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Preface

Dear Colleagues,

Lower urinary tract symptoms are common in women of all ages, with different causes and
expressions according to patient age and condition. Most of the time, the symptoms are transitory and
recover with no or simple therapy. Nevertheless, for some women, the symptoms are ongoing and
interfere with normal routines, impacting the quality of life.

Urinary tract dysfunctions range from infective disorders to impaired continence physiology,
with urinary incontinence and or urinary outlet obstruction, as well as chronic pelvic pain of unknown
origin and dyspareunia. Frequently, these aspects combine with each other, leading to complex
clinical presentations.

Many women never tell anyone about their symptoms and are reticent even with their
gynecologist. Referral to a pelvic floor center is not usually required. On the other hand, the
management of these conditions is never fulfilled by one single specialist but by a team of specialists
who work together to ensure pelvic floor and urinary tract health.

This Special Issue of Healthcare is dedicated to offering an overview of female urinary tract health

and care.

Matteo Frigerio and Stefano Manodoro
Guest Editors

vii
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Abstract: Background: Stress urinary incontinence (SUI) is a common condition that can significantly
impact a patient’s quality of life. Although multiple diagnostic and treatment options exist, significant
variability in SUI management exists between countries. Since women'’s SUI prevalence in Jordan is
high, and Jordan is a lower-middle-income country, this study aimed to investigate how obstetricians
and gynecologists (OBGYNs) across Jordan manage and treat women with SUIL. Method: A Google
Forms survey was prepared and sent out to Jordanian OBGYNs via WhatsApp. The results were
collected and arranged in Microsoft Excel and then transferred to SPSS for statistical analysis. Results:
Out of the 804 Jordanian registered OBGYNs, 497 could be reached, 240 conduct gynecological
surgeries, and 94 completed the survey, providing a response rate of 39.2%. Most of the respondents
were females between 41 and 55 years old. More than 70% of the OBGYNs worked in the private
sector, and 88.3% operated in the capital of Jordan. Most of the respondents favored lifestyle and
behavior therapy (43.6%) or pelvic floor physiotherapy (40.4%) as the first-line management for
SUL The transobturator mid-urethral sling (MUS) was the most common initial surgical treatment
option. The physicians preferred two-staged procedures for the repair of pelvic organ prolapse
alongside concomitant SUI. In the case of recurrent SUI following surgery, 77% of the respondents
chose to refer to a urologist or urogynecologist. Conclusions: The Jordanian OBGYNs preferred
using lifestyle/behavioral therapy and pelvic floor muscle physiotherapy as the first-line treatment
to manage SUI. Secondly, the MUS would be the most frequently preferred surgical choice. To
effectively manage SUI, adequate training in urogynecology and referral resources are essential in

lower-middle-income countries.

Keywords: stress urinary incontinence; urogynecology; survey study; Jordan

1. Introduction

Urinary incontinence is a common global problem affecting around 423 million people
over 20 years old [1], indicating a high incidence and prevalence. Furthermore, urinary in-
continence is considered to be a major challenge for the health system. Urinary incontinence
has different forms, including urge urinary incontinence and stress urinary incontinence
(SUI) [2,3]. Urge urinary incontinence affects men, whereas SUI dominates in women [2,3].
According to the International Urogynecological Association (IUGA)/International Conti-
nence Society (ICS), SUI is defined as the involuntary leakage of urine upon effort, physical
exertion, coughing, or sneezing [4,5]. The two main mechanisms behind SUI are urethral
hypermobility, which occurs due to the loss of support from the pelvic floor muscles or
vaginal connective tissue, and intrinsic sphincter deficiency, which occurs due to the loss of
the mucosal and muscular tone in the urethra and tends to be more severe [6,7]. SUI affects
the quality of life of millions of women worldwide, affecting their physical, social, and
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sexual health, thereby causing anxiety, depression, and the urge to withdraw from daily
activities [8]. Therefore, it is paramount that viable treatment options with high curative
rates and low complication rates are offered to women to improve their quality of life.

Conservative measures and surgical methods are recommended to patients to im-
prove their quality of life [9-11]. The patient’s assessment begins with a focused history
and physical exam and can include different investigations, such as post-residual urine
volume, urine testing, and urodynamic testing [10]. Similarly, the management can range
from conservative options such as pelvic floor exercises with or without biofeedback
that support dynamic lumbopelvic stabilization and lumbar muscle resistance training
to various surgical procedures such as bladder neck injections, mid-urethral slings, and
colposuspension [9-11].

Many scientific groups or institutions have already developed SUI diagnosis and
management recommendations. Nevertheless, regional variations in practice patterns exist,
especially in lower-middle-income countries (LMICs) [12]. With the different diagnostic
and treatment modalities available, coupled with the bans on polypropylene mesh in
certain countries, it is crucial to understand and analyze how physicians worldwide and
from LMICs treat SUI [13]. In Jordan, which is an LMIC, several studies reported high SUI
prevalence among women [14-16], with approximately 37% and 16% reporting moderate
and severe symptoms, respectively [16]. Thus, the present study aimed to investigate how
obstetricians and gynecologists (OBGYNs) in Jordan manage and treat women with SUI.

2. Methods
2.1. Study Design

This cross-sectional study was conducted from 20 December 2022 to 9 March 2023
using an online Google Forms-based survey questionnaire (see Supplementary Materials).
The investigators used the Jordanian Medical Association to obtain the listed and registered
OBGYNs in Jordan. It is understandable that not all registered OBGYNs perform gyneco-
logical surgeries; however, all were reached by the investigators using the study link via
WhatsApp. Participants had to meet specific eligibility criteria; the most important criterion
was having seen and treated women with SUI The study’s objectives and voluntary nature
were explained on the first page of the questionnaire.

The survey, a collaborative effort with esteemed OBGYNSs, comprised 19 questions
divided into three main sections. The first part focused on collecting demographic and
specialty data, where participants were asked to provide basic information such as age,
gender, practice location, training level, and work experience. The second part delved into
the management and diagnostic aspects of SUI, such as preferred diagnostic modalities
preoperatively and first line of management. The final section consisted of questions about
the surgical treatment option that the participant would choose in different scenarios. The
full survey can be found in Supplementary Materials.

2.2. IRB Approval

The research study was approved by the Institutional Review Board RB at the Jordan
University hospital (11/2023/9367). On the questionnaire’s first page, it was written
that “the data provided will only be used for research purposes and will be dealt with
confidentially. None of the questions address your identity, which will be anonymous
throughout. Proceeding in completing this questionnaire will be taken as consent to
participate in this study, and you are always free to withdraw at any point”.

2.3. Statistical Analysis

Data were collected and transferred to a Microsoft Excel (Version 2406) spreadsheet.
After coding and through double-checking, the data were exported to SPSS version 26 for
statistical analysis. The validity of the questionnaire was tested using the 2-tailed Pearson
correlation. Frequencies, percentages, cross-tabulations, and chi-squared analyses were
conducted on continuous variables. In addition, a univariate analysis was conducted to test
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for association between each dependent question and fixed parameter. A p-value of <0.05
was considered significant.

3. Results

Out of the 804 registered Jordanian OBGYNs, 497 could be reached, and 240 performed
gynecological surgeries and therefore were eligible for the study. Out of the 240 OBGYNs,
94 completed the survey, providing a response rate of 39.2%. The majority of the OBGYNs
were between 41 and 55 years old, and the female to male ratio was ~1.8 (Table 1). More than
70% of the respondents worked in the private sector, 88.3% worked in the capital of Jordan,
Amman, and a few, 8.5%, had a urogynecology specialty. Over 58% had no subspeciality.

Table 1. The demography, practice, and experience of the OBGYN respondents.

Parameters Characteristics Number Percentage (%)
<30 years old 7 74
30-40 years old 28 29.8
Age
41-55 years old 34 36.2
>55 years old 25 26.6
Female 60 63.8
d

Gender Male 34 36.2
Gynaecology 86 91.5

Specialty
Urogynecology 8 8.5
Private Practice 67 71.3
Ministry of Health 10 10.6

Practice setting

Academic 10 10.6
Other 7 7.4
Amman 83 88.3
Alzarqa 4 4.3
Irbid 3 3.2
Location of Practice Albalga ” 21
Madaba 1 1.1
Alkarak 1 1.1
<b years 9 9.6
Years Out of 5-10 years 9 9.6
Fellowship/Subspecialty >10 years 21 22.3

Training

No fellowship/subspecialty

.. 55 58.5
training

Most of the physicians favored lifestyle and behavior therapy (43.6%) or pelvic floor
physiotherapy (40.4%) as the first-line management for SUI (Figure 1). On the contrary, very
few respondents (14.9%) would go for surgery, and only (1%) would start with medications
to manage SUI. No significant association was evident between the first-line management
and the physician’s age group, gender, specialty, years out of fellowship, or practice setting.

The physicians were asked about their investigations of choice before the surgical
management of SUL In this question, three processes were preferred; 26.6% (n = 25) would
only perform a physical exam, and an equal amount of other respondents (26.6%) would
perform stress testing, uroflow, and measure the post-residual urine volumes, and 24.5%
would conduct a multichannel urodynamics test (Figure 2). To a lesser extent, 9.6% would
perform a stress test and post-void residual volume, 6.4% a stress test only, and 6.4% video



Healthcare 2024, 12, 1489

urodynamics. Interestingly, all six respondents who chose video urodynamics as their
initial presurgical diagnostic modality worked in private practice clinics.

50 T
40 +
1]
=
< 30 +
=}
9]
&
‘% 20 +
=
10 +
0 + : : : = |
Lifestyle and Pelvic floor Surgical Medications
behavioral muscle procedures
therapy physiotherapy

Figure 1. Breakdown of Jordanian OBJYNSs’ initial SUIl management preferences.
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Figure 2. Breakdown of Jordanian OBJYNSs’ pre-surgical diagnostic modality preferences of SUIL

No significant association was established between the diagnostic modality preference
and the physician’s age group, gender, specialty, years out of fellowship, physician practice
setting, or location.

When the OBGYNs were asked if they would repeat the urodynamics before a second
operation, a significant association was found between repeating the urodynamics and the
OBGYN’s age group (p < 0.01). Seventy-one percent (71%) of the 30-40-year-old age group
responded to repeat urodynamics testing all the time compared to 56%, 36%, and 14% for
the 41-55, >50, and <30 age groups.

The primary surgical treatment option for the OBGYNSs in Jordan was the transob-
turator mid-urethral sling (MUS-TO) procedure (46.8%), followed by the retropubic mid-
urethral sling (MUS-RP) approach (17%), and Kelly plication (17%) was the next option in
terms of frequency (Figure 3). On the other hand, bladder neck needle suspension and the
Burch procedure were preferred by only 8.5% and 5.3%, respectively. Most of the physicians
(79%) who had fellowship or subspecialty training favored the MUS-TO compared to 39%
who did not have fellowship or OBGYN subspecialty training. These differences were
significant (p < 0.01).
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Figure 3. Jordanian OBJYNSs’ primary surgical treatment options for SUI

The OBGYN’s age group and gender were significantly associated with the choice
regarding the primary surgical option (p < 0.01 and p < 0.01). The young OBGYNs were
more prone to use the MUS-TO than older physicians. Interestingly, the percentages of
using the MUS-TO were 71%, 64%, 44%, and 6% for the age groups <30, 3040, 41-55, and
>55. In addition, the male OBGYNs (62%) were more prone to use the MUS-TO compared
to 38.2% of the female OBGYNSs. No significant association was apparent between the
primary surgical option and the specialty, years out of fellowship, or practice setting.

Next, the physicians were asked about urodynamic testing in the setting of repeat
surgery. More than half (52.1%) indicated that they would always repeat the urodynamic
testing, whereas 42.6% would repeat it some of the time, and 5.3% would never repeat
it. Although many different treatment options were included in the questionnaire for the
secondary surgical management of SUI after the failure of the primary procedure, most
of the respondents (77%) stated that they would refer the patient to either a urologist or
urogynacologist as a part of their management.

In the case of SUI with concomitant pelvic organ prolapse (POP), 34% of the Jordanian
OBGYNs indicated that they would perform two-staged procedures, repairing the POP first,
followed by SUI surgery at a later date, if indicated. Of the practitioners that would perform
the surgery at the time of the POP repair, the MUS-TO was the most popular choice (21.3%),
followed by Kelly plication (14.9%), the MUS-RP (9.6%), the Burch procedure (7.4%),
bladder neck needle suspension (7.4%), single incision slings (4.3%), and lastly a urethral
bulking agent (1.1%). No significant association was found between the preferred surgical
treatment of the SUI option and the physician’s age, gender, specialty, practice setting,
fellowship, or years out of fellowship.

Furthermore, regarding the preferred surgical treatment to prevent de novo SUI when
performing a simultaneous POP surgery in the absence of symptoms and objective evidence
of SUI, the majority (66%) of the physicians indicated that they would not perform surgery.
Out of the latter, most of them were female OBGYNs (p < 0.05) and those who did not have
fellowship or subspecialty training (p < 0.05). On the other hand, some of the respondents
(9.6%) chose Kelly plication, 8.5% selected the MUS-TO (8.5%), and 5.3% opted for the
Burch procedure. The rest chose the MUS-RP (4.3%), single incision slings (3.2%), urethral
bulking agents (2.1%), and bladder neck needle suspension (1.1%).

In the last two questions, the physicians were asked about the MUS material and the
choice of the urethral bulking agent. Almost all the physicians (88.3%) chose synthetic
material for the MUS, while only a small minority preferred autologous fascia (6.4%) and
biologic materials (5.3%). As for the urethral bulking agents, the top three choices were
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polyacrylamide (Bulkamid) (26.6%), polytetrafluoroethylene (Teflon, PTFE) (23.4%), and
bovine collagen (Contigen) (22.3%).

4. Discussion

The present study showed that the Jordanian OBGYNSs preferred that the first-line
treatment options follow the National Institute for Health and Care Excellence (NICE) 2023
guidelines [10], with 43.6% favoring lifestyle/behavioral therapy and 40.4% preferring
pelvic floor muscle physiotherapy [9]. This preference is corroborated through research
demonstrating improved quality of life and decreased urinary leakage measured by a1 h
pad test, Incontinence Quality of Life IQOL), quality of life questionnaires, and King’s
health questionnaire using pelvic floor physiotherapy [17]. Furthermore, 14.9% of our
target population preferred an initial surgical procedure instead of conservative measures.
The latter preference is also evidenced by a multicenter, randomized study on 230 women
with moderate to severe SUI whereby the initial MUS resulted in higher rates of subjective
improvement and subjective and objective cure rates [18].

The Jordanian OBGYNs demonstrated that the MUS-TO is the method of choice for
treating SUI at 46.8%, followed by the MUS-RP and Kelly plication at 17%. Our findings
reinforce the research showing that the healthcare professionals in a tertiary-level hospital
in the UK opted for the MUS as their preferred surgical approach for SUI patients [19].
On the other hand, a recent updated guideline study reported that there were conflicting
studies on which one was more favorable between the MUS-TO and MUS-RP [9]. For
instance, a slight advantage toward the MUS-RP was observed in a 5-year follow-up [20],
whereas, in a systemic review study, no difference was found between the two treatments
regarding patient satisfaction, QOL, and objective and subjective cure [21]. However, it
is also essential to note that it is not only the preference of medical professionals but also
patients demonstrated that a surgical curative approach was preferred when faced with
severe SUI [22]. It was also observed that, when the patients were provided a scenario with
a less invasive approach with similar curative rates, they opted for the less invasive option.

The less invasive advancements within the field include the use of urethral bulking
agents (UBAs) [23]. Our data showed that 72.4% of the respondents have never used
UBAs for SUI, and 27.6% opted for UBAs either initially or following the initial procedure
failure. A systematic review and meta-analysis including 710 patients comparing the safety
and effectiveness of UBAs and surgical methods demonstrated that the UBAs were less
effective in terms of subjective improvement, and there was no significant difference in
terms of complications following the intervention [24], thus demonstrating that the medical
professional preference for surgery is validated through the merits of the procedure in
terms of the balance between the outcome and complications.

Our findings showed that the diagnostic modality preference was associated with
the fellowship experience. Furthermore, the primary selection of MUS-TO surgery and
no need for SUI surgery when POP is present and with no symptoms of SUI were linked
with or without fellowship/subspecialty training. Finally, the female OBGYNs were in
favor of not performing SUI surgery when POP and SUI with no symptoms were present.
This gender difference may be psychological. However, other socioeconomic factors did
not affect the respondent preference when analyzing the practice settings. It is also worth
noting that there was no difference in preference with respect to the geographic location
or age of the respondent. It is also vital to demonstrate that our data are comparable to
those in high-income countries (HICs), further demonstrating the lack of socioeconomic
variables affecting the preference rather than substantiating the preference in terms of the
merit of the procedure alone [19].

The European Association of Urology, NICE, and Cochrane guidelines posit that the
initial surgical intervention offered to women with SUI should be an MUS [25]. Further-
more, the American Urological Association and Society of Urodynamics, Female Pelvic
Medicine & Urogenital Reconstruction guidelines recommend that, if an MUS procedure is
to be carried out, the surgeons should opt for a transobturator or retropubic approach [9,26].
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Therefore, it is essential to substantiate the respondent’s preference for the use of the MUS.
However, post-operative mesh-related complications such as erosion into adjacent struc-
tures, pain during intercourse, and chronic pain were observed [19]. Although the US Food
and Drug Administration and National Health Services England have banned the use of
transvaginal mesh including the MUS, the incidence of these complications/symptoms
to occur is low and the MUS is still the preferred surgical option for the healthcare pro-
fessionals in the United Kingdom tertiary hospital [19]. Furthermore, several systematic
review studies confirmed that the MUS-RP or MUS-TO are the preferred treatments for
SUI [27,28].

It is vital to acknowledge the limitations of this study. Although we addressed all the
OBGYNSs in Jordan, most of our respondents were from one geographical region, Amman.
Thus, one cannot generalize these data with certainty to the remainder of the country and
other LMICs, especially when SUI is prevalent in the rural areas of Jordan and the incomes
of the families are much less than in the capital, Amman [14,15]. More research would
be essential comparing the medical professional preference in terms of SUI management
between the LMICs and HICs. Secondly, the target population comprised OBGYNs only,
posing another limitation; one could argue that the spread of preference might differ within
other specialties, as demonstrated through other papers [19]. Therefore, it would be ideal if
research was carried out using OBGYNs, urogynecologists, urologists, and actual patients
to measure whether the medical specialty or lack thereof affects the preference. Interestingly,
it is worth noting that the data gathered with regard to the management of SUI show a
preference for treatment options that offer the highest symptomatic relief as well as ones
with lower complication rates, which is in line with an MUS procedure [27-30].

5. Conclusions

The Jordanian OBGYNs preferred using lifestyle/behavioral therapy and pelvic floor
muscle physiotherapy as the first-line treatment to manage SUI, which is according to the
NICE guidelines. The MUS, mainly the MUS-TO, would be the most frequently preferred
surgical choice. Furthermore, since 70% of OBGYNss refer recurrent SUI post-surgery to
urogynecologists, this study supports the need for more specialization in urogynecology.
Therefore, more efforts from Jordan’s and LMICs’ ministries of health are essential to
acquire subspecialty training to tackle SUI, which is affecting millions of women’s quality
of life.
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Abstract: Genitourinary syndrome of menopause (GSM) encompasses a range of distressing symp-
toms in the vulvovaginal and/or bladder—urethral regions related to menopause changes, negatively
influencing woman'’s quality of life and sexual activity. Fractional micro-ablative CO, laser therapy
has shown the potential to reinstate the vaginal epithelium to a condition akin to the premenopausal
state, thereby ameliorating the subjective symptoms associated with GSM. We conducted a prospec-
tive, pilot study in 73 sexually active postmenopausal women treated with COj laser for their GSM
symptoms, while assessing Vaginal Health Index Score (VHIS) and sexual function through the Fe-
male Sexual Function Index (FSFI) Questionnaire. The laser treatment resulted in a decrease in VHIS
and patient-reported vulvovaginal atrophy (VVA) symptoms, with a significantly lower prevalence of
vaginal itching, dryness, and burning (p < 0.001), as well as dyspareunia (p = 0.002). The occurrence
of urinary incontinence, urgency, and vaginal heaviness significantly reduced, with an improvement
in the staging of cystocele, either to Stage 1 or complete resolution (p < 0.001). FSFI total and domain
scores were significantly higher after the treatment, indicating better sexual function, with a post-
treatment score median of 25 (p < 0.001). Therefore, using a three-cycle fractional CO; laser was an
effective choice for reducing urogenital discomfort related to GSM in postmenopausal women.

