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Abstract

OBJECTIVE: To evaluate whether nitrofurantoin prophylaxis prevents postoperative urinary tract infection (UTI) in patients receiving transurethral catheterization after pelvic reconstructive surgery.

METHODS: In a randomized, double-blind, placebo-controlled trial, participants undergoing pelvic reconstructive surgery were randomized to 100 mg nitrofurantoin or placebo once daily during catheterization if they were: 1) discharged with a transurethral Foley or performing intermittent self-catheterization; or 2) hospitalized overnight with a transurethral Foley. Our primary outcome was treatment for clinically suspected or culture-proven UTI within 3 weeks of surgery. Statistical analysis was performed by χ2 and logistic regression. Assuming 80% power at a P value of .05, 156 participants were needed to demonstrate a two-thirds reduction in UTI.

RESULTS: Of 159 participants, 81 (51%) received nitrofurantoin and 78 (49%) received placebo. There were no significant differences in baseline demographics, intraoperative characteristics, duration and type of catheterization, or postoperative hospitalization, except a lower rate of hysterectomy in the nitrofurantoin group. Nitrofurantoin prophylaxis did not reduce the risk of UTI treatment within 3 weeks of surgery (22% UTI with nitrofurantoin compared with 13% UTI with placebo, relative risk 1.73, 95% confidence interval 0.85–3.52, P=.12). Urinary tract infection treatment was higher in premenopausal women, lower in diabetics, and increased with longer duration of catheterization. In logistic regression adjusting for menopause, diabetes, preoperative postvoid residual volume, creatinine clearance, hysterectomy, and duration of catheterization, there was still no difference in UTI with nitrofurantoin as compared with placebo.

CONCLUSION: Prophylaxis with daily nitrofurantoin during catheterization does not reduce the risk of postoperative UTI in patients receiving short-term transurethral catheterization after pelvic reconstructive surgery.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov, www.clinicaltrials.gov, NCT01450800.

LEVEL OF EVIDENCE: I

Catheter-associated urinary tract infection (UTI) is the most common nosocomial infection in the United States1,2 Each year, UTIs account for more than 8.1 million visits to health care providers3 and cost an estimated $1.6 billion in the United States alone.4 In the field of obstetrics and gynecology, UTI is one of the most common complications of pelvic reconstructive surgery, as is urinary retention.5–8 The risk of UTI in this population ranges from 5% to 35% and is significantly increased with exposure to postoperative catheterization.5,7–15 Urinary retention occurs in up to 50% of women undergoing pelvic floor surgery.13,16–18 Currently, most health care providers use transurethral catheterization to manage acute postoperative urinary retention.18,19 Although the duration of catheterization for postoperative urinary retention is usually relatively short, any exposure to transurethral catheterization can increase the risk of UTI.20 Routine antibiotic prophylaxis may be cost-effective, but only if antibiotic therapy does indeed significantly reduce the risk of UTI.21 Whether antibiotics are effective in patients receiving transurethral catheterization after pelvic reconstructive surgery is not currently known.

Given that pelvic floor disorders affect at least one-third of all women in the United States and the number of pelvic floor surgeries performed annually is projected to increase nearly 50% over the next 40 years,22,23 it is increasingly important to find ways to minimize health care costs and reduce postoperative complications for these women. Therefore, we conducted a randomized controlled trial to determine whether nitrofurantoin antibiotic prophylaxis as compared with placebo reduces the risk of postoperative UTI in patients receiving transurethral catheterization after pelvic reconstructive surgery.
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MATERIALS AND METHODS

This was a randomized, double-blind, placebo-controlled trial of patients who received postoperative transurethral catheterization after undergoing surgery for pelvic organ prolapse (POP), urinary incontinence, or both by the Division of Urogynecology at Duke University Medical Center from August 2011 through February 2013. The primary outcome was treatment for clinically suspected or culture-proven UTI within 3 weeks after surgery. Approval for this study was obtained from the Duke University Medical Center institutional review board and written informed consent was obtained from all participants at enrollment. The study was registered at ClinicalTrials.gov (ID: NCT01450800).

