotics 
require regular assessment of renal and otic function, and therapeutic drug monitoring to 
determine trough levels is recommended. Aminoglycosides may not be appropriate for patients 
with underlying impairment of renal function or hearing loss. Patients receiving IV or IM 
aminoglycosides as outpatients require close monitoring. These drugs are themselves 
inexpensive, although the laboratory tests add some costs. 
 

The 2010 publication of the UTI guidelines on cystitis and pyelonephritis recommended 
a single dose of aminoglycoside or ceftriaxone at the initiation of oral antibiotics to treat acute 
pyelonephritis, if resistance to the oral agent was a concern.26 This panel did not find any 
studies of single dose aminoglycoside as part of a combination treatment for cUTI in adults, but 
in practice one or two doses of an aminoglycoside are often used as a component of the 
antibiotic treatment for acute pyelonephritis/cUTI when there is a concern for an ESBL-
producing organism.53  
 
Rationale for recommendation and implementation 

The panel judged that aminoglycosides are an alternative class of antibiotic for empiric 
treatment of patients with cUTI, especially in populations where the ESBL rate among urinary 
organisms is increasing. Many patients may have contraindications to receiving 
aminoglycosides, such as renal insufficiency or advanced hearing loss. The panel judged that 
aminoglycosides are not a preferred antibiotic for patients with cUTI with or without sepsis due 
to the relatively greater risk of nephrotoxicity and limited modern evidence base for 
effectiveness versus alternative agents. 
 
 
8) Plazomicin 
 

Plazomicin is a “next generation” intravenous aminoglycoside that was designed to 
evade bacterial aminoglycoside modifying enzymes.45 These modifications give plazomicin 
activity against most Enterobacterales, including those resistant to older aminoglycosides. 
Plazomicin was approved by the FDA for use in complicated UTI in 2018. As with other 
aminoglycosides, plazomicin can cause nephrotoxicity; the risk of ototoxicity is less clear, but a 
valid safety concern that needs to be assessed in larger studies.  
 
Summary of evidence for empiric use of plazomicin to treat cUTI 
 

Two randomized, controlled, multicenter international trials compared plazomicin to 
another antibiotic in empiric treatment of cUTI, for a total of 744 evaluable patients.23,25 One of 
these studies, Connolly et al. 2018 was a phase 2 study in which 145 patients were randomized 
to two different doses of plazomicin or levofloxacin IV for five days, and enrollment occurred 
between 2010-2012.25 Resistance among the causative urinary pathogens was high, with 19% 
of all urinary pathogens resistant to levofloxacin, and 6% of pathogens resistant to plazomicin. 
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Oral switch at end of therapy was not permitted. Once the trial was underway, enrollment in the 
lower plazomicin treatment dose group (10mg/kg) was stopped, and all patients were 
subsequently randomized to the higher (15mg/kg) dose versus levofloxacin.  In the EPIC trial 
(Wagenlehner 2019), 604 patients were randomized to receive IV plazomicin versus 
meropenem for an average of five days and then were transitioned to oral agents to complete 7-
10 days of therapy.23 The majority of organisms isolated were susceptible to both plazomicin 
and meropenem. The test of cure visit was at 15-19 days after starting IV therapy for the EPIC 
trial; the Connolly 2018 trial measured test of cure at 5-12 days after the end of antibiotic 
treatment. Patients in both trials had to have good renal function (creatinine clearance of >60 
ml/min in Connolly and >30 mL/min in the EPIC trial). 
 
Benefits, Harms and Certainty of evidence 
 

Treatment with plazomicin likely leads to similar rates of clinical cure at TOC in patients 
with cUTI versus treatment with comparator antibiotics. Specifically, the overall clinical cure for 
plazomicin was 84.3% vs 87.2% for comparators (RD: 0.0%; 95% CI: -6.1% to 6.1%/ RR: 1.00; 
95% CI: 0.93 to 1.07; moderate certainty of evidence).  
 

Treatment with plazomicin may lead to higher rates of microbiological cure at test of cure 
in patients treated for cUTI versus the comparator antibiotics (plazomicin was 81.9% vs 
comparator group was 72.6%; RD: 12.3%; 95% CI: 5.1% to 21.0% / RR: 1.17; 95% CI: 1.07 to 
1.29). The evidence suggests that treatment with plazomicin may lead to similar recurrence of 
infection at late follow-up (3.2% in the plazomicin group vs 7.0% in the comparator group), but 
these studies are too heterogeneous to be pooled since these they reported opposite direction 
of effects.  
 

Although plazomicin likely leads to similar rates of non-serious adverse events versus 
comparators, but an increase in serum creatinine of 0.5 mg or more per deciliter above baseline 
was observed in 7.0% in the plazomicin group vs 4.0% in the meropenem group in the EPIC 
trial,23 and ototoxicity was reported in two cases (one in each group). Connolly 2018 required 
enrolled patients to have a creatinine clearance of >60ml/min at baseline, and five plazomicin-
treated patients had an increase in serum creatinine of >=0.5 mg/dl during the study, versus one 
levofloxacin-treated patient.25 Two patients in the plazomicin group and one in the levofloxacin 
group developed some signs of ototoxicity. Serious adverse events and mortality were rare 
(only 1 death among 744 patients). In the context of the relative healthy state of the enrolled 
subjects compared to the real-world population of patients hospitalized with cUTI, these signals 
of nephro- and otoxicity are concerning. 
 
Other considerations 
  

Other considerations specific to plazomicin include the need to involve a clinical 
pharmacist in designing and monitoring the once daily dosing regimen, to avoid nephro- and 
ototoxicity. Patients with baseline renal impairment and hearing loss may not be good 
candidates to receive this agent. Patients with creatinine clearance of < 30 mL/min were 
excluded from the clinical trials of this agent. Plazomicin is generally a more expensive antibiotic 
than the older agents.   
    
Rationale for recommendation and implementation 
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The panel judged that plazomicin is an alternative antibiotic to empirically treat patients 
with cUTI but is not preferred due to concerns with potential serious adverse events associated 
with aminoglycosides, such as renal insufficiency or ototoxicity.  
 
  
9) Oral empiric antibiotics for cUTI 
 

Some patients with cUTIs who are seen in an emergency department or urgent care 
setting with acute pyelonephritis may be candidates for outpatient management. Similarly, 
patients with CAUTI seen in clinic may often be managed as outpatients. Oral third generation 
cephalosporins and fluoroquinolones and TMP-SMX may be useful for empiric therapy in such 
cases (Table 3.1).54,55 High resistance rates to fluoroquinolones in many areas may make these 
less appealing as empiric options, and adverse effects are a concern. High resistance rates are 
likewise a concern with TMP-SMX, and prior urine cultures may be helpful in determining if 
fluoroquinolones or TMP-SMX are likely to be effective.   

Although robust clinical trials of oral cephalosporins such as cefpodoxime as initial 
treatment for cUTI in adults are lacking, in practice cephalosporins are used in many settings as 
step-down therapy, when ESBL-production is not a major concern.55-57 When choosing an oral 
cephalosporin for cUTI, both oral absorption and urinary excretion may be relevant parameters 
(See dosing Table 3.1) for consideration. Observational studies suggest that third generation 
oral cephalosporins may be comparable to oral fluoroquinolones or TMP-SMX as step down 
therapy in patients with cUTI and gram-negative bacteremia.55-57 However, such studies are 
conflicting on whether earlier generation cephalosporins (e.g. cephalexin), oral beta-lactams 
(e.g. amoxicillin and amoxicillin clavulanate), and cephalosporins with low bioavailability (e.g. 
cefdinir) are as efficacious as alternatives; these should be used cautiously and with optimized 
dosing.58-61  

As an example, in one retrospective study that included patients who received cefdinir 
(which has low urinary excretion of only 13-23% and low oral absorption of only 25%) and a 
lower dose of cephalexin (500 mg every 8 hours), readmissions for UTI were higher in the beta-
lactam group compared to those who received fluoroquinolones or TMP-SMX.59   
 

Amoxicillin-clavulanate and cephalexin have potentially lower efficacy as demonstrated 
in multiple studies.58,60 Additionally, we did not find substantial data supporting the use of 
ampicillin, cefadroxil, cefaclor, or cefdinir for cUTI. Ideally, a patient who receives any of these 
oral options as their initial empiric therapy would have a urine culture from a prior episode 
showing susceptibility to the agent chosen.62  

 
Furthermore, trials of three days of beta-lactam antibiotics for acute cystitis in women 

(cefpodoxime, amoxicillin-clavulanate, cefadroxil, and amoxicillin) consistently found lower 
clinical and microbiologic cure in the beta-lactam recipients, in comparison to three days of 
ciprofloxacin or trimethoprim-sulfamethoxazole.63,64 These trials provide indirect evidence that 
beta-lactams are not as effective for acute cystitis when used for the same duration as other 
classes of antibiotics; whether these results are generalizable to empiric use of beta-lactam 
antibiotics to treat complicated UTI is unknown. Another concern with treating cUTI with oral 
beta-lactam antibiotics is that standard dosing may not achieve adequate levels in the urine. For 
example, a retrospective cohort study found that 7 days of IV or highly bioavailable antibiotics 
was as effective as 14 days of antibiotic therapy for bacteremic cUTI; of note, the doses of beta-
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lactams considered to be bioavailable were the following: amoxicillin 1000 mg orally every 8 
hours, amoxicillin-clavulanate 875–1000 mg orally every 8 hours, or cephalexin 1000 mg orally 
every 6 hours.65 Increasingly institutions are using higher dose regimens for oral beta-lactams 
and cephalosporins as step down therapy for Gram-negative bacteremia of urinary origin.54,66 

 
The 2010 publication of the UTI guidelines on cystitis and pyelonephritis recommended 

a single dose of aminoglycoside or ceftriaxone at the initiation of oral antibiotics to treat acute 
pyelonephritis, if resistance to the oral agent was a concern.26 This panel did not find any 
studies of single dose aminoglycoside as part of a combination treatment for cUTI in adults, but 
in practice one or two doses of an aminoglycoside are often used as a component of the 
antibiotic treatment for acute pyelonephritis when there is a concern for an ESBL-producing 
organism.53 We identified one study of single dose ceftriaxone in non-pregnant adults; this study 
suggested that a single dose of IV ceftriaxone prior to switching to an oral cephalosporin was an 
effective strategy for women with pyelonephritis.30  
 

Nitrofurantoin and oral fosfomycin are generally not appropriate choices for cUTI due to 
inadequate levels in tissue/bloodstream. If treating suspected bacteremia, the oral agent needs 
to achieve therapeutic levels in the bloodstream, which would preclude using nitrofurantoin and 
oral fosfomycin. Likewise, if treating pyelonephritis, nitrofurantoin does not reach adequate drug 
levels in the renal parenchyma and would not be an appropriate agent for an oral switch. Oral 
fosfomycin has been used in small studies to treat cUTI (including pyelonephritis), but multi-
dose regimens are generally used and are inconsistent across the literature; the effectiveness 
and dosing of fosfomycin for cUTI needs additional study.67,68 Oral fosfomycin has been used to 
treat chronic bacterial prostatitis but has not formally been evaluated in acute bacterial 
prostatitis trials.69,70 
 
Table 3.1: Dosing of oral antibiotics for complicated UTI in alphabetical order 
Drug Oral 

absorption 
(%) 

Urinary excretion 
(%) 

Dose for patients with normal 
renal function 
 

Amoxicillin-
clavulanate 

80 
(amoxicillin)71 
variable 
(clavulanate)72 

50-70 
(amoxicillin)71 
25-40% 
(clavulanate)71 

875mg-125mg every 8 to 12 
hours58-61,66,73-76 
Other regimens may be more 
effectivea 
 

Cefixime 5077 5077 400mg once daily30 
Cefpodoxime 5077 8077 200mg to 400mg every 12 

hours55,61,78 
Ceftibuten  75-9077 7377 9mg/kg daily (children) b 

400mg daily or 200mg every 12 
hours (adults)79,80 

Cefuroxime 5277,81 9077,81 500mg every 12 hours61,82 
Cephalexin 9077 9077 500mg to 1000mg every 6 

hours54,58-60,66,73-75,83 
Other regimens may be more 
effectivea 

Ciprofloxacin 7084 40-5084 500mg to 750mg every 12 hours 
54,61,66,85,86 

Levofloxacin 9987 64-10087 500mg to 750mg daily25,54,78,86 
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Other oral beta-
lactams (e.g. 
amoxicillin, 
cefadroxil, 
cefaclor, cefdinir) 

Comparative clinical outcomes data vs highly bioavailable oral 
alternatives are more limited and/or discouraging; consider use with 
infectious disease pharmacist consultation if alternatives are not 
available. 
 

Trimethoprim-
sulfamethoxazole 

70-9088 84 
(sulfamethoxazole), 
66 (trimethoprim)88 

800mg-160mg every 12 hours61,85 

aDespite routine use of optimized dosing, the majority of studies comparing switch to oral 
beta-lactams versus fluoroquinolones or trimethoprim-sulfamethoxazole for cUTI have found 
inferior outcomes with oral beta-lactams when amoxicillin-clavulanate or cephalexin were the 
predominant oral beta-lactams being used. 
bCeftibuten is the sole oral beta-lactam in this table with modern randomized, controlled trial 
data for cUTI in both children in adults; however, while it produced comparable clinical 
outcomes versus trimethoprim-sulfamethoxazole in children, in adults relapses were higher 
with ceftibuten versus norfloxacin. 

 
 
10) Other antibiotics relevant to treatment of cUTI 
 
IV Fosfomycin 
 

Fosfomycin is an older antibiotic agent whose susceptibility testing is complicated, not 
easily amenable to automated methods, and rarely performed. In the U.S., fosfomycin 
susceptibility breakpoints for fosfomycin are established only for E. coli and for Enterococcus 
faecalis, and only for the oral formulation of fosfomycin. In practice, clinicians are often asked to 
determine whether fosfomycin would be an acceptable treatment for other urinary pathogens, 
such as Klebsiella spp., but MIC breakpoints do not currently exist for non-E. coli organisms. 
Resistance to fosfomycin is increasing globally,89 but as this antibiotic is infrequently used in the 
United States, many urinary organisms retain susceptibility. 
 

Since intravenous fosfomycin is not available in the United States, fosfomycin is not an 
option for empiric therapy for most patients hospitalized for cUTI. Oral fosfomycin (fosfomycin 
trometamol) is a white powder administered as a sachet, to be dissolved in in water and then 
swallowed. This oral formation is available in the US and Europe and is used to treat 
uncomplicated UTI, or as step down therapy for patients with cUTI who are switching from IV 
medications to an oral agent and whose organism is known to be susceptible to fosfomycin.  
Fosfomycin’s IV formulation is a calcium salt; this IV formulation is approved for cUTI for adults 
in Europe and Asia.    

  
Summary of evidence for empiric use of IV fosfomycin to treat cUTI 
 

The evidence on empiric use of IV fosfomycin for cUTI comes from two randomized, 
controlled trials which enrolled 607 evaluable patients. The open-label FOREST trial was 
conducted in 22 hospitals in Spain and enrolled patients with bacteremic UTIs caused by MDR 
E. coli (Sojo-Dorado 2022).19 Although this trial was published in 2022, the 143 evaluable 
patients were enrolled from 2014-2018. The comparator in the FOREST trial was ceftriaxone or 
meropenem (if the causative organism was resistant to ceftriaxone), and the majority of patients 
transitioned to oral therapy after 5.5 days of IV therapy. Resistance to ceftriaxone among the 
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MDR E. coli was high, 57%. The ZEUS trial, published in 2019, enrolled 464 evaluable patients 
between 2016-2017.21 Patients were randomized to seven days of IV fosfomycin versus 
piperacillin-tazobactam in a double-blind design, with no oral switch after IV therapy. All 
uropathogens were included in the ZEUS trial, and resistance to piperacillin/tazobactam was 
only 6.9%. Resistance to fosfomycin was not reported in the ZEUS trial and was an exclusion 
factor for the FOREST trial.  
  
 
Benefits, Harms and Certainty of evidence  
 

Treatment with IV fosfomycin likely leads to similar rates of clinical cure at test of cure in 
patients with cUTI versus treatment with comparator antibiotics. The overall clinical cure for 
fosfomycin was 92.2% vs 91.2% for comparators (RD: 0.9%; 95% CI: -3.6% to 5.5% / RR: 1.01; 
95% CI: 0.96 to 1.06; moderate certainty of evidence). 
 