Keywords: genitourinary syndrome; menopause; female sexual health; fractional CO, laser

1. Introduction

Introduced a decade ago, genitourinary syndrome of menopause (GSM) encompasses
a range of distressing symptoms in the vulvovaginal and/or bladder—urethral regions
related to menopause changes [1]. Hence, GSM is not associated with any other medical
conditions, as it is characterized by a menopause-induced decrease in sex steroids and
entails alterations in the labia, clitoris, vestibule, vagina, urethra, and bladder [2]. GSM
occurs in approximately 50% of menopausal women [3,4], characterized by its chronic
and progressive nature [1]. The reluctance of both women and healthcare profession-
als to discuss issues related to vaginal health frequently results in underdiagnoses and
undertreatment [1,4].

Women who are affected may experience symptoms that are associated with the
vaginal tract, urinary tract, or both [4]. Genital symptoms are a manifestation of vul-
vovaginal atrophy (VVA), mostly consisting of vaginal dryness and pain during sexual
intercourse, known as dyspareunia, arising due to a compromised response to sexual
stimulation [4]. Prevalent urinary symptoms include frequency, urgency, dysuria and
stress incontinence [2,4,5]. A number of surveys have provided comprehensive information
regarding the adverse impacts of GSM on various aspects of menopausal women’s lives,
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including their quality of life, emotional well-being, and sexual functioning [6,7]. Not less
than roughly 50% of menopausal women experience symptoms of GSM in regard to sexual
desire, intimacy, well-being, and self-worth [7].

The global significance of vaginal laser therapy in managing genitourinary syndrome
of menopause is slowly increasing [8]. The utilization of laser therapy has been found to
enhance the vascularization of the vaginal mucosa, promoting the production of newly
derived collagen and matrix basic substance within the connective tissue, supporting the
thickening of the epithelium that lines the vagina through the formation of new papil-
lae, as it facilitates the restoration of mucosal equilibrium, consequently alleviating the
aforementioned symptoms associated with GSM [9]. Hence, fractional micro-ablative CO,
laser therapy has the potential to reinstate the vaginal epithelium to a condition akin to
the premenopausal state, thereby ameliorating the subjective symptoms associated with
GSM-associated VVA symptoms as well as lower urinary tract discomfort [10]. Moreover,
it was observed that the CO; laser could be effective for treating urinary GSM symptoms
because of the improvement in atrophy of the urethral and bladder mucosa. Additionally,
it could ultimately result in enhanced genital health and increased satisfaction with sexual
life among postmenopausal women [11-13].

Laser and radiofrequency techniques are currently being extensively researched in
order to have a full understanding of their overall efficacy and safety [5], with a scarcity of
research that has explored the impact of this intervention on sexual function, as well
as GSM-associated urinary discomfort. Therefore, the objective of this study was to
evaluate the impact of a micro-ablative fractional CO; laser on clinical symptoms of
urinary and genital symptoms associated with GSM and concordant sexual function in
postmenopausal women.

2. Materials and Methods
2.1. Study Design

This prospective, pilot study was conducted at our clinic between June and November
of 2022 in order to evaluate GSM symptoms as well as concordant vaginal atrophy and
sexual function after completing three cycles of laser treatment.

2.2. Participants

This study comprised a cohort of 73 postmenopausal women who were sexually active
and experienced uncomfortable GSM symptoms resulting in sexual health complaints. The
inclusion criteria included participants that had engaged in sexual activity within the past
four weeks, with the absence of menstruation for at least one year, suffering at least one
subjective GSM symptom (such as urinary incontinence, urgency, the presence of heaviness
in vagina, vaginal itching, stinging, dyspareunia, dryness), and the presence of any severity
of cystocele, diagnosed with VVA by a gynecologist. The exclusion criteria included the
application/usage of any hormonal replacement therapy (HRT) (either systemic or local)
within the past year, acute or recurrent urinary tract or genital infection, and suffering from
hormonal imbalance or any serious disease, chronic condition, and or psychiatric disorders
that could interfere with study compliance or which would prevent appropriate informed
consent or study participation.

2.3. Data Collection and Intervention

The general questionnaire was administered to collect sociodemographic and anamnes-
tic knowledge, including age, time since the last menstruation, past deliveries, and types of
deliveries, prior to initiating the first laser application.

2.3.1. Urinary Symptoms and Cystocele Staging

Data pertaining to the presence of urinary GSM symptoms (incontinence, urgency, the
presence of heaviness in vagina) were collected through respondents’ answers to yes-or-no
questions evaluated before starting the first laser application and 4 weeks after the third
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treatment. A cystocele, defined as a prolapse of the upper anterior vaginal wall involving
the bladder was diagnosed and staged using the Pelvic Organ Prolapse Quantification
System (POPQ), where stage 0 indicated no presence of prolapse, and stage 4 indicated
complete vaginal eversion [14].

2.3.2. VVA Symptoms and Vaginal Health Index Score (VHIS)

Prior to treatment and 4 weeks after the third laser treatment, women were evaluated
by using the Vaginal Health Index score (VHIS) that assesses 5 characteristics of the vaginal
wall: elasticity, fluid volume, pH, epithelial integrity, and moisture. The severity of each
characteristic was evaluated based on the 5-point Likert scale, ranging from 1 to 5. The total
score of VHI varies from 5 to 25 with its cut-off point of 15, as a score less than 15 indicates
atrophic vaginitis [15]. The severity of VVA symptoms (vaginal burning, vaginal itching,
vaginal dryness, and dyspareunia) was self-evaluated by study participants using a 10 cm
visual analogue scale (VAS), where the value of 1 represented the absence of symptoms,
while values 2-10 indicated the presence of symptoms with varying degrees of severity,
as the value of 10 represents the most severe form. Incidence of all noted VVA symptoms
(positive clinical findings) were defined by all responses greater than 1.

2.3.3. Female Sexual Function Index (FSFI)

Prior to the initial laser treatment and four weeks after the third treatment, the assess-
ment of sexual function was conducted using the Female Sexual Function Index Question-
naire [16]. The Female Sexual Function Index (FSFI) is an approved instrument assessing
six domains of sexual function in women: desire, arousal, lubrication, orgasm, satisfaction,
and pain as well as an overall score for sexual functioning (total FSFI). A cut-off score of
26.5 was used for the detection of Female Sexual Dysfunction [17].

2.3.4. Fractional CO, Laser Treatment

Postmenopausal women were treated intravaginally with the fractional micro-ablative
CO; laser system (SmartXide2 V2 LR, Monalisa Touch; DEKA, Florence, Italy), using the
following settings: dot power 35 W, dwell time 1000 ps, dot spacing 1000 um, and the
smart stack parameter from 1 to 3. The vaginal probe was inserted and rotated along the
vaginal canal, applying laser energy to the full length of the vagina. A complete treatment
cycle included three laser applications, spaced 6 to 8 weeks apart which all participants
completed. The patients bore the expense of the procedure’s treatment cost, which took
place at the outpatient clinic without requiring any specific preparation or anesthesia.

2.4. Ethical Consideration

This study was implemented in accordance with the International Code of Medical
Ethics of the World Medical Association (Declaration of Helsinki) and written informed
consent was obtained from the participants after the nature and objectives of this study were
fully explained to them. This study was approved by the institution’s Ethical Committee
(date of approval: 16 January 2022).

2.5. Data Analysis

Data presented in the text and tables are reported as means =+ standard deviation or
frequencies (n) and accordant percentages (%). A McNemar test and Wilcoxon signed ranks
test were used to define statistical significance of continuous indicators before/after the
treatment variables. The Chi-squared test was employed to assess disparities across various
patient groups based on their prior delivery approach. Spearman’s correlation analysis
was employed to describe the relationships among two continuous variables. Statistical
analysis was performed using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp.,
Armonk, NY, USA). The significance level was set at p < 0.05. All 73 participants were
included in this analysis.
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3. Results

As presented in Table 1, our study involved 73 menopausal women, with mean
deliveries of 55.6 & 5.6 years old, with a menopause that averagely lasted for 6.6 &= 4.9 years.
Our patients had a previous delivery in 63 (86.3%) cases, out of which 54 (74.0%) cases
were vaginal deliveries, while 9 (12.3%) were deliveries by cesarean section.

Table 1. Patient characteristics.

Age (years) 55.6 £ 5.6
Menopause Duration (years) 6.6 £49
Previous Deliveries 63 (86.3%)
Previous Vaginal Delivery 54 (74.0%)
Previous Cesarean Section 9 (12.3%)

Values are presented as mean + SD or frequencies and percentages (%).

3.1. Urinary GSM Symptms

We examined the extent to which urinary symptoms were completely alleviated
following the laser therapy. As presented in Table 2, urinary incontinence, urgency, and
heaviness in the vagina were significantly reduced (p < 0.001). After three cycles of laser
treatment, the cystocele stage improved in a significant portion of our cohort (p < 0.001),
to either stage 1 (37.0%) or was completely resolved. None of our patients exhibited a
rectocele or a uterine prolapse.

Table 2. Urinary GSM symptoms at baseline level and after treatment with CO; laser.

Positive Clinical Finding Baseline After Completed Treatment p Value *
Urinary Incontinence 48 (65.8%) 16 (21.9%) <0.001
Urinary Urgency 45 (61.6%) 21 (28.8%) <0.001
Vaginal Heaviness 34 (46.6%) 12 (16.4%) <0.001
Cystocele (POPQ Staging)

Stage 1 10 (13.7%) 27 (37.0%)

Stage 2 24 (32.9%) 3 (4.1%) <0.001
Stage 3 7 (9.6%) 0 (0%)

POPQ—Pelvic Organ Prolapse Quantification System; data are expressed as n (%); * obtained with a McNemar
test or Wilcoxon signed rank test when appropriate; significant at <0.05.

3.2. Vulvovagnal Atrophy Symptoms and Sexual Function

According to the data presented in Table 3, we examined the extent to which VVA
symptoms were completely alleviated following the laser therapy. Any absence of observed
pain was regarded as a positive clinical observation. VHIS and patient-reported VVA
symptoms show a significant decrease following the administration of CO, laser treatment.

Table 3. Vulvovaginal atrophy symptoms presence at baseline level and after treatment.

Positive Clinical Finding Baseline After Completed Treatment p-Value **
VVA (VHIS < 15) 54 (74.0%) 1(1.4%) <0.001
Vaginal Itching * 51 (69.9%) 30 (41.1%) <0.001
Vaginal Burning * 55 (75.3%) 33 (45.2%) <0.001
Vaginal Dryness * 71 (97.3%) 51 (69.9%) <0.001
Dyspareunia * 64 (87.7%) 54 (74.0%) 0.002

VVA—vulvovaginal atrophy; VHIS—Vaginal Health Index Score; data are expressed as n (%); * VA Scale higher
than 1 was equivalent to the presence of symptoms and positive clinical finding; ** obtained with McNemar test,
significant at <0.05.

Upon examining the VHIS score, it was found that just 1 patient (1.4%) had a clinically
relevant state of impaired vaginal health. Although the occurrence of VVA symptoms was
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diminished in a significant proportion of participants, a notable number of participants
still reported experiencing a certain level of symptoms, particularly dyspareunia (74.0% of
cases after the completed treatment) and vaginal dryness (69.9%).

As shown in Table 4, FSFI total and domain scores were significantly higher after the
treatment, indicating better sexual function, with a total score median of 25.5, considered a
clinically relevant level as compared to baseline median total score values (18.2).

Table 4. FSFI scores before and after treatment with CO, laser.

FSFI Scores Before Treatment After Treatment p-Value *
Total 182+ 65 255+41 <0.001
Desire 3.0+1.1 41+08 <0.001
Arousal 3.0£1.2 42408 <0.001
Lubrication 28+13 42+08 <0.001
Orgasm 32+13 44409 <0.001
Satisfaction 33£13 42+1.0 <0.001
Pain 29+15 43+09 <0.001

FSFI—Female Sexual Function Index; * Values are presented as mean =+ SD; * Wilcoxon signed rank test, significant
atp <0.05.

When correlating VHIS and VVA clinical findings to FSFI domain and total scores, all
significant correlations were mostly weak to moderate strength (Table 5). VHIS correlated
positively with all domain scores, as well as the total FSFI score, suggesting that higher VHS
is associated with better sexual function. However, VVA symptoms intensity correlation
coefficients were negative, indicating an inverse relationship, where lower FSFI scores were
associated with more pronounced symptoms.

Table 5. Correlation coefficients.

Arousal Lubrication Orgasm Satisfaction Pain Total
VHIS 0.348 ** 0.349 ** 0.490 ** 0.332 ** 0.310 ** 0.513 ** 0.496 **
Vaginal Itching * 0.081 —0.033 0.059 —0.028 —0.041 —0.044
Vaginal Burning * —0.310 ** —0.008 —0.275 * 0.042 —0.010 —0.207 —0.209
Vaginal Dryness * —0.084 —0.206 0.028 —0.347 ** —0.220 —0.151
Dyspareunia * —0.196 —0.352 ** —0.059 —0.198 —0.427 ** —0.350 **

VHIS—Vaginal Health Index Score; Values are presented as spearman correlation coefficients; significant correla-
tion coefficients are in bold; * p < 0.05; ** p < 0.001.

Vaginal burning showed significant correlation to FSFI desire and lubrication do-
main scores, while dryness intensity significantly correlated to satisfaction domain scores.
Intensity of dyspareunia was correlated to lubrication and pain domain scores, while be-
ing the only symptom to exhibit significant correlation to FSFI total score. Surprisingly,
vulvovaginal itching was not significantly correlated to any of the domains or total score.

Ultimately, no adverse reactions were recorded by the patients.

According to the data presented in Table 6, our analysis of urinary and VVA symptoms
revealed that there were no statistically significant variations in the prevalence of most
analyzed symptoms between women who had a vaginal delivery and those who had
a cesarean section. Statistically significant changes were seen only in the prevalence of
urinary incontinence (p = 0.004) and urinary urgency (p = 0.014).
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Table 6. Urinary and vulvovaginal atrophy symptoms presence depending on the previous delivery

type.

Vaginal Deliveries Cesarean Section

Positive Clinical Finding (1 = 54) =9 p-Value **
Urinary Incontinence 43 (79.6%) 3(33.3%) 0.004 *
Urinary Urgency 31 (57.4%) 9 (100.0%) 0.014 *
Vaginal Heaviness 30 (55.6%) 3 (33.3%) 0.217
Cystocele

Stage 1 8 (14.8%) 1(11.1%)

Stage 2 22 (40.7%) 2(22.2%) 0.292
Stage 3 6 (11.1%) 1(11.1%)

VVA (VHIS < 15) 37 (68.5%) 2 (22.2%) 0.575
Vaginal Itching * 40 (74.1%) 6 (66.7%) 0.643
Vaginal Burning * 41 (75.9%) 8 (88.9%) 0.386
Vaginal Dryness * 52 (96.3%) 9 (100.0%) 0.557
Dyspareunia * 45 (83.3%) 9 (100.0%) 0.186

VVA—vulvovaginal atrophy; VHIS—Vaginal Health Index Score; data are expressed as n (%); * VA Scale higher
than 1 was equivalent to the presence of symptoms and positive clinical finding; ** obtained with Chi-squared
test, significant at <0.05.

4. Discussion

Our study has shown that both urinary and VVA symptoms that were registered in
menopausal women were alleviated following the laser therapy in a majority of the partici-
pants. After three cycles of laser treatment, cystocele stage improved in a significant portion
of our cohort to either Stage 1 or was completely resolved. VHIS correlated positively with
all domain scores, as well as the total FSFI score, suggesting that higher VHS is associated
with better sexual function, while VVA symptoms indicated an inverse relationship.

Similar to our results, previous studies showed that the intravaginal fractional CO,
laser significantly improved urinary GSM symptoms such as nocturia and overall urinary
frequency. Moreover, the mentioned authors reported a significant reduction in episodes of
in women with urgency incontinence [18]. There are a small number of randomized control
studies that tested the efficiency of CO; laser for GSM symptoms compared to sham-laser
treated controls. A double-blind, randomized, sham-controlled trial by Salvatore et al. [19]
showed that laser-induced changes were in favor of the CO,-treated group, with a more
pronounced effect for VVA symptoms like dryness, dyspareunia, and concomitant sexual
dysfunction when compared to urinary symptoms such as dysuria. A study by Aguiar
et al. [18] showed that only the intravaginal fractional CO, laser significantly improved
urinary GSM symptoms such as nocturia, frequency, and episodes of urgency when com-
pared to other, topical treatments such as estrogens and lubricants. A Brazilian study by
Politano et al. [20] showed that the use of fractional CO, laser therapy to treat genitourinary
syndrome resulted in better short-term effects than those of local estrogens or lubricant
with respect to improving the VHIS score and overall vaginal health in postmenopausal
women, with improvement in the desire and lubrication FSFI domains. Considering the
regenerative impact of intravaginal fractional laser CO; therapy, which extends to the
lower urinary tract and leads to an improvement of menopausal urogenital symptom:s, it
has been proposed as a potentially effective option for addressing GSM involving urinary
symptoms [18].

Nevertheless, the literature presents varying outcomes about the efficacy of laser
treatment in alleviating urinary symptoms. A study by Page et al. [21] reported that the
laser treatment response was comparable to that of sham applications, as there were no
obvious differences in observed outcomes, with no improvement when it came to both
sexual and urinary functions. Similar results were reported when CO, was tested for GSM
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symptoms in breast cancer survivors [22]. Regrettably, a considerable amount of the existing
literature does not provide sufficient evidence to support the superiority of laser treatment
in alleviating GSM symptoms, as three-cycle laser treatment demonstrated comparable
efficacy to other treatment options. Both fractionated CO, vaginal laser and vaginal
estrogen treatment showed comparable efficacy in improving symptoms of genitourinary
syndrome of menopause, as well as urine and sexual function, 6 months post-treatment [23].
Similarly, recognized GSM treatment modalities, such as laser, radiofrequency, and vaginal
estrogen yielded similar and considerable enhancements in GSM symptoms for women
with breast cancer, a highly vulnerable group who were undergoing adjuvant therapy
for their disease. While laser therapy and topical estrogens have different mechanisms of
action, data suggest that laser therapy is an equally effective approach for addressing the
subjective discomfort caused by urogenital atrophy [24], with an improvement in sexual
function and overall quality of life [25].

Nonetheless, while contemplating the assessment of treatments, it may be paramount
to prioritize the assessment of lasers over hormone treatments due to health concerns associ-
ated with the latter [26]. When compared to vaginal estrogens or fractional radiofrequency,
it was estimated that CO; laser was an adequate treatment alternative for noted treatment
options, as hormonal treatment carries certain risk, while radiofrequency is rather often
accompanied by pain [27]. Regarding hormone treatment, the lack of understanding of
long-term follow-ups and limited data on the specific type, dosage, and method of admin-
istering hormones such as estrogens is particularly emphasized, as it has been observed
that oral estrogens can exacerbate type-independent urinary incontinence in menopausal
women [18]. What may set CO; laser treatment apart from other noted treatment modalities
is patient satisfaction and adherence to the treatment cycles. Regarding the patient’s overall
impression, a study by Paraiso et al. [23] reported that 85.8% of participants rated their
improvement as “better or much better” and 78.5% reported being either “satisfied or very
satisfied” compared to 70% and 73.3% in the estrogen group. This is likely attributed to the
enhanced laser treatment adherence, as the desired outcomes can be achieved in just three
cycles with authors reporting that all patients who underwent the laser therapy successfully
completed the whole treatment [28]. Furthermore, all the reported heterogenic results for
the laser efficiency, we would like to emphasize that none of the above cited trials reported
serious adverse effects, as it was the case in our study.

