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Abstract
Objective

To evaluate the role of electrofulguration (EF) of trigonitis alone in women with
antibiotic-recalcitrant recurrent urinary tract infections (RUTIs).

Methods

Following IRB approval, a retrospective chart review of women who underwent
EF of inflammatory lesions limited to the trigone (trigonitis) to treat their antibiotic-
recalcitrant RUTIs and had a minimum 1-year follow-up was undertaken. Primary
(the primary) outcome was (the) number of symptomatic UTI episodes requiring
antibiotics post-EF, leading to definitions of cure (0 UTI/year), improvement (1-2
UTI/year), and failure (23 UTI/year). (The secondary) Secondary outcome was
(an) endoscopic success (group 1) or failure (group 2) based on complete trigonitis
resolution during office cystoscopy 6 months post-EF.

Results

From 2008-2018, 40 women met study criteria (Group 1: 34 (85%) endoscopic
success, Group 2: 6 (15%) endoscopic failure). There was no statistically significant
difference in patient characteristics or pre-operative UTI management in the two
groups. Median follow-up in group 1 was 3.7 years (IQR 2-6.1) and 2.3 years (IQR
1.7-7.5) in group 2 (p=0.71). Median urinary tract infections/year post-EF were 0.6
in group 1 and 0.9 in group 2 (p=0.89). Clinical outcomes between groups were not
statistically different, with overall 9 (23%) cured, 29 (73%) improved, and 2 (5%)
failed. In the clinically improved group, 19 (66%) had <1 UTI/year in the follow-up
period starting 6 months post-EF. No patients remained on long-term, continuous
antibiotic suppressive therapy after the follow-up 6 months cystoscopy.

Conclusion

EF resulted in endoscopic resolution of trigonitis in 85% of women with antibiotic-
recalcitrant RUTIs, with durable clinical cure or improvement of RUTI in most patients.
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Introduction

Urinary tract infections (UTI) are extremely common with nearly 50% of women
experiencing at least one episode in their lifetime [1]. As many as 100 of every 100,000
women in a national sample [2] will suffer from recurrent UTIs (RUTI), traditionally
defined as 3 or more symptomatic UTI episodes in a single year [3-5]. RUTIs not only
create a social and economic burden but also decrease the quality of life of afflicted
women, leading to increased sick days, frequent office visits, multiple antibiotic
prescriptions, and sometimes, rapid recurrence of UTI symptoms despite urine culture-
targeted treatments [6]. Recent AUA Guidelines for managing uncomplicated RUTIs
included the use of vaginal or systemic estrogen, low dose post-coital or self-start
antibiotics, and continuous antibiotic prophylaxis [7, 8]. However, antibiotic-resistant
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bacteria and allergies have become an increasingly severe
problem, limiting treatment options for women who frequently
need antibiotic therapies [9, 10]. Non-antibiotic alternatives
have gained renewed interest, including various formulations of
Chinese herbs, methenamine hippurate, D-mannose, cranberry
products, or lactobacillus containing probiotics [11]. Vaccination
efforts are also under way [12], as well as [an(should remove)]
increasing (the) use of intravesical agents such as Gentamicin [13].

The mechanisms by which these UTI recurrences occur
have been debated in animal models [14, 15] and in(remove)
humans [14]. Noteworthy has been the cystoscopic, office-based
recognition of areas of chronic inflammation in the trigone
(trigonitis) in many women with uncomplicated RUTIs [16]. In
one study in which the trigone area of post-menopausal women
with RUTIs was biopsied under anesthesia, direct evidence
of bacterial presence by fluorescence in situ hybridization
was observed, suggesting these sites of chronic inflammation
correspond to bacterial persistence [17]. Such deep-seated
niduses of infections are beyond the reach of antibiotics which
can correct an acute infection but are unable to eradicate these
bacteria which reside in protective biofilms [18].

One option to disrupt and remove these chronic trigonal
lesions is to eliminate them with endoscopic electrofulguration
(EF), a technique used for other bladder pathologies [19]. In a
study of EF in the management of RUTIs in women with a variety
of cystitis lesions involving the trigone and beyond, our group
reported 75% resolution of inflammatory lesions and over 80%
improvement in UTI rates [20]. Given the deleterious impact of
RUTIs, the favorable outlook of EF, and the increased scrutiny on
antibiotic efficacy to cure this condition, our goal was to study
an optimal group of women with isolated trigonitis lesions and
a history of uncomplicated RUTIs to determine if an outpatient
EF procedure might curb years of repeated antibiotic exposure
and possibly bring durable relief or decrease the rate of yearly
UTIs. Since these women have a lesser burden of disease than
those with more advanced cystitis, they could potentially respond
better to EF. Therefore, using a long-standing IRB-approved RUTI
repository database at our institution, we studied the endoscopic
and clinical outcomes of women treated by EF for antibiotic-
recalcitrant uncomplicated RUTIs with documented trigonitis
alone.

