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Abstract

Introduction and Hypothesis: Intradetrusor onabotulinumtoxinA (BTX) and sacral 

neuromodulation (SNM) are effective treatments for refractory urgency urinary incontinence/

overactive bladder (UUI/OAB). BTX has a risk of urinary tract infection (UTI), concerning for 

development of multidrug resistant (MDR) UTI. We hypothesized that 1) BTX has higher risk of 

UTI and MDR UTI compared to SNM and 2) UTI and MDR UTI risk increases after repeat BTX 

injection.

Methods: This retrospective cohort study included women undergoing BTX or SNM for 

refractory UUI/OAB in 2012–2016. UTI and MDR UTI were assessed up to 1 year post-treatment 

or until repeat treatment and compared between initial BTX and SNM and between repeat BTX 

injections. Univariate analyses included chi-square and Fisher’s exact tests and generalized linear 
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models (GLM) with logit link function. Multivariate analyses used GLM to assess the best 

predictor variables for any UTI.

Results: 101 patients were included (28 BTX, 73 SNM). Rates of UTI (39.3% (95%CI 21.5, 

59.4) BTX vs. 37.0% (95% CI 26.0, 49.1) SNM) were similar in both groups at all time intervals. 

One MDR UTI occurred after SNM. Risk of UTI did not increase with repeat BTX (11/28 

(39.3%), 6/17 (35.3%) and 4/7 (57.1%) after 1, 2 and ≥3 treatments, respectively (p=0.62)). 

Multivariate analysis found history of recurrent UTI (OR 2.5, 95%CI 0.98–6.39) and prolapse 

repair (OR 4.6, 95%CI 1.23–17.07) had increased odds of UTI.

Conclusions: UTI rates were similar in patients undergoing BTX and SNM. MDR UTI was 

rare. Patients with prior prolapse repair or recurrent UTI may have higher risk of UTI after either 

procedure.

Brief summary

We compared urinary tract infection (UTI) and multidrug resistant UTI rates in patients 

undergoing intradetrusor onabotulinumtoxinA injection versus sacral neuromodulation for 

overactive bladder/urgency urinary incontinence.
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Introduction

Overactive bladder (OAB) and urgency urinary incontinence (UUI) affect between 17% and 

19% of adults in the United States, respectively [1]. Intradetrusor onabotulinumtoxinA 

injections (BTX) and sacral neuromodulation (SNM) are recommended as third-line 

treatments for OAB in the 2015 guideline amendment by the American Urological 

Association and Society of Urodynamics, Female Pelvic Medicine & Urogenital 

Reconstruction [2]. The US Food and Drug Administration approved BTX for neurogenic 

bladder in 2011 (200 U) and for OAB in 2013 (100 U) [3–4]. BTX has been established as 

significantly more effective than anticholinergic medications in treating OAB and UUI in the 

ABC trial [5], and this was confirmed more recently in a phase 3b multicenter randomized 

controlled trial [6]. A host of studies confirm its efficacy in treatment of OAB and urgency 

urinary incontinence [5–13].

Despite the high efficacy rates of BTX, it also has a well-known increased risk of post-

procedure urinary tract infection (UTI). One randomized trial comparing different doses of 

BTX found the rate of post-procedural UTI to be 34–48%, with the highest being in the 200 

U dose group [8]. Other studies report similar UTI rates of 33–39%, compared to 11–13% in 

patients who received other modes of treatment (including anticholinergics and SNM) [5, 7]. 

More recent studies suggest UTI rates of 15–19% in the first 12 weeks after BTX 100 U [6, 

13], and up to 25.5% any time after the first injection of BTX 100 U [6]. Long-term follow 

up data from the ROSETTA trial showed UTI rates after BTX 200 U of 36% in the first 6 
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months after surgery and 22% in months 7–12 post-procedure, compared to UTI rates after 

SNM of 15% during months 1–6 and 12% during months 7–12 [14].