Prior research has observed that symptoms of VVA exhibit a roughly linear correlation
with overall sexual functioning [29]. Accordingly, our analysis demonstrated a notewor-
thy enhancement in all FSFI domain scores following the treatment, consistent with the
results previously reported by other authors [12,28,30]. Authors utilizing laser treatment
showed significant improvement of total FSFI score and individual domains of desire and
lubrication [20,31]. Moreover, literature-reported results showed that the improvement in
the “Lubrication” domain of FSFI was only substantial when a laser with additional mois-
turizers was used [32]. However, some authors reported significant worsening of the pain
FSFI domain [31]. It is imperative to carefully observe pain levels after laser procedures, as
studies suggest that pain is the most influential element in predicting sexual functionality,
compared to other domains whose effects contribute to overall sexual activity to a lesser
extent [29]. According to our data, the pain domain exhibited greater scores in the presence
of more pronounced dyspareunia, hence the highlighted post-treatment improvement of
dyspareunia which may be imperative for optimal results for sexual function in menopause.
Additionally, dyspareunia was the only subjective symptom that showed a significant
correlation with the overall FSFI score, underscoring the significance of addressing and
ameliorating this symptom of VVA.

Despite the compelling nature of our findings, some limitations should be considered.
Compared to certain cited studies, our study lacks randomization and did not include a
control group. However, it is important to mention that our study encompassed a wider
range of investigated urinary GSM symptoms, such as urgency, frequency, heaviness in
vagina, as well as the efficiency of laser treatment on the urinary organ prolapse-cystocele.
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Nevertheless, available research is still limited, as more randomized controlled studies in
particular are lacking. Most of available studies show a trend toward safe and effective
treatment, but only in the short-term [8]. Therefore, a significant drawback of this study is
that we did not examine the long-term results beyond the four-week period after treatment.
This prevents us from comprehending the long-term efficiency and any delayed effects as-
sociated with CO; laser therapy. Although laser therapy for the treatment of the symptoms
of GSM appears promising, there is currently a lack of high-level and long-term evidence
regarding its safety and efficacy. Moreover, there is a lack of professional guidelines regard-
ing this modality of treatment, specifically for GSM [10]. Opportunities exist for future
research in this area, specifically to determine safety and long-term outcomes of therapy.

5. Conclusions

Our study found that using a three-cycle fractional CO; laser treatment is an effective
choice for reducing genital discomfort related to vulvovaginal atrophy in postmenopausal
women. Furthermore, it had a notable impact in reducing urinary symptoms. Subsequently,
the improvements led to an increase in scores related to overall sexual functioning, as
well as certain domains. Although these findings show promising possibilities for future
therapeutic use, further research is required to evaluate its long-term efficacy, potential
adverse effects, and safety considerations. Furthermore, a potential source of bias in our
study is the relatively small number of participants, which could restrict the applicability
of our findings and impact the strength of the statistical analysis.
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Abstract: Introduction: The study aims to compare the efficacy and safety of bulking agents and
single-incision slings in the treatment of urinary incontinence in 159 patients during a 29-month
follow-up period. Material and methods: Of the 159 patients suffering from stress urinary inconti-
nence, 64 were treated with bulking agents (PAHG Bulkamid®) and 75 with a single-incision sling
(Altis®). The ICIQ-UI-SF (Incontinence Questionnaire-Urine Incontinence-Short Form), PISQ-12
(Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaires short form), FSFI (Female Sexual
Function Index), FSDS (Female Sexual Distress Scale), and PGI-I (Patient Global Improvement Index)
were used to assess efficiency and quality of life. Results: The bulking agents showed high efficacy
and safety during the 29-month follow-up. Post-operative complications were recorded in both
groups, with only two significant differences. The Bulkamid group experienced no pain, while 10.8%
of the ALTIS group experienced groin pain and 5% experienced de novo urgency. Furthermore,
patients treated with bulking agents experienced reduced nicturia (0.78 vs. 0.92 in patients treated
with single-incision slings.). In both groups, we noticed a significant improvement in QoL (quality
of life), with a halved ICIQ-UI-SF (International Consultation on Incontinence Questionnaire-Urine
Incontinence-Short Form) score which was completed to assess the impact of urine symptoms. After
24 months of therapy, the Bulkamid group saw a decrease from 14.58 + 5.11 at baseline to 5.67 &= 1.90
(p < 0.0001), whereas the ALTIS group experience a decrease from 13.75 £ 5.89 to 5.83 & 1.78. Simi-
larly, we observed an improvement in sexual function, with the number of sexually active patients
increasing from 29 to 44 (56.4%) in the Bulkamid group (p = 0.041) and from 31 to 51 (61.7%) in the
ALTIS group (p = 0.034). According to the most recent statistics, the PISQ-12, FSFI, and FSDS scores
all demonstrated an improvement in women’s sexual function. Conclusions: In terms of efficacy and
safety, bulking agents had notable results over the 29-month follow-up period. Furthermore, the
patients treated with bulking agents reported a lower incidence of postoperative complications and a
no discernible difference in terms of quality of life and sexual activity compared to the ones treated
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with single-incision slings. Bulking agents can be considered a very reliable therapeutic option based
on accurate patient selection.

Keywords: stress urinary incontinence; single-incision sling; urethral bulking agents; Intrinsic
Sphincteric Deficiency; midurethral sling

1. Introduction

The prevalence of urinary incontinence ranges from 10 to 60% of non-pregnant women
above 20 years of age and from 50 to 70% of women older than 60 years of age [1-4].

In women with stress urinary incontinence (SUI), involuntary urine leakage occurs
when intra-abdominal pressure increases (e.g., with exercise, sneezing, coughing, or laugh-
ing) in the absence of a bladder contraction. [5].

SUI is hypothesized to be caused by a lack of mechanical support of the urethra and/or
poor coaptation of the urethral tissues, resulting in insufficient resistance to urine outflow
with elevated abdominal pressures.

The two main mechanisms involved in the physiopathology of SUI are urethral hyper-
mobility, which develops when pelvic-floor muscles and vaginal connective tissues provide
insufficient urethral support, and Intrinsic Sphincteric Deficiency (ISD), which is caused by
a loss of intrinsic urethral mucosal and muscle tone.

The usual argument for urethra support playing an important role in stress incon-
tinence is the fact that urethral support operations are able to treat stress incontinence
without changing urethral function [6].

However, contrary to the “pelvic-centric” theory, a new “urethro-centric” hypothesis
is emerging, according to which urethral hypermobility is a characteristic that can be both
associated and not with the condition of ISD but does not constitute the etiology of SUI.

This idea emphasizes how urethral hypermobility is not the primary cause of SUI and
that ISD plays a critical part in the progression of this pathologic process [7,8].

The debate on the predominance of either of these two causes has dominated the
urogynecological scene in terms of the interpretation of SUI physiopathology.

Worldwide, there is an ongoing search for increasingly minimally invasive urinary
incontinence surgeries. In England, there was a 30% decrease in the use of urogynecol-
gical surgical mesh for SUI following the FDA warning [9] that prohibited the sale and
use of these devices after recording a high number of postoperative complications and
adverse effects.

Nowadays, international guidelines [10,11] recommend starting with conservative
treatments such as rehabilitative therapy or lifestyle modifications before moving on to
surgical options, with the midurethral sling (transobturatory or retropubic sling) being the
most safe and effective surgical treatment available. Recently, single-incision slings, another
form of midurethral sling, were developed as a novel technology capable of treating SUI
while ensuring reduced invasiveness and postoperative complications for patients.

Evolving towards treatment requiring less invasiveness, next to single-incision slings,
bulking agents represent, nowadays, an alternative option for patients with comorbidities
and those who are less suitable for the usual surgical treatment due to the chance of having
to repeat the procedure frequently and risk a higher tax of recurrences.

SIS (single-incision slings) and UBA (urethral bulking agents) are increasingly being
used as first-line treatment options to try to reduce complications.

SISs are known to result in less post-operative groin pain, less bleeding, and shorter
surgical times than traditional slings. On the other hand, UBAs are considered less effective
in the long term but show fewer total complications.

UBA therapies were traditionally used to treat women with painful SUIs caused by
ISD [12]. Currently, UBAs are rarely used as a first-line therapy for SUIL; however, this
procedure might be preferred by women who would rather have fewer postoperative
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problems, in lieu of performing this treatment several times to reduce the likelihood of a
SUI recurrence.

In order to enhance the minimally invasive options available to patients who, in
today’s world, require effective and noninvasive treatments, this study compares UBAs
and SISs in terms of efficacy, quality of life, and sexual function in women receiving first-
line treatment for stress urinary incontinence. It also aims to demonstrate that UBA could
be a viable first-line alternative to more invasive treatments.

2. Materials and Methods

From January 2016 to January 2021, 159 consecutive patients affected by SUI were
included in the study. A prospective observational analysis was performed.

All data were prospectively evaluated from a urogynecological internal database. The
Institutional Review Boards (IRB) approved the study (protocol number CD-27/2016).
Informed written consent was obtained from all women. The research was conducted
according to Good Clinical Practice Guidelines. Sixty-four patients underwent treatment
with a UBA and 75 were treated with an SIS. As a multicentric prospective study, the
clinical investigation was conducted at Sandro Pertini Hospital (Rome, Italy), Institute
Marco Pasquali ICOT (Latina, Rome, Italy), Pia Fondazione G. Panico Hospital (Tricase,
Italy), Policlinic Campus Biomedico Hospital (Rome), and Santo Spirito Hospital (Rome,
Italy). Physical examinations, voiding diaries, and urodynamic tests were performed at our
urogynecology outpatient clinic at the beginning and at the end of treatment.

The present study included only individuals who had symptoms for more than 1 year,
had failed conservative treatment, and had incontinence episodes more than once every
24 h.

The following conditions were used as exclusion criteria: pelvic organ prolapse supe-
rior to grade 2(POP-Q system),neurogenic bladder, pure UUI (urgency urinary incontinence)
and/or exclusive symptoms of OAB(overactive bladder), ongoing and/or suspected breast
cancer, ongoing and/or suspected hormone-dependent tumors, urological tumors, endome-
trial hyperplasia and atypical uterine bleeding, ongoing or past venous thromboembolism,
clinical evidence of chronic inflammation or urinary tract infection, and treatment history
involving pelvic radiation.

Each patient conducted a supine and standing cough stress test at 300-mL bladder
filling during the urogynecological examination. Urodynamic examinations were carried
out in accordance with the International Continence Society (ICS) guidelines.

The maximum urethral closure pressure of 20 cm H»O and the Valsalva leaking point
pressure of 60 cm H,O were regarded as indicators of intrinsic sphincter deficiency.

All patients in this investigation exhibited urodynamically verified urinary stress in-
continence, with a median maximum cystometric capacity of 322 mL (ranging 245-498 mL)
and a median Valsalva leaking pressure of 59 cm H,O (ranging 40-100 cm H,0O), and
no indication of outflow obstruction (Qmax 15 mL/s, Pvesmax > 50 cm H,O). Patients
with concurrent urinary tract infection, previous surgery for stress incontinence, functional
bladder capacity of 200 mL, and stage 2 pelvic organ prolapse were excluded from the study.

Moreover, the patients completed a voiding diary before and after the treatment. Postop-
eratively, the International Consultation on Incontinence Questionnaire-Urine Incontinence-
Short Form (ICIQ-UI-SF) was completed to assess the impact of urine symptoms. To assess
sexual function, the standardized Female Sexual Function Index (FSFI), the Female Sexual
Distress Scale (FSDS) and the Pelvic Organ Prolapse/Urinary Incontinence Sexual Ques-
tionnaires short form (PISQ-12) questionnaires were administered on the first visit and
again after 3 months. Finally, after treatment, the Patient Global Index of Improvement
(PGI-I) was calculated.

Cefazoline 2 g was administered to all patients as a preventative measure 30 min
before surgery.

The patient was placed on the operation table with her hips slightly flexed.

22



Healthcare 2024, 12, 751

In UBA group a local anesthetic-containing lubricant was applied within the urethra,
followed by a gradual trans-urethral instillation of 2% lidocaine solution. The PAHG
injection was performed under endoscopic control with a single-use PAHG Bulkamid®
cystoscope (Contura International A /S, Sydmarken 23, 2860 Soeborg, Denmark) linked
to a 0-degree optic to provide precise and accurate PAHG submucosal injection. The
rotating sheath over the cystoscope allows the working channel to revolve 360-degrees,
allowing for better access and visual control of the injection sites without having to move
the entire cystoscope. Technique points include cautious needle advancement to avoid
unintentional urethral mucosa injury and an angulation of fewer than 5-degrees to avoid
too-deep injections. The best submucosal injection locations are at 2, 5,7, 10 a.m., and 1 cm
within of the bladder neck (proximal urethra). To ensure good urethral wall coaptation,
1-2 mL of Bulkamid® (Contura International A/S, Sydmarken 23, 2860 Soeborg, Denmark)
are injected at four sites, with no more than 0.5 mL injected at each site.

In the SIS group, a spinal anesthesia was performed. The Altis® Single Incision Sling
System is a transobturator MUS (midurethral sling) that is adjustable and authorized for
the treatment of stress urine incontinence.

Approximately 1 cm proximal to the urethral meatus and extending downward to-
wards the bladder neck, a 1.5 cm midurethral incision was made on the anterior vaginal
wall. Then, the scissors are inserted into the vaginal incision and a “push spread” technique
(at least 1.5 cm wide) is used to dissect back to the ipsilateral ischiopubic ramus. Secondly,
the introducer and sling are inserted into the midline vaginal incision using an inside-out
approach, with the tip of the introducer targeted via the previously dissected periurethral
site towards the obturator membrane landmarks (a “10” and “2” o’clock locations). Finally,
the sling is adjusted by dragging the suture loop across the patient’s midline until the
required support is attained, and it should be positioned tension-free beneath the urethra,
allowing a right-angle tool to easily slip between the sling and the urethra. This sling
employs one static and one dynamic anchor at either end of a pulley suture, allowing for
simple intraoperative tension modulation.

Clinical evaluation and exam, uroflowmetry, urodynamic exam and questionnaires were
performed at the first appointment and after at least 24 months after surgical intervention.

Using Fisher’s exact test, we determined the statistical significance of each event based
on its incidence. For each comparison, an odds ratio (OR) and 95% confidence interval (CI)
were generated. To evaluate whether data were sampled from a Gaussian distribution, nor-
mality tests (D’ Agostino and Pearson tests) were used. To compare continuous parametric
and non-parametric variables (data that do not fall into a normal distribution), the t-test
and Mann-Whitney U test were employed, respectively. The Spearman rank coefficient was
used to calculate correlations between numerical parameters. A matched ¢-test was used to
evaluate the change in questionnaire results (ICIQ-UI-SE, PISQ-12, FSFI, FSDS, PGI-I). All
analyses were carried out with the Statistical Package for the Social Sciences (SPSS) 22.0 for
Mac (SSPS, Chicago, IL, USA). A p-value of less than 0.05 was considered significant.

3. Results

The total number of patients was 211. Since 33 patients did not match the inclusion
criteria and 39 were lost to follow-up, the sample consisted of 159 patients.

The 159 evaluated patients were divided into 2 groups: 64 patients who underwent
UBA and 75 with SIS. Patients’ characteristics as age, BMI, parity, menopausal status, use
of HRT, previous hysterectomy and POPQ status are similar between the two groups and
shown in Table 1.
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Table 1. Patient characteristics.

Variable Veiratents | osvatiemsy 7

Age, year 55.8 + 10.2 56.8 + 8.9 0.06

Body mass index, kg/m? 275+34 26.8 £5.7 0.06

Parity, range 2 (1-3) 2 (1-3) 0.08

Menopausal status, n (%) 31 (48.4) 32 (42.7) 0.07

Hormone replacement therapy, n (%) 8/31 (25.8) 8/32 (25) 0.09

Previous hysterectomy, n (%) 9 (11.5) 7 (8.6) 0.08
POPQ system

Stage 0 (%) 60 (76.9) 59 (72.8) 0.08

Stage 1 (%) 18 (23) 22 (27.1) 0.07

Values are given as mean =+ standard deviation (SD).

Median follow-up was 29 months (24-37).

The two procedures had an almost overlapping intervention time (22.87 + 6.32 min.
for the bulking-agents injection vs. 23.22 + 7.44 for ALTIS). We registered the post-operative
complications in both groups (Table 2) but only two of them reached a statistical significance;
no patients of the Bulkamid group complained about pain after the procedure, unlike the
ALTIS group where 9 patients out of 75 (10.8%) experienced post-operative groin pain
(p = 0.03). Five patients in the ALTIS group developed de novo urgency compared to none
in the UBA group (0.04).

Table 2. Postoperative complications in 159 patients.

Variable eiratients | 03Patienty P
Operative time, min 22.87 + 6.32 2322 +7.44 0.08
Fever, n (%) 1(1.2) 0(0) 0.09
Groin pain, n (%) 0(0) 9 (10.8) 0.03
Urinary tract infection, n (%) 2(2.6) 3(3.6) 0.07
Deep vein thrombosis, n (%) 0(0) 0 (0) 0.07
Urinary retention for up to 7 days, n (%) 1(1.2) 1(1.3) 0.08
Tape extrusion, n (%) 0(0) 2(2.5) 0.08
Severe pain, n (%) 0 0 (0) 0.09
Dyspareunia, n (%) 1 0 2(2.5) 0.06
De novo urgency (%) 0 5(6.6) 0.04
Recurrent SUI (%) 4(5.1) 4 (5) 0.09

SUI = Stress urinary incontinence. t: in patients who regularly practice sexual activity (>2 intercourses/month).

The comparison of the voiding diary before and 29 months after treatment also showed
interesting results (Table 3).

24



Healthcare 2024, 12, 751

Table 3. Comparison of Voiding Diary before and after treatment (29 months Follow-Up).

Bulkamid Group ALTIS Group

Variables (64 Patients) (75 Patients)

Follow Up Baseline Median FU p Baseline Median FU p P
Positive Stress Test (%) 64 (100) 4(5.1) <0.0001 75 (100) 5(6.2) <0.0001 0.07
Q-Tip swab test (grade) 41.44 +12.10 23.15+ 1041 <0.0001 42.34 +11.11 21.87 £ 8.56 <0.0001 0.08
Mean ““(‘;‘flel; ofvoids o) 1165 9434222 0.04 7344212 765+ 198 0.08 0.03

Mean number of
0.98 + 0.43 0.78 & 0.45 ns 1.12 +0.88 0.92 +0.95 0.06 0.09

nocturia events

Abbreviation: ns: not significant.

In the Bulkamid group, only 4 patients (5.1%) had a persistently positive Stress Test
(p < 0.0001), as well as the ALTIS group in which 5 patients (6.2%) had a positive Stress Test

(p < 0.0001).

The results of the urodynamic assessment conducted both before and after the therapy
are shown in Table 4. In terms of first voiding desire (from 91 to 138 mL in the Bulkamid
group and from 89 to 142 mL in the ALTIS group), maximal cystometric capacity (from 301
to 387 mL in the Bulkamid group and from 298 to 398 mL in the ALTIS group), detrusorial
pressure at peak flow (from 18 to 14 cm HO in the Bulkamid group and from 19 to
13 cm HyO in the ALTIS group), and peak flow (from 20 to 23 mL/s in the Bulkamid
group and from 19 to 25 mL/s in the ALTIS group), the table demonstrates the significant
outcomes achieved with these treatments and supports the efficacy of both methods without

differences between the 2 groups.

Table 4. Pre- and post-urodynamic evaluation.