Similarly, treatment with IV fosfomycin likely leads to similar rates of microbiological cure 
at test of cure in patients with cUTI versus treatment with the comparator antibiotics (RD: 6.4%; 
95% CI: -1.9 % to 15.4% / RR: 1.10; 95% CI: 0.97 to 1.24). The evidence suggests that 
recurrence of infection at late follow-up may be comparable between groups, but this estimate is 
likely imprecise due to the small number of recurrences of infection documented. Of note, in the 
FOREST study, both relapses and reinfections were recorded, with reinfections defined as 
symptomatic UTI caused by a different strain of bacteria. Among the 132 patients in this 
analysis, 14 had relapse versus 8 with reinfection, demonstrating the very important principle 
that patients who are hospitalized for cUTI are at risk for another cUTI, regardless of initial 
treatment given. 
 

Harms are an important consideration with IV fosfomycin, which is a salt and delivers 
330 mg of sodium per gram of IV fosfomycin disodium, in comparison to the 65 mg of sodium 
per gram of piperacillin in the combination product piperacillin-tazobactam.90 The IV formulation 
of fosfomycin contains significant sodium content that can exacerbate cardiac failure among 
individuals unable to tolerate large increases in volume. The evidence suggests that treatment 
with IV fosfomycin may lead to more non-serious adverse events than treatment with the 
comparator antibiotics (RD: 10.6%, 95% CI: 1.3% to 22.1% / RR: 1.33; 95% CI: 1.04 to 1.69), 
although this estimate only reflects the ZEUS trial.21 In the ZEUS trial the main non-serious 
adverse events were mild and transient hypokalemia and elevated serum aminotransferases, 
both more frequently documented in the IV fosfomycin group. In the smaller FOREST trial, non-
serious adverse events cannot be quantified between the two arms, but fosfomycin was 
discontinued among 6 patients due to adverse events (4 for heart failure); heart failure was 
reported among 6 patients treated with fosfomycin, all older than 80 years of age.19  
 
Other considerations  

 
Other considerations specific to IV fosfomycin include that the IV formulation is not 

available in the United States, and susceptibility testing of fosfomycin is not routinely conducted 
nor reported.  
 
Rationale for recommendation and implementation  
 

The panel judged that IV fosfomycin is not a first line antibiotic for empiric treatment of 
cUTI due to lack of availability, difficulty in conducting susceptibility testing, and concerns about 
adverse events, particularly sodium overload and hypokalemia. However, if available, this drug 
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can be an alternative antibiotic to empirically treat patients with cUTI without risk factors for 
resistance to fosfomycin. Caution should be taken in treating patients with known, chronic heart 
failure with IV fosfomycin. 
 
 
Colistin 

No randomized clinical trials exist to support the empirical use of colistin in cUTI. 
However, colistin (the active form of the commercially available parenteral prodrug 
colistimethate sodium, also polymyxin E) is suggested by the IDSA guidance document on 
managing antibiotic resistant pathogens as an alternative agent for treating uncomplicated 
cystitis caused by carbapenem-resistant Enterobacterales or Pseudomonas aeruginosa with 
difficult-to-treat resistance.5 Colistin is also mentioned as a potential treatment for UTIs caused 
by carbapenem-resistant Acinetobacter baumannii. Colistin can cause nephrotoxicity and 
should rarely be used as an empiric initial treatment for cUTI.. Polymyxin B should not be used 
to treat UTI because of its predominantly non-renal clearance. 
 
 
Drugs that do not currently have FDA approval for empiric treatment of cUTI 

Three antibiotics that were tested in randomized, controlled trials seeking FDA approval 
for a UTI indication did not succeed in receiving this approval. These three agents merit brief 
discussion, as it is possible that additional trials or worsening resistance will lead to their use in 
the future for cUTI. These three antibiotics are omadacycline, tebipenem, and sulopenem.  
 

Omadacycline is a modified tetracycline that has increased activity against some 
tetracycline-resistant organisms.91 Omadacycline is available both orally and intravenously and 
is FDA approved for treatment of skin and soft tissue infections and pneumonia. Although active 
against E. coli, omadacycline is not active in vitro against the cUTI pathogens Morganella spp., 
Proteus spp., and Providencia spp. Overcash et al. conducted a phase 1 trial of omadacycline 
IV and/or orally to treat acute pyelonephritis in women; 201 patients were randomized, and 
omadacycline was “not non-inferior” to levofloxacin (did not meet non-inferiority criteria).92 
Another trial of omadacycline (IV and oral) for uncomplicated cystitis in 31 women found that 
65% reported nausea, with 31% reporting vomiting.93  
 

Tebipenem pivoxil hydrobromide is an orally bioavailable carbapenem prodrug that is 
converted to the active moiety, tebipenem, by enterocytes. Tebipenem has broad-spectrum 
activity against multidrug-resistant gram-negative pathogens, including ESBL-producing 
Enterobacterales. Tebipenem was studied in a phase 3 trial of treatment of cUTI, with IV 
ertapenem as the comparator.94 Both groups were treated for 7 to 10 days (up to 14 days if 
bacteremic), and the primary outcome was a composite “overall response” that required both 
clinical and microbiologic response. Overall 1,372 patients were randomized, and 868 were 
included in the microbiological intent to treat group assessed for the primary outcome. The 
composite success outcome was reached by 59% in the tebipenem group versus 62% in the 
ertapenem group, meaning that tebipenem was non-inferior to ertapenem. Clinical cure was 
high in both arms of the study, at 93% and 94%, for tebipenem and ertapenem respectively. 
However, the FDA did not issue an approval for tebipenem for treatment of UTI.  
 

Sulopenem is a thiopenem (sulfur fused to 5-member beta-lactam ring) which is active 
against ESBL-producing and Amp-C beta-lactamase producing Enterobacterales (organisms 
resistant to third generation cephalosporins such as ceftriaxone).95 Sulopenem has an IV and an 
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oral formulation. The oral prodrug, sulopenem etzadroxil, is co-formulated with probenecid to 
reduce renal clearance and increase systemic levels of sulopenem. A phase 3 trial in 1395 
patients with cUTI (including pyelonephritis) randomized participants to received IV followed by 
oral sulopenem, versus IV ertapenem followed by oral ciprofloxacin or amoxicillin/clavulanate.96 
The primary outcome was a composite of clinical and microbiologic cure, and microbiologic cure 
was stringently defined as reduction of the original pathogen to < 103 colony forming units 
(CFU)/mL (in contrast to other trials using a <104 CFU/mL threshold for microbiologic cure). 
Overall, in the modified microbiologic intention to treat or mMITT population (patients with a 
baseline urine culture with >105 of an Enterobacterales pathogen susceptible to sulopenem and 
ertapenem), sulopenem was not non-inferior to ertapenem, with composite outcome rates of 
67.8% and 73.9%, respectively. Although clinical cure was 88% or higher in both arms of the 
study, the microbiologic response was lower in the sulopenem arm than the ertapenem arm 
(71.2% versus 78.0%). The difference in outcomes between the two treatment arms was driven 
primarily by presence of asymptomatic bacteriuria in the sulopenem-treated group at test of cure 
(day 21). Closer examination of the microbiologic failures revealed that oral ciprofloxacin was 
better at eliminating Enterobacterales from the urine than oral sulopenem, provided that the 
organisms were susceptible to fluoroquinolones (4.7% microbiologic failure with ciprofloxacin 
versus 21.8% with sulopenem). The results of this trial highlight the potential dichotomy 
between clinical cure and microbiologic response and raise the question of the clinical 
significance of finding bacteriuria at the test of cure visit.  
 
 
Other Considerations 
 
Antibiotic stewardship considerations  
 

In light of antibiotic stewardship principles (i.e., “coordinated interventions designed to 
improve and measure the appropriate use of [antibiotic] agents by promoting the selection of the 
optimal [antibiotic] drug regimen including dosing, duration of therapy, and route of 
administration” [per IDSA guidelines]),97 we advocate for the appropriate use of more narrow-
spectrum antibiotics in patients without specific risk factors for infection caused by resistant 
pathogens. One meta-analysis reported that the incidence of C. difficile infection could be 
reduced by lowering exposure to ‘high-risk’ antibiotics, defined as clindamycin, fluoroquinolones, 
and cephalosporins, monobactams, and carbapenems.98  For empiric treatment of cUTI, 
avoidance of antibiotics with a broad spectrum of activity when an agent with narrower spectrum 
of activity may be appropriate is aligned with principles of antibiotic stewardship. Empiric 
antibiotic choice always involves weighing antibiotic stewardship concerns versus the risk of 
inappropriate initial antibiotic choice. 
 
Patients’ values and preferences  
 

This guideline recommendation focuses on which antibiotics to choose at that critical 
point at which the patient with cUTI presents for care and the causative organism has not yet 
been identified (empiric antibiotic choice). Empiric antibiotics typically are continued for up to 72 
hours before being replaced with tailored antibiotics based on culture results and other 
emerging data. In that context, avoiding mortality by choosing initially appropriate antibiotic 
therapy is the most important outcome. When expected mortality is low, consultation with the 
patient representatives participating in this guidelines panel further supported that treatment 
(whatever the choice of empirical therapy) should mainly focus on achieving clinical cure. If 
clinical cure is expected to be similar between different treatments, additional considerations 
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include antibiotic-associated adverse events, decreasing the risk of recurrence of infection, and 
avoiding readmission to hospital. Reducing the length of hospitalization and facilitating the ease 
of administration were considered important, but the choice of antibiotics by itself was not a 
driving factor in their decision-making process. 
 
Costs, Resources, Feasibility and Equity 

It is not possible for the guidelines panel to offer nationally generalizable direct 
comparisons of cUTI antibiotic costs because (at least in the United States) these costs vary 
widely based on the drug wholesaler and their contracts with individual pharmacies and 
institutions. That said, at the time of development of these recommendations, the average 
wholesale prices reported by the drug cost analysis tool Medi-Span 
(https://www.wolterskluwer.com/en/solutions/medi-span) suggests the antibiotics studied for 
cUTI can be categorized into three cost groups: low, medium, and high. Levofloxacin and 
ceftriaxone can be considered low-cost, with daily costs ranging from about $1 to about $50. 
Piperacillin-tazobactam and the carbapenems can be considered medium cost, with daily costs 
ranging from about $15 to about $150. Plazomicin, cefiderocol, and the novel cephalosporin and 
carbapenem beta-lactamase inhibitor combinations can be considered high-cost, with daily 
costs ranging from about $500 to $1500. 
  

Thus, the potential excess cost of a 7-day course of cUTI treatment with agents other 
than levofloxacin or ceftriaxone is on the scale of a few hundred to a thousand dollars for 
piperacillin-tazobactam or the carbapenems, or several thousand to ten thousand dollars for the 
novel agents. Additionally, we consider that all of these antibiotic agents are given IV except for 
levofloxacin and ertapenem (which have oral and IM formulations, respectively), and thus would 
at minimum incur additional costs in the hundreds to thousands-dollar range for administration 
of outpatient parenteral antibiotic therapy (OPAT). Finally, we note that all of these agents other 
than levofloxacin, ceftriaxone, ertapenem, and plazomicin have every six hour or every eight 
hour dosing schedules, and so if given with on-label dosing could require the excess costs of 
extended hospitalization or nursing facility stay, likely in the several thousands to ten thousands 
of dollars range. 
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B. Process to Guide Empiric Antibiotic Choice for Complicated UTI 
 

To optimize the selection of empiric antibiotic therapy for patients with suspected 
complicated UTI, we propose the following four step approach (Figure 1.1): 1) assess the 
severity of illness (for initial prioritization of empiric antibiotic therapy), 2) consider patient-
specific risk factors for resistant uropathogens (for optimization of coverage), 3) evaluate other 
patient-specific considerations (to reduce the risk of adverse events), and 4) for patients with 
sepsis, consult a relevant local antibiogram if available (to further improve the likelihood of 
giving appropriate empiric therapy in septic patients).   

 

 
 

Figure 1: Four-step approach to choosing empiric antimicrobial therapy for cUTI 

 
This approach starts with the most important issue—the patient’s severity of illness—and then 
takes into consideration the patient’s risk factors for having a pathogen resistant to specific 
antibiotics or antibiotic classes, as well as practical issues such as antibiotic allergies. Finally, 
and only for patients with sepsis related to cUTI, the local antibiogram may have a role in 
helping the provider avoid inappropriate empiric antibiotic therapy if it is recent and relevant to 
the patient under consideration. The antibiogram is the last of the four recommended steps, as 
the evidence that using a facility’s antibiogram to guide antibiotic prescribing for individual 
patients improves outcomes is very uncertain. Choosing which organism to focus on in the 
antibiogram is also a challenge in empiric decision making. The most relevant organism is 
suggested by the prior urine culture, if available. If not, E. coli is the default organism. 

Key: Sepsis is life-threatening organ dysfunction related to infection, identified by a SOFA 
score of > 2. Septic shock is defined as sepsis in which despite volume resuscitation, 
vasopressors are required and serum lactate is > 2 mmol/L. Risk factors for resistant 
organisms include prior urine cultures with a resistant organism and fluoroquinolone exposure 
in the past 12 months. Patient-specific factors include allergies, contraindications, and drug-
drug interactions. Antibiogram thresholds refer to the susceptibilities of the most relevant 
organism(s). 
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STEP 1: SEVERITY OF ILLNESS (initial prioritization of empiric antibiotic therapy) 
 
In patients with suspected cUTI (including pyelonephritis), should selection of empiric 
antibiotic therapy be guided by severity of illness?  
 
Recommendation:  
 

I. For patients with suspected complicated UTI (including pyelonephritis), we suggest that the 
selection of empiric antibiotic therapy be initially guided by the severity of illness, specifically 
by whether the patient is in sepsis or not (conditional recommendation, very low certainty of 
evidence). 
 

Remarks: 
-Sepsis is defined per the Sepsis-3 Task Force as life-threatening organ dysfunction caused by 
a dysregulated host response to infection. These patients can be identified by SOFA score 
increase of 2 points or more, reflecting an in-hospital mortality greater than 10%, or 
presumptively identified with screening tools such as qSOFA or SIRS.6,99  

 
 

The panel judged this clinical question to be the most important to guiding cUTI 
recommendations, especially after acknowledging that populations enrolled in randomized, 
controlled trials of empiric antibiotic choice have lower baseline mortality than general cUTI 
patient populations. Clinical practice is to use broader spectrum antibiotics in sicker patients 
(with the assumption that giving broader antibiotics means the empiric antibiotics are more likely 
to be effective against the pathogen). Quantifying the downstream impacts of choosing the 
wrong initial empiric antibiotic was necessary to provide stronger evidence for this practice. To 
identify subpopulations in which inappropriate antibiotic therapy has a significant impact on 
mortality is critical as it is one of a few factors that can be modified. A literature search was 
performed to define the prognostic impact of inappropriate empiric antibiotic therapy (IEAT) in 
patients with cUTI.  
 
 
Prognostic Impact of Inappropriate Empiric Antibiotic Therapy (IEAT) in cUTI  
 

First, we explored the question of quantifying the impact of choosing inappropriate 
empiric antibiotic therapy for cUTI, stratifying by severity of illness. To summarize the findings, 
an increase in mortality was observed in patients at high risk of mortality with cUTI receiving 
IEAT, with a pooled adjusted OR of 1.56 (0.99 to 2.46), as compared to patients receiving 
appropriate empiric antibiotic therapy. Below we will detail how this estimate was achieved.   
 
Methods  
 

To estimate the prognostic impact of IEAT in patients with cUTI, our systematic review of 
the literature included studies published since 2000 and studying adults with cUTI, most of 
whom were admitted to a hospital. Studies meeting these criteria were included if they reported 
the effect of IEAT on 30-day mortality or in-hospital mortality using a multivariate analysis. 
These studies were necessarily observational, as ethical considerations prohibit randomizing 
patients to appropriate versus inappropriate initial antibiotic therapy.  
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Empiric antibiotic therapy was defined as appropriate if the recovered pathogen in the 
urine culture (and/or blood culture) was susceptible in vitro to the antibiotics given before those 
culture results were available. For the analysis of the impact of IEAT, we focused on the 
outcome of mortality for two reasons: (1) mortality is the most patient-important outcome for 
decision making, and (2) mortality was the only outcome that was defined consistently across 
these studies. Note that mortality in these observational studies was much higher (above 5%) 
than in the randomized, controlled trials presented above which did not require a resistant 
pathogen as an inclusion criterion (less than 1%). Therefore, our models assessed the impact of 
IEAT on mortality, which was not possible using the RCT data.  
 