Higher UTI rates and resulting increased antibiotic exposure is often associated with a 

greater risk of infection by drug-resistant organisms. One large US-based retrospective study 

reported that rates of multidrug resistant E. coli in community-acquired UTI increased from 

9% in 2001 to 17% in 2010 [15]. In the most recent summary of data reported to the 

National Healthcare Safety Network at the Centers for Disease Control and Prevention, 

catheter-associated UTIs constitute 38% of healthcare-associated infections. Of these, the 

most common uropathogen was E. coli (23.9%). Of these infections, E. coli resistance rates 

notably increased between 2011 and 2014. Resistance to extended-spectrum cephalosporins 

increased from 12.9 to 16.1%, resistance to fluoroquinolones increased from 32.7 to 34.8%, 

and overall MDR rates (resistance to at least 1 drug per category in at least 3 drug 

categories) increased from 5.5 to 8% [16].

As healthcare institutions and payers become increasingly concerned about quality and 

value-based care, rising antimicrobial drug resistance and its effect on society is an 

important topic for consideration in determining best practices. Thus, we aimed to determine 

whether BTX is associated with a higher proportion of women with UTI and MDR UTI 

compared to SNM, and to determine whether the UTI and MDR UTI rates increase after 

repeat compared to first-time BTX injections.

Materials and Methods

We conducted a single-center retrospective cohort study at a tertiary care hospital. Patients 

within our electronic medical record (EMR) were identified using procedure codes for SNM 

(combined stage I & II or stage II) or BTX (100–200 U) (CPT Codes 64581, 64590, and 

52287, respectively). All female patients 18 years old and above identified as having 

undergone these procedures between January 1, 2012 and December 31, 2016 were screened 

for inclusion. Patients were excluded if they were undergoing SNM for urinary retention, 

had received BTX within one year prior to the index procedure, had prior pelvic radiation or 

renal transplant, were receiving treatment for bladder cancer at the time of the procedure, or 

required bladder drainage (intermittent self-catheterization or suprapubic or transurethral 

indwelling catheter) at the time of the index procedure. IRB approval was obtained prior to 

data collection.

Charts were reviewed, including all patient encounters related to the procedure as well as 

outside records accessible within our EMR. Details regarding patient baseline characteristics 

and medical history, procedure details, and follow up were recorded (Appendix 1). All 

patients were treated in the Urology or Urogynecology clinical programs. In our standard 

practice, patients are treated for OAB according to AUA guidelines [2]. Therefore patients 

do not receive third-line treatment options until they have failed first- and second-line 

treatments, including behavioral modifications, optional pelvic floor physical therapy, and 

pharmaceutical management.
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Details on post-procedure UTI were also collected. UTI were defined as symptomatic if the 

patient reported increased urinary frequency, small volume voids, dysuria, urgency, 

suprapubic pain, new onset gross hematuria, or fevers [17]. A positive urine culture was 

defined as a single mid-stream clean catch specimen with colony count of ≥ 103 CFU/mL, or 

a single catheterized specimen with colony count of ≥100 CFU/mL [17–18]. If duration of 

treatment was not documented in the EMR, we assumed treatment length of 7 days (standard 

length of treatment for complicated UTI) [17].

Our first primary outcome was the proportion of patients with UTI and MDR UTI in both 

treatment groups between the date of the procedure up to 4 weeks, 4–12 weeks, 3–6 months 

and 6–12 months post-procedure (or until the patient underwent retreatment or change in 

treatment). Patients who received repeat BTX injections or switched from one treatment 

group to the other were analyzed for the timeframe from the initial treatment only. MDR 

UTI was defined as an isolate from a positive culture demonstrating resistance to at least one 

antibiotic per drug category in at least 3 categories (see Appendix 2 for defined drug 

categories), consistent with criteria most recently used by the CDC [16].

For our second primary outcome, we assessed whether increasing the number of BTX 

treatments was associated with increased rates of UTI and MDR UTI. For this, we separately 

analyzed patients undergoing multiple BTX treatments. Procedure data and post-procedure 

UTI details following each procedure were collected. The number of UTI and MDR UTI 

were recorded after each successive treatment. UTI details were also recorded for each UTI, 

excluding questions regarding healthcare utilization.

Secondary outcomes included patient risk factors for UTI and MDR UTI, as well as the 

number and type of healthcare resources utilized in treating UTI and MDR UTI in patients 

undergoing BTX and SNM. Resources assessed included outpatient visits, hospitalizations, 

nursing phone calls, and oral versus IV antibiotic requirement.