Urodvnamic Data Bulkamid Group ALTIS Group Bull:mld
y (64 Patients) (75 Patients) .
Altis
Baseline 12 Weeks P Baseline 12 Weeks p p
Peak flow (mL/s) 20.71 + 3.60 2323 +4.23 0.01 19.65 + 4.23 2481 +58  <0.0001 0.07
Flow time (mL/s) 26.22 +5.11 27.67 +5.18 0.11 25.68 + 5.51 27.77 +5.11 0.09 0.81
Post-void residual (mL) 20.55 + 6.28 19.54 + 6.12 0.49 21.11 4 7.09 2013 + 7.1 0.54 0.72
First voiding desire (mL) 91.76 £20.13  138.72 +19.24 0.004 8923 £2147 14243 +1998  <0.0001 0.32
Maximum cystometric 301.31 £ 7356  387.76 + 82.44 0.002 29865+ 7728  39826+9121  0.0031 0.55
capacity (mL)
Detrusor pressure at peak 18.78 + 5.63 14.45 4 6.10 0.0012 19.11 + 6.12 1389 £4.89  <0.0001 021
flow (cm H,0)
Maximum Urethral Closure (907, 911 7037+ 834 0.69 6891+971 7109 £ 7.91 051 0.72
Pressure (cm H,O)
Urethral F“(‘;f::)’“al Length  og10+2220 28214233 0.41 28434301 28674293 0.65 0.81
Patients with detrusor 36 (60) 23 (38.3) 0.13 30 (57.7) 9(17.3) 0.02 0.08

overactive (%)

In both groups, we observed a notable improvement in the QoL (quality of life) with a
halving score in ICIQ-UI-SF 29 months after treatment (Bulkamid group from 14.58 + 5.11
at baseline to 5.67 & 1.90 after 29 months; p < 0.0001 vs. ALTIS group from 13.75 &+ 5.89 to
5.83 £ 1.78; p < 0.0001).

Likewise, we noted an improvement in sexual function, with the number of sexually
active patients increasing from 29 to 44 (56.4%) in Bulkamid group (p = 0.041) and from
31 to 51 (61.7%) in ALTIS group (p = 0.034). In accordance with the last data, the scores
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derived from PISQ-12, FSFI and FSDS also showed an improvement in women'’s sexual
function (Table 5).

Table 5. Quality of Life and Sexual Function at 29 months follow up.

Variables

Bulkamid Group

ALTIS Group

(64 Patients) (75 Patients)
Preoperative Median FU p Value Preoperative Median FU p Value
ICIQ-UI-SF 14.58 +5.11 5.67 £1.90 <0.001 13.75 + 5.89 583 £1.78 <0.001
Sexual Activity 1 (%) 29 (37.2) 44 (56.4) 0.041 31 (38.2) 50 (61.7) 0.034
PISQ-12 } 30.44 +7.23 36.54 £+ 6.98 <0.001 31.22 £5.65 38.33 + 6.24 <0.001
FSFI 2043 £2.22 29.77 £1.89 <0.001 21.21+£1.43 29.34 £2.11 <0.001
FSDS t 21.65 £4.76 8.32 £ 3.56 <0.001 20.98 £5.43 7.86 £4.78 <0.001

Abbreviations: ICIQ-UI-SF: International Consultation on Incontinence Questionnaire-Urinary Incontinence Short
Form; PISQ-12: Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire short form; FSFI: Female
Sexual Function Index; FSDS: Female Sexual Distress Scale. t: Number of patients who regularly practice sexual
activity (>2 intercourses/month). 1: In patients who regularly practice sexual activity (>2 intercourses/month).

4. Discussion

Our analysis compares the two primary minimally invasive treatment choices for
SUI above a wide range of additional possibilities for the first time in the literature: the
contemporary SIS vs. UBAs. The comparison is based on the assessment of treatment
effectiveness, safety, and enhancement of sexual function and quality of life.

SUl is a frequent condition among women and has a significant impact on quality of
life (QoL). The first-line approach should include conservative therapies such as lifestyle
advice, physical therapies (PFMT and pelvic-floor muscle training), scheduled voiding
regimes, behavioral therapies, and medications [5]. When all of these therapies fail, patients
with limited bladder-neck mobility may undergo the full range of surgical treatments, such
as midurethral sling, gold standard treatment, or, when indicated, UBA injection.

Since retropubic and transobturator midurethral slings are associated with severe
adverse effects (including bladder rupture, damage to blood vessels, and pelvic pain), today,
single-incision midurethral slings (SISs) aim to reduce complications and be less invasive.

Nowadays, the literature acknowledges that SIS is an excellent and effective technique
despite being minimally invasive, with significantly reduced operating times and pelvic
inguinal pain compared to traditional approaches [13].

Contrary to UBAs, an SIS is also commonly used as a first-line treatment for SUI
UBAs are now largely indicated for IDS and/or urethral hypomobility. However, in both
circumstances, they are considered a second-line alternative treatment.

Our initial goal was to compare UBAs and SISs in order to establish the efficacy of
both these minimally invasive treatments.

Indeed, much has been published about women with SUI preferring less-successful
interventions with fewer postoperative complications to more-effective procedures with
significant side effects [14,15].

Regarding safety, only eight patients out of 64 from the UBA group showed complica-
tions. Only one patient experienced acute urinary retention, in contrast to Giammo et al.
who described 8.2% of patients experiencing this self-limited side effect [16]. None of our
patients reported de novo urgency, unlike Itkonen Freitas et al. [17] who described 9.3% of
patients experiencing this complication. On the other hand, 26 patients out of 75 from SIS
group showed side effects. The most frequent complication in this group was groin pain, in
line with Moran et al. We also registered 6.6% of patients showing de novo urgency, which
is comparable with the 5.3% of patients registered by Youxiang Han et al. [18], while Moran
et al. reported a slightly higher rate of de novo urgency (8.1%) as well as a higher rate of
urinary retention cases (7.2%) compared to our single case. Tape extrusion occurred in 2.5%
of patients, in line with the literature [19,20].
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SISs and UBAs were demonstrated to be highly effective. This is shown in the stress-
test data. In fact, at the median follow-up (29 months), the number of patients with positive
stress tests decreased drastically. Similarly, Q-Tip Swab Test grades were almost halved in
both groups. These results appear to be better than the average “objective cure rate” drawn
from the studies we analyzed [15,17,19,21].

We could justify this high cure rate because all procedures had been performed by the
same expert (more than 100 procedures) surgeon, in the same center with a high volume of
patients. Nevertheless, we believe in the need to standardize the parameters that define the
“objective cure rate”, to align outcomes of these two procedures.

Another fundamental parameter to assess the effectiveness of treatments is the “subjec-
tive cure rate”, which could be defined as the personal perception of clinical improvement
by the patients.

We obtained this data by submitting, to patients, questionnaires to evaluate their
QoL, such as the ICIQ-UI-SF and the PGI-I scale. According to Kamarkar et al. [22], the
cut-off points in the ICIQ to evaluate patients’ satisfaction should be <6/21. These results
are supported by the data in the literature which show a notable improvement in the
ISIQ-UI-SF score after treatment [17,22]. The other item we used to evaluate QoL was the
PGI-I scale. In our study, patients reported to feel “very much better” or “much better”, so
the “subjective cure rate” of both groups after treatment was approximately in line with
the literature [15,17,19,21,23]. Hence, SISs and UBAs appeared to be totally comparable in
effectiveness and safety at a 24-month follow-up. The only significant difference was the
absence of groin pain after UBA treatment.

Another goal of our study was to investigate the changes in sexual function and sexual
satisfaction of women treated with bulking agents vs. SIS. The number of sexually active
patients (>2 intercourses/month) increased from 29 (37.2%) to 44 (56.4%) in the UBA group
and from 31 (38.2%) to 50 (61.7%) in the SIS group. Similarly, the scores from the PISQ-12,
FSFI, and FSDS showed an improvement in women’s sexual function. There is limited
literature available on the evaluation of sexual life after surgical SUI treatment. The two
studies we found assess sexual function by using only one questionnaire out of the three
we used in our study [24,25].

The strength of our study lies in the mid-term follow-up, which enables the evaluation
of patients over time, unlike studies with only a short-term follow-up. As mentioned above,
all patients underwent treatment by a single surgeon in the same high-volume center,
minimizing the inter-operator outcome variability. Evaluation of sexual function via more
than one questionnaire allows for the creation of a more precise score for sexual activity.

Some limitations include the small number of patients, the need of a longer follow-up
(>60 months), the presence of selection bias, and the absence of randomization. In addition,
we found, in Sekiguchi et al. [26], a cumulative cure rate of 91% after SIS treatment in a
group of patients affected by mixed urinary incontinence, showing SUI together with ISD
characteristics. According to these results, various research [27-29] showed high rates of
success and enhanced quality of life following SIS therapy. This could widen the field of the
application of SIS treatment, but further studies and investigations are needed, including a
randomized double-blind-design study on a larger cohort of patients.

5. Conclusions

Opverall, to the best of our knowledge, this is the first comparative evaluation of these
therapies in two groups of patients with comparable features. Furthermore, using a variety
of tools for evaluation, our study assesses both the objective and subjective success of
the therapies.

Although further research and double-randomized trials are required, we have demon-
strated that UBAs are highly successful when compared to minimally invasive surgical
methods such as SISs, and they also have fewer side effects. Our study shows how a UBA
can be used as a first-line therapy option since it helps reestablish the transient sphincteric
mechanism of continence, which is the foundation of incontinence physiology. This gives
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women the option to choose the therapy that makes them feel more comfortable and gives
them the possibility to choose a less invasive procedure.
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Abstract: Objectives: Our study aimed to investigate the prevalence of female pelvic floor dysfunc-
tion (PFD) in Israeli women who experienced vaginal delivery and are in their reproductive years
(premenopausal), as well as to understand their attitudes and health-seeking behavior and barriers
towards treating this problem. Methods: In this cross-sectional study, we conducted a questionnaire-
based Internet survey. The surveys were sent to Israeli women in their fertile years (18-50 years old).
We asked the women about their PFD symptomes, attitudes, and help-seeking behaviors. We used
two validated questionnaires, including the USIQ and the PFDI-20. The combined questionnaire was
submitted in both Hebrew and Arabic. We assessed the prevalence of PFD symptoms in the study
population. Symptomatic women were asked about their help-seeking behaviors and their beliefs,
desires, and barriers regarding the clinical management of symptoms. Results: Between July and
September 2020, 524 women completed the questionnaire (response rate 44%). In total, 95% reported
at least one symptom (mostly urinary-related) at any grade of severeness in at least one category, and
66.8% suffered from at least one moderate to severe symptom in at least one category. Most women
(93.7%) reported that they wanted to be asked and offered voluntary information about PFD from
physicians and nurses; however, only 16.6% reported receiving such information. Barriers to seeking
treatment were mainly related to low awareness. The study’s main limitation was selection bias due
to the questionnaire’s design. Conclusions: These findings show the importance of raising awareness
of the different therapeutic solutions to PFD symptoms and designing more available services for this

common problem.

Keywords: pelvic floor dysfunction; women; parous; reproductive-age women; attitudes; prevalence

1. Introduction

Female pelvic floor dysfunction (PFD) is a term applied to a wide variety of clinical
conditions, including urinary incontinence (stress, urge, and mixed), fecal and flatus
incontinence, pelvic organ prolapse (POP), constipation, sexual dysfunction, and several
chronic pelvic pain syndromes [1-3]. These conditions may cause significant suffering and
impair the quality of life for many women, affecting their mental and sexual health as well
as their social and physical activities [4-6]. The disorder is considered multifactorial, with
vaginal parity being one of the leading risk factors for developing it [2,3,7,8], with a positive
correlation to the number of vaginal births [4,7,8]. Assisted vaginal births (i.e., forceps
and vacuum deliveries) were found to be contributing factors [2,5], as well as an extended
second phase of labor (over 1 h), history of 3rd- or 4th-degree perineal tears, obesity, older
age, positive family history of PFD, and smoking [2,6-9].

Estimating the prevalence of PFD is important for several reasons, including assessing
the public health burden of these conditions as well as implementing healthcare strategies.
Different studies have examined the prevalence of these conditions, usually using voluntary
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questionnaires [2,5,10-19]. Some studies have focused on urinary symptoms alone, some
on the postpartum period, and some on the postmenopausal period. Correspondingly,
there is a wide variation in the prevalence of PFD when comparing these studies and others,
and any figure between 1.9 and 67% can be found. However, it is, without a doubt, not a
rare condition. Nevertheless, the data on women in their reproductive years beyond the
peripartum period are scarce.

PFD is a largely treatable problem. Pelvic floor muscle training (with or without
biofeedback) has been shown to improve urinary incontinence, pain, and quality of
life [20-23]; pessary surgery (implantation of sub-urethral tension-free slings, symmet-
ric lateral levator myography colposuspension) is also an available treatment [23-25], as
are botulinum toxin injections in selected cases [23]. Without early intervention, PFD may
deteriorate and require more invasive and costly treatments. In a Cochrane meta-analysis
by Dumoulin et al. involving a total of 165 patients, there was a cure rate of 56.1% in
those who performed pelvic floor exercises and only 6% in those who did not (relative risk
[RR] 8.38, 95% CI 3.68-19.07) [26]. The treated groups had significantly better outcomes
concerning their quality of life, satisfaction with treatment, and need for further treatment
compared with the control groups. Leaving PFD untreated could also be very costly: One
study estimated the costs of ambulatory treatment for PFD in the United States to be as
high as USD 300 million between 2005 and 2006 [27]. Left untreated, PFD has negative
effects on women'’s health and quality of life, affecting their physical and mental health
and sometimes even leading to social isolation, anxiety, and depression [28,29].

Despite the nature of PFD as a preventable and treatable condition affecting everyday
life, most women avoid discussing this issue when encountering healthcare profession-
als [12,18,30,31]. The reasons for this are various: Some women have the perception that
PFD is a normal part of aging, some expect it to wane eventually without intervention,
some are too embarrassed to raise the issue, and some see it as an inevitable and untreatable
adverse effect of parity, i.e., are unaware that treatment is available [18,32]. As a result,
many women are left untreated or wait many years before seeking medical help [12,32].

Our study aimed to investigate the prevalence of PFD in Israeli parous women in their
reproductive years and to investigate their needs, attitudes, barriers, and health-seeking
behavior surrounding this problem. In addition, we wanted to evaluate which social-
demographic and medical factors were associated with PFD and moderate-to-severe PFD.
This would ideally assist us in understanding the key obstacles associated with addressing
this medical condition and enhancing the quality of life for women.

2. Methods and Materials
2.1. Setting and Study Design

In this cross-sectional study, we conducted a questionnaire-based internet survey using
PharmaQuest Ltd. (Ramat-Gan, Israel) company’s platform. The company has an advanced,
fully secured online system that enables questionnaire distribution and de-identified data
collection that fully complies with EphMRA, ESOMAR, and ethical codes of conduct. Itis a
private independent research company and is not affiliated with any product.

The company distributes advertisements and invitations to join its databases on
various websites such as Google and Facebook. Every internet-accessible citizen can be
exposed to these invitations and links and can join the database, which is free and on a
voluntary basis. Afterwards, a comparison is conducted between the demographic details
of registered individuals and the overall demographic profile of Israeli citizens, as provided
by the Central Bureau of Statistics in Israel, to generate a representative sample. The sample
includes 100,000 people representing Israeli society. Registered individuals respond to
population surveys and accumulate points with which they can purchase vouchers.

The company can activate filters when distributing questionnaires, such as selecting
specific age groups or a particular gender.
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The e-mail provided details about the study and invited the women to participate in an
anonymous survey. Those who satisfied the age and parity inclusion criteria, determined
by initial filtering questions, were allowed to proceed to the full questionnaire.

Within the survey, we inquired about the PFD symptoms, attitudes, and behaviors
related to seeking help. The funding for these services was sourced from Marom, a research
program catering to physicians and residents affiliated with Maccabi Healthcare Services.

2.2. Study Population

Inclusion criteria: women who experienced at least one vaginal delivery and are in
their fertile years (18-50 years old).

2.3. The Questionnaire

We used two validated and well-established questionnaires for detecting PFD and as-
sessing its effect on quality of life: the Pelvic Floor Distress Inventory (PFDI-20) [33-35] and
the Urgency Severity and Impact Questionnaire (USIQ) [13,35]. The PFDI-20 questionnaire
is a 20-item questionnaire divided into 6 items evaluating pelvic organ prolapse distress,
eight items evaluating colorectal anal distress, and six items evaluating urinary distress.
The USIQ focuses on urge urinary incontinence and has two parts: symptom severity
and related quality of life. It includes 14 questions. Both questionnaires were previously
validated in Hebrew [34,35]. After receiving permission from the original authors, we
translated the questionnaires into Arabic using reverse translation and validation tools.
Three native Arabic speaker doctors reviewed the questionnaire before distribution. Then,
we designed a complete questionnaire that included four sections (see the full version in
Supplementary Materials):

(a) Filtering questions for inclusion criteria (age, previous vaginal delivery)—2 questions;

(b) PFDI and USIQ questions for identifying symptomatic women—34 questions in
total. These questions provided information on the prevalence of PFD in the study
population;

(c) Beliefs, attitude, barriers, and treatment-seeking behaviors regarding PFD—9 ques-
tions. These questions explored symptomatic women’s beliefs about their symptoms,
willingness to seek and explore different medical solutions, and ability to adhere to
recommended treatment methods;

(d) Medical, social, and demographic questions—18 questions. These included: age,
number of births (both vaginal and cesarean), years since last delivery, types of
vaginal deliveries (assisted or not), history of episiotomy, weight, height, smoking
status, history of hormonal medication—both consumption and duration, ethnicity,
education, marital status, and socio-economic status (based on income and residence).

The questionnaire was submitted in both Hebrew and Arabic. An English translation
is available in the Supplementary Materials.

We divided the PFDI and USIQ answers into five categories: (1) bladder symptoms—
mainly stress incontinence; (2) bladder symptoms—mainly overactive bladder/urge in-
continence; (3) colorectal symptoms—mainly obstructive, i.e., constipation; (4) colorectal
symptoms involving mainly incontinence—flatus and/or fecal; and (5) pelvic pain or
discomfort and pelvic organ prolapse.

Each category was given a severity scale corresponding to the questionnaires we used
(ranging from 0, as in never having these symptoms, to 5, as in having symptoms and
finding them considerably bothersome). A score above 0 in each category was sulfficient to
define the patient as symptomatic, and a score of 3 and above (i.e., “yes, and it bothers me
to a minor/moderate/great extent”) defined a patient with moderate to severe symptoms.

2.4. Statistical Analysis

We used descriptive statistics to characterize the variables, including mean and stan-
dard deviation (SD) for continuous variables and counts and percentages for categorical
variables. For the univariate comparison of continuous variables, we used the Student
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t-test for standard distribution variables and Mann-Whitney for non-normal distribution
variables. For categorical variables, we used the chi-square test. We performed a multivari-
ate analysis with logistic regression to test which factors were associated with PFD and
moderate to severe PFD. In this regression, we inserted all sociodemographic and medical
variables to test which affected the presentation of symptoms; these variables included
age, number of vaginal deliveries, time since the last delivery, perineal stitching, assisted
delivery (forceps/vacuum), socio-economic status, ethnic background (Arab, Orthodox
Jewish, all others), BMI, and smoking. A p value < 0.05 was considered significant. All
analyses were performed using SPSS Statistics version 27 (SPSS Inc., Chicago, IL, USA).

2.5. Ethical Considerations

The institutional review board of Assuta Health Care ASMC-0110-18 approved the
study. Study participation was voluntary and anonymous. Consent to participate was
granted by submission of a completed questionnaire.

3. Results
3.1. Participants

From July to September 2020, A total of 25,000 personal e-mail invitations were sent to
all women under the age of 50 in the database. A total of 9907 women (4633 native Hebrew
speakers and 5274 native Arabic speakers) accessed the questionnaire. This confirmed that
they had seen the survey. Participants who answered the full survey were granted 20 NIS
worth of vouchers.