Potential participants were identified, recruited, and enrolled after providing written informed consent during routine preoperative evaluation. We approached all patients undergoing surgery for pelvic floor disorders (ie, any POP repair, midurethral sling, or both). Patients were excluded if they were undergoing mesh excision, surgery for urethral diverticulum, fistula repair, or sacral neuromodulation. Patients were also excluded if they were younger than 21 years of age, pregnant, had an allergy to nitrofurantoin, had a creatinine clearance less than 60 mL/min, were dependent on catheterization to accomplish voiding preoperatively, or if they did not speak English. Randomization occurred within a few hours after surgery. Participants were excluded from the study before randomization if they sustained intraoperative injury to the urinary tract requiring prolonged postoperative catheterization or if they passed an immediate void trial on the day of surgery (because these participants did not receive additional postoperative catheterization).

Participants who received additional postoperative catheterization were randomized to placebo or nitrofurantoin. For study purposes, we defined additional postoperative catheterization to include all participants who were hospitalized postoperatively with an indwelling transurethral Foley catheter overnight as well as participants discharged on the day of surgery either with an indwelling transurethral Foley catheter or performing intermittent self-catheterization. The decision to place a catheter overnight was determined by surgical procedure and is generally done at our institution for any patient hospitalized overnight after pelvic reconstructive surgery with or without hysterectomy (ie, robotic sacrocolpopexy, uterosacral ligament suspension, vaginectomy or colpocleisis, or sacrospinous ligament fixation). Void trials were conducted through the backfill-assisted void trial method.16 Per our practice guidelines, the bladder was backfilled with 300 mL normal saline, the catheter was removed, the participant was prompted to void immediately, and a postvoid residual volume was measured after voiding was complete through either catheterization or bladder scan. The participant passed the void trial if the postvoid residual volume was less than 100 mL or if she voided more than half of the total voided volume with a voided volume more than 200 mL. Participants who failed their void trial before discharge were discharged home with either a Foley catheter or performing self-catheterization, depending on their preference. If discharged home performing self-catheterization, participants were instructed to continue to catheterize until residual volume was consistently less than 100 mL. Participants discharged with a Foley catheter were scheduled for void trial in the clinic 24–72 hours after discharge.

All participants received routine perioperative intravenous antibiotic prophylaxis with cefazolin dosed by body weight (or an appropriate alternative if allergic) administered within 1 hour of skin incision and redosed every 4 hours while in surgery. At the start of surgery, an indwelling Foley catheter was routinely placed using a sterile technique after administration of perioperative antibiotics. After surgery, eligible participants receiving additional postoperative catheterization were randomized to either one tablet of masked 100 mg nitrofurantoin or matching placebo by mouth daily starting on the morning of postoperative day 1 and continuing each day they received catheterization for up to 7 days. Those requiring catheterization for greater than 7 days were started on prophylactic antibiotics on postoperative day 7 per our practice protocol. Randomization was controlled by the Duke University Medical Center Investigational Drug Services Pharmacy through random permutated blocks of 10 participants each. The study was double-blinded such that both study participants and health care providers were masked to respective treatment allocation and randomization block size for the duration of the study. At the time of randomization, masked study drug was dispensed by the Duke University Medical Center Investigational Drug Services Pharmacy to the study participant with each participant receiving a vial of seven unmarked study drug capsules. Participants were instructed to complete a 1-week catheterization and antibiotic diary starting on postoperative day 1 to record on a daily basis the type of catheter used and any antibiotic medication (including study drug) taken. Participants were instructed to return all unused study medications at or before their 6-week postoperative visit.