Summary of evidence 
 

Our systematic literature review identified eight observational studies reporting the 
impact of IEAT on mortality from cUTI after adjusting for other factors associated with mortality 
(Babich 2017, Esparcia 2014, Holmbom 2022, Korkmaz 2020, Ortega 2013, Righolt 2020, 
Rodriguez-Gomez 2019, Wiggers 2019).100-107 (See Supplementary Table B1.a in 
Supplemental Materials). Three studies only included patients with bacteremia from suspected 
cUTI (Holmbom 2022, Ortega 2013, Wiggers 2019).102,104,107 Two studies focused specifically on 
catheter-associated UTI (CAUTI) (Babich 2017, Ortega 2013).100,104 These eight studies 
included a total 3,802 patients hospitalized with cUTI of whom 3,593 were further analysed. In 
most studies the average age of the patients was over 70. The eight included studies compared 
the effect on mortality of using an inappropriate versus appropriate empiric antibiotic therapy 
(IEAT versus appropriate empiric antibiotic therapy, or AEAT) based on subsequent urine 
culture in vitro susceptibility testing. IEAT was frequent, occurring in a mean of 27.5% across 
studies and ranging from 10.3%102 to 50.8%.100 All these studies were observational, and all but 
one100 were retrospective. Clinicians’ initial choice of empiric antibiotic therapy introduced the 
bias of confounding by indication, which was either partially or not accounted for at all in most 
studies. Confounding by indication in this context means that sicker patients likely received 
different antibiotics than less sick patients. 
 
Estimate of the prognostic Impact of IEAT on mortality  
 

To understand the impact of IEAT on mortality, we first looked at mortality in the patients 
that received AEAT, to provide an understanding of these patients’ health outcomes under 
optimal antibiotic treatment conditions. The baseline mortality rate in patients receiving AEAT 
from these 8 studies averaged 14% (ranging from 5.8%101 up to 34%). 106 Seven studies 
reported adjusted odds ratios for risk factors for mortality, including IEAT as one of the variables 
studied. (all except Rodriguez-Gomez 2019106). Combining these results, a statistically non-
significant increase in mortality was observed in patients with cUTI receiving IEAT, with a 
pooled adjusted OR of 1.56 (0.99 to 2.46), as compared to patients receiving AEAT. Similarly, 
the only study reporting an adjusted hazard ratio (HR) for risk factors of mortality showed an 
adjusted HR of 1.99 (0.94 to 4.21) for mortality in patients with cUTI receiving IEAT.106 Only one 
study utilized a propensity score to account for confounding-by-indication, and this study did not 
show an impact of IEAT on mortality (adjusted OR of 0.72 (0.39-1.32).100 However, this study 
was exclusively in catheterized patients, overall mortality was very high (33%), and the 
diagnosis of CAUTI is often inaccurate.  
 
 
Certainty in the evidence  
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The panel recognised that these estimates of the prognostic impact of IEAT on mortality 
in patients admitted for cUTI are very uncertain for various reasons, the most important being 
the serious risk of bias due to confounding by indication and residual confounding. Specifically, 
all cUTI studies of inappropriate antibiotic therapy were observational. Studies included in our 
estimate did not stratify for type of population, type of pathogen, or type of antibiotics. Reporting 
bias was also judged to be very likely. We limited the evidence base to studies that included 
IEAT in adjusted (multivariate) analysis of mortality, meaning that studies that found IEAT to be 
statistically insignificant in the unadjusted analysis and thus did not study IEAT in multivariate 
analysis were excluded from our evidence base.108-110 This reporting bias likely caused an 
overestimation of the effect of IEAT on mortality. These studies were heterogeneous in terms of 
populations studied and statistical analyses performed. The multivariate analyses used different 
variables to adjust the odds ratio from one study to another. Thus, our estimated odds ratio is 
very uncertain.    
 

Uncertainty in the diagnosis of cUTI in these retrospective studies also undermines the 
certainty about how much IEAT contributes to mortality. If a patient actually had another 
condition (particularly a non-infectious condition), the choice of antibiotics would not impact 
mortality. Alternatively, if patients are already very frail with high expected mortality or are 
presenting in later stages of sepsis, even appropriate empiric antibiotics may do little to improve 
their prognosis. In line with this theory, Esparcia 2014 reported that of the older adults admitted 
with cUTI, IEAT had a negative impact on 30-day survival only among those with a lower 
APACHE II score (less than 15).101 

 
Finally, the panel was concerned about whether these findings are generalizable to cUTI 

populations at low risk of mortality (such as patients without sepsis, especially since studies not 
reporting mortality or low mortality rates were not included in this analysis. The panel 
acknowledges that when risk of mortality from cUTI is low, clinical failure may be more likely 
with inappropriate initial empiric antibiotic therapy. 35,111 
 
Other supporting evidence  
 

Our landscape analysis of the literature found indirect evidence that supported our 
estimated odds ratio of 1.56 for mortality related to IEAT. Two meta-analyses addressed the 
question of whether inappropriate antibiotics (IEAT) were associated with mortality.112,113 One of 
these studies included patients with UTI (Marquet 2015),112 while the other did not specifically 
include UTI as a diagnosis, but many of the patients with gram-negative bacteremia may have 
had a urinary source (Paul 2010).113 In both, IEAT was associated with an increase in mortality, 
and the pooled, adjusted odds ratios for mortality were 1.41 (95%CI: 1.22 to 1.61) and 1.60 
(95%CI: 1.37 to 1.86) respectively. However, the studies that went into the meta-analyses were 
themselves observational and subject to the same biases discussed above for the studies of 
IEAT in patients with cUTI. Despite potential limitations in generalizing from studies including 
non-UTI patients, these meta-analyses further support our findings in patients with sepsis 
secondary to cUTI. 
 
 
 
Other considerations  
 

The urgency to provide appropriate initial empiric antibiotic therapy for patients with cUTI 
and sepsis or severe illness must be balanced against the potential harms of administering 
unnecessarily broad antibiotics. On the one hand, if every patient admitted to the hospital for 
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cUTI received antibiotics that would cover ESBL-producing Enterobacterales, multidrug-
resistant Pseudomonas aeruginosa, and vancomycin-resistant enterococci, the rate of IEAT 
would initially be very low. However, such non-discriminant overuse of antibiotics would lead to 
more antibiotic side effects for the individual patients, more collateral damage to patients’ 
microbiomes, increased risk of Clostridioides difficile-associated diarrhea, and most critically, 
inevitable emergence of resistant organisms rendering the broad-spectrum regimens less 
effective and leading to excess mortality from infection in future episodes of care. The tolerable 
level of risk of choosing a regimen that may prove to be ineffective thus must be determined by 
the patient’s severity of illness at presentation. 
 
Rationale for recommendation  
 

Based on this analysis, the panel judged that inappropriate empiric antibiotic therapy has 
differential impact on mortality in different subpopulations. In patients with cUTI at high baseline 
risk of mortality (with sepsis or septic shock), inappropriate empiric antibiotic therapy may 
increase mortality, but available data are very uncertain and likely overestimate the negative 
impact of IEAT. Nevertheless, indirect evidence also supports that selecting AEAT reduces 
mortality in patients with severe infections (sepsis with or without septic shock). In patients with 
cUTI with low baseline risk of mortality (without sepsis), choice of empiric antibiotics might be 
more likely to impact clinical failure rather than mortality (as excess mortality is unlikely), but our 
systematic review of the literature could not estimate excess clinical failure due to wide variation 
in definitions across studies.  
 

Consequently, the panel judged that the selection of empiric antibiotic therapy be initially 
guided by the severity of illness (specifically by stratifying whether the patient is in sepsis or 
not). In other words, severity of illness can be used to guide choice of empiric antibiotic therapy 
for cUTI.  
 

More specifically patients with sepsis (especially with septic shock) receiving early AEAT 
(which may require broad-spectrum antibiotics) may prevent (or avoid excess) mortality, and 
stewardship considerations may be deferred to definitive therapy. In patients without sepsis, 
antibiotic stewardship considerations may favor choosing the narrowest spectrum agent likely to 
provide an effective therapy (even if appropriateness of the empiric therapy remains uncertain).  
 
 
Implementation issues (taking it to the bedside) 
 

Defining sepsis at the bedside can be clinically challenging. The patient’s severity of 
illness should be determined using the established SOFA score when possible. However, data 
to calculate SOFA score may not be readily available in some clinical settings. Screening tools 
such as SIRS criteria or qSOFA score may assist with presumptive identification of possible 
sepsis, though they have limitations of sensitivity and specificity.6,114,115  
 

Note that much of the present evidence base for treatment is based on older definitions 
of sepsis such as SIRS criteria. SIRS criteria as a screening tool are more sensitive than 
specific for sepsis and do not correlate as well with severity of illness or outcomes as the 
Sepsis-3 SOFA criteria.115 As such, applying this corpus of evidence to patient care in patients 
identified as ‘septic’ today requires translation. 
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STEP 2: PATIENT-SPECIFIC RISK FACTORS FOR RESISTANT UROPATHOGENS 
(optimization of coverage) 

 
In patients with cUTI (including pyelonephritis), should selection of empiric antibiotic 
therapy be guided by patient-specific prior urine culture results and patient-specific risk 
factors for resistant uropathogens to optimize selection)?  
 
Recommendations: 

I. In patients with complicated UTI (including acute pyelonephritis), we suggest avoiding antibiotics to 
which the patient has had a resistant pathogen isolated from the urine previously (conditional 
recommendation, very low certainty of evidence) 

 
Remarks:  
-More recent urine cultures may be a better guide than more distant urine cultures. 
-The time frame for paired cultures (urine samples collected from the same patient at  
different occasions) varied, but the median was 3-6 months. 

 
II. In patients with complicated UTI (including acute pyelonephritis), we suggest avoiding 

fluoroquinolones if the patient has been exposed to that class of antibiotic in the past 12 months 
(conditional recommendation, very low certainty of evidence). 

 
Remarks: More recent antibiotic exposure may be a better guide than more distant 
antibiotic exposure. 

 
 
 

In clinical practice, clinicians’ choices of empiric antibiotic therapy for cUTI are often 
influenced by perceived risk factors for having a resistant pathogen, or by results from a prior 
urine culture. The aim of this section is to identify patient-specific risk factors for having resistant 
uropathogens.  
 
STEP 2-A: Prior urine cultures as a guide to empiric antibiotic therapy 
 

In absence of evidence assessing the direct impact of selecting antibiotics based on 
prior urine culture results on clinical outcomes, our literature search initially focused on studies 
evaluating prior urine cultures’ impact on appropriateness of antibiotic therapy in patients being 
treated for a current episode of UTI.  
 
Prior urine cultures’ impact on appropriateness of empiric antibiotic therapy 
 

First, we explored the question of whether information on prior urine culture(s) should 
guide selection of appropriate empiric therapy for the current episode of UTI. We found that 
when empiric antibiotic therapy for the current UTI was concordant with the prior urine culture 
microbiologic data, the likelihood that the treatment would be effective against the uropathogen 
increased by at least 7-fold. 
 
Methods 
 

 We included studies that had been published between 2000 and present (2023) based 
on patients presenting with any type of UTI and from any geographic location. These studies 
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needed to report on the impact of prior urine culture on appropriateness of empiric antibiotic 
therapy in patients treated for a current episode of UTI.  
 
Summary of evidence  
 

A total of 2 observational retrospective studies reported on the impact of prior urine 
culture on appropriateness of empiric antibiotic therapy in patients treated for a current episode 
of UTI.62,116 Linsenmeyer at al. (Linsenmeyer 2015) studied a total of 101 patients corresponding 
to 126 episodes of multidrug-resistant organisms UTIs from three VA medical centers (from 
2010 to 2013).62 In the 95 episodes of MDR UTI (resistant to three or more classes of 
antibiotics) in which a prior urine culture was available within two years (of which 73% within 6 
months), the same pathogen was identified in 92% of episodes. Similarly, Almomani et al.  
performed a retrospective study (Almomani 2020) in 483 patients corresponding to 693 
episodes of UTI with paired urine cultures within 12 months (median interval between paired 
isolates was 3 months); in this study the first urine culture had to have an ESBL-producing 
organism as an inclusion criterion.116  
 

Concordance between empiric antibiotic therapy and prior microbiological data was 
defined slightly differently in the 2 studies: Lisenmeyer 2015 defined concordance if EAT was 
active against all isolated Gram-negative bacterial pathogens of the index episode,62 while 
Almomani 2020 defined concordance if the patient received proper therapy as per guidelines 
and previous microbiological data (i.e., as per the in vitro susceptibility of empiric therapy in 
ESBL-UTI).116  In both studies, when there were numerous previous cultures, the culture with a 
profile with the most resistance was used to determine the classification of concordant EAT. 
Both studies stratified the association for different time frames, while Lisenmeyer 2015 also 
provided a stratification per classes of antibiotics.  
 
 
Estimate on prior urine cultures’ impact on appropriateness of empiric antibiotic therapy 
 

When the choice of empiric antibiotic therapy for the index (current) infection was 
concordant with the prior microbiologic data, the likelihood of appropriateness of treatment 
against the uropathogen was increased by at least 7-fold (low certainty in the evidence). In 
summary, these two studies suggest that a prior urine culture can be helpful to optimize the 
appropriateness of empiric antibiotic therapy. One of the 2 studies also showed that a shorter 
duration between index and prior cultures was significantly associated with increased chance of 
ESBL-positive result in the current culture. 
 
Certainty in the evidence  
 

The panel recognised that these estimates on the impact of using prior urine culture on 
appropriateness of empirical therapy are uncertain due to the high risk of bias due to study 
design and due to serious concerns regarding residual confounding. Furthermore, this 
relationship is indirect and can be influenced by other factors that are difficult to measure, such 
as local practices in antibiotic choice. Lastly, whether appropriate empiric therapy improves 
clinical outcomes also remains unclear.35,111  
 
Other supporting evidence  
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Our literature search also focused on other lines of supporting evidence: (1) predictive 
values of prior urine cultures in patients with paired urine cultures, and (2) prior uropathogen 
resistance to a specific antibiotic as a risk factor for current resistance. Refer to Supplementary 
Materials for methods and more detailed results. A summary of results follows.  
 
1) Predictive values of prior urine cultures for current susceptibility or resistance 
 

A total of 4 observational studies reported on the diagnostic test accuracy of prior urine 
culture to predict susceptibility or resistance to various antibiotics in patients who had at least 
two urine cultures available for review (MacFadden 2014, Dickstein 2016, Vellinga 2010 and 
Valentine-King 2023).117-120 The timeframe of the prior cultures varied from within four weeks to 
more than 32 weeks. All these studies compared susceptibility phenotypes in the paired urine 
cultures, while one also reported on the likelihood of identifying the same organism.118 All 
included studies reported on positive predictive value (PPV) and negative predictive value 
(NPV). In the context of paired urine cultures, PPV refers to the probability of a prior resistant 
culture to accurately predict future resistance. NPV refers to the probability of a prior susceptible 
urine culture to accurately predict future susceptibility.  

 
Overall, having a prior uropathogen that showed susceptibility to a given antibiotic was 

better at predicting current susceptibility than a prior uropathogen with resistance to a given 
antibiotic was at predicting current resistance. NPV was higher than PPV across these studies 
(Supplementary Table B2B.1, Supplemental Materials). When looking at the predictive values 
of urine culture collected within the last 12 months, NPVs were  generally above 80% (with a 
median NPV of 95% for fluoroquinolone, 72% for 3rd gen cephalosporins, 86% for TMP-SMX, 
and 98% for carbapenems), while PPVs varied greatly, ranging between 40 to 85% (with a 
median PPV of 76% for fluoroquinolones, 56% for 3rd gen cephalosporins, 59% for TMP-SMX, 
and 48% for carbapenems). When stratifying for specific antibiotics, NPVs were higher than 
PPVs in most cases.  
 