The invitation to participate in the survey was emailed on six different occasions
over these months (approximately once every two weeks). One thousand three hundred
ninety-eight women answered the initial filtering questions. Out of the participants who
fulfilled the inclusion criteria based on the initial filtering questions (i.e., being between the
ages of 18-50 and having undergone at least one vaginal delivery), a total of 1178 women
were identified. Among these, 524 completed the full questionnaire. They were considered
responders, and 654 did not complete the rest of the questionnaire and were considered
non-responders, resulting in a response rate of 44% for eligible participants (Figure 1).

9907 women accessed the questionnaire
4633 native Hebrew speakers and 5274 native Arabic
speakers

8509 did not answer at
all b

\ 4

1398 answered the initial filtering questions

220 did not meet the |
inclusion criteria

\4

1178 women met inclusion criteria

654 did not complete the
questionnaire

A4

524 answered the full questionnaire after the filtering
questions

Figure 1. Flowchart.

3.2. Descriptive Data

Among the participants who completed the questionnaire, 80.5% (422) belonged to
the Jewish sector, and 19.5% (102) represented the Arab sector. The average age was 35.9,
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with a standard deviation of 7.6 years. Most participants had an academic background,
comprising 61.8% (324 individuals).

The average number of vaginal deliveries was 5.1, with a median of 3. In terms
of delivery methods, 21.6% (113) had undergone both vaginal and cesarean deliveries,
while 78.4% (411) had undergone exclusively vaginal deliveries. Furthermore, 17.6% of
the women (92) had a history of at least one instrumental delivery (forceps or vacuum).
Most women (72.1%, 378) required perineal stitches in at least one delivery. At the time
of the questionnaire, 38.1% of the women (200) were at least five years postpartum, 39.7%
(208) were between one and five years postpartum, and 22.2% (116) were less than a year
postpartum. A positive smoking status was reported by 11.6% (61) of the respondents.

Stress urinary incontinence: A total of 370 participants (70.6%) reported having at least
one symptom, and 193 (36.8%) reported moderate to severe symptoms.

Overactive bladder/urge urinary incontinence: A total of 394 participants (75.2%) re-
ported having at least one symptom, and 215 (41%) reported moderate to severe symptoms.

Obstructive colorectal symptoms: A total of 331 participants (63.2%) reported having
at least one symptom, and 150 (28.6%) reported moderate to severe symptoms.

Colorectal incontinence (gas and/or feces): A total of 325 participants (62%) reported
having at least one symptom, and 123 (23.5%) reported moderate to severe symptoms.

Pelvic pain or discomfort and prolapse: A total of 433 participants (82.6%) reported
having at least one symptom, and 242 (46.2%) reported moderate to severe symptoms.

Overall, 498 participants (95%) suffered from at least one symptom at any grade in
at least one category, and 350 participants (66.8%) suffered from at least one moderate to
severe symptom in at least one category (Figure 2). The differences in women with and
without moderate to severe symptoms are outlined in Table 1.

The most common complaints were urinary-related (stress incontinence or overactive
bladder). A total of 447 participants (85.3%) suffered from at least one urinary symptom
in any grade, and 259 participants (49.4%) suffered from at least one moderate to severe
symptom.
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Figure 2. PFD prevalence in the study population.
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Table 1. Characteristics of women with and without at least one moderate to severe pelvic floor

complaint.
Women without Any Women with at Least One
Moderate to Severe Pelvic Moderate to Severe Pelvic Value
Floor Complaints Floor Complaint P
n =174 (33.2%) n = 350 (66.8%)
n (%) n (%)

Age

18-24 11 (6.3) 29 (8.3)

25-29 20 (11.5) 53 (15.1)

30-34 50 (28.7) 83 (23.7) 0.173

35-39 36 (20.7) 48 (13.7)

40-44 31(17.8) 77 (22)

45-50 26 (14.9) 60 (17.1)
Age, mean + SD 359+7.1 359+79 0.938
Only vaginal deliveries 138 (79.3) 273 (78) 0.737
Number of vaginal deliveries, mean + SD 224 4+15 224 +14 0.881
Duration since last delivery

<2 months 11 (6.3) 16 (4.6)

2-12 months 21 (12.1) 68 (19.4) 0931

1-5 years 74 (42.5) 134 (38.3) )

5-10 years 39 (22.4) 68 (19.4)

>10 years 29 (16.7) 64 (18.3)
Duration since last delivery (years), mean + SD 5+5 52+53 0.861
Assisted vaginal birth (forceps/vacuum) 21 (12.1) 71 (20.3) 0.021
Perineal tear/episiotomy stitching 127 (73) 251 (71.7) 0.330
Hormonal therapy

ocCp 37 (21.3) 69 (19.7) 0.767

IuD 26 (14.9) 63 (18)
Ethnicity

Jewish 143 (82.2) 279 (79.7) 0.559

Arab 31 (17.8) 71 (0.23)
Smoker 16 (9.2) 45 (12.9) 0.249
Academic education 103 (59.2) 221 (63.1) 0.658
Married 161 (92.5) 297 (84.9) 0.077
BMI 244+ 41 258+ 5.5 0.015

3.3. Multivariate Analysis

In this study, there was no effect of age, number of vaginal deliveries, time since the last
delivery, perineal stitching, assisted delivery (forceps/vacuum), or socio-economic status
on the chance of suffering from PFD symptoms. Nevertheless, women in the Arab sector
tended to suffer more from pelvic pain or pelvic organ prolapse (OR 2.046, CI [1.004—4.173],
p = 0.049), obstructive colorectal symptoms (OR 2.017, CI [1.185-3.432], p = 0.01), and mod-
erate to severe colorectal incontinence (OR 1.730, CI [1.035-2.892], p = 0.036). A BMI greater
than 25 was found to be a risk factor for suffering from fecal incontinence (OR 1.043, CI
[1.004-1.084], p = 0.029), pelvic pain, or organ prolapse (OR 1.045, CI[1.007-1.084], p = 0.019),
as well as moderate to severe urinary stress incontinence (OR 1.085, CI [1.044-1.126],
p <0.001)

Smoking was found to increase the risk of colorectal obstruction symptoms by almost
twofold (OR 1.995, CI [1.033-3.854], p = 0.04), an effect that was also found in stress urinary
incontinence (OR 2.362, CI [1.137-4.907], p = 0.021), and moderate to severe overactive
bladder symptoms (OR 2.062, CI [1.161-3.661], p = 0.014).
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3.4. Quality of Life Assessment

In the questionnaire, women were asked to grade the influence of urinary urge inconti-
nence on their daily lives on a scale of 0-4 according to the USIQ questionnaire (“How much
does it affect your ability to. ..”), where zero corresponded to “Not at all”, 1 to “Somewhat”,
2 to “Moderately”, 3 to “quite a bit”, and 4 to “Very much”. Urinary urge incontinence was
found to influence many daily activities: working and studying (1.8 & 1.2), social activities
outside of the home (2.0 & 1.3), ability to travel by car or bus for a duration greater than
30 min (2.1 & 1.3), intimate relationships (2 = 1.3), physical activities (2.2 = 1.3), emotional
health (1.8 4+ 1.1), and frustration (2 + 1.3).

3.5. Opinions and Health-Seeking Behaviors

Most women in our study (93.7%) believed they should receive voluntary information
on PFD symptoms from medical personnel (Figure 3). These included gynecologists (91.2%),
family physicians (57.6%), the caring staff at the time of discharge from maternity wards
(64.7%), pregnancy care nurses or well-baby clinic nurses (56.5%), and antenatal visits for
childbirth preparation courses (32.3%). However, only 16.6% of women reported that a
gynecologist or a family physician had ever initiated a conversation on these issues.

100
91.2

Ch L
90
80
70
64.7
60 57.6 56.5
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40
323
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20
10

[0}

Believed Gynecologist Family Physician Pregnancy care Childbirth Caring staff at the
infermation should nursesor well-baby preperation course maternaty
be provided clinic nurses instructor department

proactively

Figure 3. Participants answered that they wish to receive proactive information on PFD from
healthcare personnel.

Women also showed a low level of initiative in seeking information and treatment
for PFD symptoms. Among women who experienced PFD symptoms, 70.8% (n = 371)
never sought professional help, 32.3% approached a gynecologist on their own initiative,
22.8% approached a family doctor, 18.3% approached a pelvic floor physiotherapist, 8.9%
approached a urologist, and 12.7% approached a nurse. In addition, 19.7% approached a
fitness trainer or Pilates instructor on their initiative, and 42% shared this with a friend or
acquaintance.

Regarding the reasons why most symptomatic women did not seek professional help,
53.1% assumed that the symptoms would disappear over time, 44.7% thought that these
were natural and normal symptoms that every woman experiences after vaginal birth,
28.3% did not seek help because they were busy with work or taking care of their children,
22.9% were not aware that such problems could be treated, 18.3% were embarrassed to
raise the issue, and 12.4% felt they knew on their own how to treat the problem with pelvic
floor exercises (Figure 4).
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Figure 4. Reasons for avoiding healthcare in symptomatic women.

Women who did seek medical care were offered numerous treatments: Kegel exercises
for activating the pelvic floor muscles (46%), referral to physiotherapy for pelvic floor
rehabilitation (29%), lifestyle changes such as reducing caffeine consumption and timed uri-
nation (17%), breathing exercises (15%), pharmacological treatment such as stool softeners
and alpha-blockers (7%), and the use of supportive devices such as a pessary (1%).

The degree of compliance with these treatments was inadequate, as only a small per-
centage of those who sought help followed through with all the recommended treatments
(24.3%), while some completed only some of the treatments (20.3%) or planned to do so in
the future (21.6%). Others did not complete the treatment and did not intend to (33.8%).
The reasons for low compliance with recommended treatment were numerous and mainly
stemmed from accessibility and awareness issues (Figure 5). Interestingly, 66% of those
who reported no symptoms still sought treatment. This observation has several possible
meanings, which will be discussed hereafter.

120

100 95.8

80

60

40 37.5
33

20
12,5 12.4

0 . .

| didn't believe the | was embarrassed There were no The proposed | am busy | exercised on my
treatment would available treatment was too own
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Figure 5. Reasons for low compliance with recommended treatment of PFD symptoms.
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4. Discussion
4.1. Main Findings

In this study, we aimed to evaluate the prevalence of PFD among parous women
in their fertile years using previously validated questionnaires and to characterize their
approaches to treatment for these issues. To our knowledge, this study was the first in
Israel to address women in their fertile years beyond the peripartum stage and to assess
both symptoms and needs.

The study results suggest that up to 95% of women experienced PFD symptoms,
with 85% experiencing urinary-related symptoms (stress incontinence and/or overactive
bladder). Moderate to severe symptoms were observed in 66.8% of women. Arab women,
smokers, and overweight women were at a higher risk of suffering from PFD.

Even though most symptomatic women (70.8%) did not proactively bring up their
symptoms with any healthcare professional, almost all of them (93.7%) would have pre-
ferred to be approached and provided with information on the matter. Unfortunately, only
16.6% reported being actively approached by healthcare professionals.

4.2. Interpretation

The prevalence of the symptoms observed in this study exceeds what is known in
most existing literature [2,4,5,10-14,16,17], in which most studies have estimated up to 60%
prevalence. This difference may be attributed to volunteer bias in the women who chose to
answer the questionnaire. This is a known problem in any questionnaire study and is more
predominant when discussing a sensitive subject such as PFD. This is even more true when
answering a long and thorough questionnaire, as was used in our study.

Another possible explanation is the gap between symptoms and bothersome symp-
toms. Some women were found to be symptomatic, but with no effect on their quality of
life whatsoever and no wish for treatment, indicating that perhaps the USIQ and PFDI ques-
tionnaires were a little over-sensitive in our study. This might suggest that they were either
experiencing mild levels of dysfunction, as evidenced by lower scores on the questionnaire,
or they were adopting behaviors to cope with their symptoms. To diminish this effect, we
chose to present women with moderate to severe symptoms separately—i.e., women with
moderately to considerably bothersome symptoms. Even this restrictive analysis showed
PFD to affect two-thirds of women in the study. Therefore, even if numerical accuracy has
yet to be attained, it can be concluded that there is a considerable underestimation and
underdiagnosis of these symptoms.

It should be noted that sources for comparison on this subject are even more limited
than those for PFD in general, as the medical literature tends to focus on these issues mainly
in the peripartum or menopausal periods.

Regarding risk factors, obesity and smoking are known risk factors and were found
in this study as well. It was interesting to find that Arab Israeli women were at greater
risk of PFD, regardless of the type of delivery (assisted or not), the age, and the number of
children they had. This specific finding should be further researched.

One of the most important findings in our study was the discrepancy between women’s
desire to be asked and offered voluntary information about PFD from physicians and nurses
(93.7%) and the low rate of it happening (16.6%). We may assume that physicians and
nurses avoid the subject due to its sensitive nature or that they assume that women will
raise the issue if they find it bothersome. This should be further studied. These findings
clearly show that most women would like to be asked about it, and the reasons for them
not seeking treatment are mainly lack of knowledge and inaccessibility, and are not due to
embarrassment. These are all solvable problems.

A total of 66% of the women who reported no symptoms still stated that they sought
treatment for PFD. This may be explained by the tendency to diminish symptom severity
in self-reporting symptom scoring or by pursuing preventive treatments following parity.

Interestingly, when women did seek help for their symptoms, they tended to have
low compliance with recommended methods. Only 24.3% of those seeking assistance
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completed all the recommended treatments. For the most part, the women were too busy
to adhere, but other reasons included a lack of faith in the treatment, embarrassment, low
availability, and self-management. These findings suggest that perhaps treating strategies
in Israel may not correspond to a busy mother’s life, and perhaps new and more available
technologies, including remote treatment and self-care devices, should be implemented.

4.3. Limitations of the Study

This study has several limitations. First, a selection bias is probable. Women who
chose to answer the questionnaire may suffer more or be more aware of PFD. Second, the
response rate was only 44%, which may be improved using different approach models
(telephone interviews, interviews in the clinic, etc.). Additional population biases stem
from the research method and questionnaire distribution (via e-mail), including higher
education and socioeconomic status, language, and technological literacy. This, again, can
cause a selection bias.

This study only represents parous women. However, it is essential to explore nulli-
parous women in future studies to represent their PFD. To fully comprehend the scope of
PFD in young women, it is necessary to conduct research that involves a control group
consisting of women from the same age group who have never undergone vaginal delivery.
This is another population that suffers from misrepresentation in the literature.

5. Conclusions

This study aimed to investigate the prevalence of female pelvic floor dysfunction in
Israeli women who experienced vaginal delivery and are in their reproductive years, as
well as to understand their attitudes and health-seeking behavior towards this problem.
The topic is not novel. However, it is relevant in the field of pelvic floor dysfunction
and addresses a specific gap in the field. Compared to the other published material,
it adds further evidence to show the importance of raising awareness of the different
therapeutic solutions to PFD symptoms and designing more available services for this
common problem.

To date, unfortunately, there is still a cultural limit on addressing the problem of pelvic
floor dysfunction with a gynecologist. In fact, to date, there is still the belief that these
problems are inevitable and lack solutions. This leads women to accept this problem, with
an enormous decline in their quality of life, without looking for possible solutions. It is
the doctor’s duty to educate women to be aware of these problems, which, although they
appear, can be treated with medical and surgical rehabilitation therapy. The possibility
of having various therapeutic opportunities based on the individual patient allows the
woman to access an individualized therapeutic plan.

We anticipate that heightened awareness of this issue will eventually reach patients
in diverse clinical settings, including doctor visits in various disciplines such as family
medicine, gynecology, and urology, as well as during childbirth and parenting education
courses, in nurses’ clinics, and upon discharge from maternity departments. Beyond dis-
cussing the matter in medical appointments, other effective health interventions could
involve addressing the problem through pregnancy tracking apps or children’s devel-
opmental apps; distributing patient information leaflets, questionnaires, and signs; or
providing specific pelvic floor examinations. Utilizing social media platforms or podcasts
could also be effective in spreading awareness.

To tackle the accessibility challenges of care and treatment, it would be beneficial to
establish standardized treatment plans, including remote pelvic floor physiotherapy and
self-treatment solutions using readily available home devices. Subsidizing biofeedback
tools for self-treatment could alleviate some of the significant accessibility barriers identified
in this study.

This study highlights a significant yet often overlooked issue with a substantial public
health burden. Various measures can be implemented to improve awareness, accessibility,
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and care in this regard. We believe that paying attention to patients’ needs could contribute
to designing better solutions and promoting a healthier life for them.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/healthcare12030390/s1, Women’s Health Questionnaire.
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Abstract: Objective: To evaluate the impact of systemic sclerosis (SSc) on vulvovaginal atrophy
(VVA) and sexual health in an Italian population. Methods: An Italian survey about the prevalence
and severity of VVA (on a 0 to 10 scale) and sexual dysfunction (using the Female Sexual Function
Index—FSFI) through an anonymous online questionnaire. We investigated couple relationships and
intimacy with partners, the predisposition of patients to talk about their sexual problems, physicians’
receptivity, and treatment scenarios. Risk factors for VVA symptoms and sexual dysfunction were
assessed. Results: A total of 107 women affected by SSc were enrolled. Of these, 83.2% of women
(89/107) complained about VVA symptoms and 89.7% (among sexually active women; 87/97) about
sexual dysfunction. Menopausal status did not affect VVA symptoms, while age was the only
independent risk factor for sexual dysfunction. About 70% (74/107) of women reported a negative
impact of disturbances on intimacy with their partner. A total of 63 women (58.9%) had never
discussed their sexual problems and VVA condition with a physician. Lubricants were the only
treatment prescribed, and 75% of women would welcome new therapies, even if experimental
(62.9%). Conclusions: In women with SSc, VVA symptoms and sexual dysfunction are highly
prevalent, independently from menopause. In more than half of the investigated women with SSc,
we found reluctance to talk about their sexual problems, despite being symptomatic. This should
encourage physicians to investigate vulvovaginal and sexual health. SSc patients would welcome the
advent of new treatment possibilities for their VVA and sexual complaints.

Keywords: systemic sclerosis; sexual health; sexual dysfunction; genitourinary syndrome of menopause;
vulvovaginal symptoms; quality of life

1. Introduction

Systemic sclerosis (SSc), also known as scleroderma, is an immune-mediated rheumatic
disease that causes vasculopathy and fibrosis of the skin and internal organs [1]. SSc has
been found to affect various aspects of life, including intimate health and sexuality [2].
Diminished intercourse frequency due to reduction in desire and satisfaction have been
related to several SSc symptoms, such as mouth shrinking, skin tightening around vaginal
introitus and breast, vaginal dryness, joint pain, muscle weakness, Raynaud phenomenon,
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reflux, vomiting, diarrhea, low self-esteem, as well as some drugs [3-6]. Indeed, decreased
libido has been related to the use of prednisolone, vaginal ulceration to the use of colchicine,
nausea and weakness to the use of nifedipine and prednisolone, and depression to the
use of cimetidine [6]. Sexual function has been observed to be significantly impaired, and
more sexual distress has been reported in women with SSc in comparison with healthy
controls [7] or women affected by other chronic diseases [6]. Several issues, such as intimacy
and their relationship with a partner, the spontaneous predisposition of patients to talk
about their sexual problems, and physicians’ awareness of or receptivity (meaning the
ability to carefully listen to the woman and inquire with interest about possible intimate and
relational disturbances) to women affected by SSc, remain largely under-reported [7]. The
literature assessing sexuality impairment in women with SSc is growing [3-10]; however,
these topics have never been previously explored.

We, therefore, designed this survey to evaluate the prevalence and severity of vulvo-
vaginal atrophy (VVA) symptoms and sexual health, investigating patients’ relationships
with their partners, their physicians’ receptivity, and patients’ satisfaction with the available
treatments for their genital and sexual disorders and expectations for alternative therapies
in an Italian cohort of women affected by SSc.