Rates were estimated with binomial exact 95% confidence intervals. Univariate analyses 

were conducted using Pearson’s Chi-Square and Fisher’s exact tests for categorical 

predictors and generalized linear models (GLMs) with a logit link function for continuous 

predictors. Multivariate analyses also employed GLMs in order to assess the most ideal 

collection of predictor variables to predict the dichotomous outcome. The selection criterion 

used to compare model fits was the Akaike information criterion (AIC) [19], an estimator of 

the relative quality of statistical models for a given set of data. Specifically, we used a 

corrected AIC (AICc), a variant of AIC more suitable in small sample settings [20]. 

Statistical analysis was performed using SAS (version 9.4, Cary, North Carolina).

Results

A total of 220 patients were identified by CPT codes. After exclusions, 101 patients were 

included in the study (28 BTX, 73 SNM) (Figure 1). Baseline characteristics are 

summarized in Table 1. Women in the BTX group were older than those in the SNM group 

(62.6±15.0 vs. 54.4±15.7, p=0.02). BTX patients were less likely to have interstitial cystitis, 

stress incontinence and psychiatric diagnoses compared to the SNM patients (3.6% vs 
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20.6%; 25% vs 50%; and 39.3% vs 65.8%, respectively, all p<0.05) and more likely to have 

neurogenic bladder (17.9% vs 1.4%, p<0.01). There were no statistically significant 

differences between the two treatment groups regarding BMI, medical comorbidities and 

history of recurrent UTI, hysterectomy, prolapse and anti-incontinence procedures.

The proportions of patients with post-procedure UTI were similar in both BTX and SNM 

groups, ranging from 4–11% in the first month and 37–39% overall (39.3% (95%CI 21.5, 

59.4) BTX and 37.0% (95% CI 26.0, 49.1) SNM) in the first year or until repeat injection 

(Table 2). This was true for all documented UTI at every time interval assessed (p>0.05 for 

all). The total number of UTI per patient ranged from 0 to 6 for the year after treatment.

The proportion of patients with UTI did not increase after repeat BTX injections. We found 

that 11/28 39.3%)) had a UTI after the first treatment, 6/17 (35.3%) after the second 

treatment, and 4/7 patients (57.1%) after 3 or more treatments (p=0.62), though the number 

of patients receiving repeat BTX treatments was few (Table 3).

Only one MDR UTI was identified, occurring after SNM. The patient was a 61 year-old 

post-menopausal Caucasian female with a BMI of 26.8 kg/m2. She was a non-smoker, had a 

history of recurrent UTI, and was on antibiotic suppression (nitrofurantoin) at the time of the 

procedure. She also had a history of UUI and depression, as well as cervical spine fusion. 

Previous urodynamics confirmed detrusor overactivity. Two UTIs occurred during the 6 

weeks prior to the procedure (K. pneumoniae resistant to ampicillin, nitrofurantoin, and 

trimethoprim-sulfamethoxazole, treated with ciprofloxacin; and E. coli resistant to beta-

lactams, treatment not documented). She then underwent SNM, and the MDR UTI occurred 

just over 6 months after the procedure with E. coli demonstrating resistance to ciprofloxacin, 

nitrofurantoin, trimethoprim-sulfamethoxazole, as well as K. pneumoniae demonstrating 

resistance to ampicillin and nitrofurantoin. She was hospitalized and treated with IV 

piperacillin-tazobactam for four days and discharged home on oral cephalexin for three 

additional days.

When we considered potential UTI predictors as listed in Table 1, based on univariate 

analysis we found that the following variables met or approached statistical significance 

(p<0.05) and were considered for inclusion in the multivariable model: history of prolapse 

repair, hypertension, Vitamin C supplementation (often employed in patients with a history 

of recurrent UTI) (p<0.05 for all), and recurrent UTI (p<0.06). Multivariable analysis 

including procedure type as a covariate found increased odds of any UTI in patients with a 

history of recurrent UTI (OR 2.5, 95% CI 0.98–6.39) and history of prolapse repair (OR 4.6, 

95% CI 1.23–17.07) after either BTX or SNM.