We identified four factors influencing PPV and NPV across studies: prevalence of 
resistance,117-120 time since prior culture,117,118,120 intervening negative culture,117,118 and 
antibiotic exposure between cultures.118 To summarize, a prior urine culture can predict the 
susceptibility of the organism in the present urine culture, with the caveat that higher baseline 
prevalence of resistance, longer time between cultures, an intervening negative culture, and 
intervening receipt of antibiotics diminish the predictive value of prior cultures.  
 

 
2) Prior uropathogen resistance to a specific antibiotic as a risk factor for current 
resistance 
 

Three observational studies (all from the United States) reported the predictive value of 
identifying uropathogen resistance to a specific antibiotic in prior urine culture, after adjusting for 
other risk factors of resistance.121-123  Only 20-30% of the patients in these study populations 
had a prior urine culture.121,122 These studies only evaluated prior resistance as a predictive 
factor (rather than both prior susceptibility and resistance). The timeframe of the prior cultures 
varied from within 12 months123 to within 6 years.121,122 
 
Across studies and after stratifying for specific antibiotics, having a prior resistant uropathogen 
was an independent risk factor for identifying a uropathogen resistant to the same antibiotic in a 
UTI patient’s present urine culture (Table 4.1). More specifically, adjusted ORs ranged 5.5-12.8 
for fluoroquinolones,121,122 4.7-8.6 for TMP-SMX,121-123 and 21.7 for third generation 
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cephalosporins.122 Interestingly, two of these studies also showed that having more than one 
prior culture with the same resistance further increased the odds of identifying a uropathogen 
resistant to the same antibiotic.121,122  
 
 

Table 4.1: Estimates of prior uropathogen resistance as a risk factor for current resistance 
 

Antibiotics  aORs of resistance (range) 
Interval 
between 
cultures 

Prevalence of 
resistance 

Fluoroquinolones121,122 

-If one prior culture Cipro-R: 5.51 
(3.33-9.16) to 12.8 (8.5-19.0) 
-If 2 or more prior culture Cipro-R: 
6.1 (2.73-14.08) to 28.4 (13.2-60.7) 

Up to 6 years Cipro-R:  10.3% to 
19.1% 

Third generation 
cephalosporins 122 

-If one prior culture C3-R: 21.7 (7-
69.2) 
-If 2 or more prior culture C3: 32.5 
(5.06-126.4)  

Up to 6 years C3-R 6.9% 

TMP/SMX121-123 

-If one prior culture in the last 12 
months TMP/SMX-R: 8.58 (3.92-
18.81) 

Last 12 months  
 TMP/SMX-R 20.3% 

-If one prior culture TMP/SMX-R: 4.7 
(3.5-6.5) to 4.78 (2.87-8.07)  
-If 2 or more prior culture TMP/SMX-
R: 5.4 (3.1-9.4) to 6.66 (2.85-17) 

Up to 6 years 
 

TMP/SMX-R 
19.4%to 25.6% 

aOR: adjusted odds ratio; R: resistant; Cipro: ciprofloxacin; C3: third generation cephalosporins; 
TMP/SMX: trimethoprim/sulfamethoxazole 
Limitations: For studies reporting on the predictive value of prior uropathogen resistance as a risk factor, 
many of the patient did not have a prior urine culture.  The subpopulation of patients who had a prior 
culture (with or without a specific resistance) might be different from the rest of the cohort who did not 
have a prior urine culture (i.e. population with recurrent UTI vs first episode of UTI), which could have 
introduced a selection bias. Furthermore, most studies were aiming at creating pragmatic algorithms 
which included and adjusted for a limited number of risk factors in analyses, making these estimates 
more prone to residual confounding.  

 
Other considerations  
 

The paired culture studies showed that NPV (susceptibility in the first culture) was 
predictive of susceptibility, much more strongly than PPV (resistance in the first culture) was 
predictive of resistance. However, the larger body of literature looked at risk factors from the 
patient’s past that predict current resistance, not susceptibility. When a clinician is choosing an 
antibiotic, the cognitive choice is most commonly structured as which antibiotics to avoid 
because of potential lack of effectiveness. Therefore, these recommendations concerning use of 
prior cultures to guide therapy are structured around prior resistance, to make them more 
feasible to implement.  
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Rationale for the recommendation  
 

Based on this evidence, the panel suggests avoiding antibiotics to which the patient has 
had a resistant pathogen isolated from the urine previously, but also recognized that other 
factors may influence this decision; for example, a recent culture may provide stronger evidence 
to support this decision, particularly when results are discordant between more distant cultures 
and a more recent culture. We did not find literature on predictive value of prior blood culture for 
current urine culture susceptibility profile, but the panel believes that susceptibility could be 
extrapolated from a prior blood culture collected during a cUTI. 
 
 
Implementation issues (taking it to the bedside) 
 

Many patients visit more than one healthcare system. Therefore, prior urine culture 
reports may not be available to the clinician treating the current episode of cUTI.  In some 
cases, a discharge summary or verbal report upon transfer of the patient to the emergency 
department may simply note that the patient had a prior ESBL producing organism, without 
providing specific culture results. Such information can probably be given the same weight as a 
prior urine culture with an ESBL-producing organism. Verbal reports of “ESBL positivity” or 
“KPC” can be a clue to the likely pattern of resistance to multiple antibiotics. Urine cultures in 
real-life scenarios can have multiple organisms or contaminants, potentially obscuring the true 
pathogen. Patients may have serial urine cultures that show different organisms with different 
resistance patterns. In such cases the overall resistance phenotype, or conversely, the overall 
susceptibility phenotype, is probably a reasonable guide for empiric antibiotic choice. 
Unfortunately, if the prior organisms have been treated with antibiotics, the possibility of a new 
organism emerging is real. Some patients, due to prior antibiotic exposure, may develop 
infections with less common pathogens (e.g., Pseudomonas aeruginosa or Enterococcus spp.), 
though predicting which patients will develop UTI with these pathogens is beyond the scope of 
these guidelines. Patients with indwelling urinary catheters (transurethral or suprapubic) and/or 
neurogenic bladders have often been heavily treated for Gram-negative urinary organisms in 
the past and are likely to be carrying resistant Gram-negative organisms or non-
Enterobacterales organisms.124 
 
 
STEP 2-B: Risk factors of resistance to a specific antibiotic class as a guide to 
empiric antibiotic therapy 
 

To identify patient-specific risk factors for resistant uropathogens that could help guide 
the selection of appropriate empiric therapy, we performed a systematic review of the literature 
aiming at identifying the strongest predictor(s) of specific resistance(s) or resistance pattern(s), 
such as FQ, ESBL or TMP-SMX.  
 
Methods  
 

Our criteria for inclusion were that the study had to have been published between 2000 
and present (2023) and reported on North American populations (United States, Canada, and 
Mexico), as risk factors of antibiotic resistance will vary depending on the local epidemiology. 
Included studies had to report on adults with cUTI, meaning that studies that were based on 
laboratory data only (i.e. without a confirmed clinical diagnosis of UTI) were excluded. Many of 
the studies also included adults with uncomplicated UTI, but the study was included as long as 
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some of the patients had been diagnosed with cUTI. Studies needed to report on risk factors for 
resistance among common Gram-negative uropathogens. Finally, studies meeting these criteria 
were included only if they reported adjusted relative risks using a multivariate analysis.   

 
For selected risk factors to be useful in a clinical practice (i.e. develop actionable 

recommendations based on these risk factors), these needed to be specific to an antibiotic 
class (e.g. FQ-R, ESBL and TMP/SMX-R) rather than general (e.g. MDR). For example, if 
residing in a nursing home is associated with an increased risk of resistant uropathogens but 
not specifically to an antibiotic class, then this risk factor is descriptive and too general to 
recommend avoiding a specific antibiotic class when selecting empiric antibiotic therapy. Many 
factors (e.g. nursing home residence, presence of indwelling urinary catheters) are associated 
with risk of having a multidrug resistant organism. These factors may all relate to the common 
pathway of healthcare exposure and thus more antibiotic exposure. Nevertheless, knowing that 
the patient is at higher risk for having a multidrug resistant organism does not guide the clinician 
at the moment of choosing specific empiric antibiotics. 
 

Due to the expected limitations intrinsic to the identified literature (see below), the panel 
judged that only risk factors that were strong predictors should be reported in our final 
analysis. We defined strong predictor as an independent risk factor (reported in at least 2 
included studies) with an adjusted odds ratio (aOR) consistently greater than five across the 
included studies. We chose this threshold as one at which knowing a risk factor was likely to 
meaningfully alter post-test probabilities of resistance to a specific antibiotic and usefully inform 
antibiotic selection. All risk factors reported as independently associated with resistance to a 
specific antibiotic were considered for further analysis (see Supplemental Materials for 
additional details). 
 
Summary of evidence  
 

Our systematic review of the literature identified a total of 16 observational studies 
reporting on the various risk factors for having a urinary pathogen resistant to a specific 
antibiotic class in patients with cUTI.39,123,125-138 Of these risk factors, only one was considered a 
strong predictor for a resistance to a specific antibiotic class: prior exposure to the same 
antibiotic (fluoroquinolones) in the last 12 months (Table 5.1).  
 

Table 5.1: Independent risk factors of resistance to a specific antibiotic class 
Risk factors aORs of 

resistance  
Timing References  Strength of 

association 
Risk factors of fluoroquinolones resistance 
Prior exposure to 
fluoroquinolones (in 
the last year) 

4.62 (1.09-19.61)  
15.73 (6.15-40.26) 
30.35 (5.82-
158.42) 

Prior month Khawcharoenporn 
2012130 
Rattanaumpawan 
2010133 
Killgore 2004131 

Strong 
Predictor 

23.35 (8.20-76.85) Prior 3 months Shah 2017135 
21.8 (3.7 – 127.1) Prior 6 months Cohen 2006126 
7.6 (2.1-27.5) 
13.16 (3.11-68.43) 

Prior 12 months Johnson 200839 
Shah 2017135 

1.95 (1.66 – 2.28) Unclear Rich 2022134 
Healthcare exposure 
(hospital or nursing 

Nursing home  
1.93 (1.22 – 3.07) 

 
Current 

 
Faine 2022 

Weak 
Predictor 
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home in the last 3 
months) 
 

2.80 (1.02-7.25)  
4.41 (1.79-10.88) 

Current 
Current 

Shah 2017135 
Rattanaumpawan 
2010133 

Hospitalisation  
2.0 (1.0-3.9)  
2.19 (1.31-3.64) 
3.99 (2.38-16.30)  
0.97 (0.87 – 1.09) 

Each prior week 
of 
hospitalisation 
Prior 2 weeks  
Prior 3 months 
Past year 

 
Johnson 200839 
Kratochwill 2015 
Rattanaumpawan 
2010133 
Rich 2022134 

Nosocomial 
2.56 (1.31-5.02) 

 
Prior 3 months 

 
Khawcharoenporn 
2012130 

Risk factors of resistance to TMP/SMX 
Prior exposure to 
TMP/SMX 

2.36 (1.94-2.88) 
2.58 (1.13-5.89) 

Unclear 
Prior 12 months 

Rich 2022134 
DeMarsh 2020123 

Weak 
Predictor 

aOR: adjusted odds ratio 
Strong predictor: independent risk factor (reported in at least 2 included studies) with an aOR 
consistently greater than five across the included studies; Weak predictor: independent risk factor 
(reported in at least 2 included studies) with an adjusted odds ratio aOR not consistently greater than 
five across the included studies 
 
 
Effect of prior fluoroquinolone (FQ) exposure on risk of FQ resistance 
 

A total of 7 observational studies reported on prior fluoroquinolone use as an 
independent risk factor for identifying fluoroquinolone resistant uropathogens in patients with 
cUTI (Killgore 2004, Cohen 2006, Johnson 2008, Rattanaumpawan 2010, Khawcharoenporn 
2012, Shah 2017, and Rich 2022).39,126,130,131,133-135 Data collection in these published studies 
occurred between 1998 to 2019. The risk factor studied was fluoroquinolone exposure versus 
no prior fluoroquinolone exposure. Unfortunately, the time frame for prior exposure varied from 
1 week to 12 months, and the nature of the exposure was not defined further in terms of dose or 
duration. See Supplemental Materials for additional details on the studied populations. 
 

Overall, the adjusted odds ratio for prior FQ exposure ranged from 2.0 (1.7 – 2.3)134 to 
30.4 (5.8 – 158.4)39,126,130,131,133-135  The pooled, adjusted odds ratio was 13.7 (8.4-22.4) (Table 
6.1).131 A dose response gradient was seen within one study that looked at two different time 
periods for fluoroquinolone exposure (prior 3 months: 23.4 (8.2-76.9) vs prior 12 months: 13.2 
(3.1-68.4).135 The literature suggested a strong relationship between prior fluoroquinolone 
exposure and having a fluoroquinolone-resistant organism when presenting with cUTI. 
 
Table 6.1: Impact of prior fluoroquinolone exposure on the adjusted odds ratio for 
fluoroquinolone resistance UTI 
Time frame for exposure Adjusted odds ratio (aOR) References 
Prior month 4.6 (1.1-19.6)  

15.7 (6.2-40.3)  
30.4 (5.8-158 .4) 

Khawcharoenporn 2012,130 
Rattanaumpawan 2010,133  
Killgore 2004131 

Prior 3 months 23.4 (8.2-76.9) Shah 2017135 
Prior 6 months 21.8 (3.7-127.1) Cohen 2006126 
Prior 12 months 7.6 (2.1-27.5) to 13.2 (3.1-

68.4) 
Johnson 2008,39 Shah 
2017135 
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Other weak predictors of resistance to specific antibiotics 
 

The literature also suggested a weak relationship between prior exposure to TMP/SMX 
and having an organism resistant to TMP/SMX in the current episode of cUTI.123,134 However, 
TMP/SMX is not a preferred agent for initial empiric treatment of cUTI. We did not find any other 
predictive relationships between prior exposure to specific classes of antibiotics and having an 
organism resistant to those classes of antibiotics in a subsequent cUTI. The resistance risk 
factor literature may have had a bias towards detecting fluoroquinolone resistance, as more 
studies included fluoroquinolone exposure as a potential risk factor than to other antibiotic 
classes, and because fluoroquinolone resistance is more prevalent than resistance to some 
other classes (e.g. carbapenems).  
 

Healthcare exposure to a hospital or nursing home within the prior three months was 
identified as a weak predictor of having a urinary organism resistant to 
fluoroquinolones.39,127,130,132-135However, healthcare exposure is likely linked to other risk factors 
for having a resistant organism (e.g. prior antibiotic exposure, comorbidities, presence of 
indwelling devices, and procedures). 
 

Our systematic review of the literature (focused on studies from North America) did not 
identify an association between exposure to third generation cephalosporins and having an 
ESBL-producing uropathogen.125,127-129,136-138 
 
Certainty in the evidence  
 

The panel recognized that these estimates on the relative risk of prior exposure of 
fluoroquinolones on current fluoroquinolone resistance in patients with cUTI are very uncertain 
due to the high risk of bias due to study design as well as potential residual confounding. 
Interestingly, a dose-response gradient (i.e. an incremental increase in the risk of 
fluoroquinolone resistance with more recent exposure to fluoroquinolones) was observed in one 
study, which supports the biologic plausibility of prior fluoroquinolone exposure as a true risk 
factor. Nevertheless, our certainty in the evidence remains very low.  
 

Of note, the value of a predictive factor depends on the baseline resistance rate, thus in 
a setting in which the prevalence of resistance to a specific antibiotic class is very low or very 
high, these predictors would not be as discriminative. Thus, these results seem generalizable to 
current North American practice but may vary with local epidemiology.  
  
Rationale for recommendation  
 

Based on this evidence, the panel suggests avoiding fluoroquinolones if the patient has 
been exposed to that class of antibiotic in the past 12 months, but also recognized that recent 
exposure (e.g. less than 3 months) may provide stronger evidence to support this decision. 
 