2. Methods
2.1. Study Design

This is an Italian survey concerning the impact of SSc on VVA and sexual health. The
questionnaire adopted in this study was designed in collaboration between the Italian
National SSc Patient Association, named Gruppo Italiano per la Lotta alla Sclerodermia (GILS
ODV), the Urogynecology Unit of IRCCS (Istituto di Ricovero e Cura a Carattere Scientifico)
at the San Raffaele Hospital of Milan (where data were collected and analyzed), and the
following national units: Scleroderma Unit of IRCCS Policlinico of Milan, Scleroderma Unit
of ASST (Azienda Socio-Sanitaria Territoriale) Legnano, ASST Niguarda, IRCCS Humanitas
Hospital of Milan. In addition to some demographic details and questions designed to
investigate patients’ subjective perception of their symptoms and the available solutions,
the questionnaire also included the Female Sexual Function Index (FSFI), a validated
questionnaire for sexual health assessment (Supplementary Materials). Approval for the
study was obtained from the Institutional Review Board (number IRB 20/int/2020). All
participants signed informed consent for the treatment of personal data. The study was
conducted according to the Declaration of Helsinki [11].

2.2. Study Population

Women were enrolled between June 2019 and February 2020 by the previously men-
tioned Italian units.

Eligible patients were women with a diagnosis of SSc, according to the American
College of Rheumatology [12], over 18 years of age, who signed an informed consent and
were willing to fill out the questionnaire. Women who did not sign the informed consent
for the treatment of personal data, did not complete the questionnaire, or did not fill in the
questionnaire were not included in the study.

2.3. Study Procedures

During a routine rheumatologic examination, patients were informed about the possi-
bility of answering anonymously to an online questionnaire based on vulvovaginal atrophy
symptoms and sexual health related to systemic sclerosis.

The questionnaire included questions on general characteristics and medical and
surgical history (gynecological surgery, presence or history of malignant neoplasia, fre-
quency of gynecological medical examinations). Menopausal status was defined as “the
absence of menstruation for at least 12 months”. Vulvovaginal atrophy symptoms were
then assessed through subjective parameters. Vaginal dryness and dyspareunia (defined
in the questionnaire as “pain at intercourses”) were investigated using a Visual Analogue
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Scale (VAS) from 0 to 10 for intensity, where “0” indicated the absence of symptoms and
“10” as the maximum intensity. To assess sexual function, we incorporated the Female
Sexual Function Index (FSFI), a questionnaire composed of 19 questions to investigate
7 different domains (desire, arousal, lubrification, satisfaction, orgasm, pain, and a total
FSFI score). Each domain of the FSFI includes a 0-6 scale where the lower score indicates
the worst condition. In order to classify a woman as “sexually dysfunctioned”, the overall
FSFI score should be <26.55. Desire is the only item that may be considered separately, with
a clinically significant cut-off score for dysfunction <5 [13,14]. FSFI analysis was carried out
only for sexually active women, defined as women who had intercourse in the previous
4 weeks.

Couple relationships and intimacy with partners were then assessed. For this section
of the questionnaire, the following questions were proposed to participants: “How much
did these symptoms negatively influence your couple relationship and intimacy with part-
ner?”, “Do you think that these symptoms and their influence on sexual life are negatively
perceived by your partner?”. We also investigated the spontaneous predisposition of
patients to talk about their sexual problems and physicians’ receptivity: “Have you ever
discussed about your symptoms (vulvovaginal and sexual) with your doctor?”, “If the
answer is yes, which physician did you discussed with?”, “Was the doctor interested and
receptive enough on the argument?”, “Who started the conversation about the problem?”.

Previous treatments for VVA complaints and their efficacy were recorded. Finally, we
asked each participant if they would consider being submitted to a new or experimental
therapy for their VVA symptoms or sexual dysfunction.

2.4. Statistical Analysis

IBM SPSS Statistics for Windows, version 21 (IBM Corp., Armonk, NY, USA) version
21.0 was used to perform data analysis.

Continuous variables were expressed as mean and standard deviation (SD). Cate-
gorical variables were expressed as n (%). Exploratory univariate was applied to test
the association between risk factors for VVA-related symptoms and sexual dysfunction.
Variables that had a significant association with the adopted scores at univariate analysis
were eventually included in the multivariate analyses. A two-tailed p-value < 0.05 was
considered statistically significant.

3. Results
3.1. General Characteristics

A total of 133 women were considered eligible for the study and signed the informed
consent for the treatment of personal data. However, 19.54% (26/133) dropped out of the
study: 53.84% (14/26) did not complete the whole questionnaire (missing data), while
46.16% (12/26) did not fill it at all.

A total of 107 women (80.46%; 107 /133), with a mean age of 53.47 (SD =+ 13.27) years,
affected by SSc were recruited. The clinical and demographic characteristics of the study
population are reported in Table 1. About half of the study population was in a menopausal
status (58/107; 54.2%), with surgical menopause reported in 9.3% of women (10/107). Most
of the included women were sexually active (97/107; 90.7%).

Table 1. Demographic and clinical characteristics of the study population. SD: Standard Deviation.

N =107

Age, mean (£SD), years 53.47 (£13.27)

Systemic sclerosis duration, mean (£SD), years 12.48 (+£10.28)
Menopausal status, n (%) 58 (54.2)
Hysterectomy, n (%) 13 (12.1)
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Table 1. Cont.

N =107
Bilateral salpingo-oophorectomy, n (%) 10 (9.3)
Malignant neoplasia, n (%) 3(2.8)
Sexually active women, n (%) 97 (90.7)
Age of sexually active women, mean (+5SD), years 53.28 (+13.70)
Systemic sclerosis duration of sexually active women, mean (+SD), years 12.76 (£10.34)

3.2. Vulvovaginal Atrophy (VVA) Symptoms

VVA symptoms are described in Table 2. Vaginal dryness was reported by 83.2% of
women (89/107) with a mean severity score of 7.38 (SD =+ 1.82), while dyspareunia by
82.2% of women (88/107) with a mean severity score of 7.72 (SD =+ 1.44). Age, SSc duration,
and menopause did not result related to VVA-related symptoms prevalence.

Table 2. Vulvovaginal atrophy symptoms of the study population. S Calculated among women
complaining of vaginal dryness. * Calculated among women complaining of dyspareunia.

N =107
Vaginal dryness, n (%) 89 (83.2)
Vaginal dryness severity S, mean (£SD) 7.38 (£1.82)
Dyspareunia, n (%) 88 (82.2)
Dyspareunia severity ¥, mean (£SD) 7.72 (+1.44)

3.3. Sexual Function

In our population, 97/107 (90.70%) women were sexually active. The mean age
of sexually active women was 53.28 (SD + 13.70) years, with SSc duration of 12.76
(SD = 10.34) years.

Table 3 shows in detail the FSFI results for a single domain and for the overall score.
An FSFI total score < 26.55 was reported in 87/97 (89.7%) of sexually active women. Sexual
desire, the only domain that can be considered separately from the FSFI final score, was
2.23 (SD =+ 1.00), lower than the cut-off of 5.00 defining the impairment of this FSFI item.
While the duration of the SSc and the menopausal status did not reach significance in uni-
and multivariate analysis, age was the only condition that resulted as an independent risk
factor for sexual dysfunction (Table 4).

Table 3. Sexual function evaluated by the Female Sexual Function Index of the study population.
Calculated among sexually active women. SD: Standard Deviation.

N=97

Sexual dysfunction, n (%) 87 (89.7)
Desire, mean (+SD) 2.23 (£1.00)
Arousal, mean (£SD) 2.66 (+£1.74)
Lubrification, mean (+SD) 2.56 (£1.91)
Orgasm, mean (+SD) 2.69 (£2.04)
Satisfaction, mean (£SD) 2.93 (+1.84)
Pain, mean (+SD) 2.57 (£2.05)
Total, mean (£SD) 15.66 (£9.36)
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Table 4. Factors related to vulvovaginal atrophy-related symptoms and sexual dysfunction.
* Calculated among sexually active women. HR: Hazard Ratio; CI: Confidence Interval.

Univariate Multivariate
HR (95%CI) p-Value HR (95%CI) p-Value
Vulvovaginal Atrophy Symptoms
Age, years 1.05 (1.01-1.13) 0.01 1.04 (0.98-1.11) 0.17
Systemic sclerosis duration, years 1.06 (0.99-1.13) 0.09
Menopause 3.43 (1.11-10.58) 0.03 1.44 (0.27-7.61) 0.66
Sexual Dysfunction *
HR (95%CI) p-Value HR (95%CI) p-Value
Age, years 1.08 (1.02-1.15) 0.002 1.08 (1.00-1.18) 0.04
Systemic sclerosis duration, years 1.01 (0.95-1.02) 0.61
Menopause 5.16 (1.03-25.71) 0.02 0.90 (0.08-9.38) 0.93

Higly Influenced

Bold numbers evidence a statistical significance (p < 0.05).

3.4. Relationship with the Partner

This part of our questionnaire was designed to evaluate the impact of VVA symptoms
on partner relationships and intimacy. Only 16/107 (15%) of women reported “no influence”
on their intimate relationships, 17/107 (15.9%) reported “little”, 32/107 (29.9%) “fairly”,
and 42/107 (39.2%) answered that they were “highly” influenced (Figure 1). Therefore,
more than 2/3 of women in our population reported a negative impact on their intimacy
because of VVA symptoms. Similarly, the partner’s negative perception related to VVA
condition on sexual life was reported by 67/107 (63.2%) women.

No Influence
15%

40%

Little Influence
16%

Fairly Influenced
29%

Figure 1. Influence of systemic sclerosis on intimacy with their partners reported by affected women.
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3.5. Relationship with the Physician

In the study population, 68 (68/107; 63.6%) women had periodical annual gyneco-
logical evaluations. Of these, 63 women (63/107; 58.9%) had never discussed their VVA
symptoms and the related sexual disorders with their doctor (Figure 2). Overall, 44/107
(41.1%) women revealed their bother to the following physicians: gynecologists in 75%
(33/44) of cases, general practitioners in 13.6% (6/44), rheumatologists in 6.8% (3/44), and
others in 4.5% (2/44). In the vast majority (40/44; 90.9%), the patient herself reported her
symptoms to physicians who, according to the women’s perception, manifested an interest
in 84% (37 /44) of cases.

30.84
5.6
[ I
Gynecologist General practitioners ~ Rheumatologists Others

Figure 2. Kind of physicians involved in the assessment of women'’s vulvovaginal atrophy symptoms
and sexual health.

3.6. Women'’s Considerations of Therapies

Only 15% (16/107) of women were on treatment for their VVA symptoms and, in all
cases, with lubricants. Treatment satisfaction was reported as “fairly” in 56.3% (9/16) of
cases, as “little” in 31.3% (5/16), and “not satisfied by the treatment” in 12.5% (2/16). The
interest in an innovative medication or experimental treatment for their VVA symptoms
and sexual dysfunction was expressed by 80/107 (75.5%) of women and 66/107 (62.9%) of
cases, respectively.

4. Discussion

Chronic rheumatic diseases affect several aspects of women'’s life, including sexuality,
intimate relationships with partners, and, therefore, their quality of life [15,16].

In women affected by SSc, skin tightening, muscle weakness, joint pain, deformity,
and decreased physical function can have a negative impact on female sexuality and sexual
functioning [8,17,18]. Common problems reported include vaginal dryness and discomfort,
painful intercourse, and reduced frequency and intensity of orgasms [6,19], with a negative
impact on intimate relationships and quality of life [20].

Our study, conducted on a cohort of 107 women with SSc, detected a VVA symptoms
(vaginal dryness and/or dyspareunia) prevalence of 83.2% (89/107). The prevalence

47



Healthcare 2023, 11, 2346

observed was greater than that reported in previous studies [6,21], with a severe perceived
intensity of vaginal dryness and dyspareunia (7.38 and 7.72 on a 0 to 10 scale, respectively).
As a consequence of VVA symptoms, sexual function was greatly impaired, too. Despite
the high rate of sexually active women (90.7%; 97 /107) in our population, 89.7% (87/97)
of them were affected by sexual dysfunction, reporting low scores in all sexual domains,
with a mean FSFI total score of 15.66. Moreover, even sexual desire, the only item that
can be considered separate from the FSFI total score, was highly impacted with a mean
of 2.23, far lower than the general cut-off of 5.00. In our analysis, the sexual dysfunction
rate was higher than other rates reported in previous studies, while the intensity of sexual
impairment evaluated with the FSFI total score was in line with the literature [20-22].

Levis et al. [9] led a study on 165 sexually active women affected by SSc and complain-
ing of sexual impairment, reporting a 61.8% sexual dysfunction rate. The authors, however,
adopted an FSFI total score cut-off of 22.5, lower than the cut-off of 26.55 commonly used,
and included only a few women in menopause (less than 1/3 of the study population).
Shoulffer et al. [7] reported a sexual dysfunction rate of 70% in a population of 37 women
affected by SSc, with only 27% of women in menopause. Menopause is known to be one
of the main factors determining sexual dysfunction as a part of the genitourinary syn-
drome of menopause (GSM). Tissue changes in the external and internal female genitalia
include retraction of the introitus, thinning and regression of the labia, and prominence
of the urethral meatus [23], similar to changes reported in women affected by SSc [3-6],
leading to VVA symptoms such as vaginal pain, dyspareunia, dryness, itching, and tissue
friability. However, in our cohort of women affected by SSc, the disease itself seems to be
a fundamental factor impacting VVA symptoms prevalence and sexuality, regardless of
the menopausal status. Different authors have reported a worsening of sexual function
impairment with age in women with SSc [6-10,18-22,24]. Our data demonstrated that SSc
highly impacts VVA symptom prevalence and sexual dysfunction. In our study, when the
risk factors for VVA symptoms and sexual dysfunction were assessed, patients’ age resulted
as the only risk factor related to sexual dysfunction. Indeed, while age, SSc duration, and
menopause did not show to affect VVA symptom prevalence, older age was related to a
higher sexual dysfunction prevalence. These findings led us to conclude that sexuality is
affected independently by SSc but worsened by age.

Furthermore, the assessment of patients’ relationships with their partners, commu-
nication with their physicians, and the desire for a novel outpatient treatment for genital
symptoms was of primary importance in our survey.

Our data show that 70% of women affected by SSc felt a negative impact of VVA
symptoms and impaired sexual function in intimacy with their partner and that in almost
two-thirds of cases, these symptoms and their influence on sexual life are negatively
perceived by the partner. Unfortunately, all these personal aspects still represent a taboo:
sexual health is rarely investigated by physicians, and less than half of our patients (41.1%)
search for a medical opinion. When a physician is involved by women in the assessment
of VVA symptoms and sexual health, our survey reported gynecologists as the reference
figure (30.84%). However, this study population, in which more than half of women
have an annual gynecological examination, is only a part of a larger population in which
the gynecologist could not be the reference figure. Therefore, it is possible that in other
institutions, VVA symptoms and sexual problems are even less discussed by women to
their own medical doctors. Indeed, while Schouffoer et al. recommended a routine interest
of the physician about sexual problems in SSc women [16], Knafo et al. criticized this
wide approach, finding that only a few patients desire to discuss sexual problems, with
an infrequent involvement of rheumatologists [25], and suggesting, therefore, a routine
assessment of sexual function only in the case of an effective intervention and patient benefit.
In our opinion, educational activities on intimate aspects are needed for women with SSc
in order to improve their awareness about this condition and the research of effective
treatments. Educational activities about VVA symptoms and sexual disorders in women
affected by SSc should be encouraged with two main targets: the patients and the medical
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caregivers. Firstly, women affected by SSc should be aware that VVA symptoms and sexual
problems may be more frequent than in the healthy female population. Women affected by
SSc should seek medical advice in case of vulvovaginal symptoms and sexual impairment,
considering that appropriate treatments and strategies for this condition are available.
Moreover, educational meetings should be encouraged through Patient Associations, with
the aim of spreading awareness about this aspect of SSc among patients. On the other
hand, educational activities should directly concern medical caregivers. Indeed, physicians
assisting women with SSc should be systematically educated and trained in the screening
and management of this important complication of SSc, which, even if it does not result
in a decreased life expectancy, has a very high incidence with a huge impact on women's
quality of life and health.

Concerning treatments, only a small part of the included women (16%) have adopted
just lubricants for their symptoms without reaching satisfactory efficacy. Indeed, the
majority of the study population would try a new (75.5%) or experimental (62.9%) treatment
for vulvovaginal atrophy and sexual dysfunction treatment.

Several therapies are already available to treat VVA symptoms in menopausal
women [26,27], including both systemic therapies such as ospemiphene [28], and local
therapies such as vaginal estrogens and vaginal laser energies like the microablative frac-
tional CO; laser or the erbium YAG laser [29,30], but none of these has been investigated
in women affected by SSc. Further studies, however, are needed to evaluate the safety
profile and the efficacy of these treatments on postmenopausal women affected by SSc
complaining of VVA symptoms and sexual dysfunction.

The main strength of the current survey is the assessment of sexual health with a
questionnaire carried out in collaboration with the National Italian Association of Sclero-
derma Patients named GILS ODV (Gruppo Italiano Lotta alla Sclerosi Sistemica) on the basis
of the most frequent dilemma reported by SSc women, in association with a validated
questionnaire (the FSFI). Moreover, the adoption of an anonymous questionnaire filled
independently aimed to shield the result from the embarrassment provoked by the topic.
Questionnaires, moreover, represent a feasible, non-invasive, and non-expensive method
of investigation, making our study particularly acceptable to our patients.

Even if the sample size of 107 women with SSc can affect the statistical models, such
as the multivariate analysis, we consider this population size as another strength of our
investigation. SSc is, in fact, a rare medical condition with a prevalence that falls between
38 and 341 cases per million persons [31]. When assessing sexual function, our sample size
of 107 women is one of the largest reported in the literature.

Furthermore, we deeply investigated new scenarios of SSc patients; we discovered
an important negative influence on couple relationships due to sexual dysfunction, and
we noticed communication difficulties with physicians. We highlighted the need for new
effective therapies for this condition, as evidenced by the majority of SSc women. For
vulvovaginal atrophy, therapeutic alternatives have increasingly been developed that result
in improving symptoms and are also safe in terms of side effects and contraindications.
Mechanical therapies, in particular, the vaginal CO; laser, are proving to be effective and
safe in both clinical and histopathological terms [30]. The remodeling effect of the vaginal
laser, which consists of the modification and regeneration of the vaginal mucosa through
an increase in the content of collagen and elastic fibers, could be useful for women affected
by SSc, considering the type of pathophysiology that sustains the tissue modification in
affected women. In addition to that, in patients who are already using pharmacological
therapies for their condition and have several comorbidities, offering a treatment that
does not have severe side effects or pharmacological interactions may be of fundamental
importance. Pilot studies and randomized control trials assessing the safety and efficacy of
the different treatment strategies would be desirable in order to properly suggest adequate
therapies for this condition.

However, this study presents several limitations, such as the impossibility of matching
the results of the questionnaires to the clinical conditions related to SSc, because of the
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anonymous format of the questionnaire. Moreover, surveys may be affected by some
typologies of bias intrinsic in such type of design. Indeed, considering the online design of
the survey, participants may have answered questions inaccurately (response and recall
bias). Moreover, wording differences can confuse the respondent or lead to incorrect
interpretations of the question, especially for non-validated questions (question-wording).
Furthermore, considering that 90.7% of the study population was sexually active, women
who agreed to be enrolled in the study and completed the online questionnaire may be
more interested in genital and sexual health than the general population of women affected
by SSc (selection bias/sampling frame), making impossible an absolute generalizability to
all patients with SSc.

