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ABSTRACT

Purpose: To investigate sensory and motor function of the bladder and urethra in women with and without urgency urinary
incontinence (UUI).

Materials and Methods: Treatment-seeking women with UUI and healthy, asymptomatic, nontreatment seeking controls
enrolled in the Symptoms of Lower Urinary Tract Dysfunction Research Network Organ-Based study (LURN-Organ) and
underwent a single session of physiological testing. Testing included rapid-fill cystometry before and after lidocaine adminis-
tration, urethral pressure profiles, pelvic floor contraction (Kegel) testing, and tuning fork sensation testing at the urethral
meatus.

Results: Data were collected from 31 asymptomatic controls and 56 women with UUL. Women with UUI were more likely to
demonstrate detrusor overactivity (DO) (32% vs. 10% in controls, p = 0.019). In addition, women with UUI on average generated
25% lower active urethral closure pressures during maximal contraction (p = 0.0016) and reported sensations at lower volumes

Abbreviations: AIC, Akaike information criterion; AUC, area under the receiver-operating characteristic (ROC) curve; BMI, body-mass index; CV, controlled variables; DO, detrusor overactivity;
FDV, first desire to void; IQR, inter-quartile range; KUCP, Kegel urethral closure pressure; LUT, lower urinary tract; MCC, maximum cystometric capacity; MUCP, maximum urethral closure
pressure; Pclo, pressure calculated by subtracting Pves from Pura; Pura, pressure measured on the urethral pressure sensor; Pves, pressure measured on the bladder/vesical pressure sensor; SDV,
strong desire to void; UPP, urethral pressure profile; UUI, urgency urinary incontinence.

For a complete list of the Symptoms of Lower Urinary Tract Dysfunction Research Network (LURN) Study Group, see the Acknowledgments section.
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during cystometry (34% lower for first desire to void, p = 0.028; 34% lower for strong desire to void, p =0.0017; and 32% lower

for maximum cystometric capacity, p = 0.0047). Women with UUI demonstrated diminished urethral sensation on the tuning

fork test (median of 7 vs. 8 in controls) though the difference was not significant (p = 0.054). Considerable overlap in all findings

occurred between cases and controls in each parameter. While individual component comparisons revealed some differences,
additional multivariable analysis demonstrated prominently the physiological heterogeneity of women with UUIL
Conclusions: Women with UUI demonstrated varying amounts of bladder sensory dysfunction, urethral motor dysfunction
and bladder motor dysfunction. Considering the function of lower urinary tract components in combination may reveal UUI
phenotypes, highlighting the need to study UUI from a multifactorial perspective.

Clinical Trial Registration: ClinicalTrials.gov Identifier: NCT04557748.

1 | Introduction

Treatments for urgency urinary incontinence (UUI) have pri-
marily focused on treating suspected detrusor overactivity (DO),
a motor aspect of bladder function. However, it is well known
that not all women with UUI demonstrate DO on urodynamic
testing [1], and some healthy controls demonstrate DO but do
not leak [2]. These observations suggest an incomplete under-
standing of the pathophysiology of UUI and that additional
factors are involved. This is supported further by the lack of
therapeutic response in many individuals to UUI treatments
designed to reduce detrusor contractility [3, 4]. The Organ
Function Testing project within the Symptoms of Lower
Urinary Tract Dysfunction Research Network II (LURN II) [5],
was designed to study lower urinary tract (LUT) physiology in
women with UUI symptoms.

In this study we tested the null-hypothesis that UUI is ex-
clusively related to abnormal bladder motor function, and that
it does not involve bladder sensory or urethral dysfunction. We
undertook examining urethral sensory and motor function,
together with bladder sensory and motor function, comparing
findings between women with and without UUI Our objective
was to identify functional differences, individually and in
combination, to define different physiological phenotypes of
women with UUI Unlike previous studies, our study utilized
age-matched, nontreatment seeking controls and assessed ure-
thral as well as bladder behavior. Additionally our interest for
this study is specifically with reference to women with UUI,
rather than the more general symptom-complex of overactive
bladder, where the diversity of symptoms complicates inter-
pretation of the physiology.

2 | Materials and Methods

This multi-institutional study was approved by a single autho-
rized ethical review board, and all study participants provided
written informed consent. Women with UUI who had enrolled
in the parent LURN II Observational Cohort study who also met
specific enrollment criteria for this study (see Table 1 and
Supplementary Methods) were recruited. Age-matched non-
treatment seeking women without LUTS were enrolled as
“controls” in a 2:1 (case:control) ratio.

Incontinence for this study was classified based on questions
on the LUTS Tool [6]. Women reporting mixed incontinence

had to have “urgency-predominant” urinary incontinence (see
Table S1). Six sites across the US enrolled participants and
contributed data.

Participants discontinued medications for urinary symp-
toms 3 days before testing. The single-visit protocol
consisted of four separate sections, conducted in series
(Figure 1A).