The primary outcome was treatment for UTI within the first 3 weeks after surgery. Treatment for UTI was defined to include any treatment received for clinically suspected or culture-proven UTI within 3 weeks of surgery. Clinically suspected treatment was defined to include treatment given empirically on development of urinary symptoms or prescribed based on urine test results. Culture-proven UTI was defined as a urine culture with greater than 100,000 colony-forming units of a single organism. Participants were instructed to contact our practice for therapy and evaluation if they were concerned they had a UTI. In addition, they were provided forms to submit to outside health care providers if they were evaluated at an outside facility and instructed to have those forms completed and faxed to our office. These forms explained their involvement in a research study and contained information for the health care provider to complete regarding any urine testing results obtained or antibiotic treatment prescribed. Our urogynecology clinic nurses routinely contacted all participants postoperatively to assess their progress and ask about symptoms of UTI per our practice protocol. These telephone encounters are documented in the medical record. In these instances, if symptoms of UTI were detected, empiric treatment for UTI may have been started per clinic protocol. Participants who called the urogynecology triage nurse or after-hours physician on-call may also have received empiric treatment per protocol and these telephone encounters are also documented in the medical record. Treatment for UTI in the postoperative period was queried at the participant's postoperative visit at 4 to 6 weeks after surgery. Thus, we used multiple methods to ascertain whether empiric or test-based treatment for UTI occurred in the first 3 weeks after surgery. Planned secondary outcomes were risk factors for treatment for postoperative UTI and prevalence of bacterial resistance to nitrofurantoin on postoperative urine cultures.

Under the assumption of 80% power and an α error of 0.05, we estimated we would need 156 participants to demonstrate a two-thirds reduction in risk of UTI (ie, from 30% to 10%). We chose this parameter based on the fact that a previous study in a similar patient population at our institution showed that risk of UTI in patients receiving catheterization to be 30%24 and, according to the decision analysis by Sutkin et al,21 prophylactic antibiotics are favored if they significantly reduce risk of UTI21 (ie, from 30% to 10%). Because it is uncertain who would require postoperative catheterization and qualify for randomization, we aimed to enroll a minimum of 350 participants preoperatively with a goal of randomizing 156 participants since the rate of postoperative catheterization in the same previous retrospective study conducted at our institution was approximately 50%.24

Categorical variables were analyzed using χ2 or Fisher's exact test; continuous variables were analyzed using Student's t tests. Duration of catheterization and parity were compared using the Mann-Whitney U test for difference in medians. A P value <.05 defined statistical significance. Logistic regression was used to control for potential confounding variables, which were identified by bivariate analyses to determine variables independently associated with postoperative UTI. Statistical analysis was by intention to treat. All statistical analysis was performed using SPSS 20.0 for Windows. Data are presented according to CONSORT guidelines for randomized trials.25
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RESULTS

From August 2011 through February 2013, 508 patients were eligible for participation and 37 (74%) provided informed consent to participate (Fig. 1). We subsequently excluded 212 participants based on the following exclusion criteria: 1) passed void trial on day of surgery; 2) declined participation before or on the day of surgery; or 3) had a creatinine clearance less than 60 mL/min. One hundred sixty-three participants were randomized, 82 to nitrofurantoin and 81 to placebo. Of those randomized, there were no adverse events reported from the nitrofurantoin or placebo arms. Four randomized participants were excluded from the final analysis. One in the placebo group was excluded because she had previously been included in the study during a prior surgery. Three other participants were excluded as a result of protocol deviations (one in the nitrofurantoin group because she was on antibiotic therapy for preoperative UTI and two in the placebo group, one with creatinine clearance less than 60 mL/min and one on chronic nitrofurantoin therapy for recurrent UTIs). Of note, when running analyses for primary outcome, the inclusion and exclusion of these participants did not alter the study results (unpublished data). Similarly, if only the participants discharged to home with catheterization (ie, participants discharged after failed void trial either on day of surgery or after at least 1 day of hospitalization) were included, the results of the primary outcome analyses were again unchanged (unpublished data). The final analysis included a total of 159 participants (81 nitrofurantoin, 78 placebo). There were no significant differences between the two groups in baseline or perioperative characteristics, including age, menopausal status, history of recurrent UTIs, preoperative UTI treatment, diabetes, baseline postvoid residual volume, midurethral sling, intraoperative complications, and overnight stay, except for a lower rate of hysterectomy in the nitrofurantoin group (36% in nitrofurantoin compared with 60% in placebo, P<.01; Table 1). Additionally, there were no differences in duration or type of catheterization (Table 2).
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The primary outcome, treatment for UTI within 3 weeks of surgery, was seen in 18% (28/159) of all participants and there was no significant difference between the two study groups. Specifically, there were 18 (22%) participants treated for UTI in the nitrofurantoin group compared with 10 (13%) in the placebo group (relative risk 1.73, 95% confidence interval [CI] 0.85–3.52, P=.12; Table 2). The median time from surgery to treatment was 8 days (interquartile range 5–11). Of those who were treated for UTI, 19 (68%) participants had urine testing (urine culture with or without urinalysis), and nine (32%) participants were treated empirically. Urine culture results were mixed but many had positive results, with eight (42%) more than 100,000/colony-forming unit, two (11%) 1,000–100,000 bacteria/colony-forming unit, five (26%) mixed flora, and four (21%) no growth. Of the eight cultures with more than 100,000 bacteria/colony-forming unit, half (50%) had Klebsiella pneumoniae. The other pathogens identified included Escherichia coli, Proteus mirabilis, Klebsiella oxytoca, and Enterococcus species. On susceptibility testing, only one of nine (11%) urine cultures showed resistance to nitrofurantoin with five (56%) specimens being susceptible and three (33%) being inconclusive. Of participants with no growth or mixed flora on urine culture results, most (78%) had suspicious urinalysis or urine dipstick results and, thus, were treated before urine culture results returned.