5. Conclusions

Women with SSc present a high prevalence and severity of VVA symptoms and sexual
dysfunction. These findings seem to be independent of the menopausal status and SSc
duration. However, in a population of women affected by SSc, elderly patients are more
frequently affected by sexual dysfunction. Relationships with their partners are highly
impaired in this category of women. This increased awareness concerning the development
of VVA and sexual dysfunction in women with SSc should help physicians investigate
aspects that patients are partially reluctant to reveal spontaneously. Considering VVA
management, not only lubricants should be considered as a possible treatment since patient
satisfaction is not optimal. Research should be carried out in this field to explore new
treatment strategies that would be welcome by women themselves.
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Abstract: Purple urine bag syndrome (PUBS) is an uncommon, but usually benign, underrecognized
clinical condition with the distressing presentation of purple, blue or reddish discoloration of a
patient’s catheter bag and tubing in the setting of catheter-associated urinary tract infections (UTISs).
PUBS is the result of the complex metabolic pathway of the dietary essential amino acid tryptophan.
Its urinary metabolite, indoxyl sulfate, is converted into red and blue byproducts (indirubin and
indigo) in the presence of the bacterial enzymes indoxyl sulfatase and phosphatase. The typical
predisposing factors are numerous and include the following: female gender, advanced age, long-
term catheterization and immobilization, constipation, institutionalization, dementia, increased
dietary intake of tryptophan, chronic kidney disease, alkaline urine, and spinal cord injury (SCI).
Here, we present a case of PUBS in a home-dwelling elderly female patient with a history of long-term
immobility after a pathological spinal fracture, long-term catheterization, constipation, and malignant
disease in remission. Urine culture was positive for Proteus mirabilis. This state can be alarming
to both patients and physicians, even if the patient is asymptomatic. Healthcare professionals and
caregivers need to be aware of this unusual syndrome as an indicator of bacteriuria in order to initiate
proper diagnostics and treatment.

Keywords: purple urine bag syndrome; purple urine discoloration; urinary tract infection;
Proteus mirabilis; chronic indwelling urinary catheter; spinal cord injury; case report

1. Introduction

Purple urine bag syndrome (PUBS) is an uncommon, but usually benign, clinical
condition with the purple discoloration of the patient’s catheter bag and tubing [1]. The
characteristic purple color is the result of the presence of predominantly Gram-negative
bacteria in the urine. This urinary tract infection (UTI) may be completely asymptomatic or
present with the classical bacteriuria symptoms. The mechanism of the characteristic discol-
oration of the Foley bag and the urine involves specific microbial enzymes. Bacteria-derived
indoxyl sulfatase and phosphatase cause blue (indigo)- and red (indirubin)-pigmented
breakdown products of dietary amino acid tryptophan metabolite (indoxyl sulfate). The
different proportions of these two pigmented metabolites produce various shades of dis-
coloration, ranging from purple and blue to a reddish color (Figure 1) [2,3]. The formed
pigments predominantly bind to the synthetic materials, such as tubing and bags, whereas
the fresh urine itself is not discolored.
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Figure 1. Metabolic pathway of dietary tryptophan leading to purple urine bag syndrome (PUBS)
(created with BioRender.com).

According to systematic reviews, typical predisposing factors include female gender,
advanced age, long-term immobilization and catheterization, constipation, institutional-
ization, dementia, increased dietary intake of tryptophan, chronic kidney disease, alkaline
urine, and spinal cord injury (SCI).

In the study conducted by Sabanis et al., the mean age of 246 affected PUBS patients
was 78.9 = 12.3 years, of which 70.7% were female, with a high prevalence of alkaline urine
(91.3%) and constipation (90.1%). More than 76% were bed-ridden, 45.1% were experiencing
long-term catheterization, 42.8% had been diagnosed with dementia, 14.3% had recurrent
urinary tract infections, and 14.1% were chronic kidney disease (CKD) patients [4].

The most common microbes identified as the causes of UTIs related to PUBS were as
follows: Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, Enterococcus, Pseudomonas
aeruginosa, Providencia stuartii, Providencia rettgeri, Morganella morgannii, Enterococcus faecalis,
etc. [4,5].

2. Case Presentation

Our case was a 79-year-old female with a history of long-term immobility after patho-
logical spinal compression fracture, and urinary retention managed with a chronic in-
dwelling Foley catheter, recurrent asymptomatic urinary tract infections, constipation,
hypertension, prior malignant disease in remission, osteoporosis, and periodically altered
mental status. The patient’s routine medications included paracetamol, pantoprazol, dilti-
azem, ramipril, diazepam, vitamin D supplements, and melperon hydrochlorid.

The family reported that the patient lived at home with a professional home care
service during the day. A compression fracture of the lumbar (lower) spine and a neurogenic
bladder were diagnosed one year prior to the first urine discoloration. The first purple urine
bag discoloration was misinterpreted as a dietary-related urine discoloration associated
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with beetroot or rosehip tea consumption, and did not receive an appropriate assessment
or treatment. At the moment of the first PUBS onset, the catheter was 15 days “old”. The
family and caregiver noticed a recurrent light-purple discoloration of the patient’s urine
bag and a strong urine odor. The patient did not complain of any symptoms that could
indicate urinary tract infection. In the following days, the family noticed a change in mental
status indicated by mild signs of mental confusion.

The patient’s overall clinical presentation was unremarkable. Apart from the ele-
vated serum levels of lactic acid dehydrogenase (LDH), most biochemical parameters did
not show any significant changes. Slightly elevated creatinine levels (reference interval:
49-97 umol/L; the determined value was 115 umol/L) and liver enzyme activity did not
raise any concerns at the time. The physical examination recorded a slightly confused
elderly female in no acute distress, with dry mucous membranes, active bowel sounds,
without tenderness to deep low abdominal palpation, with both-sided lower extremity
weakness and paresis, muscular atrophy, and a Foley bag with purple urine, as shown
in Figure 2.

Figure 2. The purple urine bag and yellow-brown color of voided urine.

The purple color of the PE urine bag with the extended tubing was more intense than
the color of the silicone catheter. A clear demarcation zone between the two grades of the
same purple color was at the level of the urine drainage port of the Foley catheter. The
more intense purple color of the urine tube implied that biofilm had formed.

Urinalysis revealed brownish, cloudy urine positive for nitrites, with more than
100 white blood cells per high-power microscopy field, without hematuria.

Immediately after the Foley catheter and urine bag change, the caregiver started
with empiric antibiotics (fosfomycin), intensive per-oral rehydration, and bowel function
normalization. Urine color and urine odor were normalized within 24 h. When the urine
culture results became available, the patient started an antibiotic treatment course according
to culture sensitivities. The urine color returned to clear yellow, without any sediment or
purple shade. This case report was composed according to the CARE guidelines [6].
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Microbiological Examination

A urine sample was collected from a urinary catheter and the complete urine bag
was delivered to the laboratory. Urine samples were seeded with a sterile, calibrated,
plastic 1 pL inoculation loop on the chromogenic medium CHROMID®CPS® Elite agar
(bioMérieux, Marcy-l’Etoile, France). After incubation for 18-24 h at 35-37 °C, the plates
were examined and a significant number of colonies of >10° CFU/mL of yellow-brown
color with a characteristic smell of ammonia were established. MALDI-TOF/MS (Bruker,
MA, USA) was used as an analytical tool for a further determination of the bacterial species
in the urine samples.

The urine culture from both the sterile vial and Foley bag was positive for
Proteus mirabilis (P. mirabilis) (Figure 3).

oo R

Figure 3. A positive urine culture on CHROMID®CPS® Elite agar (left—sample from the vial;
right—sample from Foley bag).

After identification, an antibiotic sensitivity test was performed using the Kirby-Bauer
disc diffusion method on Mueller-Hinton agar according to the recommendations of
the European Committee on Antimicrobial Susceptibility Testing (EUCAST) standard [7].
The isolates showed sensitivity to aminopenicillins, aminopenicillins with beta-lactamase
inhibitors, cephalosporins, aminoglycosides, quinolones, cotrimoxazole, and carbapen-
ems (meropenem).

3. Discussion

The purple urine bag phenomenon was first described by Barlow and Dickson in 1978,
who described the rare mechanism of purple color formation in urine bags in children with
spina bifida in pediatric wards. The investigation elucidated the bacterial decomposition
of dietary amino acid tryptophan in the gut lumen, producing indoxyl sulfate, which is
consequently excreted in the urine, then oxidized to insoluble indigo upon contact with
the air in a collecting bag [8,9]. A similar clinical manifestation in infants, known as “blue
diaper syndrome” (Drummond syndrome), is also a consequence of abnormal tryptophan
metabolism but is, however, genetically caused. In adults, a wide array of conditions
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may produce urinary discoloration: hematuria, myoglobinuria, porphyria, alkaptonuria,
lipiduria, and the presence of certain microorganisms. In addition, numerous medications
(amitriptyline, ibuprofen, propofol, L-dopa, phenytoin, flutamide, senna, and laxatives
with a phenolphthalein component) as well as the consumption of intensively colored
foods (beetroots, blackberries, fava beans, carrots, and rosehip tea) may produce changes
in urine color, ranging from red or orange to blue-green [10,11].

Since it cannot be synthesized in the human body, tryptophan—an amino acid with
an indole nucleus—is one of the essential amino acids and must be obtained through the
diet. Tryptophan-rich foods include oats, bananas, dried prunes, milk, tuna fish, cheese,
bread, chicken, turkey, peanuts, and chocolate [12]. In the gastrointestinal (GI) tract, due
to the action of the GI microbiome, several metabolites of tryptophan can be produced.
Most of these compounds arise from proteins which are not fully digested and, thus, are
malabsorbed and, hence, remain in the colon (Figure 4). Bacteria may give rise to a number
of tryptophan-derived, metabolically active molecules. It was experimentally proven that
the amount of indole produced by bacteria is proportional to the amount of supplied
tryptophan [13]. So, it is clear that tryptophan in the form of proteins incompletely digested
from the human diet is a substrate for the intestinal microbiota. One of the enzymes
responsible for indole production in the colon is tryptophanase [14,15].
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Figure 4. Pathway of bacterial transformation of tryptophan in the colon (created with BioRender.com).

In the case presented herein, the most probable dietary sources of tryptophan were
bananas, meat, and chicken paté, which were consumed in excessive amounts for a longer
period before the onset of the urinary discoloration.

Indole is a precursor for several pivotal mediators including tryptamine, serotonin,
melatonin, kynurenines, and nicotinic acid. Other indoles are considered waste products
and are often conjugated prior to urinary excretion. The majority of indole is oxidized to
indoxyl and conjugated with sulfate in the liver [16].

It has also been suggested that indoxyl sulfate is toxic to renal tubular cells, while
increased indoxyl sulfate levels accelerate the progression of renal disease [17]. Thus, the
produced physiologically active metabolites may be linked to the patient’s altered mental
state during bacteriuria.

The 3D structure of urinary sediments and urine bag walls of two cases of PUBS
were observed using Low-Vacuum Scanning Electron Microscopy (LVSEM), which showed
granular purple crystals around the bacilli, cocci, or mycelium that adhered to the walls of
the bag [18].

As mentioned before, the discoloration in PUBS occurs when the two pigments come
in contact with the synthetic materials of the catheter tubing and urinary bag, presumably
already covered with biofilm. In some cases, the whole urine bag and the catheter are
discolored. In other cases, the level of discoloration clearly indicates the area of prolonged
contact between the urine and the synthetic material. A frequent misinterpretation is that
the urine in PUBS itself is discolored [19,20].
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P. mirabilis is a Gram-negative rod-shaped bacterium most noted for its swimming and
swarming motility phenomenon and urease activity. It frequently causes catheter-associated
urinary tract infections that are often polymicrobial, particularly in patients undergoing
long-term catheterization. These infections may be accompanied by the development
of bladder (urolithiasis) or kidney stones due to the alkalinization of urine from urease-
catalyzed urea hydrolysis [21].

P. mirabilis is an opportunistic pathogen that uses a diverse set of virulence factors to
access and colonize the host urinary tract and develop a crystalline biofilm [22]. Biofilm
formation is a multistep process, which begins with migration by swarming motility along
the catheter, followed by attachment to the surface through fimbriae adhesins. Once
firmly attached, the number of P. mirabilis cells rises. They produce a substantial amount
of urease enzyme which hydrolyses urea present in urine to ammonia and bicarbonate
anion, inevitably raising the pH of the surrounding environment and leading to mineral
precipitation in crystal form [22,23]. The increase in alkalinity leads to the deposition
of struvite (ammonium magnesium phosphate) and hydroxyapatite (calcium phosphate)
crystals on a developing biofilm. This process, named ureolytic biomineralization, is
additionally aided by P. mirabilis capsular polysaccharide for biofilm matrix formulation
and peptide efflux [23,24]. Fully developed crystalline biofilm formation by P. mirabilis
unavoidably causes frequent catheter encrustation and blockage and, in most cases, is
accompanied by urine retention and ascending UTIs, which may even lead to antibiotic
treatment resistance [25,26].

P. mirabilis can be found in a wide variety of environments, including soil, water
sources, and sewage, but it is predominantly a commensal of the gastrointestinal tracts of
humans and animals. The majority of P. mirabilis UTIs are a consequence of the ascension
of bacteria from the GI tract. There is literature evidence showing that patients with
P. mirabilis infection have exactly the same bacterial strain present both in urine and the stool
samples [22]. A certain percentage of cases are the result of person-to-person transmission,
frequently in hospitals or nursing homes.

Several bacterial species that commonly infect the bladder after spinal cord injury can
hydrolyze urea; apart from Proteus, these species are as follows: Pseudomonas, Providencia,
Klebsiella, and Morganella. Interestingly, the Proteus” urease is one of the fastest-acting
enzymes, so it is not surprising that this microbe is most commonly involved in catheter
encrustation and blocking. Moreover, it may also lead to the formation of stones in the
urinary tract, particularly in indwelling patients. Once stones are formed, antimicrobial
therapy is usually not effective in eradicating Proteus and other organisms lodged in the of
stones’ crevices [27-29]. These infections are common in long-term catheterized patients,
such as those who reside in nursing homes and chronic care facilities, and may be of
particular danger to spinal cord injury patients. Recurrent UTIs are often seen in patients
with spinal cord injuries (SCIs) and neurogenic bladders. It is well known that impaired
bladder emptying, repeated catheterization, vesicoureteral reflux, and similar conditions
that impair normal urine excretion are predisposing factors for infections of the urinary
tract. Immobility is also one of the factors to be considered. In SCI patients, Proteus
is more frequently found in individuals with a higher degree of damage to the spinal
cord. In those patients, hospitalization, the onset of decubitus, and the use of indwelling
catheter are highly probable. Proteus detection in urine is one of the predictive factors for
urologic complications in persons with SCI [27,30]. Results from our laboratory for the
previous period (2020-2023) show an average incidence of P. mirabilis presence in urine
samples of 1.91% for both hospitalized patients and outpatients in the region of Vojvodina,
Serbia (Table 1).
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Table 1. Overall number of P. mirabilis positive urine analysis and the incidence (%) in the years
2020-2023 (until 30 June). Samples were obtained from both hospitalized patients and outpatients in
the Vojvodina region (Serbia).

Year Number of Microbiological Number of Incidence
Urine Analyses ! P. mirabilis Detected %
2023 21,558 410 1.90
2022 41,544 830 2.00
2021 34,730 658 1.89
2020 27,049 490 1.81
Total 124,881 2388 1912

1 All analyses were performed at the Center for Microbiology, Institute of Public Health of Vojvodina, Serbia;
2 average incidence.

Generally speaking, the incidence of PUBS in catheterized patients is fairly low, al-
though the percentages vary depending on the geographical region and the population
group enrolled in the study. According to the meta-analysis by Llenas-Garcia [31], the
prevalence of PUBS in observational studies was 11.7% in patients with long-term urinary
catheterization. It is a widely accepted notion that PUBS may only reflect asymptomatic
bacteriuria and, therefore, should not be treated with aggressive antibiotic therapy. How-
ever, taking into account data obtained in vitro [32] on the immunomodulatory capacity
of Proteus mirabilis strains, it is worth considering the possibility of the scenario where
P. mirabilis infection subdues the host immune response and that is the reason for the lack
of symptoms in patients. If left untreated, such an infection may lead to a propagation of
the possibility of biofilm formation on the catheter surface (possibly also on the bladder
epithelium). Once formed, biofilm represents “a refuge” for microorganisms, protecting
them from antibiotic action and the host immune cells. Well-established biofilm further
leads to complications due to changes in the microenvironment (ammonia production, pH
elevation, and crystal formation). While elevated ammonia concentrations are toxic on their
own, crystals lead to catheter encrustation and blockage and are recorded as constituents
of kidney stones in such patients [33,34].

Biofilm formation inhibition on catheters could become a promising alternative to
conventional antimicrobial-based treatment, which may be associated with rapid resistance
development [35]. Various modifications of materials and antimicrobial coatings on the
catheter surface surely offer one of the possible solutions in order to prevent PUBS. The use
of hydrogels, polytetrafluoroethylene (PTFE), polyethylene glycol (PEG), polyzwitterions,
and specific enzymes as coatings all involve material modifications. As antimicrobial
coatings, apart from various antibiotics (chosen for specific infecting agents), metallic ions,
nanoparticles, nitric oxide bacteriophages, and antimicrobial peptides (AMPs) may be used
in order to prevent biofilm formation [36]. Although there are numerous data from in vivo,
in vitro, and clinical studies, a unanimous conclusion on which coating is the right choice
for a specific pathogen has not been reached. Furthermore, with the possibilities offered by
3D printing, new options are available, like the coating of multiple drugs on catheters with
different release profiles. Taking into account the fact that several phytochemicals—like cur-
cumin, allicin, or proanthocyanidins—have shown in vitro effectiveness against P. mirabilis
biofilm formation [23,24], it seems that there are a plethora of options available. According
to some authors, a combination of various approaches will give the best results. However,
more research efforts are needed in order to effectively translate scientific findings into
clinical practice.

4. Conclusions

In this case report, we confirm that female gender, increased dietary tryptophan,
long-term immobilization and catheterization, severe constipation, high urinary bacterial
load, and renal failure are the risk factors for purple urine bag syndrome. Although this
condition seems benign, it sometimes requires aggressive management.
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In addition, we argue that purple urine bag syndrome should not be taken lightly,
even if the patient is asymptomatic. In our opinion, it should be treated with the notion
that it is a “warning signal”. It indicates an ongoing urinary tract infection, which could
develop into a serious health threat to the patient, usually heavily burdened with other
chronic conditions in already-vulnerable patients [37].

Healthcare professionals—particularly urologists and geriatricians—need to be aware
of this unusual syndrome so that an appropriate investigation and possible treatment can
be initiated as soon as possible [38]. In spite of the fact that PUBS is a fairly rare condition
today, with an aging population worldwide, its incidence is likely to increase in the future.
In that respect, innovative solutions for biofilm prevention, combined with an effective
antimicrobial therapy, may be of relevance.
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Abstract: Background: flat magnetic stimulation is based on a stimulation produced by electromag-
netic fields with a homogenous profile. Patients with stress urinary incontinence (SUI) can take
advantage of this treatment. We aimed to evaluate medium-term subjective, objective, and quality-of-
life outcomes in patients with stress urinary incontinence to evaluate possible maintenance schedules.
Methods: a prospective evaluation through the administration of the International Consultation on
Incontinence Questionnaire-Short Form (ICIQ-SF), the Incontinence Impact Questionnaire (IIQ7),
and the Female Sexual Function Index (FSFI) was performed at three different time points: at the
baseline (T0), at the end of treatment (T1), and at 3-month follow-up (T2). The stress test and the
Patient Global Impression of Improvement questionnaire (PGI-I) defined objective and subjective
outcomes, respectively. Results: 25 consecutive patients were enrolled. A statistically significant
reduction in the IIQ7 and ICIQ-SF scores was noticed at T1 returned to levels comparable to the
baseline at T2. However, objective improvement remained significant even at a 3-month follow-up.
Moreover, the PGI-I scores at T1 and T2 were comparable, demonstrating stable subjective satisfaction.
Conclusion: despite a certain persistence of the objective and subjective continence improvement, the
urinary-related quality of life decreases and returns to baseline values three months after the end
of flat magnetic stimulation. These findings indicate that a further cycle of treatment is probably
indicated after 3 months since benefits are only partially maintained after this timespan.