Physiological testing utilized Laborie urodynamics machines
(Laborie Medical Technologies Corp., Portsmouth, NH,) and
software (v14). T-DOC (air-charged) 7 Fr dual sensor cathe-
ters were used in the bladder and urethra. A single sensor
T-DOC catheter to record abdominal pressure was placed
in the upper vagina for both comfort and to avoid rectal
contractions.

2.1 | Test of Urethral Sensation: Vibration
Perception

A 128 Hz Rydel-Seiffer tuning fork, used to diagnose large-
fiber neuropathy [7], was used to test urethral vibration
sensation. The tuning fork was activated and the base
(Figure 1B) placed against the urethral meatus. When the
participant no longer reported vibration, the current vibra-
tion level was recorded. Three trials were performed, and the
numbers averaged (median).

TABLE 1 | Case inclusion and exclusion criteria (summarized).

Inclusion:

1. Women ages 18-80 with UUI, who fulfilled the criteria
for entry into the LURN Observational Cohort study.

2. Completed LUTS Tool questionnaire:

Urgency Urinary Incontinence defined by answer of
“sometimes,” “often,” or “always” to the question, “How
often in the past month have you ... leaked urine in
connection with a sudden need to rush to urinate?”
Exclusion:

1. All the exclusion criteria of the LURN Observational
Cohort Study

2. Post-void residual > 150 mL as identified on baseline
physical exam

3. Greater than Stage 2 prolapse as identified on baseline
physical exam
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FIGURE 1 | Legend on next page.
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2.2 | Tests of Urethral Motor Function: Urethral
Pressure Profilometry (UPP)

UPP measurements were made in the semi-recumbent/low
lithotomy position. After zeroing pressures outside the
body, the single sensor abdominal catheter tip was posi-
tioned in the upper vagina, and the dual-sensor catheter was
placed into the bladder. The bladder was filled with 100 mL
of room temperature saline. With both vesical catheter
sensors in the bladder, the operator manually withdrew the
catheter out of the bladder at approximately 1 cm/s until the
urethral sensor exited the meatus (Figure 1C). The proce-
dure was performed three times (Figure 1D). Maximum
urethral closure pressures (MUCPs) were identified and
averaged (mean).

2.3 | Tests of Urethral Motor Function: Maximal
Voluntary Sphincter Contraction Strength

The urethral sensor was repositioned at the MUCP point
within the urethra. Participants were instructed to squeeze
their pelvic floor muscles as tightly as possible (‘Kegel
maneuver’) for several seconds. This was done three times,
with a brief rest (~5-10s) between squeezes. The highest
closure pressure (KUCP) and largest pressure increase
(augmentation, Figure 1C) were noted.

2.4 | Tests of Bladder Sensory and Motor
Function: Cystometry, Before and After Lidocaine
Instillation

Before filling, the bladder was emptied via voiding or aspi-
ration. With the participant in the semi-recumbent lithot-
omy position, the urethral sensor was positioned at the
MUCP point. Bladder filling with room temperature saline
commenced at 70mL/min through the filling lumen.
The fast fill rate was selected to make provoking DO more
likely [8]. DO was defined by a > 10 cmH,O rise in detrusor
pressure, with or without sensation to void. The participant
was prompted to report first sensation of filling, first desire
to void, strong desire to void, and maximum cystometric
capacity. At either capacity or 750 mL (whichever came
first), filling was stopped and the participant allowed
to void.

Fifty mL of lidocaine 1% was then instilled into the bladder.
After 15min, the bladder was drained. Cystometry was then
repeated (post-lidocaine trial).

2.5 | Statistical Analysis

Between group differences were analyzed using linear regression
(controlling for age, BMI, and vaginal parity, selected a priori for
associations with UUI), signed-rank tests, or Fisher's exact test,
as appropriate. p-values less than 0.05 were considered statisti-
cally significant. Logistic regression models were fit to assess the
discriminability of UUI versus controls as a function of one or
more physiological measurements or clinical covariates (details
in Methods S1). To minimize distractions important statistics and
model parameters are included in Tables S2 and S3. Some data
were not analyzable and were marked so before analysis.

3 | Results

87 women enrolled in the LURN Observational Cohort study
from March 2021 to November 2023 enrolled in the LURN-
Organ project as controls (N = 31) or UUI (N = 56) participants.
Group demographics are shown in Table 2.

3.1 | Individual Component Comparisons, UUI vs
Control

311 | Urethral Motor Function

The mean resting urethral closure pressure (MUCP) was 12%
lower in women with UUI (86 cmH,0) compared to controls (98
cmH,0) but was not statistically significant (p = 0.068, Figure 2A).
The mean urethral closure pressure during Kegel (KUCP) was 25%
lower in women with UUI (78 cmH,0O) compared to controls
(103 cmH,0) (p=0.0016, Figure 2B). The increase in urethral
pressure during Kegel (‘augmentation’) above MUCP was on
average 25% lower as well in women with UUI (25cmH,0)
compared to controls (33 cmH,0) but was also not statistically
significant (p =0.16, Figure 2C). These data suggest that the
measurement that most distinguishes women with UUI versus
controls is the total urethral pressure that a woman is able gen-
erate on demand (KUCP). See Table S2 (summary statistics) and
Table S3 (details of regression models) for additional details.