Table 4 summarizes utilized resources. Three patients were hospitalized for UTI treatment (1 

after BTX and 2 after SNM) up to 1 year after treatment. One BTX patient and one SNM 

patient were documented as having been treated with IV antibiotics. The third patient (in the 

SNM group) reported in a follow up visit that they had been hospitalized for UTI, but details 

of antibiotic treatment type (i.e. IV versus oral) were not available. There were no significant 

differences in route of antibiotic administration, total courses of antibiotics, duration of 
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treatment per UTI, hospitalizations, outpatient visits, or provider phone calls related to UTI 

between patients undergoing BTX versus SNM (p>0.1 for all).

Discussion

In our population of patients with refractory UUI/OAB, UTI occurred in more than one third 

after both BTX and SNM procedures, results consistent with the BTX literature but higher 

than that reported after SNM in prior trials [10]. Patients with history of prolapse repair or 

history of recurrent UTI may be at higher risk of UTI after either procedure. These results 

may reflect our patient population: we included patients with recent UTI, history of 

recurrent UTI and neurogenic bladder who are often excluded from randomized trials.

There was a large proportion of patients with neurologic diagnoses, but these occurred in 

both treatment groups. On the other hand, there were more IC/BPS patients in the SNM 

treatment group. It is possible that IC/BPS patients may have been treated for more UTI due 

to overlapping symptoms, which might contribute toward the higher proportion of patients 

with UTI in the SNM group than has been reported in previous trials. However, there was 

also no difference in culture-confirmed UTI between BTX and SNM groups, suggesting 

these did represent bacterial cystitis, not simply empiric treatment for increased symptoms. 

Unlike past research suggesting higher rates of UTI after BTX compared to SNM treatment,

[14] our study population may be more representative of typical patient selection for BTX 

and SNM for treatment of refractory UUI/OAB, and in real-life scenarios (as compared with 

randomized trials), these patients may have similar rates of post-procedure UTI.

Our results also suggest that, reassuringly, MDR UTI (using a stringent definition) is rare 

following these procedures. MDR UTIs are frequently defined as isolates with resistance to 

1 or more drugs in at least 3 or more drug categories [15–16, 21], but meeting this definition 

depends on adequate susceptibility testing and reporting by microbiology laboratories. Other 

studies have used a less stringent definition of MDR as resistance to 1 drug in 2 or more 

categories [22]. We chose to use the more stringent definition of MDR UTI to be consistent 

with the more widely accepted definition in the literature. To our knowledge, this is the first 

study formally investigating drug resistance in patients undergoing SNM or BTX for OAB. 

Though MDR UTI was found to be rare overall, we did not have a large sample size in the 

BTX cohort, and therefore further studies are needed to verify our findings.

The ROSETTA trial demonstrated that, in the first 6 months after initial treatment, BTX 200 

U is significantly more effective than SNM in reducing urgency urinary incontinence 

episodes, and BTX had significantly higher rates of complete resolution of UUI [7]. 

However, recently published 2-year follow up on these patients found that at 24 months both 

patients undergoing BTX and SNM had similar rates of reduction in symptoms and 

complete resolution of incontinence [14]. There are many reasons a surgeon may 

recommend one procedure over the other for their patients, though both are recommended as 

third-line treatment for refractory OAB/UUI [2]. Higher reported rates of UTI in patients 

undergoing BTX in previous studies may cause one to recommend SNM over BTX in 

patients with a history of recurrent UTI. However, based on our study results, these patients 

may ultimately have similar risk of UTI regardless of the procedure performed.
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Strengths of our study include broad inclusion criteria allowing our population to be more 

representative of the typical patient being counseled on BTX vs SNM, as well as 

surveillance for outcomes over a long period of time (up to a year or multiple procedures), 

during which one would expect to see the bulk of the UTIs related to the procedure as the 

duration of BTX effect is typically up to 12 months [12]. Weaknesses of our study include 

its retrospective and non-randomized design, as well as its smaller sample size for BTX 

patients. Due to the non-randomized nature of the retrospective cohort design, there is the 

potential for selection bias based on perceived patient risk factors. It is certainly possible that 

patients who were seen as having a higher baseline risk of UTI could have been 

recommended SNM during counseling. In addition, we were unable to compare rates of 

MDR UTI in the BTX and SNM treatment groups given the very low rate of MDR UTI 

identified after BTX and SNM procedures (~1% overall) in our patient population. Lastly, 

we may not have captured all patients diagnosed with UTI if we did not have access to 

outside clinical information that was not accessible through our electronic medical record.