Implementation issues (taking it to the bedside) 
 

The treating clinician who has just diagnosed a patient with cUTI may not have 
information about the patient’s prior antibiotic exposures, particularly if the patient visits more 
than one healthcare system or is coming from a long-term care facility. Even if the patient is 
within the same healthcare system, searching the electronic health record for prior antibiotics 
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can be time-consuming. Patients and their caregivers may not be able to identify specific 
antibiotics or the timeframe during which they were prescribed. Another important consideration 
is that the recommendation to consider fluoroquinolone exposure as a risk factor is drawn from 
literature in which the prevalence of fluoroquinolone resistance ranged from 10 to 45%. If local 
prevalence of fluoroquinolone resistance among urinary E. coli is higher than 45%, then the 
absence of prior exposure to fluoroquinolones cannot be taken as evidence that the patient’s 
current urinary organism will be susceptible to fluoroquinolones.  
 
 
 
STEP 3: OTHER PATIENT-SPECIFIC CONSIDERATIONS (prevention of possible 
undesirable events) 

 
In patients with cUTI (including pyelonephritis), should selection of empiric antibiotic 
therapy be further guided by patient-specific considerations?  

 
Recommendation: 
I. In patients suspected of cUTI, empiric antibiotic therapy selection should account for 

patient-specific considerations (e.g. risk of allergic reaction, contraindications, or drug-drug 
interactions) to avoid preventable adverse events (good practice statement). 

 
ΩzGuidelines cannot fully capture individual considerations. As a best practice, clinicians 

should take into account an individual patient’s specific considerations. Such considerations 
should consider the patient’s antibiotic allergy history, contraindications to receiving specific 
antibiotics, and potential drugs-drug interactions when selecting among the preferred and/or 
alternative options for empiric antibiotic therapy. Common sense suggests avoiding an antibiotic 
which the patient was taking when the current symptoms developed, or one which the patient 
took very recently.  
 
  
 
STEP 4: ANTIBIOGRAM (tailoring empiric antibiotic therapy in septic patients) 
 
In patients with cUTI (including pyelonephritis), should selection of empiric antibiotic 
therapy be further tailored by consulting an antibiogram? 

 
Recommendations: 

I. In patients with sepsis assumed to be caused by complicated UTI (including acute 
pyelonephritis), we suggest using an antibiogram to further tailor empiric antibiotic choice 
only if the antibiogram is local, recent, and relevant to the patient (conditional 
recommendation, very low certainty of evidence). 

 
Remarks:  
-An antibiogram is considered local if derived from the same healthcare facility, recent if 
based on data from the prior 12 months and relevant to the patient if based on organisms 
from a similar patient population.  
-If an antibiogram is being used to further tailor empirical antibiotic choice, consider 
selecting an antibiotic for which 90% or more of the most relevant organism(s) are 
susceptible in patients in septic shock, or for which 80% or more of the most relevant 
organism(s) are susceptible in patients with sepsis without shock. These cutoffs are 
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based on modeling of increased mortality risk associated with inappropriate empiric 
antibiotics in sepsis and septic shock. 
-Septic shock is defined by the Sepsis-3 Task Force as a subset of sepsis in which 
despite volume resuscitation, vasopressors are required to maintain blood pressure and 
serum lactate level is greater than 2 mmol/L, reflecting an in-hospital mortality greater 
than 40%.6,99   

 
II. For patients with suspected complicated UTI without sepsis (including acute pyelonephritis), 

we make no specific recommendation about using an antibiogram to further tailor empiric 
antibiotic choice (no recommendation, knowledge gap). 

Remarks:  
-Patients who are not septic have a lower risk of mortality from cUTI (less than or equal to 
5%) and initial inappropriate empiric antibiotic choice has little impact on mortality. 
Routine use of broader-spectrum agents in suspected complicated UTI without sepsis 
may drive antimicrobial resistance without substantial patient benefit. 

  
 

Based on the review of the literature, the panel identified a lack of evidence about 
applicability of antibiograms to individual patients, particularly those with cUTI, and whether use 
of an antibiogram improves clinical outcomes. Therefore, modeling was performed to determine 
the impact of applying an antibiogram-based threshold for predicted susceptibility of a 
uropathogen to an empiric antibiotic choice, with the outcome of the modeling being excess 
mortality due to IEAT. 
 

The panel judged that the use of an antibiogram for choosing empirical therapy for an 
individual patient with cUTI should be restricted to patients with sepsis for the following reasons: 
(1) The antibiogram’s value in guiding antibiotic choice for an individual patient is unproven, 
particularly when the organism itself is not known. (2) Modeling for use of the antibiogram to 
avoid excess mortality due to inappropriate empiric antibiotic therapy (IEAT) was relevant only 
to patients with an expected mortality of 10% or higher. (3) Antibiograms need to meet certain 
standards to be useful, and the general practitioner is unlikely to know how the facility’s 
antibiogram was constructed. 
 
Modeling for impact of using antibiogram thresholds on excess mortality 
 

Our analysis of eight studies that compared mortality outcomes with IEAT and AEAT 
found a pooled odds ratio of 1.56 increased mortality with IEAT (see IEAT section above). This 
estimate of 1.56 is likely an overestimate because studies that did not find IEAT to be a 
significant factor in mortality were not included in our modeling. The panel judged that a 
reasonable susceptibility threshold for choosing an antibiotic to use for a patient with cUTI and 
sepsis or septic shock should confer no more than a 1% risk of excess mortality due to IEAT. In 
other words, the panel judged that the tolerable level of excess mortality risk should be less than 
one per 100 patients treated.  Using this odds ratio of 1.56, the threshold for avoiding 1% 
increased mortality in septic shock is to choose an antibiotic for which at least 90% of the 
relevant organism are predicted to be susceptible. If the patient is septic but not in shock, the 
threshold to avoid a 1% increase in mortality is to choose an antibiotic for which at least 80% of 
the relevant organism are predicted to be susceptible. See Table S7 in the supplemental 
materials. 
 

For patients with cUTI with a low baseline mortality (5%), the choice of empiric 
antibiotics might be influenced more by clinical failure than mortality (as excess mortality is so 
unlikely). Unfortunately, we judged that modeling for excess clinical failure would not be sound 
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because both the definition of clinical failure and the study populations varied substantially 
across studies. For example, one trial included mortality in the composite outcome of clinical 
failure, while another included microbiologic persistence in the outcome of clinical failure. 
 
Other considerations when using an antibiogram to guide empiric antibiotic choice in 
individual patients 
 

While patient-specific risk factors help define if a given patient may have a urinary 
organism that is resistant to one or more antibiotics, the local antibiogram may not necessarily 
apply to an individual patient.139 For example, if a patient has recently been living in a different 
state, or recently traveled extensively in another country, the local hospital’s antibiogram may 
not apply. If the patient is undergoing chemotherapy and has been hospitalized multiple times 
recently, the outpatient antibiogram may not be relevant, even if the patient is presenting for 
care in an outpatient setting. Antibiograms derived from hospitalized patients may not be 
relevant to primary care settings.  Application of an antibiogram at the point of care can be 
difficult when the causative organism is not known. In a patient with recurrent infections or 
another recent infection, the patient’s microbiological history and antibiotic exposure may 
provide more relevant information than a facility-wide antibiogram.139 As an illustration of these 
concerns, a recent study in 127 VA facilities involving 2.2 million isolates of E. coli and 
Klebsiella species in 1 million patients found that a hospital-level antibiogram had limited ability 
to predict whether the patient’s organisms would be resistant to specific antibiotics. 140 Another 
caveat is that evidence is lacking about whether use of an antibiogram in making empiric 
antibiotic choices improves clinical outcomes.97  
 
Quality standards for antibiograms 
 

The Clinical and Laboratory Standards Institute (CLSI) establishes standards for 
analysis and presentation of cumulative antibiotic susceptibility data.141 Antibiogram data should 
be updated at least annually, and that only information from diagnostic cultures should be 
presented (rather than from surveillance cultures). At least 30 isolates of a species should be 
available during the time period covered if the organism will be presented in the antibiogram. 
Going beyond the CLSI basic standards, many facilities create antibiograms that are stratified 
by patient characteristics, such as sex and age, and/or are location-specific, such as 
antibiograms for the emergency department or intensive care unit.139 The 2016 IDSA guidelines 
on implementing antimicrobial stewardship programs recommend developing a stratified 
antibiogram (by location, age, etc.). However, this recommendation is based on the idea that 
stratified antibiograms can expose important differences in susceptibility to guide facility-wide 
antibiotic recommendations rather than necessarily improving empiric antibiotic choice for 
individual patients.97 We anticipate that the expansion of individualized risk prediction models 
may eventually supplant the use of facility-wide antibiogram to guide empiric antibiotic choice for 
a specific patient.139  
 
Rationale for recommendation 
 

Despite all the challenges in application of an antibiogram to an individual patient, the 
panel judged that a local, recent, and relevant antibiogram might help avoid excess mortality if 
used to guide empiric antibiotic choice for cUTI patients with sepsis. In patients with septic 
shock, the threshold for avoiding a 1% increase in mortality due to inappropriate empiric 
antibiotic therapy is to choose an antibiotic for which at least 90% of the isolates of the relevant 
organism are predicted to be susceptible. If the patient is septic but not in shock, the threshold 
to avoid a 1% increase in mortality is to choose an antibiotic for which at least 80% of the 
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isolates of relevant organism are predicted to be susceptible. These thresholds were 
established based on the current literature on inappropriate empiric antibiotic therapy and 
mortality, which yielded an odds ratio of 1.56 (95% CI of 0.99-2.46), indicating uncertainty 
related to the imprecision of this estimate. Newer literature and changes in this estimate may 
require recalculation of the thresholds; these guidelines establish a method for doing such 
calculations. (See Table S7 Supplemental Materials). The increased mortality threshold judged 
by the panel as the acceptable upper limit (1% excess mortality, or 1 per 100 patients) was 
selected by consensus and is not informed by direct research on patient or clinician values. The 
applicability of these thresholds to real-world antibiotic appropriateness and their impact on 
clinical outcomes remains to be established and would be a suitable topic for future research.  
 

For patients with suspected complicated UTI without sepsis (including acute 
pyelonephritis), the panel does not make a specific recommendation about using an antibiogram 
to further tailor empiric antibiotic choice. In patients whose risk of mortality from cUTI is less 
than or equal to 5%, initial inappropriate empiric antibiotic choice may delay recovery, lengthen 
hospitalization, or reduce the likelihood of clinical cure but has little predicted impact on mortality 
through our modeling.  

 
 
Implementation issues (taking it to the bedside)  

 
To guide antibiotic choice for a patient with sepsis from cUTI, the clinician would ideally 

be able to use a locally developed antibiogram that addresses the relevant patient population 
(e.g. ICU) and/or has a focus on urinary pathogens. Determining which organism to focus on in 
the antibiogram represents an additional challenge. The most relevant organism is suggested 
by the prior urine culture, if available. For example, if the prior urine culture had an ESBL-
producing Klebsiella species, consult the antibiogram for effective therapy for ESBL-producing 
Klebsiella. In the absence of prior culture information, the panel suggests defaulting to the 
susceptibilities of E. coli when making an empiric choice of antibiotics for cUTI. The advent of 
rapid tests for antibiotic susceptibilities directly from urine may greatly reduce the role of the 
antibiogram in empiric antibiotic choice. 
 

These guidelines are designed to avoid excess mortality through inappropriate empiric 
antibiotic therapy, but not to provide 100% coverage of all organisms that could possibly grow 
from the urine of a patient with cUTI or bacteremia of a urinary source. The healthcare clinician 
should apply individual judgment to considerations of whether the patient is likely to have a non-
Enterobacterales organism (e.g. Enterococcus spp. or Pseudomonas aeruginosa) or a highly 
resistant urinary pathogen based on prior cultures and antibiotic exposures.   
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C. Selection of Definitive Antibiotic Therapy for Complicated UTI 
 

In patients with microbiologically confirmed cUTI, should definitive effective antibiotic 
therapy be targeted based on the results of urine culture rather than continuing empiric 
broad-spectrum antibiotics?  
 
Recommendation: 

I. In patients with confirmed complicated UTI, we suggest selecting a definitive effective 
antibiotic with a targeted spectrum based on the results of urine culture (identification and 
susceptibility) as soon as these are available, rather than continuing empiric broad-spectrum 
antibiotics for the complete duration of treatment (conditional recommendation, low certainty 
of the evidence).  

 
Comment:   
-This recommendation places a high value on de-escalating antibiotic therapy based on 
culture results (stewardship considerations) while optimizing the effectiveness of therapy 
(improving clinical cure and reducing recurrence of infection). De-escalation may be less 
practical in cases of cUTI managed in the outpatient setting. 

 
 

Balance of Benefits and Harms 

Assuming that the balance of benefits (clinical cure, recurrence of infection) and harms 
(serious and non-serious events) as well as other considerations regarding costs/resources 
between targeted spectrum and broad spectrum-antibiotics are equivalent, then the remaining 
considerations mainly relate to stewardship issues. 
 
Other considerations and stewardship issues  

As mentioned above, the selection of definitive therapy should involve a consideration of 
the appropriate route of therapy (oral versus intravenous), the costs of different antibiotic 
treatment options, and the resources required to administer various antibiotic regimens (e.g. two 
IV antibiotics can cost the same per dose, but one may require administration three times per 
day, while the other is given once daily). Some antibiotics require therapeutic drug monitoring or 
pharmacist involvement to adjust dosing. Burden on patients and hospital staff are additional 
considerations. The antibiotic stewardship goal is usually to choose a more targeted antibiotic 
with the fewest collateral effects on the intestinal microbiota, when the susceptibility profile 
supports such a choice. 
 

De-escalation (switching from broad to narrow agents) may not be practical in some 
situations, particularly when a patient with cUTI has been discharged with oral antibiotics to 
complete their treatment course. For example, the benefit of changing an oral third generation 
cephalosporin to a narrow-spectrum, first-generation cephalosporin for a few days of remaining 
therapy may be marginal. Also, calling patients to make this switch would require additional 
effort from the healthcare team, could confuse and inconvenience the patient, and might leave 
the patient with leftover antibiotics at home. 
 
 
 
 
Rationale for recommendation  
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In patients with confirmed complicated UTI, we suggest selecting a definitive effective 
antibiotic with a targeted spectrum based on the results of urine culture as soon as these are 
available, rather than continuing empiric broad-spectrum antibiotics for the complete duration of 
treatment (conditional recommendation, low certainty of the evidence). This recommendation 
places a high value on deescalating antibiotic therapy based on culture results (stewardship 
considerations) while optimizing the effectiveness of therapy (improving clinical cure and 
reducing recurrence of infection). Whether a few days of a more targeted agent in comparison 
to a broad-spectrum regimen confer individual or global benefits in terms of antibiotic resistance 
is unclear, but tailoring the antibiotic regimen is a cornerstone principle of antibiotic 
stewardship.142 
 
Implementation issues (taking it to the bedside) 
 

Following up on the urine culture results is particularly important for patients managed 
for cUTI in the outpatient setting, to confirm susceptibility and switch to an effective antibiotic if 
needed.143 A patient who has been diagnosed with and treated for cUTI may subsequently have 
a negative urine culture. When the clinician lacks culture evidence to guide antibiotic tailoring, 
the patient’s clinical picture can be a guide. Patients who are improving on broad-spectrum, 
intravenous antibiotic therapy may be good candidates for transitioning to a more focused 
treatment regimen and for consideration of switch to an oral agent if resistant pathogens are not 
isolated. 
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Conclusions and research needs  
 
Conclusions  
 

Many of the classes of antibiotics approved to treat cUTI demonstrate similar efficacy as 
other classes of antibiotics in randomized, controlled trials. Bacterial resistance prevalence is 
always changing, and new antibiotics will be developed. In this context, the panel developed a 
four-step process for choosing empiric antibiotic therapy for cUTI that will potentially outlast the 
table of specific antibiotic choices. These steps are: 1) assess the severity of illness (for initial 
prioritization of antibiotics), 2) consider patient-specific risk factors for resistant uropathogens 
(for optimization of coverage), 3) evaluate other patient-specific considerations (to reduce the 
risk of adverse events), and 4) for patients with sepsis, consult a relevant local antibiogram if 
available (to further improve the likelihood of giving appropriate empiric therapy). The panel also 
developed a modeling approach to predict the impact of inappropriate empiric antibiotic therapy 
on mortality in cUTI that can be updated with new data as this emerges. However, the panel 
believes that the clinical principles of assessing severity of illness, considering the patient’s 
individual risk factors, and evaluating which drug may suit the patient best will continue to be 
relevant to guiding treatment of cUTI. 
  