FIGURE 1 | Overview of experimental testing. A, Components of the testing arranged by execution order. B, Urethral sensation testing using a

tuning fork placed on the urethral meatus after initiating vibration. The participant then reported at what point they no longer felt vibration. An
optical illusion of a growing triangle allows quantification of the vibration level which ranged from 0 (high vibration) to 8 (minimal vibration). As
shown, the readout would be 5 (black triangle). C, Experimental setup for urethral motor function testing. Values extracted included maximum
urethral closure pressure (MUCP), urethral closure pressure during a Kegel maneuver (KUCP), and increase in pressure above MUCP generated by a
Kegel contraction (augmentation). D, Example of manometric data for urethral motor function tests. The resting pressure profiles along the length of
the urethra are noted by the 3 solid horizonal lines immediately above the Pura tracing. Catheter reinsertion to position the urethral sensor into the
bladder is noted. After UPP testing the catheter was adjusted so that the urethral sensor was at the location of maximum urethral pressure and Kegel
testing was then performed (blue lines above Pclo to indicate the contractions). Note the constant pressure of the vesical sensor, indicating that the
sensor appropriately remained in the bladder throughout the study. Pves = vesical pressure, Pura = urethral pressure, Pclo = closure pressure = Pura
minus Pves.
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TABLE 2 | Demographic data.

Control UUuI
(N=31) (N =56) p value
Age (years), 63 (54-66) 61 0.86
median (IQR) (50-68)
Age category 0.95
<44 4 (13%) 7 (13%)
44-54 5 (16%) 12 (21%)
54-64 10 (32%) 17 (30%)
65+ 12 (39%) 20 (36%)
Race 1.00
White 23 (74%) 40 (71%)
Black 6 (19%) 11 (20%)
Asian 1 (3%) 1(2%)
Other/Multi- 1 (3%) 4 (7%)
racial
Ethnicity” 0.40
Hispanic/Latino — 2 (4%)
Non-Hispanic/ 31 (100%) 52 (96%)
Latino
BMI, 27 (23-32) 33 0.01
median (IQR) (28-37)
BMI category 0.06
BMI < 24 12 (39%) 10 (18%)
24 <BMI < 30 9 (29%) 15 (27%)
29 < BMI 10 (32%) 31 (55%)
Diabetes 0.06
No 28 (90%) 44 (79%)
Type I 1 (3%) —
Type II 2 (6%) 12 (21%)
# of Vaginal 1 (0-2) 2 (0-2) 0.12
Births,
median (IQR)
# of Vaginal 0.08
Births categories
0 14 (45%) 15 (27%)
1+ 17 (55%) 41 (73%)

#N =2 UUI participants have missing ethnicity data and are excluded by the
calculated percentages.

3.1.2 | Bladder Motor Function

There was a higher occurrence of DO in women with UUI
compared to controls (p = 0.019). However, only 32% of women
with UUI had DO on their pre-lidocaine fill and 10% of control
women had DO (Table 3).

3.1.3 | Bladder Sensory Function

Women with UUI reported sensations at smaller bladder vol-
umes than controls. Mean volume at first desire to void (FDV)
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FIGURE 2 | Urethral motor function testing results including, A,
resting urethral closure pressure or MUCP, B, active urethral closure pres-
sure or KUCP, and C, increase in closure pressure or augmentation that the
participants were able to generate. Despite all three showing the expected
trends (lower values for women with UUI on average), only active urethral
closure pressure was statistically significant between the two groups. See text
for additional details. Numbers of evaluable data points are noted for each
group, with some having less due to inability to interpret/absent data. Tests
for differences between groups are based on regression models adjusted for
age, BMI, and number of vaginal births (details in Table S3). **p < 0.01.

was 34% lower (p = 0.028), at strong desire to void (SDV) was
34% lower (p = 0.0017), and at maximum cystometric capacity
(MCC) was 32% lower (p =0.0047, Figure 3A) in UUI com-
pared to controls. These trends continued after lidocaine with
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TABLE 3 | Presence of DO during cystometry (pre-lidocaine fill)
(Fisher's Exact test).

Group + DO - DO Total % with DO
Control 3 28 31 10%
UUI 17 37 54 32%

P-Value 0.019

reductions of 34% (FDV, p =0.0089), 34% (SDV, p=0.0024),
and 26% (MCC, p=0.023, Figure 3B). Both groups demon-
strated mean increases in volumes at which each sensation
was reported after lidocaine relative to the pre-lidocaine fill
(FDV: [93, 53] mL, [controls, UUI]; SDV: [95, 63] mL; MCC:
[40, 56] mL). Interestingly, we observed a smaller increase in
women with UUI for FDV (43% less) and SDV (33% less)
as compared to controls, although neither was statistically
significant (FDV: p = 0.10; SDV: p = 0.26). In contrast, women
with UUI had a higher increase in MCC between fills
(40% higher), suggesting that MCC may be a different type of
sensation than SDV and FDV, although this also was not
statistically significant (p =0.16).