In conclusion, UTI occurred in more than one third of patients after both BTX and SNM 

procedures. MDR UTI was rare. Patients with history of prolapse repair or recurrent UTI 

may be at higher risk of UTI after BTX and SNM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Eligibility, exclusions, and enrollment.
CIC: clean-intermittent catheterization; SPC: suprapubic catheter; PCN: percutaneous 

nephrostomy; RT: radiation therapy.
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Table 1.

Baseline Characteristics of Study Participants

Health characteristics

BTX* N=28 SNM* N=73 p value

Age [mean (sd)] 62.6 (15.0) 54.4 (15.7) 0.017

BMI (continuous variable) [mean (sd)] 31.9 (7.9) 33.6 (9.0) 0.36

Post-menopausal status
a
 (BTX: N=25; SNM: N=58) 21 (84.0) 41 (70.7) 0.27

Currently sexually active
b
 (BTX: N=25; SNM: N=61) 16 (64.0) 37 (60.7) 0.77

Smoking Status

 Current 2 (7.1) 17 (23.3)

 Former 11 (39.3) 20 (27.4)

 Never 15 (53.6) 36 (49.3) 0.15

Urogynecologic History

POP >hymen 1 (3.6) 1 (1.4) 0.48

Pessary use (current) 0 (0) 0 (0) 1.00

Recurrent UTI history 8 (28.6) 20 (27.4) 0.91

Kidney disease 1 (3.6) 4 (5.5) 1.00

IC/BPS 1 (3.6) 15 (20.6) 0.037

Neurogenic bladder 5 (17.9) 1 (1.4) 0.006

OAB 19 (67.9) 59 (80.8) 0.16

SUI 7 (25.0) 35 (50.0) 0.036

UUI 23 (82.1) 59 (80.8) 0.88

Both SUI/UUI (MUI) 7 (25.0) 34 (46.6) 0.048

Medical History

Diabetes 3 (10.7) 16 (21.9) 0.20

Hypertension 17 (60.7) 38 (52.0) 0.43

Cardiovascular disease 7 (25.0) 14 (19.2) 0.52

Neurologic disease

 Spinal cord injury 0 (0) 1 (1.4) 1.00

 Meningomyelocele 1 (3.6) 0 (0) 0.28

 Stroke 1 (3.6) 1 (1.4) 0.48

 Multiple sclerosis 2 (7.1) 1 (1.4) 0.19

 Parkinson’s disease 0 (0) 1 (1.4) 1.00

 Other
c

6 (21.4) 18 (24.7) 0.73

Autoimmune disorder
d

11 (39.3) 26 (35.6) 0.73

Psychiatric illness 11 (39.3) 48 (65.8) 0.016

Surgical History

Hysterectomy 10 (35.7) 32 (43.8) 0.46
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Health characteristics

BTX* N=28 SNM* N=73 p value

Prolapse repair 5 (17.9) 8 (11.0) 0.35

Anti-incontinence procedures 8 (28.6) 17 (23.3) 0.58

Gynecologic cancer surgery 0 (0) 3 (4.1) 0.56

Spine surgery 6 (21.4) 12 (16.4) 0.57

Urologic surgery 0 (0) 2 (2.7) 1.00

Medications

Suppressive antibiotics for recurrent UTI
e

3 (10.7) 11 (15.1) 0.75

Other antibiotics (any indication)
e

16 (57.1) 41 (56.2) 0.93

Immunosuppressive medication
f

4 (14.3) 7 (9.6) 0.49

*
Results reported as N (%) unless otherwise indicated.

a
3 (10.7%) of BTX patients and 12 (16.4%) of SNM patients had unknown menopausal status due to missing information in the medical record.

b
3 (10.7%) of BTX and 12 (16.4%) of SNM patients did not have sexual activity status documented.

c
Other neurologic diagnoses included migraines (16), restless leg syndrome (5), seizures (2), spinal stenosis (1), cerebral malaria (1), dementia (1), 

and HTLV-1 associated myelopathy-tropical spastic paraparesis (1)

d
Most patients included in the autoimmune disorder group had a diagnosis of hypothyroidism.