Research needs 
 

Whether or not microbiologic cure is a patient-relevant outcome is unclear. For the 
patients that have clinical cure but microbiologic failure (persistence of greater than 104 count-
forming-unites/ml of bacteria in the urine at the test of cure time point), we know that such 
patients are at higher risk of clinical UTI by long term follow up. These patients presumably have 
asymptomatic bacteriuria at the TOC time point, since their clinical symptoms have resolved. 
What we do not know is whether treating the bacteriuria will reduce their risk of subsequent UTI.  

To address this issue, a randomized, placebo-controlled, blinded trial would need to 
enroll patients who have been treated for cUTI/AP and who have clinical cure but microbiologic 
failure, and to randomize them to antibiotic treatment versus no treatment. Ideally the follow up 
period for recurrent UTI would be extended beyond 30 days after the last dose of antibiotics, out 
to one year, as antibiotic treatment could paradoxically increase the risk of recurrent UTI (rUTI) 
by disrupting the microbiome. Ideally this study would also perform molecular typing of the 
urinary organisms to see if rUTI is caused by the same or different organisms. 
 

Little attention is given in the literature to determining whether men with febrile UTI have 
acute prostatitis. A systematic study of the signs and symptoms of prostatic involvement in men 
with UTI could help better define prostatitis as a clinical entity and thus facilitate detection of this 
condition in cUTI trials. 
 

Another key research need is how to manage UTI in transgender adults. There is 
insufficient research on transgender and gender diverse individuals to inform guidelines and an 
urgent need for more research in this area. Nearly 1.6 million people ages 13 and up in the 
United States identify as transgender or have gender diverse experience. No clinical data exists 
to describe the epidemiology and risk factors for UTI in transgender and gender diverse 
individuals. We do not know if gender affirming therapy with hormonal treatment increases or 
decreases the risk of UTI. In addition to these epidemiology studies, future clinical trials should 
include gender-diverse samples and collect appropriately inclusive gender demographics on 
participants.144 
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The 2010 UTI guidelines on cystitis and pyelonephritis recommended one dose of 
aminoglycosides (or ceftriaxone) in patients with acute pyelonephritis who would otherwise be 
treated with entirely oral therapy, if there was concern for possibly having an organism resistant 
to the oral agent.  This strategy should be explored in a RCT comparing a single dose or short 
course of aminoglycoside to placebo at the start of outpatient therapy for cUTI. 
 

Finally, we need more data to define the role of the antibiogram in choosing empiric 
therapy for cUTI. Ideally this topic would be addressed in an RCT in which clinicians made 
empiric choices guided by an antibiogram or not guided by an antibiogram. The question of 
whether an antibiogram is relevant and helpful to choosing an empiric antibiotic treatment 
regimen for an individual patient with cUTI is an open one. The modeling strategy used in 
determining the antibiogram susceptibility thresholds to guide empiric antibiotic choice in cUTI 
patients with sepsis could be tested in a real-world study to determine the value of such 
thresholds at improving clinical outcomes. Research on how to use rapid molecular testing to 
identify urinary organisms and susceptibility at the point of care is needed, as injudicious use of 
such tests may drive overtreatment and overly broad antibiotic use. 
 
 
 
 
 
  



 

50 
 

References 
1. Nicolle LE, Gupta K, Bradley SF, et al. Clinical Practice Guideline for the Management of 
Asymptomatic Bacteriuria: 2019 Update by the Infectious Diseases Society of America. Clin Infect 
Dis. May 2 2019;68(10):1611-1615. doi:10.1093/cid/ciz021 
2. Cai T, Mazzoli S, Mondaini N, et al. The role of asymptomatic bacteriuria in young women 
with recurrent urinary tract infections: to treat or not to treat? Clin Infect Dis. Sep 2012;55(6):771-
7. doi:10.1093/cid/cis534 
3. Smith HS, Hughes JP, Hooton TM, et al. Antecedent antimicrobial use increases the risk 
of uncomplicated cystitis in young women. Clin Infect Dis. Jul 1997;25(1):63-8. 
doi:10.1086/514502 
4. Kadry N, Natarajan M, Bein E, Kim P, Farley J. Discordant Clinical and Microbiological 
Outcomes Are Associated With Late Clinical Relapse in Clinical Trials for Complicated Urinary 
Tract Infections. Clin Infect Dis. May 24 2023;76(10):1768-1775. doi:10.1093/cid/ciad010 
5. Tamma PD, Heil EL, Justo JA, Mathers AJ, Satlin MJ, Bonomo RA. Infectious Diseases 
Society of America 2024 Guidance on the Treatment of Antimicrobial-Resistant Gram-Negative 
Infections. Clin Infect Dis. Aug 7 2024;doi:10.1093/cid/ciae403 
6. Evans L, Rhodes A, Alhazzani W, et al. Surviving Sepsis Campaign: International 
Guidelines for Management of Sepsis and Septic Shock 2021. Crit Care Med. Nov 1 
2021;49(11):e1063-e1143. doi:10.1097/CCM.0000000000005337 
7. Seo YB, Lee J, Kim YK, et al. Randomized controlled trial of piperacillin-tazobactam, 
cefepime and ertapenem for the treatment of urinary tract infection caused by extended-spectrum 
beta-lactamase-producing Escherichia coli. BMC Infect Dis. Jun 7 2017;17(1):404. 
doi:10.1186/s12879-017-2502-x 
8. Badaro R, Molinar F, Seas C, et al. A multicenter comparative study of cefepime versus 
broad-spectrum antibacterial therapy in moderate and severe bacterial infections. Braz J Infect 
Dis. Oct 2002;6(5):206-18. doi:10.1590/s1413-86702002000500001 
9. Kaye KS, Belley A, Barth P, et al. Effect of Cefepime/Enmetazobactam vs 
Piperacillin/Tazobactam on Clinical Cure and Microbiological Eradication in Patients With 
Complicated Urinary Tract Infection or Acute Pyelonephritis: A Randomized Clinical Trial. JAMA. 
Oct 4 2022;328(13):1304-1314. doi:10.1001/jama.2022.17034 
10. Bassetti M, Echols R, Matsunaga Y, et al. Efficacy and safety of cefiderocol or best 
available therapy for the treatment of serious infections caused by carbapenem-resistant Gram-
negative bacteria (CREDIBLE-CR): a randomised, open-label, multicentre, pathogen-focused, 
descriptive, phase 3 trial. Lancet Infect Dis. Feb 2021;21(2):226-240. doi:10.1016/S1473-
3099(20)30796-9 
11. Portsmouth S, van Veenhuyzen D, Echols R, et al. Cefiderocol versus imipenem-cilastatin 
for the treatment of complicated urinary tract infections caused by Gram-negative uropathogens: 
a phase 2, randomised, double-blind, non-inferiority trial. Lancet Infect Dis. Dec 
2018;18(12):1319-1328. doi:10.1016/S1473-3099(18)30554-1 
12. Edlund C, Ternhag A, Skoog Stahlgren G, et al. The clinical and microbiological efficacy 
of temocillin versus cefotaxime in adults with febrile urinary tract infection, and its effects on the 
intestinal microbiota: a randomised multicentre clinical trial in Sweden. Lancet Infect Dis. Mar 
2022;22(3):390-400. doi:10.1016/S1473-3099(21)00407-2 
13. Sharifi R, Geckler R, Childs S. Treatment of urinary tract infections: selecting an 
appropriate broad-spectrum antibiotic for nosocomial infections. Am J Med. Jun 24 
1996;100(6A):76S-82S. doi:10.1016/s0002-9343(96)00112-x 
14. FDA Package insert for FORTAZ (ceftazidime for injection) 2007. 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/050578s053,050634s020lbl.pdf 
15. Carmeli Y, Armstrong J, Laud PJ, et al. Ceftazidime-avibactam or best available therapy 
in patients with ceftazidime-resistant Enterobacteriaceae and Pseudomonas aeruginosa 
complicated urinary tract infections or complicated intra-abdominal infections (REPRISE): a 



 

51 
 

randomised, pathogen-directed, phase 3 study. Lancet Infect Dis. Jun 2016;16(6):661-673. 
doi:10.1016/S1473-3099(16)30004-4 
16. Wagenlehner FM, Sobel JD, Newell P, et al. Ceftazidime-avibactam Versus Doripenem 
for the Treatment of Complicated Urinary Tract Infections, Including Acute Pyelonephritis: 
RECAPTURE, a Phase 3 Randomized Trial Program. Clin Infect Dis. Sep 15 2016;63(6):754-
762. doi:10.1093/cid/ciw378 
17. Vazquez JA, Gonzalez Patzan LD, Stricklin D, et al. Efficacy and safety of ceftazidime-
avibactam versus imipenem-cilastatin in the treatment of complicated urinary tract infections, 
including acute pyelonephritis, in hospitalized adults: results of a prospective, investigator-
blinded, randomized study. Curr Med Res Opin. Dec 2012;28(12):1921-31. 
doi:10.1185/03007995.2012.748653 
18. Wagenlehner FM, Umeh O, Steenbergen J, Yuan G, Darouiche RO. Ceftolozane-
tazobactam compared with levofloxacin in the treatment of complicated urinary-tract infections, 
including pyelonephritis: a randomised, double-blind, phase 3 trial (ASPECT-cUTI). Lancet. May 
16 2015;385(9981):1949-56. doi:10.1016/S0140-6736(14)62220-0 
19. Sojo-Dorado J, Lopez-Hernandez I, Rosso-Fernandez C, et al. Effectiveness of 
Fosfomycin for the Treatment of Multidrug-Resistant Escherichia coli Bacteremic Urinary Tract 
Infections: A Randomized Clinical Trial. JAMA Netw Open. Jan 4 2022;5(1):e2137277. 
doi:10.1001/jamanetworkopen.2021.37277 
20. Park DW, Peck KR, Chung MH, et al. Comparison of ertapenem and ceftriaxone therapy 
for acute pyelonephritis and other complicated urinary tract infections in Korean adults: a 
randomized, double-blind, multicenter trial. J Korean Med Sci. May 2012;27(5):476-83. 
doi:10.3346/jkms.2012.27.5.476 
21. Kaye KS, Rice LB, Dane AL, et al. Fosfomycin for Injection (ZTI-01) Versus Piperacillin-
tazobactam for the Treatment of Complicated Urinary Tract Infection Including Acute 
Pyelonephritis: ZEUS, A Phase 2/3 Randomized Trial. Clin Infect Dis. Nov 27 2019;69(12):2045-
2056. doi:10.1093/cid/ciz181 
22. Sims M, Mariyanovski V, McLeroth P, et al. Prospective, randomized, double-blind, Phase 
2 dose-ranging study comparing efficacy and safety of imipenem/cilastatin plus relebactam with 
imipenem/cilastatin alone in patients with complicated urinary tract infections. J Antimicrob 
Chemother. Sep 1 2017;72(9):2616-2626. doi:10.1093/jac/dkx139 
23. Wagenlehner FME, Cloutier DJ, Komirenko AS, et al. Once-Daily Plazomicin for 
Complicated Urinary Tract Infections. N Engl J Med. Feb 21 2019;380(8):729-740. 
doi:10.1056/NEJMoa1801467 
24. Kaye KS, Bhowmick T, Metallidis S, et al. Effect of Meropenem-Vaborbactam vs 
Piperacillin-Tazobactam on Clinical Cure or Improvement and Microbial Eradication in 
Complicated Urinary Tract Infection: The TANGO I Randomized Clinical Trial. JAMA. Feb 27 
2018;319(8):788-799. doi:10.1001/jama.2018.0438 
25. Connolly LE, Riddle V, Cebrik D, Armstrong ES, Miller LG. A Multicenter, Randomized, 
Double-Blind, Phase 2 Study of the Efficacy and Safety of Plazomicin Compared with 
Levofloxacin in the Treatment of Complicated Urinary Tract Infection and Acute Pyelonephritis. 
Antimicrob Agents Chemother. Apr 2018;62(4)doi:10.1128/AAC.01989-17 
26. Gupta K, Hooton TM, Naber KG, et al. International clinical practice guidelines for the 
treatment of acute uncomplicated cystitis and pyelonephritis in women: A 2010 update by the 
Infectious Diseases Society of America and the European Society for Microbiology and Infectious 
Diseases. Clin Infect Dis. Mar 1 2011;52(5):e103-20. doi:10.1093/cid/ciq257 
27. Jimenez-Cruz F, Jasovich A, Cajigas J, et al. A prospective, multicenter, randomized, 
double-blind study comparing ertapenem and ceftriaxone followed by appropriate oral therapy for 
complicated urinary tract infections in adults. Urology. Jul 2002;60(1):16-22. doi:10.1016/s0090-
4295(02)01664-3 



 

52 
 

28. Tomera KM, Burdmann EA, Reyna OG, et al. Ertapenem versus ceftriaxone followed by 
appropriate oral therapy for treatment of complicated urinary tract infections in adults: results of a 
prospective, randomized, double-blind multicenter study. Antimicrob Agents Chemother. Sep 
2002;46(9):2895-900. doi:10.1128/AAC.46.9.2895-2900.2002 
29. Wells WG, Woods GL, Jiang Q, Gesser RM. Treatment of complicated urinary tract 
infection in adults: combined analysis of two randomized, double-blind, multicentre trials 
comparing ertapenem and ceftriaxone followed by appropriate oral therapy. J Antimicrob 
Chemother. Jun 2004;53 Suppl 2:ii67-74. doi:10.1093/jac/dkh208 
30. Sanchez M, Collvinent B, Miro O, et al. Short-term effectiveness of ceftriaxone single dose 
in the initial treatment of acute uncomplicated pyelonephritis in women. A randomised controlled 
trial. Emerg Med J. Jan 2002;19(1):19-22. doi:10.1136/emj.19.1.19 
31. Giamarellou H, Efstratiou A, Tsagarakis J, Petrikkos G, Daikos GK. Experience with 
ciprofloxacin in vitro and in vivo. Arzneimittelforschung. 1984;34(12):1775-8.  
32. Thomas MG, Ellis-Pegler RB. Enoxacin treatment of urinary tract infections. J Antimicrob 
Chemother. Jun 1985;15(6):759-63. doi:10.1093/jac/15.6.759 
33. U.S. Food & Drug Administration. FDA Drug Safety Communication: FDA advises 
restricting fluoroquinolone antibiotic use for certain uncomplicated infections; warns about 
disabling side effects that can occur together. Accessed September 6, 2024. 
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-
advises-restricting-fluoroquinolone-antibiotic-use-certain 
34. Naber KG, Llorens L, Kaniga K, Kotey P, Hedrich D, Redman R. Intravenous doripenem 
at 500 milligrams versus levofloxacin at 250 milligrams, with an option to switch to oral therapy, 
for treatment of complicated lower urinary tract infection and pyelonephritis. Antimicrob Agents 
Chemother. Sep 2009;53(9):3782-92. doi:10.1128/AAC.00837-08 
35. Huntington JA, Sakoulas G, Umeh O, et al. Efficacy of ceftolozane/tazobactam versus 
levofloxacin in the treatment of complicated urinary tract infections (cUTIs) caused by 
levofloxacin-resistant pathogens: results from the ASPECT-cUTI trial. J Antimicrob Chemother. 
Jul 2016;71(7):2014-21. doi:10.1093/jac/dkw053 
36. Talan DA, Takhar SS, Krishnadasan A, et al. Fluoroquinolone-Resistant and Extended-
Spectrum beta-Lactamase-Producing Escherichia coli Infections in Patients with Pyelonephritis, 
United States(1). Emerg Infect Dis. Sep 2016;22(9):1594-603. doi:10.3201/eid2209.160148 
37. Bedoin M, Cazorla C, Lucht F, et al. Risk factors for quinolone-resistance in women 
presenting with Escherichia coli acute pyelonephritis. Med Mal Infect. May 2014;44(5):206-16. 
doi:10.1016/j.medmal.2014.02.003 
38. Valentine-King M, Hansen MA, Zoorob R, et al. Determining a urinary-specific antibiogram 
and risk factors of trimethoprim/sulfamethoxazole, ciprofloxacin and multidrug resistance among 
Enterobacterales in primary care. J Antimicrob Chemother. Mar 1 2024;79(3):559-563. 
doi:10.1093/jac/dkae004 
39. Johnson L, Sabel A, Burman WJ, et al. Emergence of fluoroquinolone resistance in 
outpatient urinary Escherichia coli isolates. Am J Med. Oct 2008;121(10):876-84. 
doi:10.1016/j.amjmed.2008.04.039 
40. Aronin SI, Dunne MW, Yu KC, Watts JA, Gupta V. Increased rates of extended-spectrum 
beta-lactamase isolates in patients hospitalized with culture-positive urinary Enterobacterales in 
the United States: 2011 - 2020. Diagn Microbiol Infect Dis. Aug 2022;103(4):115717. 
doi:10.1016/j.diagmicrobio.2022.115717 
41. Pfaller MA, Carvalhaes CG, Smith CJ, Diekema DJ, Castanheira M. Bacterial and fungal 
pathogens isolated from patients with bloodstream infection: frequency of occurrence and 
antimicrobial susceptibility patterns from the SENTRY Antimicrobial Surveillance Program (2012-
2017). Diagn Microbiol Infect Dis. Jun 2020;97(2):115016. 
doi:10.1016/j.diagmicrobio.2020.115016 