3.1.4 | Urethral Sensory Function

Women with UUI tended to report loss of urethral vibratory
sensation at a lower threshold (median 7) than controls
(median 8). This finding was not statistically significant
(p =0.054, Figure 4).

3.2 | Multiple Component Comparisons

The following analyses examined multiple physiologic mea-
surements simultaneously, highlighting the complexity of UUI.

3.21 | Combined Cystometric Variables, DO and MCC,
Pre- and Post-Lidocaine

Figure 5 shows MCC and DO status, per participant, for both
pre- and post-lidocaine fills, ordered within group by MCC from
the pre-lidocaine fill. Patterns seen in the UUI group include
women with: (1) DO at low MCC volumes; (2) large increases in
MCC after lidocaine, and (3) larger MCCs on their first fill,
without DO and small changes with lidocaine. As with the
single measurement comparisons, these groupings are broad
characterizations with exceptions/overlap.

3.2.2 | Multivariable Modeling (Logistic Regression) of
Physiological Parameters Versus UUI Status

We examined how individual parameters contributed to the
group differences between cases and controls using models with
increasing complexity. The goal was not to create a model to
predict UUI, but rather to determine how much weight the
physiological measurements contribute to discriminating UUI
vs controls [9]. The most impactful measurements, KUCP and
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FIGURE 3 | Volumes at which bladder sensations were reported
during cystometry and their differences pre- versus post-lidocaine,
(A), before lidocaine, (B), after lidocaine instillation. (C), change in
sensation volumes between the two fills for each participant.
Lower sensation volumes were observed for women with UUI, even
after lidocaine. Differences in volume for the different sensations
were calculated (C). A positive value indicates the participant re-
ported a given sensation at a higher volume after lidocaine.
See text for additional details. FDV: first desire to void; SDV: strong
desire to void; MCC: maximum cystometric capacity, (#,#): number
of control and UUI participants respectively. Tests for differences
between groups are based on regression models adjusted for age,
BMI, and number of vaginal births (details in Table S3).
*p < 0.05, **p < 0.01.
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FIGURE 4 | Distribution of vibration sensation responses. No sta-
tistically significant difference between the distributions was observed
(p =0.054, one-tailed signed-rank test).

MCQC, led to notable increases in model performance, whereas
addition of other measurements, including DO status, led to
minimal model improvement (Table 4). The AUC value of 0.83
suggests unidentified physiological factors, inadequate mea-
surement of current factors, and/or that alternative modeling
approaches may be needed (e.g., clustering) to more strongly
distinguish between cases and controls. See Table S4 for single-
variable performance.

4 | Discussion
4.1 | Main Findings

Using multimodal methodology in a single cohort to evaluate
bladder motor and sensory function as well as urethral motor
and sensory function, we reject our null-hypothesis that UUI
dysfunction is predominantly related to abnormal bladder
motor function. We found that although bladder motor function
(DO) was more often abnormal in women with UUI compared
to controls, urethral motor function (lower KUCP), and
abnormal bladder sensory function (lower sensation volumes)
were also abnormal and provided larger discriminability
(separation) between cases and controls. Women with UUTI also
showed less urethral sensitivity to vibration, although this dif-
ference did not reach a statistically significant threshold.
Importantly, although individual functional measures showed
differences between women with and without UUI, there was
overlap showing that no single measurement adequately ex-
plains the occurrence of UUI. Several different combinations of
dysfunction are present in various combinations suggesting that
UUI has multiple contributing factors, and women with UUI
are a heterogeneous group of different phenotypes.

4.2 | Extension of the Literature

Our results confirm previous observations and illuminate new
ones regarding the four LUT components by performing a full
battery of sensory and motor tests in a single well characterized

cohort, including age-matched asymptomatic controls. Con-
sistent with other studies, DO was not observed in all women
with UUI and it can occur in asymptomatic women [1, 10, 11].
Our lidocaine results are in line with Higson et al. who found
that intravesical lidocaine in certain women with idiopathic DO
increased bladder capacity [12]. The response magnitude to
lidocaine differed noticeably between participants. The mech-
anisms underlying lidocaine responsiveness is unclear. Inter-
estingly some women demonstrated de-novo DO after lidocaine,
an observation noted by others [13]. These results suggest that
while some women may have hypersensitive bladders that may
benefit from lidocaine (or sensation reduction more generally)
to treat their urinary symptoms, others may not achieve
symptom relief [14].