Following IRB approval, the charts of non-neurogenic women
who underwent EF of inflammatory lesions confined to the
trigone (trigonitis) for uncomplicated RUTIs, had a 6 months
post-EF office cystoscopy, and then were followed for a minimum
of 12 months were reviewed. Excluded were women with a
complicated history of RUTIs (urinary catheters, suprapubic
tube, intermittent catheterization), another surgical procedure
(cystocele repair, mesh removal, bulking agent injection, urethral
dilation) at the time of EF, inflammatory lesions extending beyond
the trigone, insufficient follow-up, and a recognized source for
their RUTI after thorough office evaluation. A preliminary analysis
stratifying patients based on previous urologic surgery showed
no statistically significant differences in patient characteristics
or outcomes from those with and without prior urologic surgery,
allowing these patients to be combined in the final analysis (data
not shown).

The definition of RUTIs came from a review of the literature,
where the most accepted definition was 23 symptomatic UTI
episodes/year with positive urine cultures [3-5]. Given the nature
of our tertiary care center, all patients were extensively evaluated
for etiologies of their UTI recurrences, including upper tract
studies [21], pelvic examination, assessment of post-void residual
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Figure 1: Top left: trigonitis with cystitis cystica. Top right:
trigone after fulguration. Bottom: healed trigone at 6 month
cystoscopy.

by bladder scan (< 50 ml), and a standing voiding cystogram
[22]. An office cystoscopy was performed by an FPMRS trained
faculty or physician assistant, under local anesthesia, and with a
flexible cystoscope. Prior antibiotic courses and bacterial strains
were obtained from outside reports, and subsequent cultures
and antibiotic courses were recorded from an electronic medical
record for those who pursued coital prophylaxis, self-therapy, or
daily antibiotic suppression as per current guidelines.

Women who elected EF had (a) negative urological evaluation
for other sources of UTI except (for) trigonitis and a sustained
or repeated need for chronic suppression and/or acute courses
of antibiotics to control their UTI symptomatology. Their RUTIs
were classified as antibiotic-recalcitrant secondary to high rates
of antibiotic-resistance (=3 antibiotic classes), antibiotic allergies
(=3 documented allergic reactions), and/or no durable response
to long-term antibiotic suppression (3-6 months or more).

EF was performed under anesthesia on an outpatient basis by
an FPMRS faculty. Lesions of trigonitis including cystitis cystica,
pus pockets, small, encrusted areas, and reactive inflammatory
bladder neck polyps were documented by intra-operative
photographs (Figure 1). A 17.5-Fr urethra cystoscope with a fine
tip monopolar Bugbee electrocautery on a setting of 20 was used
to superficially fulgurate the inflammatory lesions seen over the
trigone. Most patients were discharged home after a voiding
(maybe avoiding) trial while some elected to keep a catheter
overnight due to distance from home.

The burning effect of the fulguration provokes a phase of
initial scar formation on the bladder surface followed by a gradual
elimination of this superficial scar in a wet urinary milieu, taking
approximately 6 months to reach complete healing. Our secondary
outcome was based on cystoscopy at 6 months after EF to ensure
complete trigonal healing and no new areas of inflammation.
EF was considered endoscopically successful if there were no
inflammatory lesions remaining (no inflammatory lesions were)
and the trigone had fully healed. Those with endoscopic success
were placed in group 1 and those with failure in group 2.

The primary outcome was the number of UTI episodes/year
starting after cystoscopy 6 months following EF, documented
either by positive urine culture and/or an antibiotic course for
UTI-like symptoms. During the follow-up period, patients were
classified as clinically cured if they had 0 UTIs per year, improved
if less than 3 UTIs per year and failure if 3 or more UTIs per year.
Since most patients fell in the category of clinically improved, that
subgroup was further divided into 0-1, 1-2, or 2-3 UTIs per year.