 

53 
 

42. Zhanel GG, Wiebe R, Dilay L, et al. Comparative review of the carbapenems. Drugs. 
2007;67(7):1027-52. doi:10.2165/00003495-200767070-00006 
43. Papp-Wallace KM, Endimiani A, Taracila MA, Bonomo RA. Carbapenems: past, present, 
and future. Antimicrob Agents Chemother. Nov 2011;55(11):4943-60. doi:10.1128/AAC.00296-
11 
44. El-Gamal MI, Brahim I, Hisham N, Aladdin R, Mohammed H, Bahaaeldin A. Recent 
updates of carbapenem antibiotics. Eur J Med Chem. May 5 2017;131:185-195. 
doi:10.1016/j.ejmech.2017.03.022 
45. Chou A, Welch E, Hunter A, Trautner BW. Antimicrobial Treatment Options for Difficult-
to-Treat Resistant Gram-Negative Bacteria Causing Cystitis, Pyelonephritis, and Prostatitis: A 
Narrative Review. Drugs. Mar 2022;82(4):407-438. doi:10.1007/s40265-022-01676-5 
46. Texas Department of State Health Services. Data Overview: Compliance Actions-
Prescription Drug Price Disclosure Program. Accessed September 6, 2024. 
https://www.dshs.texas.gov/prescription-drug-price-disclosure-program/data-overview 
47. Domingues S, Lima T, Saavedra MJ, Da Silva GJ. An Overview of Cefiderocol's 
Therapeutic Potential and Underlying Resistance Mechanisms. Life (Basel). Jun 21 
2023;13(7)doi:10.3390/life13071427 
48. U.S. Food & Drug Administration. FDA approves new antibacterial drug to treat 
complicated urinary tract infections as part of ongoing efforts to address antimicrobial resistance. 
Updated November 14, 2019. Accessed September 6, 2024. https://www.fda.gov/news-
events/press-announcements/fda-approves-new-antibacterial-drug-treat-complicated-urinary-
tract-infections-part-ongoing-efforts 
49. Vidal L, Gafter-Gvili A, Borok S, Fraser A, Leibovici L, Paul M. Efficacy and safety of 
aminoglycoside monotherapy: systematic review and meta-analysis of randomized controlled 
trials. J Antimicrob Chemother. Aug 2007;60(2):247-57. doi:10.1093/jac/dkm193 
50. Zohar I, Schwartz O, Yossepowitch O, David SSB, Maor Y. Aminoglycoside versus 
carbapenem or piperacillin/tazobactam treatment for bloodstream infections of urinary source 
caused by Gram-negative ESBL-producing Enterobacteriaceae. J Antimicrob Chemother. Feb 1 
2020;75(2):458-465. doi:10.1093/jac/dkz457 
51. Elbaz M, Zadka H, Weiss-Meilik A, Ben-Ami R. Effectiveness and safety of an institutional 
aminoglycoside-based regimen as empirical treatment of patients with pyelonephritis. J 
Antimicrob Chemother. Aug 1 2020;75(8):2307-2313. doi:10.1093/jac/dkaa148 
52. Rybak MJ, Abate BJ, Kang SL, Ruffing MJ, Lerner SA, Drusano GL. Prospective 
evaluation of the effect of an aminoglycoside dosing regimen on rates of observed nephrotoxicity 
and ototoxicity. Antimicrob Agents Chemother. Jul 1999;43(7):1549-55. 
doi:10.1128/AAC.43.7.1549 
53. Venturini S, Cugini F, Orso D, et al. Acute kidney injury and single-dose administration of 
aminoglycoside in the Emergency Department: a comparison through propensity score matching. 
G Ital Nefrol. Jun 24 2021;38(3) 
54. Geyer AC, VanLangen KM, Jameson AP, Dumkow LE. Outcomes of high-dose oral beta-
lactam definitive therapy compared to fluoroquinolone or trimethoprim-sulfamethoxazole oral 
therapy for bacteremia secondary to a urinary tract infection. Antimicrob Steward Healthc 
Epidemiol. 2023;3(1):e148. doi:10.1017/ash.2023.435 
55. Bjork L, Hopkins T, Yang L, et al. Comparative-Effectiveness of Oral Beta-Lactams and 
Fluoroquinolones for Stepdown Therapy in Patients with Enterobacterales Bloodstream 
Infections: A Retrospective Cohort Study. Int J Med Sci. 2023;20(4):437-443. 
doi:10.7150/ijms.80621 
56. Punjabi C, Tien V, Meng L, Deresinski S, Holubar M. Oral Fluoroquinolone or 
Trimethoprim-sulfamethoxazole vs. ss-lactams as Step-Down Therapy for Enterobacteriaceae 
Bacteremia: Systematic Review and Meta-analysis. Open Forum Infect Dis. Aug 14 
2019;6(10)doi:10.1093/ofid/ofz364 



 

54 
 

57. Tamma PD, Conley AT, Cosgrove SE, et al. Association of 30-Day Mortality With Oral 
Step-Down vs Continued Intravenous Therapy in Patients Hospitalized With Enterobacteriaceae 
Bacteremia. JAMA Intern Med. Mar 1 2019;179(3):316-323. 
doi:10.1001/jamainternmed.2018.6226 
58. Veillette JJ, May SS, Alzaidi S, et al. Real-World Effectiveness of Intravenous and Oral 
Antibiotic Stepdown Strategies for Gram-Negative Complicated Urinary Tract Infection With 
Bacteremia. Open Forum Infect Dis. Apr 2024;11(4):ofae193. doi:10.1093/ofid/ofae193 
59. Mack T, Hiles JJ, Wrin J, Desai A. Use of Fluoroquinolones or Sulfamethoxazole-
Trimethoprim Compared to Beta-Lactams for Oral Step-Down Therapy in Hospitalized Patients 
With Uncomplicated Enterobacterales Bacteremia. Ann Pharmacother. Mar 2023;57(3):251-258. 
doi:10.1177/10600280221106789 
60. Mponponsuo K, Brown KA, Fridman DJ, et al. Highly versus less bioavailable oral 
antibiotics in the treatment of gram-negative bloodstream infections: a propensity-matched cohort 
analysis. Clin Microbiol Infect. Apr 2023;29(4):490-497. doi:10.1016/j.cmi.2022.10.004 
61. Sutton JD, Stevens VW, Chang NN, Khader K, Timbrook TT, Spivak ES. Oral beta-Lactam 
Antibiotics vs Fluoroquinolones or Trimethoprim-Sulfamethoxazole for Definitive Treatment of 
Enterobacterales Bacteremia From a Urine Source. JAMA Netw Open. Oct 1 
2020;3(10):e2020166. doi:10.1001/jamanetworkopen.2020.20166 
62. Linsenmeyer K, Strymish J, Gupta K. Two Simple Rules for Improving the Accuracy of 
Empiric Treatment of Multidrug-Resistant Urinary Tract Infections. Antimicrob Agents Chemother. 
Dec 2015;59(12):7593-6. doi:10.1128/AAC.01638-15 
63. Hooton TM, Roberts PL, Stapleton AE. Cefpodoxime vs ciprofloxacin for short-course 
treatment of acute uncomplicated cystitis: a randomized trial. JAMA. Feb 8 2012;307(6):583-9. 
doi:10.1001/jama.2012.80 
64. Hooton TM, Winter C, Tiu F, Stamm WE. Randomized comparative trial and cost analysis 
of 3-day antimicrobial regimens for treatment of acute cystitis in women. JAMA. Jan 4 
1995;273(1):41-5.  
65. McAteer J, Lee JH, Cosgrove SE, et al. Defining the Optimal Duration of Therapy for 
Hospitalized Patients With Complicated Urinary Tract Infections and Associated Bacteremia. Clin 
Infect Dis. May 3 2023;76(9):1604-1612. doi:10.1093/cid/ciad009 
66. McAlister MJ, Rose DT, Hudson FP, Padilla-Tolentino E, Jaso TC. Oral beta-lactams vs 
fluoroquinolones and trimethoprim/sulfamethoxazole for step-down therapy for Escherichia coli, 
Proteus mirabilis, and Klebsiella pneumoniae bacteremia. Am J Health Syst Pharm. Feb 21 
2023;80(Suppl 1):S33-S41. doi:10.1093/ajhp/zxac202 
67. Wald-Dickler N, Lee TC, Tangpraphaphorn S, et al. Fosfomycin vs Ertapenem for 
Outpatient Treatment of Complicated Urinary Tract Infections: A Multicenter, Retrospective 
Cohort Study. Open Forum Infect Dis. Jan 2022;9(1):ofab620. doi:10.1093/ofid/ofab620 
68. Rouphael N, Winokur P, Keefer MC, et al. Daily fosfomycin versus levofloxacin for 
complicated urinary tract infections. mBio. Sep 12 2023:e0167723. doi:10.1128/mbio.01677-23 
69. Lam JC, Lang R, Stokes W. How I manage bacterial prostatitis. Clin Microbiol Infect. Jan 
2023;29(1):32-37. doi:10.1016/j.cmi.2022.05.035 
70. Kwan ACF, Beahm NP. Fosfomycin for bacterial prostatitis: a review. Int J Antimicrob 
Agents. Oct 2020;56(4):106106. doi:10.1016/j.ijantimicag.2020.106106 
71. AUGMENTIN (amoxicillin/clavulanate potassium) FDA package insert. 2013. 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/050564s053s055,050575s040s042
,050597s047s049,050720s026s028,050725s028s030,050726s022s024lbl.pdf 
72. De Velde F, De Winter BCM, Koch BCP, Van Gelder T, Mouton JW, consortium C-N. 
Highly variable absorption of clavulanic acid during the day: a population pharmacokinetic 
analysis. J Antimicrob Chemother. Feb 1 2018;73(2):469-476. doi:10.1093/jac/dkx376 
73. Alzaidi S, Veillette JJ, May SS, et al. Oral beta-Lactams, Fluoroquinolones, or 
Trimethoprim-Sulfamethoxazole for Definitive Treatment of Uncomplicated Escherichia coli or 



 

55 
 

Klebsiella Species Bacteremia From a Urinary Tract Source. Open Forum Infect Dis. Feb 
2024;11(2):ofad657. doi:10.1093/ofid/ofad657 
74. Kutob LF, Justo JA, Bookstaver PB, Kohn J, Albrecht H, Al-Hasan MN. Effectiveness of 
oral antibiotics for definitive therapy of Gram-negative bloodstream infections. Int J Antimicrob 
Agents. Nov 2016;48(5):498-503. doi:10.1016/j.ijantimicag.2016.07.013 
75. Nisly SA, McClain DL, Fillius AG, Davis KA. Oral antibiotics for the treatment of Gram-
negative bloodstream infections: A retrospective comparison of three antibiotic classes. J Glob 
Antimicrob Resist. Mar 2020;20:74-77. doi:10.1016/j.jgar.2019.07.026 
76. Mercuro NJ, Stogsdill P, Wungwattana M. Retrospective analysis comparing oral 
stepdown therapy for enterobacteriaceae bloodstream infections: fluoroquinolones versus beta-
lactams. Int J Antimicrob Agents. May 2018;51(5):687-692. doi:10.1016/j.ijantimicag.2017.12.007 
77. Marshall WF, Blair JE. The cephalosporins. Mayo Clin Proc. Feb 1999;74(2):187-95. 
doi:10.4065/74.2.187 
78. Fosse PE, Brinkman KM, Brink HM, Conner CE, Aden JK, Giancola SE. Comparing 
outcomes among outpatients treated for pyelonephritis with oral cephalosporins versus first-line 
agents. Int J Antimicrob Agents. Apr 2022;59(4):106560. doi:10.1016/j.ijantimicag.2022.106560 
79. Marild S, Jodal U, Sandberg T. Ceftibuten versus trimethoprim-sulfamethoxazole for oral 
treatment of febrile urinary tract infection in children. Pediatr Nephrol. Mar 2009;24(3):521-6. 
doi:10.1007/s00467-008-0996-6 
80. Cronberg S, Banke S, Bergman B, et al. Fewer bacterial relapses after oral treatment with 
norfloxacin than with ceftibuten in acute pyelonephritis initially treated with intravenous 
cefuroxime. Scand J Infect Dis. 2001;33(5):339-43. doi:10.1080/003655401750173922 
81. CEFTIN (cefuroxime axetil) FDA package insert. 2015. 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/050605s048,050672s034lbl.pdf 
82. Lin K, Zahlanie Y, Ortwine JK, Wei W, Mang NS, Prokesch BC. A retrospective review of 
oral cephalosporins versus fluoroquinolones for the treatment of pyelonephritis. PLoS One. 
2022;17(9):e0274194. doi:10.1371/journal.pone.0274194 
83. Saad S, Mina N, Lee C, Afra K. Oral beta-lactam step down in bacteremic E. coli urinary 
tract infections. BMC Infect Dis. Oct 21 2020;20(1):785. doi:10.1186/s12879-020-05498-2 
84. CIPRO (ciprofloxacin hydrochloride) FDA package insert. 2016. 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/050605s048,050672s034lbl.pdf 
85. Talan DA, Stamm WE, Hooton TM, et al. Comparison of ciprofloxacin (7 days) and 
trimethoprim-sulfamethoxazole (14 days) for acute uncomplicated pyelonephritis pyelonephritis 
in women: a randomized trial. JAMA. Mar 22-29 2000;283(12):1583-90. 
doi:10.1001/jama.283.12.1583 
86. Peterson J, Kaul S, Khashab M, Fisher AC, Kahn JB. A double-blind, randomized 
comparison of levofloxacin 750 mg once-daily for five days with ciprofloxacin 400/500 mg twice-
daily for 10 days for the treatment of complicated urinary tract infections and acute pyelonephritis. 
Urology. Jan 2008;71(1):17-22. doi:10.1016/j.urology.2007.09.002 
87. Croom KF, Goa KL. Levofloxacin: a review of its use in the treatment of bacterial infections 
in the United States. Drugs. 2003;63(24):2769-802. doi:10.2165/00003495-200363240-00008 
88. BACTRIM (sulfamethoxazole and trimethoprim double strength tablets) FDA package 
insert. 2013. 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/017377s068s073lbl.pdf 
89. Bassetti M, Graziano E, Berruti M, Giacobbe DR. The role of fosfomycin for multidrug-
resistant gram-negative infections. Curr Opin Infect Dis. Dec 2019;32(6):617-625. 
doi:10.1097/QCO.0000000000000597 
90. Tamma PD, Bonomo RA, Stiefel U. The Role of Intravenous Fosfomycin: Finding Our Way 
Out of Dante's Forest Dark. JAMA Netw Open. Jan 4 2022;5(1):e2138691. 
doi:10.1001/jamanetworkopen.2021.38691 



 