The observation that, on average, women with “overactive
bladder” report bladder sensations at lower volumes has led
to the suggestion that this is due to not only excess detrusor
motor activity but also bladder hypersensitivity [15, 16]. Our
data support this notion. Therefore, we have avoided the use
of the term overactive bladder, except when referring to
others' work, because the term implies bladder motor dys-
function, and discounts the possibility of bladder sensory
dysfunction (e.g., hypersensitivity or hyposensitivity) and
urethral motor dysfunction.

Our urethral function data confirm earlier community-based
research that found diminished urethral motor function in a
population of White women [17], compared to Black women
with UUI who had similar values to healthy controls. Even in
women that have occasional detrusor contractions during
bladder filling a strong urethra may be sufficient to compensate.
Thus, for a subset of women with UUI and weak urethras,
targeting urethral motor function may be beneficial.

We undertook a novel approach for evaluating urethral
sensation, using a tuning fork, which is routinely used to
assess peripheral neuropathy [7]. More women with UUI
demonstrated impaired urethral sensation relative to con-
trols, although this result was not statistically significant
(p=0.054). A previous study observed impaired urethral
sensation in response to electrical stimulation in women
with UUI [18]. These preliminary data provide a signal that
urethral sensation contributes to the occurrence of UUI and
deserves further investigation.

4.3 | Clinical Implications

Figure 5 suggests several possible phenotypes of UUI, eluci-
dated by evaluating multiple variables simultaneously. The
findings of this study suggest therapeutic targets not typically
considered for patients with UUIL For example, the subset of
LURN participants with a large lidocaine effect might benefit
from bladder anesthetics such as phenazopyridine to reduce
bladder sensitivity. Those with low MUCPs might potentially
benefit from urethral bulking or suspension procedures or yet to
be developed interventions to improve urethral function, rather
than antimuscarinic medications. Clinical trials that phenotype
women before choosing treatment will be needed to explore
these hypotheses. Those with low KUCPs might benefit from
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FIGURE 5 | Distribution of individuals based on maximum cystometric capacity (MCC) before and after lidocaine instillation, and the presence/
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apparent when examining single measurements. Three potential groupings/phenotypes of women with UUI are shown in (B). (*) NB - these are

general patterns with both overlap and exceptions.

TABLE 4 | Logistic regression model performance (AUC) from
using the best 1 to 5 physiological measurements.

Variables AUC AIC?*
Controlled Variables (CV) Only: age, 0.70 110.0
BMI, vaginal parity

Best 1: CVs, MCC 0.78 103.2
Best 2: CVs, MCC, KUCP 0.82 97.7

Best 3: CVs, MCC, KUCP, Tuning Fork 0.83 98.8

Best 4: CVs, MCC, KUCP, Tuning Fork, 0.83 100.6
DO Status

Best 5: CVs, MCC, KUCP, Tuning Fork, 0.83 101.1
DO Status, Difference in SDV

Note: Each row after the first, was chosen by adding the physiological
measurement that increased the AUC the most relative to the model considered in
the previous row. MCC and KUCP were the physiological measurements that led
to the largest increase in AUC taking into account the controlled variables; other
variables, including DO, led to minimal increases in model performance, and
increasing/worsening AIC. The AUC metric ranges from 0.5 to 1, whereas these
models reach only 0.83, despite training on all data (i.e., no validation/testing data
were withheld). Together with the relatively small sample size this means the
AUC value of 0.83 is likely overoptimistic.

*Smaller values for AIC indicate better model fit.

pelvic floor strengthening with a pelvic floor physical therapist.
By rejecting the notion that UUI is due to a single patho-
physiology (e.g., DO), a precision medicine approach to deter-
mine specific dysfunctions and address them in individual
patients could improve UUI treatment outcomes. We are not

suggesting that this expanded urodynamic testing be performed
on all patients with clinical UUI, but that physiologically guided
treatment may be warranted.

4.4 | Research Implications

We have shown that UUI pathology is multifactorial, and as the
multivariable analysis demonstrates, there are likely organ-
based factors other than the ones examined here that contribute
to UUL We expect that through improved physiological testing,
combined with new data analysis techniques (e.g., sub-typing,
clustering) we will improve our ability to explain UUI for a
given individual. Notable areas for future improved testing
include urethral smooth muscle function, vascular integrity,
reflexes, and brain function [19, 20], as well as general efforts to
simplify testing, reduce cost and time burdens, and ensure
reliable measurements.

4.5 | Strengths and Limitations

There are several strengths to this study. We recruited and
tested a well-defined group of care-seeking women with UUI,
along with a similar asymptomatic control group. In addition,
we conducted tests that would assess not just one aspect of
dysfunction, such as DO, but studied both sensory and motor
function for the urethra and the bladder. To our knowledge, this
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is one of the largest multi-component lower urinary tract
physiology studies done to date.