Post-EF  follow-up including office visits, telephone
encounters,and MyChart messages were (was) reviewed to record
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Success Failure p
(n=34) (n =6)

Median years of follow-up(IQR) 3.7 (2-6.1) 2.3 (1.7-7.5) 0.71
Median age, years (IQR) 56 (50-62) 73 (46-83) 0.11
Race

White 32 (94%) 5 (83%) 0.39

Hispanic 1 (3%) 1(17%)

Other 1 (3%) 0(0%)
Median BMI (IQR) 28.3 (23.1-32.9) 27.8 (27.2-31) 0.57
Median Party 2 (1-3) 2(1-2) 0.81
Diabetic 5 (15%) 0 (0%) >0.99
Ever Smoker 15 (44%) 1(17%) 0.37
Prior urologic Surgery 22 (65%) 4 (67%) >0.99
Hysterectomy 11 (32%) 2 (33%) >0.99
Menopause/oophorectomy 26 (76%) 5 (83%) >0.99
HRT 20 (59%) 3 (50%) >0.99
Sexually active 19 (58%) 3 (50%) >0.99
Past Suppressive antibiotics 15 (44%) 2 (33%) >0.99
Past post - coital prophylaxis 3 (9%) 1(17%) 0.49
Past IV anitibiotics 1 (3%) 0 (0%) >0.99
Past pyelonephritis 6 (18%) 1(17%) >0.99
Median length of surgery, min (IQR) 5 (15%) 1(17%) >0.99
Post - fulguration outcomes
Repeat fulguration 1 (3%) 1(17%) 0.28
Median UTIs/year (IQR) 0.6 (0.2-1.1) 0.9 (0.3-1.6) 0.89
Clinical Outcome

Success 8 (24%) 1(17%) 0.28

Improvement 24 (71%) 5 (83%)

Failure 2 (6%) 0 (0%)
Post - fulguration Cultures
E. coli 15 (44%) 3 (50%) >0.99
Multiple Organisms 12 (35%) 1(17%) 0.64
Drug resistant 5 (15%) 0 (0%) >0.99
FQ - resistant 3 (9%) 0 (0%) >0.99
Bactrim - resistant 5 (15%) 1(17%) >0.99
ESBL 2 (6%) 0 (0%) >0.99
Post - fulguration
Post - coital prophylaxis 8 (24%) 1(17%) >0.99
Self - start antibiotics 6 (18%) 1(17%) >0.99
IV antibiotics 2 (6%) 1(17%) 0.39
Pyelonephritis 1 (3%) 1(17%) 0.28

Table 1: Patient Characteristics by type of endoscopic outcome.

Abbrevations: IQR = Interquatile range, BMI = body mass index, IV = intravenous, UTI = urinary tract infections,

ESBL = extended - spectrum beta -lactamase, FQ = fluroquinolone

all UTI-like symptoms, urine cultures or antibiotic courses from
outside health care facilities, in-house cultures, and all antibiotic
prescriptions. For those with positive urine cultures, species
and antibiotic resistances were noted. Also, post-EF antibiotic
strategies such as post-coital, self-start therapy, continuous daily
antibiotic prophylaxis, or IV antibiotics were noted beginning 6
months after the EF procedure.

Descriptive statistics were provided as medians and
interquartile ranges for continuous values and as frequencies
and percentages for categorical values. Fisher’s exact test was
used to test for associations between categorical parameters
and both the endoscopic outcome and clinical outcome. Student
t-tests were used to analyze for differences in continuous values
between endoscopic success and failure, and ANOVA was used for

analyzing differences between the three clinical outcome groups.
All tests were performed at the 0.05 significance level without
adjustment for multiple comparisons using SAS 9.4 (SAS Institute
Inc., Cary NC).

Result

Patient Characteristics: From 2008 to 2018, 40/514 women
from our RUTI repository database met study criteria (Figure
2), including 34 in group 1 (endoscopic success) and 6 in group
2 (endoscopic failure). Baseline demographics and preoperative
UTI management are shown in Table 1. Prior to the operation, 17
(43%) patients were on continuous suppressive antibiotics and 7
(18%) had required IV antibiotics for RUTI treatment. There were
no statistically significant differences in patient characteristics or
pre-operative UTI management between groups 1 and 2 (Table 1).
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Women in RUTI database
treated with EF
N=514

EF of inflammation
limited to the trigone
(trigonitis)
N=118

Exclusions:
-flu<1yr(N=1)
- No f/u cystoscopy (N=19)
- Concomitant procedure
(N=58)

Patients meeting
inclusion cri

Endoscopic Success Endoscopic Failure

At last follow up:
OUTIs/yr:N=8

At last follow up:
OUTIs/yr: N=1
<3 UTls/yr:
23 UTIs/
Daily suppressive Abx: N =0
Repeat EF: N=1