e
Exposure within 90 days prior to procedure

f
Exposure within 30 days prior to procedure

Abbreviations: BMI (body mass index); POP (pelvic organ prolapse); UTI (urinary tract infection); IC/BPS (interstitial cystitis/bladder pain 
syndrome); OAB (overactive bladder); SUI (stress urinary incontinence); UUI (urgency urinary incontinence); MUI (mixed urinary incontinence)
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Table 2:

Proportion of patients with MDR UTI and UTI at each post-procedure time-point and Total UTIs

Proportion of patients with MDR UTI and UTI Total UTI and MDR UTI**

BTX* N=28 SNM* N=73 p-value BTX SNM

MDR UTI - - - -

 0–4 weeks 0 (0) 0 (0) 1.00 0 0

 4–12 weeks 0 (0) 0 (0) 1.00 0 0

 3–6 months 0 (0) 0 (0) 1.00 0 0

 6–12 months 0 (0) 1 (1.4) 1.00 0 1

 Cumulative (0–12 mo) 0 (0) 1 (1.4) 1.00 0 1

All treated UTI - - - -

 0–4 weeks 3 (10.7) 3 (4.1) 0.34 3 3

 4–12 weeks 3 (10.7) 4 (5.5) 0.39 4 4

 3–6 months 5 (17.9) 11 (15.1) 0.76 6 15

 6–12 months 4 (14.3) 19 (26.0) 0.21 6 25

 Cumulative (0–12 mo) 11 (39.3) 27 (37.0) 0.83 20 48

*
Results reported as N (%)

**
Results reported as N; each patient may have had >1 UTI during each time-point.

Abbreviations: UTI (urinary tract infection); MDR (multidrug resistant); BTX (intradetrusor onabotulinumtoxinA); SNM (sacral neuromodulation)
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Table 3:

Cumulative BTX effect on MDR UTI and UTI

Number and proportion of patients with infection*

Treatment 1 N=28 Treatment 2 N=10 Treatment 3+ N=7 p value

MDR UTI 0 (0) 0 (0) 0 (0) 1.00

Any UTI 11 (39.3) 6 (35.3) 4 (57.1) 0.62

*Results reported as n (%)

Total infections (among all patients)

Treatment 1 Treatment 2 Treatment 3+

MDR UTI 0 0 0

Any UTI 20 9 6

Abbreviations: UTI (urinary tract infection); MDR (multidrug resistant); BTX (intradetrusor onabotulinumtoxinA)

Int Urogynecol J. Author manuscript; available in PMC 2021 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Elmer-Lyon et al. Page 14

Table 4.

Utilized Resources Related to UTI occurring after first treatment up to 12 months or until retreatment or 

change in treatment

Per subject*

BTX** n=28 SNM** n=73 p value

Antibiotics for UTI (any) 11 (39.3) 27 (37.0) 0.83

Type of antibiotic treatment

 Oral 11 (39.3) 25 (34.3) 0.64

 IV 1 (3.6) 1 (1.4) 0.48

 Bladder instillations 0 (0) 0 (0) -

UTI prophylaxis

 Initiated after procedure 1 (3.6) 4 (5.5) 0.81

 Continued from baseline 2 (7.1) 8 (11.0) 0.72

Hospitalizations 1 (3.6) 2 (2.7) 0.83

Outpatient visits [median (range)] 0 (0–3) 0 (0–5) 0.22

Provider phone calls [median (range)] 0 (0–10) 0 (0–14) 0.99

*A patient may have been treated for >1 UTI

**Results reported as n (%) unless otherwise noted

Among total treated UTI

BTX* n=20 SNM* n=47 p value

Mean # of antibiotic courses per patient

 Oral 0.90 (0.31) 0.94 (0.24) 0.88

 IV 0.05 (0.22) 0.02 (0.14) 0.54

 Bladder instillations - - -

Duration of antibiotic treatment

 Total days 7.50 (2.40) 6.55 (1.95) 0.14

 Unknown duration 7 (35.0) 3 (6.4) 0.01

Outpatient visits 0.45 (0.51) 0.79 (0.55) 0.14

Provider phone calls 1.25 (1.77) 1.38 (1.50) 0.88

*Results reported as mean (standard deviation)

Abbreviations: UTI (urinary tract infection); BTX (intradetrusor onabotulinumtoxinA); SNM (sacral neuromodulation); IV (intravenous)
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