The study had limitations. Our sample size was modest, impacting
the statistical power to detect differences. Detrusor overactivity is
not reliably captured during clinical cystometry [21], and its
absence during a cystometrogram is not a reliable reflection of
actual bladder function. The order of lidocaine administration
could not be randomized due to its lasting effect so the order effect
of the two fills must be considered. Current urethral manometry
only measures pressure at one location at any given time. Urethral
sensation testing is in its infancy and needs further development.
Our findings do not rule out the possibility that urethral sensory
dysfunction may contribute to UUI symptoms.

5 | Conclusion

UUI is not a single entity. In addition to bladder motor dys-
function, bladder sensory dysfunction and urethral motor
dysfunction were also observed. Women with UUTI are heter-
ogenous in their physiologies. Future work should clarify what
additional factors are needed to discriminate between those
with and without symptoms, and how physiological parame-
ters impact treatment response.

Acknowledgments

This is publication number 46 of the Symptoms of Lower Urinary Tract
Dysfunction Research Network (LURN). This study is supported by the
National Institute of Diabetes & Digestive & Kidney Diseases through
cooperative agreements (grants DK097780, DK097772, DK097779,
DKO099932, DK100011, DK100017, DK099879). Dr. Hokanson was also
funded in part by a K01 (DK121866). Research reported in this publi-
cation was supported at Northwestern University, in part, by the
National Institutes of Health's National Center for Advancing Transla-
tional Sciences, Grant Number UL1TR001422. The content is solely the
responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

As members of the Lower Urinary Tract Dysfunction Research Network
(LURN) Study Group, the following individuals were instrumental in the
planning and conduct of this study at each of the participating institutions:

Duke University, Durham, North Carolina (DK097780): PIs: Cindy
Amundsen, MD, J. Eric Jelovsek, MD; Co-Is: Kathryn Flynn, PhD, Jim
Hokanson, PhD, Aaron Lentz, MD, David Page, PhD, Nazema Siddiqui,
MD, Todd Harshbarger, PhD, Michael Odom, PhD, Chad Gridley, MD,
Jordan Foreman, MD, Tara Morgan, MD, Annika Sinha, MD, Aya Ba-
shi, Jasmine Arrington; Study Coordinators: Magaly Guerrero, BSc,
Stephanie Yu.

University of Iowa, Iowa City, Iowa (DK097772): PIs: Catherine S
Bradley, MD, MSCE, Karl Kreder, MD, MBA; Co-Is: Bradley A. Erick-
son, MD, MS, Daniel Fick, MD, Vince Magnotta, PhD, Philip Polgreen,
MD, MPH; Study Coordinator: Nancy Hollenbeck.

University of Chicago, Chicago, Illinois (DK097779): PIs: C. Emi
Bretschneider, MD, James W Griffith, PhD, Kimberly Kenton, MD, MS,
Brian Helfand, MD, PhD; Co-Is: David Cella, PhD, Julia Geynisman-
Tan, MD, Alex Glaser, MD, Margaret Mueller, MD, Francesca Farina,
PhD, Richard Fantus, MD, Devin Boehm, BS; Study Coordinators:
Melissa Marquez, MBA, Malgorzata Antoniak, PhD, Pooja Talaty, MS,
Karen John, Jinxuan Shi, MA, Tara Samsel, BS.

Dr. Helfand, Dr. Glaser, Dr. Antoniak, and Ms. Talaty are at Endeavor
Health. Dr. Bretschneider, Dr. Cella, Dr. Geynisman-Tan, Mr. Boehm,
Ms. Marquez, and Ms. John are at Northwestern Medicine.

University of Michigan Health System, Ann Arbor, Michigan
(DK099932): PI: J Quentin Clemens, MD, FACS, MSCI; Co-Is: John
DeLancey, MD, Dee Fenner, MD, Rick Harris, MD, Steve Harte, PhD,
Anne P. Cameron, MD, Aruna Sarma, PhD, Giulia Ippolito, MD,
Priyanka Gupta, MD, Whitney Horner, MD; Jannah Thompson, MD;
Payton Schmidt, MD; Study Coordinators: Greg Mowatt, BA, Sarah
Richardson, BS, Sneha Mathai, BS, Syedah Mubeenah, MBBS.

University of Washington, Seattle, Washington (DK100011): PI: Claire
Yang, MD; Co-Is: Anna Kirby, MD, Swati Rane Levendovszky, PhD,
Sreya Gutta; Study Coordinators: Brenda Vicars, RN, Holly Covert.

Washington University in St. Louis, St. Louis, Missouri (DK100017): PI:
H. Henry Lai, MD; Co-Is: Joshua Shimony, MD, PhD, Fuhai Li, PhD;
Study Coordinators: Patricia Hayden, BSN, Aleksandra Klim, RN,
MHS, CCRC.

Arbor Research Collaborative for Health, Data Coordinating Center
(DK099879): PI: John Graff, PhD, MS; Co-Is: Victor Andreev, PhD, DSc,
Brenda Gillespie, PhD; Project Manager: Jessica Durkin, M. Ed, MBA;
Clinical Monitor: Melissa Sexton, BA, CCRP, Julia Nashif, BA, CCRP;
Research Analysts: Brian Bieber, MPH, Nathan Goodrich, MS, Calvin
Andrews, MS, Ting Lu, MS. Project Associate: Christine Remski.