Bivariate analyses were performed to evaluate risk factors for UTI (Table 3). Treatment for UTI was higher in premenopausal women (29% UTI in premenopausal compared with 12% in postmenopausal, P=.01), lower in diabetics (0% in diabetics compared with 20% in nondiabetics, P=.04), and was significantly associated with duration of catheterization (median 1 day, interquartile range 1–3 for no UTI compared with 2 days, interquartile range 1–4 for UTI, P=.03). Notably, hormone therapy, smoking, history of UTI, severity of prolapse, preoperative postvoid residual volume, creatinine clearance, operative time, estimated blood loss, procedure, type of catheterization, and overnight stay were not significantly associated with treatment for UTI (P>.05 for all). Medication adherence, defined by number of pills taken divided by number of days catheterized, was equal to or greater than 1.0 (“good” adherence) in 88% (96/109) of participants with complete medication data. In these participants, “good” adherence was not associated with either treatment allocation (P=.78) or postoperative UTI treatment (P=.25). Notably, of the participants in the final analysis, eight (two randomized to nitrofurantoin and six randomized to placebo) received additional postoperative antibiotic therapy during the study period. Two received antibiotics for passage of a stitch through rectal tissue during uterosacral ligament suspension, one for a concomitant orthopedic procedure, one for postoperative pneumonia, one for postoperative fever, one for postoperative sinusitis, one for bacterial vaginosis, and one participant started trimethoprim after completing catheterization. A subanalysis (unpublished data) excluding these patients did not change the results of the primary outcome.
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A logistic regression model was constructed to evaluate the relationship between prophylactic antibiotics and UTI while controlling for confounding factors. When adjusting for menopausal status, diabetes, preoperative postvoid residual volume, creatinine clearance, hysterectomy, and duration of catheterization, there was still no difference in risk of UTI in participants receiving nitrofurantoin compared with placebo (adjusted odds ratio 1.27, 95% CI 0.38–4.27, P=.70).
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DISCUSSION

Our study demonstrates that antibiotic prophylaxis with 100 mg nitrofurantoin daily during catheterization does not reduce the risk of postoperative UTI in patients receiving short-term transurethral catheterization after pelvic reconstructive surgery. Prior studies published on this topic have important methodologic differences, which likely account for the variability of findings. In 1992 van der Wall et al26 revealed that in men and women undergoing orthopedic, colorectal, or vaginal surgery with planned postoperative catheterization for 3 or more days, prophylaxis with daily ciprofloxacin significantly reduced the risk of postoperative UTI. In 2004, Rogers et al27 performed a multicenter randomized trial examining antibiotic prophylaxis in women undergoing surgery for POP or stress incontinence who received suprapubic catheterization for a median of 10–11 days and found that daily nitrofurantoin significantly decreased the risk of symptomatic UTI during the 6- to 8-week postoperative period. The differences in duration and type of catheterization in these studies change the baseline risk of UTI. Our prevalence of UTI was likely lower because of our shorter observation period and shorter duration of catheterization. In a setting where the baseline prevalence of UTI is lower, antibiotic prophylaxis may no longer reduce the risk of UTI.