Daily suppressive Abx: N =0
Repeat EF: N=1

Figure 2: Patient Population

RUTI = recurrent urinary tract infections, EF = electrofulguration, f/u = follow up, Abx = antibiotics

Surgical Outcomes: The groups showed comparable
procedure times (p=0.19), with almost all procedures lasting
less than 25 minutes. No intra-operative or post-operative
complications were noted. Most patients were considered
endoscopically successful at their 6 months post-EF office
cystoscopy (85%). Overall, 2/40 (5%) elected to pursue a second
EF, including 1/34 (3%) from group 1 and 1/6 (17%) from group
2 (p=0.28).

Clinical Outcomes: Median follow-up in group 1 was 3.7
years (IQR 2.0-6.1) and 2.3 years (IQR 1.7-7.5) in group 2 (p=0.71).
Median UTIs/year were comparable in both groups at 0.6 (0.2-
1.1) for group 1 and 0.9 (0.3-1.6) in group 2 (p=0.89) (Table 1).
The clinical outcomes were equivalent and overall, 9 (23%) were
cured with 0 UTI/year, 29 (73%) were improved with <3 UTI/
year and 2 (5%) failed with >3 UTI/year. After EF and prior to the
6-month follow-up cystoscopy, 15 patients were on suppressive
antibiotics (5 for 6 weeks, 6 for 3 months, 7 for 6 months) to treat
secondary infections during the healing of the trigone. But, after
the post-EF cystoscopy at 6 months, no patients remained on
long-term suppressive antibiotics. No difference was observed
in post-EF cultures (strains and antibiotic resistances), nor in
the use of post-EF post-coital prophylaxis, self-start antibiotics,
IV antibiotics, or incidence of pyelonephritis between the two
groups.

In the clinically improved group, 19 (66%) had <1 UTI/year
in the follow-up period starting 6 months after EF. More patients
with 1-2 or 2-3 UTIs/year utilized self-start antibiotics than those
that had <1 UTI/year (p=0.0013). Table 2 shows full results of the
clinically improved group with no other statistically significant
differences.

Discussion

This study examined the role of EF in women with antibiotic-
recalcitrant RUTIs and a negative thorough urological work-up
for RUTIs other than evidence of inflammatory lesions limited
to the trigone on office cystoscopy. During the follow-up period,
trigonitis resolved in most, and many had substantial clinical
improvement or cure of their RUTISs.

Endoscopic success was 85%, and very few patients
underwent repeat EF, providing merit to the goal of the procedure
of mechanically removing bacteria residing in the inflamed
trigone. Many patients with both endoscopic success and failure
had high levels of clinical cure or improvement. These clinical
results were found consistent with another group that studied 9
years of clinical data and saw( a )significant reduction in UTIs for
12 months in 47 patients following cystoscopy with diathermy,
a similar procedure to EF [23]. Since endoscopic success was
classified as complete resolution of lesions, it is possible, though
unproven, that some patients who had a few residual lesions, but
alesser burden than originally observed, experienced a reduction
in their UTI recurrence rates and therefore still benefited from EF.
Only two patients underwent a repeat fulguration, one from each
group. The one person from the endoscopic success group that
received a repeat fulguration developed new lesions elsewhere in
the bladder years after the original procedure.

Although some patients continued to utilize other forms of
antibiotic prophylaxis (post-coital or self-start therapy) after EF,
no patients required continuous suppressive antibiotics after 6
months from EF, thus decreasing their antibiotic requirement
that could have led to adverse effects or additional antibiotic
resistance. Confirming our prior report, many patients in this
optimal group of trigonitis alone required no additional antibiotic
treatments after EF over a durable length of follow-up.
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<1 UTI/year 1-2 UTIs/year 2-3 UTIs/year
(n=19) (n=6) (n=4)

Median years of follow-up (IQR 6.0 (2.2-7.8) 2.5(1.7-2.8) 5.0 (3.1-6.8) 0.059
Median age, years (IQR) 56 (46-64) 71 (56-83) 58(45-64.5) 0.16
Race