National Institute of Diabetes and Digestive and Kidney Diseases, Divi-
sion of Kidney, Urology, and Hematology, Bethesda, Maryland: Project
Scientist: Ziya Kirkali, MD; Project Officer: Christopher Mullins, PhD.

Ethics Statement
The study was approved by Salus IRB (Study Number 20112-04).

Consent

All study participants provided written informed consent.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study will be openly available
in the National Institute of Diabetes & Digestive & Kidney Diseases
(NIDDK) Central Repository at https://repository.niddk.nih.gov/; please
reference the acronym “LURN”.

References

1. G. A. Digesu, V. Khullar, L. Cardozo, and S. Salvatore, “Overactive
Bladder Symptoms: Do We Need Urodynamics?,” Neurourology and
Urodynamics 22, no. 2 (2003): 105-108.

2. K. Heslington and P. Hilton, “Ambulatory Monitoring and Conven-
tional Cystometry In Asymptomatic Female Volunteers,” BJOG: An
International Journal of Obstetrics & Gynaecology 103, no. 5 (May 1996):
434-459.

3.C. L. Amundsen, H. E. Richter, S. A. Menefee, et al., “Onabotu-
linumtoxina vs Sacral Neuromodulation on Refractory Urgency
Urinary Incontinence in Women: A Randomized Clinical Trial,”
Journal of the American Medical Association 316, no. 13 (October
2016): 1366-1374.

4. E. A. Enemchukwu, L. L. Subak, and A. Markland, “Barriers and
Facilitators to Overactive Bladder Therapy Adherence,” Neurourology
and Urodynamics 41, no. 8 (November 2022): 1983-1992.

995 of 1222

35UBD| 7 SUOWILLOD BAIIR1D 3(qedt|dde ays Aq pausenob e sajone YO ‘3sn JO SajnJ 1o} Ariq 1T auljUQ A3|IM UO (SUOIIPUOD-PUR-SWBIL0D A&B| 1M ARRIq I [BU1|UO//SANY) SUORIPUOD pue SWd | U} 89S *[9202/c0/0T ] Uo AkeldiauluQ A3|1AA ‘pue ABojoyked Jo uslieda WeD UoSIpe A'USUOSIA JO AISIBAIUN AQ 8800, TeU/Z00T OT/I0p/W0d A8 | 1M Aeiq 1 [ul JUo//:Sdny Wwo) papeojumod ‘S ‘Sgoz '£2.9025T


https://repository.niddk.nih.gov/

5. A. P. Cameron, C. C. Yang, C. S. Bradley, et al., “Symptoms of Lower
Urinary Tract Dysfunction Research Network (LURN): An Introduction
to the Urinary Urgency Phenotyping Protocol LURN IL,” Neurourology
and Urodynamics 43 (July 2024): 1800-1808, https://doi.org/10.1002/
nau.25566.

6. K. S. Coyne, A. I. Barsdorf, C. Thompson, et al., “Moving Towards
a Comprehensive Assessment of Lower Urinary Tract Symptoms
(LUTS),” Neurourology and Urodynamics 31, no. 4 (April 2012):
448-454.

7. C. Liniger, A. Albeanu, D. Bloise, and J. P. Assal, “The Tuning Fork
Revisited,” Diabetic Medicine 7, no. 10 (December 1990): 859-864.

8.J. T. Andersen and W. E. Bradley, “Cystometry: Detrusor Reflex
Activation, Classification and Terminology,” Journal of Urology 118,
no. 4 (October 1977): 623-625.

9.J. O. L. DeLancey, E. R. Trowbridge, J. M. Miller, et al., “Stress
Urinary Incontinence: Relative Importance of Urethral Support and
Urethral Closure Pressure,” Journal of Urology 179, no. 6 (June 2008):
2286-2290.

10. L. Leitner, M. Walter, U. Sammer, S. C. Kniipfer, U. Mehnert, and
T. M. Kessler, “Urodynamic Investigation: A Valid Tool to Define
Normal Lower Urinary Tract Function?,” PLoS ONE 11, no. 10
(October 2016): e0163847.

11. A. S. Robertson, “Behaviour of the Human Bladder During Natural
Filling: The Newcastle Experience of Ambulatory Monitoring and
Conventional Artificial Filling Cystometry,” Scandinavian Journal of
Urology and Nephrology 33, no. 201 (January 1999): 19-24.

12. R. H. Higson, J. C. Smith, and W. Hills, “Intravesical Lignocaine and
Detrusor Instability,” British Journal of Urology 51, no. 6 (December
1979): 500-503.

13. C. Edlund, R. Peeker, and M. Fall, “Lidocaine Cystometry in the
Diagnosis of Bladder Overactivity,” Neurourology and Urodynamics 20,
no. 2 (2001): 147-155.