56 
 

91. Gallagher JC. Omadacycline: A Modernized Tetracycline. Clin Infect Dis. Aug 1 
2019;69(Suppl 1):S1-S5. doi:10.1093/cid/ciz394 
92. Overcash J, Tzanis E, Manley A, et al. 1687. Omadacycline in Female Adults With Acute 
Pyelonephritis: Results from a Randomized, Double-Blind, Adaptive Phase 2 Study. Open Forum 
Infect Dis. 2020;7(Suppl 1):S827. doi:10.1093/ofid/ofaa439.1865 
93. Overcash JS, Bhiwandi P, Garrity-Ryan L, et al. Pharmacokinetics, Safety, and Clinical 
Outcomes of Omadacycline in Women with Cystitis: Results from a Phase 1b Study. Antimicrob 
Agents Chemother. May 2019;63(5)doi:10.1128/AAC.02083-18 
94. Eckburg PB, Muir L, Critchley IA, et al. Oral Tebipenem Pivoxil Hydrobromide in 
Complicated Urinary Tract Infection. N Engl J Med. Apr 7 2022;386(14):1327-1338. 
doi:10.1056/NEJMoa2105462 
95. Zhanel GG, Pozdirca M, Golden AR, et al. Sulopenem: An Intravenous and Oral Penem 
for the Treatment of Urinary Tract Infections Due to Multidrug-Resistant Bacteria. Drugs. Apr 
2022;82(5):533-557. doi:10.1007/s40265-022-01688-1 
96. Dunne MW, Aronin SI, Das AF, et al. Sulopenem for the Treatment of Complicated Urinary 
Tract Infections Including Pyelonephritis: A Phase 3, Randomized Trial. Clin Infect Dis. Jan 6 
2023;76(1):78-88. doi:10.1093/cid/ciac704 
97. Barlam TF, Cosgrove SE, Abbo LM, et al. Implementing an Antibiotic Stewardship 
Program: Guidelines by the Infectious Diseases Society of America and the Society for Healthcare 
Epidemiology of America. Clin Infect Dis. May 15 2016;62(10):e51-77. doi:10.1093/cid/ciw118 
98. Brown KA, Khanafer N, Daneman N, Fisman DN. Meta-analysis of antibiotics and the risk 
of community-associated Clostridium difficile infection. Antimicrob Agents Chemother. May 
2013;57(5):2326-32. doi:10.1128/AAC.02176-12 
99. Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. Feb 23 2016;315(8):801-10. 
doi:10.1001/jama.2016.0287 
100. Babich T, Zusman O, Elbaz M, et al. Empirical Antibiotic Treatment Does Not Improve 
Outcomes in Catheter-Associated Urinary Tract Infection: Prospective Cohort Study. Clin Infect 
Dis. Nov 13 2017;65(11):1799-1805. doi:10.1093/cid/cix680 
101. Esparcia A, Artero A, Eiros JM, et al. Influence of inadequate antimicrobial therapy on 
prognosis in elderly patients with severe urinary tract infections. Eur J Intern Med. Jul 
2014;25(6):523-7. doi:10.1016/j.ejim.2014.04.009 
102. Holmbom M, Andersson M, Grabe M, et al. Community-onset urosepsis: incidence and 
risk factors for 30-day mortality - a retrospective cohort study. Scand J Urol. Oct-Dec 2022;56(5-
6):414-420. doi:10.1080/21681805.2022.2123039 
103. Korkmaz P, Kurtaran B, Ozdemir Armagan S, et al. Factors Affecting Inadequate Empirical 
Antimicrobial Therapy and the Clinical Course of Upper Urinary Tract Infections in Elderly 
Patients: A Multicenter Study. Mediterr J Infect Microb Antimicrob. 2020;9(5) 
104. Ortega M, Marco F, Soriano A, et al. Epidemiology and prognostic determinants of 
bacteraemic catheter-acquired urinary tract infection in a single institution from 1991 to 2010. J 
Infect. Oct 2013;67(4):282-7. doi:10.1016/j.jinf.2013.06.003 
105. Righolt CH, Lagace-Wiens P, Mahmud SM. Prevalence, predictors, and consequences of 
inappropriate empiric antimicrobial therapy for complicated urinary tract and intra-abdominal 
infections in Winnipeg hospitals. Diagn Microbiol Infect Dis. Jan 2020;96(1):114891. 
doi:10.1016/j.diagmicrobio.2019.114891 
106. Rodriguez-Gomez J, Perez-Nadales E, Gutierrez-Gutierrez B, et al. Prognosis of urinary 
tract infection caused by KPC-producing Klebsiella pneumoniae: The impact of inappropriate 
empirical treatment. J Infect. Sep 2019;79(3):245-252. doi:10.1016/j.jinf.2019.06.014 
107. Wiggers JB, Sehgal P, Pinto R, MacFadden D, Daneman N. The association of adequate 
empirical treatment and time to recovery from bacteraemic urinary tract infections: a retrospective 
cohort study. Clin Microbiol Infect. Oct 2019;25(10):1253-1258. doi:10.1016/j.cmi.2019.02.027 



 

57 
 

108. Eliakim-Raz N, Yahav D, Paul M, Leibovici L. Duration of antibiotic treatment for acute 
pyelonephritis and septic urinary tract infection-- 7 days or less versus longer treatment: 
systematic review and meta-analysis of randomized controlled trials. J Antimicrob Chemother. 
Oct 2013;68(10):2183-91. doi:10.1093/jac/dkt177 
109. Gomez Belda AB, De la Fuente J, Diez LF, et al. Inadequate empirical antimicrobial 
treatment in older people with bacteremic urinary tract infection who reside in nursing homes: A 
multicenter prospective observational study. Geriatr Gerontol Int. Nov 2019;19(11):1112-1117. 
doi:10.1111/ggi.13776 
110. Horcajada JP, Shaw E, Padilla B, et al. Healthcare-associated, community-acquired and 
hospital-acquired bacteraemic urinary tract infections in hospitalized patients: a prospective 
multicentre cohort study in the era of antimicrobial resistance. Clin Microbiol Infect. Oct 
2013;19(10):962-8. doi:10.1111/1469-0691.12089 
111. Kim SH, Oh S, Huh K, et al. Inappropriate empirical antibiotic therapy does not adversely 
affect the clinical outcomes of patients with acute pyelonephritis caused by extended-spectrum 
beta-lactamase-producing Enterobacteriales. Eur J Clin Microbiol Infect Dis. May 2019;38(5):937-
944. doi:10.1007/s10096-019-03528-9 
112. Marquet K, Liesenborgs A, Bergs J, Vleugels A, Claes N. Incidence and outcome of 
inappropriate in-hospital empiric antibiotics for severe infection: a systematic review and meta-
analysis. Crit Care. Feb 16 2015;19(1):63. doi:10.1186/s13054-015-0795-y 
113. Paul M, Shani V, Muchtar E, Kariv G, Robenshtok E, Leibovici L. Systematic review and 
meta-analysis of the efficacy of appropriate empiric antibiotic therapy for sepsis. Antimicrob 
Agents Chemother. Nov 2010;54(11):4851-63. doi:10.1128/AAC.00627-10 
114. Seymour CW, Liu VX, Iwashyna TJ, et al. Assessment of Clinical Criteria for Sepsis: For 
the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. Feb 
23 2016;315(8):762-74. doi:10.1001/jama.2016.0288 
115. Fernando SM, Tran A, Taljaard M, Cheng W, Perry JJ. Prognostic Accuracy of the Quick 
Sequential Organ Failure Assessment for Mortality in Patients With Suspected Infection. Ann 
Intern Med. Aug 21 2018;169(4):264-265. doi:10.7326/L18-0291 
116. Almomani BA, Khasawneh RA, Saqan R, Alnajjar MS, Al-Natour L. Predictive utility of 
prior positive urine culture of extended- spectrum beta -lactamase producing strains. PLoS One. 
2020;15(12):e0243741. doi:10.1371/journal.pone.0243741 
117. Dickstein Y, Geffen Y, Andreassen S, Leibovici L, Paul M. Predicting Antibiotic Resistance 
in Urinary Tract Infection Patients with Prior Urine Cultures. Antimicrob Agents Chemother. Aug 
2016;60(8):4717-21. doi:10.1128/AAC.00202-16 
118. MacFadden DR, Ridgway JP, Robicsek A, Elligsen M, Daneman N. Predictive utility of 
prior positive urine cultures. Clin Infect Dis. Nov 1 2014;59(9):1265-71. doi:10.1093/cid/ciu588 
119. Valentine-King MA, Trautner BW, Zoorob RJ, Salemi JL, Gupta K, Grigoryan L. Predicting 
Antibiotic Susceptibility Among Patients With Recurrent Urinary Tract Infection Using a Prior 
Culture. J Urol. Jan 2024;211(1):144-152. doi:10.1097/JU.0000000000003744 
120. Vellinga A, Cormican M, Hanahoe B, Murphy AW. Predictive value of antimicrobial 
susceptibility from previous urinary tract infection in the treatment of re-infection. Br J Gen Pract. 
Jul 2010;60(576):511-3. doi:10.3399/bjgp10X514765 
121. Cohen JE, Chen L, Schaeffer AJ. Algorithms Using Previous Resistance, Prior 
Antimicrobial Prescriptions, and Patient Place of Residence Enhance Empirical Therapy for 
Women With Uncomplicated Urinary Tract Infections. Urology. Mar 2020;137:72-78. 
doi:10.1016/j.urology.2019.11.009 
122. Cooley LF, Cohen JE, Chen L, Schaeffer AJ. Algorithms to Enhance Empiric Antimicrobial 
Choice for Outpatients With Afebrile Complicated Cystitis Reflects Importance of Status of the 
Urinary Tract and Patient Place of Residence. Urology. Nov 2020;145:127-133. 
doi:10.1016/j.urology.2020.08.036 



 

58 
 

123. DeMarsh M, Bookstaver PB, Gordon C, et al. Prediction of trimethoprim/sulfamethoxazole 
resistance in community-onset urinary tract infections. J Glob Antimicrob Resist. Jun 
2020;21:218-222. doi:10.1016/j.jgar.2019.10.023 
124. Ramanathan S, Fitzpatrick MA, Suda KJ, et al. Multidrug-resistant gram-negative 
organisms and association with 1-year mortality, readmission, and length of stay in Veterans with 
spinal cord injuries and disorders. Spinal Cord. May 2020;58(5):596-608. doi:10.1038/s41393-
019-0393-y 
125. Anesi JA, Lautenbach E, Nachamkin I, et al. Clinical and Molecular Characterization of 
Community-Onset Urinary Tract Infections Due to Extended-Spectrum Cephalosporin-Resistant 
Enterobacteriaceae. Infect Control Hosp Epidemiol. Dec 2016;37(12):1433-1439. 
doi:10.1017/ice.2016.225 
126. Cohen AE, Lautenbach E, Morales KH, Linkin DR. Fluoroquinolone-resistant Escherichia 
coli in the long-term care setting. Am J Med. Nov 2006;119(11):958-63. 
doi:10.1016/j.amjmed.2006.05.030 
127. Faine BA, Rech MA, Vakkalanka P, et al. High prevalence of fluoroquinolone-resistant UTI 
among US emergency department patients diagnosed with urinary tract infection, 2018-2020. 
Acad Emerg Med. Sep 2022;29(9):1096-1105. doi:10.1111/acem.14545 
128. Goyal D, Dean N, Neill S, Jones P, Dascomb K. Risk Factors for Community-Acquired 
Extended-Spectrum Beta-Lactamase-Producing Enterobacteriaceae Infections-A Retrospective 
Study of Symptomatic Urinary Tract Infections. Open Forum Infect Dis. Feb 2019;6(2):ofy357. 
doi:10.1093/ofid/ofy357 
129. Huang YY, Alleyne A, Leung V, Chapman M. Urosepsis Due to Extended-Spectrum beta-
Lactamase-Producing Escherichia coli: A Retrospective, Single-Centre Review of Risk Factors 
and Clinical Outcomes. Can J Hosp Pharm. Mar-Apr 2018;71(2):119-127.  
130. Khawcharoenporn T, Vasoo S, Ward E, Singh K. High rates of quinolone resistance 
among urinary tract infections in the ED. Am J Emerg Med. Jan 2012;30(1):68-74. 
doi:10.1016/j.ajem.2010.09.030 
131. Killgore KM, March KL, Guglielmo BJ. Risk factors for community-acquired ciprofloxacin-
resistant Escherichia coli urinary tract infection. Ann Pharmacother. Jul-Aug 2004;38(7-8):1148-
52. doi:10.1345/aph.1D622 
132. Kratochwill L, Powers M, McGraw MA, King L, O'Neill JM, Venkat A. Factors associated 
with ciprofloxacin-resistant Escherichia coli urinary tract infections in discharged ED patients. Am 
J Emerg Med. Oct 2015;33(10):1473-6. doi:10.1016/j.ajem.2015.07.047 
133. Rattanaumpawan P, Tolomeo P, Bilker WB, Fishman NO, Lautenbach E. Risk factors for 
fluoroquinolone resistance in Gram-negative bacilli causing healthcare-acquired urinary tract 
infections. J Hosp Infect. Dec 2010;76(4):324-7. doi:10.1016/j.jhin.2010.05.023 
134. Rich SN, Jun I, Bian J, et al. Development of a Prediction Model for Antibiotic-Resistant 
Urinary Tract Infections Using Integrated Electronic Health Records from Multiple Clinics in North-
Central Florida. Infect Dis Ther. Oct 2022;11(5):1869-1882. doi:10.1007/s40121-022-00677-x 
135. Shah A, Justo JA, Bookstaver PB, Kohn J, Albrecht H, Al-Hasan MN. Application of 
Fluoroquinolone Resistance Score in Management of Complicated Urinary Tract Infections. 
Antimicrob Agents Chemother. May 2017;61(5)doi:10.1128/AAC.02313-16 
136. Spadafino JT, Cohen B, Liu J, Larson E. Temporal trends and risk factors for extended-
spectrum beta-lactamase-producing Escherichia coli in adults with catheter-associated urinary 
tract infections. Antimicrob Resist Infect Control. 2014;3(1):39. doi:10.1186/s13756-014-0039-y 
137. Weinstein EJ, Han JH, Lautenbach E, et al. A Clinical Prediction Tool for Extended-
Spectrum Cephalosporin Resistance in Community-Onset Enterobacterales Urinary Tract 
Infection. Open Forum Infect Dis. Apr 2019;6(4):ofz164. doi:10.1093/ofid/ofz164 
138. Zavala-Cerna MG, Segura-Cobos M, Gonzalez R, et al. The Clinical Significance of High 
Antimicrobial Resistance in Community-Acquired Urinary Tract Infections. Can J Infect Dis Med 
Microbiol. 2020;2020:2967260. doi:10.1155/2020/2967260 



 

59 
 

139. Truong WR, Hidayat L, Bolaris MA, Nguyen L, Yamaki J. The antibiogram: key 
considerations for its development and utilization. JAC Antimicrob Resist. Jun 2021;3(2):dlab060. 
doi:10.1093/jacamr/dlab060 
140. Hasegawa S, Livorsi DJ, Perencevich EN, Church JN, Goto M. Diagnostic Accuracy of 
Hospital Antibiograms in Predicting the Risk of Antimicrobial Resistance in Enterobacteriaceae 
Isolates: A Nationwide Multicenter Evaluation at the Veterans Health Administration. Clin Infect 
Dis. Nov 30 2023;77(11):1492-1500. doi:10.1093/cid/ciad467 
141. Hindler JA, Simner PJ, Abbott A, et al. Analysis and Presentation of Cumulative 
Antimicrobial Susceptibility Test Data. 5th ed. CLSI Guideline M39. Clinical and Laboratory 
Standards Institute; 2022. 
142. Mena Lora AJ, Burgos R, Hunt AE, et al. Impact of a syndrome-based stewardship 
intervention on antipseudomonal beta-lactam use, antimicrobial resistance, C. difficile rates, and 
cost in a safety-net community hospital. Antimicrob Steward Healthc Epidemiol. 2024;4(1):e31. 
doi:10.1017/ash.2024.28 
143. Giruzzi ME, Tawwater JC, Grelle JL. Evaluation of Antibiotic Utilization in an Emergency 
Department After Implementation of an Antimicrobial Stewardship Pharmacist Culture Review 
Service. Hosp Pharm. Aug 2020;55(4):261-267. doi:10.1177/0018578719844171 
144. Schwabish J, Harvey D, Langness M, Pancini V, Rogin A, Velasco G. Do No Harm Guide: 
Collecting, Analyzing, and Reporting Gender and Sexual Orientation Data. The Urban Institute; 
2023. Updated December 4, 2023. https://www.urban.org/research/publication/do-no-harm-
guide-collecting-analyzing-and-reporting-gender-and-
sexual?utm_source=urban_EA&utm_campaign=dnh_gender&utm_id=race_and_equity&utm_te
rm=race_and_equity&utm_content=R 

 