White 18 (95%) 6 (100%) 4 (100%) >0.99

Hispanic 1 (5%) 0(0%) 0 (0%)
Median BMI (IQR) 26.6 (23.1-32) 27.9 (25.8-29.7) 28.4 (24-32.8)
Median Party (IQR) 2 (1-3) 2 (1-2) 2 (1-3) 0.77
Diabetic 2 (11%) 0 (0%) 0 (0%) >0.99
Ever Smoker 7 (37%) 2 (33%) 1(25%) >0.99
Prior urologic Surgery 6 (32%) 1(17%) 0 (0%) 0.56
Hysterectomy 10 (53%) 4 (67%) 3(57%) 0.64
Menopause/oophorectomy 13 (68%) 5 (83%) 3(75%) 0.84
HRT 9 (47%) 4 (67%) 3 (75%) 0.86
Sexually active 11 (61%) 3 (50%) 3 (75%) 0.74
Past Suppressive antibiotics 8 (42%) 2 (33%) 3(75%) 0.55
Past post - coital prophylaxis 2 (11%) 1(17%) 0 (0%) >0.99
Past self-start 0 (0%) 0 (0%) 0 (0%)
Past IV anitibiotics 3(16%) 1(17%) 1(25%) >0.99
Past pyelonephritis 3 (16%) 1(17%) 1 (25%) >0.99
Median length of surgery, min (IQR) 17 (15-21) 17.5 (14-22) 19 (14.5-21.5) 0.80
Post - fulguration outcomes
Endoscopic failure 2 (11%) 3 (50%) 0 (0%) 0.070
Repeat fulguration 2 (11%) 0 (0%) 0 (0%) >0.99
Post - fulguration Cultures
E. coli 10 (53%) 3 (50%) 0 (0%) 0.74
Multiple Organisms 6 (32%) 3 (50%) 2 (50%) 0.62
Drug resistant 2 (11%) 1(17%) 2 (50%) 0.17
FQ - resistant 2 (11%) 0 (0%) 1(25%) 0.45
Bactrim - resistant 2 (11%) 2 (33%) 2 (50%) 0.094
ESBL 0 (0%) 1(17%) 1 (25%) 0.11
Post - fulguration
Post - coital prophylaxis 4 (21%) 3 (50%) 1(25%) 0.41
Self - start antibiotics 0(0%) 2 (33%) 3 (75%) 0.0013
[V antibiotics 1 (5%) 1(17%) 1 (25%) 0.27
Pyelonephritis 1 (5%) 1(17%) 0 (0%) 0.58

Table 2: Patient characteristics by UTIs/year for clinically improved patients
Abbrevations: IQR = Interquatile range, BMI = body mass index, IV = intravenous, UTI = urinary tract infections,

ESBL = extended - spectrum beta -lactamase, FQ = fluroquinolone

Further stratification of the clinically improved group showed
that most patients with improvement had <1 UTI per year,
indicating a significant reduction in disease burden and severity
for these women who were consistently having =3 symptomatic
UTI episodes per year. It was noted that more patients with 1-2
or 2-3 UTIs/year utilized self-start antibiotics than those that had
<1 UTI/year.

EF is a short minimally invasive procedure associated with a
low complication rate in our previous study and no peri-operative
complication reported in this cohort [20]. While not currently
recommended in the RUTI management guidelines, EF is utilized
in other bladder pathologies such as interstitial cystitis with
Hunner’s ulcers [19] and in bladder tumor treatment in lieu of
transurethral resection [24]. In all these instances, the superficial
nature of the fulguration did not affect bladder function or
compliance in the long run.

Other RUTI management strategies (continuous antibiotics,
post-coital prophylaxis, self-start therapy, hormone replacement
therapy) have been recommended with variable levels of

success [7, 8]. A meta-analysis of 10 trials reported a decrease
in UTI/year with 6-12 months of suppressive antibiotics
compared to placebo (0-0.9 vs 0.8-3.6, respectively), but an
increase in side effects was noted in the suppressive antibiotic
group. Additionally, two studies in that analysis indicated no
difference between suppressive antibiotics and placebo [25].
While long-term antibiotic administration can be effective, there
are concerns about developing resistant bacterial strains [26].
Vaginal estrogen therapy has proven helpful in postmenopausal
women but is limited by cost and compliance and does not help
the premenopausal group [27,28]. Since chronic trigonitis is a
localized regional condition in this subset of women with RUTI
and considering the phenomenon of biofilm recalcitrance which
protects these bacteria from anti-microbial treatment, EF may
offer a durable benefit when other traditional forms of RUTI
management have failed.

This study has many strengths including RUTI participants
at the same stage of disease (limited trigonitis) to eliminate the
confounding results of applying EF to various stages of more
extensive cystitis. A subgroup analysis comparing those with
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