Jackson et al15 demonstrated that, in patients undergoing midurethral sling with and without postoperative catheterization, 100 mg therapeutic nitrofurantoin twice daily or placebo for 3 days postoperatively lowered the risk of UTI during the first 6 weeks after surgery. However, the most significant risk factor for UTI in their study was postoperative catheterization, not antibiotic therapy. The authors did not publish results on the risk of UTI in the subset of patients receiving catheterization so we are not able to determine whether nitrofurantoin treatment differentially decreased the risk of UTI in this subset.

Our observed rate and duration of catheterization are similar to other randomized trials, which report voiding function usually returns within the first few days or less after pelvic reconstructive surgery.12,13,16–18 Our risk factors for UTI were similar to those seen in other studies, with the exception of risk of UTI being lower in diabetics as compared with nondiabetics. One possible explanation for this finding is that diabetic patients experienced fewer symptoms in the short term and, therefore, were less likely to present for evaluation during the observation period.

Strengths of our study include the prospective randomized double-blind, placebo-controlled trial design, large sample size, and the use of a study population undergoing transurethral catheterization. Currently the majority of health care practitioners use transurethral catheterization making these results readily applicable to clinical practice.18,19 By defining UTI as treatment received for clinically suspected or culture-proven infection, we mimic standard practice and improve the generalizability of our results. This same definition has been used successfully in many other trials, including the trial by Jackson et al15 as well as the Trial Of Mid-Urethral Slings and the Outcomes following vaginal prolapse repair and mid Urethral Sling and SISTEr randomized trials.8,11,15,28 Although UTI can be readily diagnosed with symptoms at presentation in normal patient populations,29 in our study, not all participants who received UTI treatment had positive urine culture results. Therefore, in the postoperative setting, patients receiving catheterization may present differently and there is a need to develop more accurate modalities to better predict infection.

Limitations of our study include recall bias, which was minimized by using a medication and catheterization diary and verifying patient-reported information with multiple strategies, and selection bias, which was limited by demographic data and a high enrollment rate. Participants with a creatinine clearance less than 60 mL/min were excluded, because this is a contraindication to nitrofurantoin, which led to the exclusion of many patients older than 75–80 years of age. Thus, our findings have limited applicability to elderly patients undergoing pelvic reconstructive surgery. Additionally, our observed UTI risk of 18% overall and 22% in the nitrofurantoin group is lower than the 30% risk used in our power calculation that was based on our previous retrospective study.24 We would have needed 300 participants per arm to be adequately powered to show a significant reduction in risk of UTI from 22% (observed risk in our treatment group) to 13% (observed risk in our placebo group). Our study population includes patients undergoing robotic surgery who likely carry a different UTI risk profile than the exclusively vaginal surgery population examined in our previous study. Notably, we found the nitrofurantoin group had a higher risk of UTI compared with placebo indicating that nitrofurantoin prophylaxis most likely would still not significantly reduce the risk of UTI as compared with placebo, even if a larger study population were to be examined.

Urinary tract infection is a significant health care issue in patients undergoing reconstructive pelvic surgery, especially in patients who receive postoperative catheterization. In an effort to reduce the risk of UTI, health care practitioners often prescribe antibiotics; however, our results suggest this is not an effective strategy for patients receiving short-term postoperative transurethral catheterization. Alternate methods to effectively reduce the risk of UTI may be to continue prophylaxis for several days after catheterization or to use a different (ie, bactericidal not bacteriostatic) antibiotic for prophylaxis. Further investigation is warranted to reduce exposure to unnecessary antibiotic treatments, help improve patient outcomes, and reduce health care costs.
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Characteristic Placebo (n=78) Nitrofurantoin (n=81) P

Catheter type

Indwelling Foley with or without self-catheterization 70 (91) 75 (95) 35

Self-catheterization alone 79 4 (5) 33
Duration of catheterization (d) 1(1,3) 1(1,3) .86*
Primary outcome

UTI within 3 wk of surgery 10 (13) 18 (22) 12

UTI, urinary tract infection.

Data are n (%) or median (interquartile range [25%ile, 75%ile]) unless otherwise specified.
All P values are from Pearson’s x> unless otherwise specified.