14. G. Geirsson, M. Fall, and S. Lindstrom, “Cystometric Subtypes of
Bladder Overactivity: A Retrospective Analysis of 501 Patients,”
International Urogynecology Journal 4, no. 4 (August 1993): 186-193.

15.S. R. Lee, H. J. Kim, A. Kim, and J. H. Kim, “Overactive Bladder Is
Not Only Overactive but Also Hypersensitive,” Urology 75, no. 5 (May
2010): 1053-1059.

16. O. Yamaguchi, K. Honda, M. Nomiya, et al., “Defining Overactive
Bladder as Hypersensitivity,” Neurourology and Urodynamics 26, no. 6
Suppl (October 2007): 904-907.

17.J. O. L. DeLancey, D. E. Fenner, K. Guire, D. A. Patel, D. Howard,
and J. M. Miller, “Differences in Continence System Between
Community-Dwelling Black and White Women With and Without
Urinary Incontinence In the EPI Study,” American Journal of
Obstetrics and Gynecology 202, no. 6 (June 2010): 584.e1-584.e12.

18. K. Kenton, L. Lowenstein, J. Simmons, and L. Brubaker, “Aging and
Overactive Bladder May Be Associated With Loss of Urethral Sensation
In Women,” Neurourology and Urodynamics 26, no. 7 (2007): 981-984.

19. H. H. Lai, J. Rutlin, A. R. Smith, et al., “Structural Changes in
Brain White Matter Tracts Associated With Overactive Bladder
Revealed by Diffusion Tensor Magnetic Resonance Imaging: Find-
ings From a Symptoms of Lower Urinary Tract Dysfunction
Research Network Cross-Sectional Case-Control Study,” Journal of
Urology 212 (May 2024): 351-361, https://doi.org/10.1097/JU.
0000000000004022.

20.1. Mawla, A. Schrepf, J. J. Kutch, et al., “Naturalistic Bladder
Filling Reveals Subtypes in Overactive Bladder Syndrome That
Differentially Engages Urinary Urgency-Related Brain Circuits:
Results From the Symptoms of Lower Urinary Tract Dysfunction
Research Network (LURN),” Journal of Urology 211, no. 1 (January
2024): 111-123.

21. L. V. Swithinbank, M. James, A. Shepherd, and P. Abrams, “Role of
Ambulatory Urodynamic Monitoring In Clinical Urological Practice,”
Neurourology and Urodynamics 18, no. 3 (1999): 215-222.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

996 of 1222

Neurourology and Urodynamics, 2025

35UBD| 7 SUOWILLOD BAIIR1D 3(qedt|dde ays Aq pausenob e sajone YO ‘3sn JO SajnJ 1o} Ariq 1T auljUQ A3|IM UO (SUOIIPUOD-PUR-SWBIL0D A&B| 1M ARRIq I [BU1|UO//SANY) SUORIPUOD pue SWd | U} 89S *[9202/c0/0T ] Uo AkeldiauluQ A3|1AA ‘pue ABojoyked Jo uslieda WeD UoSIpe A'USUOSIA JO AISIBAIUN AQ 8800, TeU/Z00T OT/I0p/W0d A8 | 1M Aeiq 1 [ul JUo//:Sdny Wwo) papeojumod ‘S ‘Sgoz '£2.9025T


https://doi.org/10.1002/nau.25566
https://doi.org/10.1002/nau.25566
https://doi.org/10.1097/JU.0000000000004022
https://doi.org/10.1097/JU.0000000000004022

	Expanded Physiological Testing of the Lower Urinary Tract in Asymptomatic Women and Those With Urgency Urinary Incontinence: Findings From the LURN-Organ Study
	1 Introduction
	2 Materials and Methods
	2.1 Test of Urethral Sensation: Vibration Perception
	2.2 Tests of Urethral Motor Function: Urethral Pressure Profilometry (UPP)
	2.3 Tests of Urethral Motor Function: Maximal Voluntary Sphincter Contraction Strength
	2.4 Tests of Bladder Sensory and Motor Function: Cystometry, Before and After Lidocaine Instillation
	2.5 Statistical Analysis

	3 Results
	3.1 Individual Component Comparisons, UUI vs Control
	3.1.1 Urethral Motor Function
	3.1.2 Bladder Motor Function
	3.1.3 Bladder Sensory Function
	3.1.4 Urethral Sensory Function

	3.2 Multiple Component Comparisons
	3.2.1 Combined Cystometric Variables, DO and MCC, Pre- and Post-Lidocaine
	3.2.2 Multivariable Modeling (Logistic Regression) of Physiological Parameters Versus UUI Status


	4 Discussion
	4.1 Main Findings
	4.2 Extension of the Literature
	4.3 Clinical Implications
	4.4 Research Implications
	4.5 Strengths and Limitations

	5 Conclusion
	Acknowledgments
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References
	Supporting Information