* P value from Mann-Whitney U test.
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Characteristic No UTI (n=131) UTI (n=28) P
Preoperative data
Age (y) 57+12 54+16 26*
White race 118 (90%) 2 (79%) a1
BMI (kg/m?) 29+5 27%5; 14%
Parity 2(2,3) 2(2,3) .98*
Postmenopausal 94 (72%) 13 (46%) .01
No hormonal therapy 53 (40%) 7 (25%) .86
Vaginal estrogen therapy 27 (21%) 4 (14%) 1.00"
Systemic hormonal therapy 17 (13%) 2 (7%) 1.00"
Smoker 1 (8%) 2 (7%) 1.00*
History of recurrent UTI 10 (8%) 4 (14%) 274
Diabetes mellitus 17 (13%) 0 (0%) 04*
Severe prolapse (POP quantification stage 3 or greater) 80 (61%) 16 (57%) .63
Baseline postvoid residual volume (mL) 94+121 99+128 i87%
Creatinine clearance (mL/min) 101+30 115+37 .06*
Preoperative treatment for UTI 5 (4%) 3 (11%) 5
Operative data
Procedure
Midurethral sling surgery 60 (46%) 16 (57%) .28
Anterior repair 45 (34%) 10 (36%) .89
Posterior repair 29 (22%) 0 (36%) 13
Hysterectomy 59 (45%) 17 (61%) 13
Vault suspension 84 (64%) 20 (71%) 46
Vaginectomy 8 (6%) 2 (7%) .69*
Operative time (min) 191+91 182+87 .65*
Estimated blood loss (mL) 96+148 149+139 .08*
Intraoperative complication 8 (6%) 2 (7%) .69*
Overnight stay 104 (79%) 1.(75%) .61
Catheterization data
Catheter type
Indwelling Foley with or without self-catheterization 120 (92%) 25 (89%) 1.00"
Self-catheterization alone 9 (7%) 2 (7%) 1.00*
Duration of catheterization (d) Tty 3) 2(1,4) .03*

Data are mean=standard deviation, n (%), or median (interquartile range [25%ile, 75%ile]).
UTI, urinary tract infection; BMI, body mass index; POP, pelvic organ prolapse.

All P values are from Pearson x? unless otherwise specified.
* P value from ¢ test.

" P value from Fisher’s exact test.

* P value from Mann-Whitney U.
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Characteristic Placebo (n=78) Nitrofurantoin (n=81) P
Preoperative data
Age (y) 57+13 57+13 91
White race 67 (86) 73 (90) A1
BMI (kg/m?) 28+5 28*5 .89*
Parity 2(2,3) 2.5!(2; 3) 19¢
Postmenopausal 50 (64) 57 (70) 40
No hormonal therapy 27 33 .69
Vaginal estrogen therapy 16 15 .52
Systemic hormonal therapy 9 10 .95
Smoker 5 (6) 8 (10) A1
History of recurrent UTI 6 (8) 8 (10) .63
Diabetes mellitus 12 (15) 5 (6) .06
Severe prolapse (POP quantiﬁcation stage 3 or greater) 44 (58) 52 (66) 23
Baseline postvoid residual volume (mL) 74+94 113+140 .06*
Creatinine clearance (mL/min) 99+27 107+36 .18*
Preoperative treatment for UTI 3 (4) 5 (6) 0¥
Operative data
Procedure
Midurethral sling surgery 40 (51) 36 (44) .39
Anterior repair 24 (31) 31 (38) 32
Posterior repair 16 (21) 23 (28) 25
Hysterectomy 47 (60) 29 (36) .01
Vault suspension 53 (68) 51 (63) 51
Vaginectomy 4(5) 6(7) A5
Operative time (min) 192+90 18690 .70*
Estimated blood loss (mL) 112+144 99+155 58*
Intraoperative complication 7 (9) 3(4) 21F
Overnight stay 61 (78) 64 (79) .90

BMI, body mass index; UTI, urinary tract infection; POP, pelvic organ prolapse.
Data are meanzstandard deviation, n (%), or median (interquartile range [25%ile, 75%ile]) unless otherwise specified.

All P values are from Pearson x? unless otherwise specified.
* P value from ¢ test.

" P value from Mann-Whitney U test.
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