Keywords: quality of life; stress urinary incontinence; magnetic stimulation; pelvic floor disorders

1. Introduction

Pelvic floor disorders include a series of diseases associated with pelvic floor weaken-
ing, which involve bowel, urinary, supports, and sexual dysfunctions [1]. Obstetric trauma
is considered the primary damage to the pelvic floor giving the predisposition to develop
pelvic floor disorders [2]. However, changes in the composition and enzymatic activity
in the connective tissue play a role in the genesis of pelvic floor disorders [3]. Some of
these changes in the collagenic patterns have been related to the menopausal decrease
in estrogen [4]. Since pelvic floor disorders share risk factors, specific conditions may
coexist, recur, or evolve into others as a consequence of treatment, such as surgery [5,6].
For instance, overactive bladder symptoms tend to improve after prolapse repair but may
worsen if a suburethral tape is positioned at the time of surgery [7].

Stress urinary incontinence (SUI) represents one of the most common and bothersome
pelvic floor disorders. Almost 50% of women in developed countries are estimated to be
affected, and the lifetime risk of undergoing surgery is about 4% [8,9]. SUI is characterized
by involuntary leakage of urine when the intra-abdominal pressure increases more than the
urethral closure pressure such as during coughing, effort, or sneezing [10]. Pathogenetic
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mechanisms involve injuries to the connective tissue of the urethra, leading to urethral
hypermobility and intrinsic urethral deficiency [11]. In addition, stress urinary incontinence
may also occur (or persist) after pelvic floor surgery [12,13]. Stress urinary incontinence
negatively affects women’s quality of life in terms of social, domestic, and psychophysical
well-being, with a negative effect on sexual function [14]. Urinary incontinence can reduce
the opportunity to be part of intimate relationships, socialize, or the ability to perform
daily activities [15]. SUI diagnosis and management need great expertise to approach the
intimate sphere of patients who are unable to express themselves autonomously. During
the visit, the gynecologist must be able to discuss any concerns and assess any problems
related to the quality of life and sexual well-being [16].

Urodynamics may be useful to confirm the diagnosis since clinical and instrumental
findings poorly agree in the evaluation of bladder dysfunction [17,18]. However, its di-
agnostic importance in the work-up of urinary incontinence is currently debated due to
differences in performance and adopted definitions [19,20]. Stress urinary incontinence
management involves both surgical and conservative treatments based on the patient’s will,
comorbidities, and quality-of-life impairment. According to the guidelines, conservative
measures are considered the first-line choice, while surgical treatment is usually considered
after the failure of conservative management. Different surgical options can be proposed
for the treatment of SUI, such as anterior compartment repairs, bladder neck suspensions,
midurethral slings, and injections [21-25]. To date, midurethral slings are considered the
first option because of their high efficacy rates [26]. Retropubic tapes were introduced in
1995 and became the gold standard for SUI treatment [27]. To reduce the complications
associated with the blind passage of needles in the retropubic space, the transobturator
approach was developed in 2001 [28]. Finally, single-incision slings (SISs) were introduced
in 2006. Their novelties were the shorter tape length and the limited intracorporeal dissec-
tion, avoiding the passage of tape and trocars through the obturator foramen, adductor
tendons, and skin [24]. However, all surgical procedures have pitfalls, including visceral
injuries, chronic pelvic pain, de novo bladder voiding dysfunctions, and overactive bladder
symptoms [29,30]. As a consequence, conservative strategies should be preferred when
possible. Options are represented by lifestyle modifications, pelvic floor exercises, electrical
stimulations, biofeedback, and energy-based treatments [31].

An optional treatment for the treatment of stress urinary incontinence is represented
by magnetic stimulation. Magnetic stimulators are extracorporeal devices that generate a
specific electromagnetic field that interacts with pelvic floor neuromuscular tissue inducing
intense muscular contractions and regulating neuromuscular control. Previous studies
investigating magnetic stimulation for the treatment of female SUIs demonstrated a certain
efficacy [32]. Specifically, systematic reviews and meta-analyses show significant improve-
ments in quality-of-life questionnaires related to urinary incontinence [32,33]. In recent
years, technological advancements have improved magnetic stimulator devices. One of
them is represented by flat magnetic stimulation. This is characterized by homogeneous
electromagnetic fields able to treat the entire pelvic area. In fact, this new magnetic field
generates an equal distribution and intensity of stimulation. Consequently, flat magnetic
stimulation allows for a large activation of muscle fibers without leaving areas of incon-
stant/suboptimal recruitment. This is thought to be associated with enhanced efficacy
compared with standard magnetic stimulation treatment. The efficacy of this conservative
treatment comes from the use of electromagnetic energy, the deep penetration of the waves,
and the global stimulation of the pelvic floor. The magnetic field, through electrical tissue
currents, induces changes in muscular contraction and allows neurons depolarization and
blood supply enhancement. These modifications induce muscle fiber hypertrophy and
hyperplasia due to more efficient stimulation. A previous experience has demonstrated the
muscle hypertrophy of the urethral rhabdosphincter after flat magnetic stimulation, which
has an established role in maintaining stress urinary continence. Similarly, preliminary
reports of this new treatment option demonstrate exciting results in terms of quality-of-life
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improvements, but medium-term data, as well as optimal maintenance treatment schedules,
are still unknown [34].

Consequently, the aim of our study is to analyze medium-term outcomes in patients
with stress urinary incontinence undergoing flat magnetic stimulation in terms of ob-
jective and subjective cure rate and quality-of-life improvement and evaluate possible
maintenance schedules.

2. Materials and Methods

This was a prospective interventional study. Recruitment occurred from August
2022 to September 2022 in the gynecologic outpatients at IRCCS San Gerardo dei Tintori
Foundation in Monza, Italy. During the period of the study, a patient clinical interview to
investigate the presence of lower urinary tract symptoms, such as urge urinary incontinence
(UULI), stress urinary incontinence (SUI), overactive bladder (OAB), voiding symptoms (VS),
or prolapse symptoms or anal incontinence was performed. All definitions conformed to
TUGA/ICS terminology [10]. A gynecological examination was performed and, in case of
prolapse, it was staged according to the POP-Q system.

Non-pregnant patients older than 18 years were included in the study if they had
isolated SUI without surgical indication, confirmed with a standard 300 mL positive stress
test. Exclusion criteria were a history of neoplasia, arrhythmia, congestive heart failure,
recent deep venous thrombosis, fever, acute inflammatory diseases, or fractures in the area
of treatment. Moreover, women with insufficient Italian language proficiency, a weight of
more than 160 kg, neurostimulators, pacemakers, defibrillators, or ferromagnetic prostheses
were excluded, as previously stated [J]. At the baseline (T0), the International Consultation
on Incontinence Questionnaire-Short Form questionnaire (ICIQ-SF), the Female Sexual
Function Index (FSFI-19) questionnaire, and the Incontinence Impact Questionnaire (IIQ-
7) [35-37] were submitted and completed by all patients.

The ICIQ-SF questionnaire has been validated to measure the severity, frequency, and
impact of urinary incontinence on quality of life [35]. The tool includes four questions, with
the first three determining the total score: the leakage frequency, the perceived amount of
leakage, and the level of impact on daily life [35]. The last item does not concur with the
total score and is aimed to self-define the sub-type of incontinence [35]. This questionnaire
showed high levels of validity, reliability, and sensitivity, and these parameters were
evaluated through the use of standard psychometric tests [35]. The FSFI-19 questionnaire is
a self-reported tool consisting of 19 items with a 5-point Likert scale addressing 6 domains
of sexual function, including desire, lubrication, arousal, orgasm, pain, and satisfaction [36].
This instrument has consistently demonstrated satisfactory psychometric properties in
evaluating the impact of several conditions on sexual well-being and the efficacy of different
treatments [36]. Consequently, to investigate female sexual dysfunction at the baseline and
after therapies, FSFI-19 represents one of the most valid, useful, popular, and powerful
diagnostic tools [36]. For differentiating patients with and without sexual disorders, a
cut-off of 26.5 points has been proposed to be the optimal [36]. The 1IQ-7 questionnaire was
introduced to investigate the impact of urinary incontinence on women’s daily life [37].
The questionnaire consists of seven items with the aim to evaluate the perceived feelings
and impact of urinary incontinence on daily life and relationships [37]. Each item has four
answers that participants use to individually self-evaluate the impact of urine leakage
on daily activities in four domains: physical activity (items #1 and #2), travel (items #3
and #4), social activities (item #5), and emotional health (items #6 and #7) [37]. Based on
psychometric tests, across different countries and cultures, this tool was associated with an
excellent level of validity, acceptability, and reliability [37].

After proper counseling, patients underwent flat magnetic stimulation with Dr. Arnold
(DEKA, Calenzano, Italy) according to the following protocol: eight sessions (twice a week)
of 25 min each, using the “Weakness 1” protocol from sessions 1 to 4 and the “Weakness
2” protocol from sessions 5 to 8. The “Weakness 1” protocol involves a primary warm-up
phase and muscle activation and a second phase of muscle work based on recovering
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tropism and muscle tone (20-30 Hz) in a trapezoidal shape. The “Weakness 2” protocol
involves a warm-up and muscle activation phase followed by muscle work with the aim of
increasing tropism (volume), and a muscle strength phase (40-50 Hz) in a trapezoidal shape.

At the end of the treatment (T1), a 300 mL stress test was required to assess the objective
cure rate, and patients compiled again the ICIQ-SF, IIQ-7, and FSFI-19 questionnaires. The
subjective cure rate was evaluated through the results from the Patient Global Impression
of Improvement (PGI-I) questionnaire [38]. The PGI-I questionnaire is a 7-point scale
that ensures the clinician can assess how much the patient’s disease has improved or
worsened compared to a baseline state collected at the beginning of the treatment. This
scale is described as follows: 1, very much improved; 2, much improved; 3, minimally
improved; 4, no change; 5, minimally worse; 6, much worse; and 7, very much worse [38].
Subjective success was defined as an improvement in the PGI-I score (<3). Three months
after the end of the treatment (T2), the ICIQ-SF, IIQ-7, FSFI-19, and PGI-I questionnaires
were resubmitted to the patients, and the stress test was repeated.

The local Ethics Committee approval was obtained (protocol code PF-MAGCHAIR).
The scores obtained from the questionnaires were described as the median and interquartile
range (IQR) after the failure of the normality check and were performed by using the
Shapiro-Wilk test. Friedman’s non-parametric test [39] for repeated measures was then
used to compare the I1Q-7, ICIQ-SF, and FSFI-19 questionnaire scores, as the small sample
size did not allow obtaining normally distributed continuous variables, even after data
transformation according to Blom’s method [40]. Durbin—-Conover pairwise comparisons
were used to check for significant differences between the three moments of data collection;
this method was preferred over the classic Durbin test to maximize statistical power [41].
Prior to comparing the scores obtained throughout the study, we used the Mann-Whitney
U test to check if relevant covariates such as body mass index, number of deliveries, and age
produced any statistically significant differences in baseline scores. Confidence intervals
for binomial proportions were calculated according to the methods suggested by Ross [42].
Significant differences between proportions were checked by using McNemar’s test, as
the data came from repeated measures [43]. The significance threshold was established at
0.05 for all calculations; the analysis was conducted with R 4.1 (the R Core Team, Vienna,
Austria, 2021) for MacOS®.

3. Results

Our study enrolled a total of 25 consecutive patients. Population characteristics are
shown in Table 1. Baseline I1Q7 and ICIQ-SF scores were comparable by age, body mass in-
dex, and the number of deliveries (p > 0.05 for all calculations) as most women had normal
weight (Me = 25.2, IQR = 3.10, eleven overweight and one obese with BMI = 31.8 kg/m?),
and there was only one nulliparous in the sample. Baseline FSFI-19 scores showed a signif-
icant, albeit weak, correlation with age (rho = —0.411, p = 0.041) and BMI (rho = —0.473,
p = 0.017). These two variables were, therefore, considered as covariates in the analyses
regarding sexual function scores, while all other analyses were unadjusted. No women
reported adverse effects during the treatment. Outcome measures of objective, subjective,
and quality-of-life questionnaires at the baseline (T0), end of treatment (T1), and 3-month
follow-up (T2) are summarized in Table 2. After the treatment, the decrease in the 11Q7
scores (bothersome level of leakages) was statistically significant compared to the baseline
(p < 0.001), thus supporting the clinical usefulness of this treatment. However, at the three-
months follow-up evaluation, the IIQ7 scores showed a statistically significant increase
(p = 0.005), thus returning to levels comparable to the baseline condition of the patients
(p = 0.135). Similarly, at the end of the treatment, we observed a statistically significant
decrease in the ICIQ-SF scores compared to the baseline (p = 0.002). However, the ICIQ-SF
values also increased significantly after three months from the end of the sessions, becom-
ing comparable to bothersome baseline levels. Regarding sexual function, the differences
observed in the conditions reported by the patients through the FSFI-19 questionnaire did
not reach statistical significance, neither between the scores before treatment and at the end
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of the sessions nor between the latter and those obtained three months after the end of the
rehabilitation program. Regarding the overall perception of improvement reported by the
women, the PGI-I scores reported no statistically significant differences (p = 0.564) three
months after the end of treatment (T2) compared to those obtained at the end of the sessions
(T1) even after adjusting the analysis for overweight or obesity and the number of deliver-
ies. With respect to objective outcomes, at the end of the rehabilitation program (T1), the
number of women with negative stress tests was 10 out of 25 (40.0%). After three months
(T2) 5 out of 25 (20.0%) patients maintained this result (proportion difference = —0.200,
95%CI = [—-0.4225; 0.0533]), as shown in Tables 2 and 3, and this decrease was statistically
significant (p = 0.025).

Table 1. Population characteristics and baseline (T0) findings. Continuous data as mean =+ stan-
dard deviation. ICIQ-SF: International Consultation on Incontinence Questionnaire-Short Form
questionnaire; FSFI-19: Female Sexual Function Index questionnaire; IIQ-7: Incontinence Impact
Questionnaire.

Age (years) 609 £12.7
Parity (n) 19+0.7
BMI (kg/m?) 25.4 4 3.0
1IQ-7 score (T0) 33.7 £22.6
ICIQ-SF score (TO) 112 £ 3.6
FSFI-19 score (TO) 125+ 11.2

Table 2. Outcome measures of objective, subjective, and quality-of-life questionnaires at the baseline
(TO), end of treatment (T1), and 3-month follow-up (T2). Data are reported as median and interquar-
tile range except for stress test proportion expressed as absolute (relative) frequencies. ICIQ-SF:
International Consultation on Incontinence Questionnaire-Short Form questionnaire; FSFI-19: Female
Sexual Function Index questionnaire; IIQ-7: Incontinence Impact Questionnaire; PGI-I: Patient Global
Impression of Improvement questionnaire.

Questionnaire Baseline End of Treatment 3-Month Follow-Up
Q-7 33.00 (38.50) 16.50 (11.00) 22.00 (22.00)
ICIQ-SF 12.00 (4.00) 8.00 (6.00) 10.00 (5.00)

FSFI-19 7.80 (22.80) 6.70 (22.30) 6.00 (22.20)

PGI-1 N/a 3.00 (2.00) 3.00 (2.00)

Positive stress test 25 (100%) 15 (60%) 20 (80%)

Table 3. IIQ-7, ICIQ-SF, FSFI-19, and PGI-I scores and positive stress test rates comparisons among
the endpoints of the study: the baseline (T0), end of treatment (T1), and 3-month follow-up (T2).
P-values are provided. Durbin—-Conover pairwise comparisons were performed to check for signifi-
cant differences between the three moments of data collection. ICIQ-SF: International Consultation
on Incontinence Questionnaire-Short Form questionnaire; FSFI-19: Female Sexual Function Index
questionnaire; IIQ-7: Incontinence Impact Questionnaire; PGI-I: Patient Global Impression of Im-
provement questionnaire. N/A. not applicable. In bold statistically significant results.

TOvs. T1 T1 vs. T2 TO vs. T2
11Q-7 <0.001 0.005 0.135
ICIQ-SF 0.002 0.034 0.247
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Table 3. Cont.

TO vs. T1 T1vs. T2 TO vs. T2
FSFI-19 0.394 0.495 0.864
PGI-I N/A 0.564 N/A
Positive stress test 0.001 0.025 0.025

4. Discussion

International guidelines recommend, as the first-line treatment for SUI, conserva-
tive management. Among all conservative treatment options including PFMT, functional
electrical stimulation, and biofeedback, MS offers some advantages. Concerning PFMT,
patients may not be able to recruit, contract, and adequately train the pelvic floor muscle
thus reducing its effectiveness and consistency over time [44]. As a consequence, patients
who underwent PEMT may show reduced compliance and adherence rates and notice
a slow progression of the improvements [45]. Due to the use of endocavitary devices,
both functional electrical stimulation and biofeedback can be badly tolerated or even not
possible due to impaired vaginal habitability, such as in the case of lichen sclerosis, previous
surgery, or radiation. Moreover, mild local discomfort and side effects may cause treatment
discontinuation in up to 12% of patients [46]. On the contrary, MS is a type of passive
rehabilitation with no adverse effects described, which does not involve endocavitary
probes, and patients stay dressed. Moreover, unlike the electrical current, tissue impedance
does not affect the conduction of electromagnetic energy. With all these aspects, MS can
be defined as a non-invasive, standardizable, and safe conservative treatment option for
urinary incontinence management. In particular, the latest innovation in magnetic stim-
ulation technology is represented by flat magnetic stimulation technology. Flat magnetic
stimulation induces strong muscle contractions through the induction of electrical currents
in the context of pelvic floor neuromuscular tissue. This, consequently, induces more
efficient muscle fiber hypertrophy and hyperplasia, changing the muscle’s structure. The
hypertrophic effect of this technology on the skeletal muscles has been previously demon-
strated. Leone et al. evaluated the impact of flat magnetic stimulation on the abdomens of
15 patients, demonstrating 1 month after the last treatment an increase in the abdominal
muscle tissue thickness in the treated areas (lateral, upper, and lower abdomen) ranging
from +14% to +23% [47]. Similarly, a significant (+15.4%) hypertrophy of the external
urethral sphincter has been demonstrated in female patients with stress urinary inconti-
nence [34]. However, the duration of this benefit and the optimal maintenance treatment
schedule are still unknown.

For the first time, our study prospectively compared short- and medium-term out-
comes of flat magnetic stimulation in patients with stress urinary incontinence. We found
that, despite a certain persistence of the objective and subjective continence improvement,
urinary-related quality-of-life tends to return to baseline values three months after treat-
ment. Among the quality-of-life outcomes, a statistically significant reduction in the IIQ7
scores (a bothersome number of leakages) was observed after the treatment compared
to the baseline but the IIQ7 scores significantly increased (p = 0.005), returning to levels
comparable to the baseline condition at three months follow-up. Similarly, a statistically
significant reduction in the ICIQ-SF scores at the end of the treatment compared to the
baseline was followed by a significant increase in the ICIQ-SF values after three months
from the end of the sessions, becoming comparable to the baseline. The subjective outcome
evaluated by the PGI-I score showed no statistically significant differences (p = 0.564) three
months after the end of treatment (T2) compared to the end of the sessions (T1), even
after adjusting the analysis for overweight or obesity and the number of deliveries. In
addition, after three months (T2), 5 out of 25 (20.0%) patients maintained a negative stress
test compared to 10 out of 25 (40%) at the end of the rehabilitation program (T1). These
findings indicate that a further eight-session cycle of treatment is probably indicated after
3 months since benefits are only partially still present at this time point.
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To date, few pieces of evidence are available about the role of flat magnetic stimulation
in the treatment of SUI, and there are none about the maintenance schedule. Lopopolo
et al. evaluated improvement in the quality of life in 50 female patients with mixed urinary
incontinence [48]. All patients underwent six sessions (twice a week) of 28 min each of
Dr. ARNOLD magnetic stimulation. The first two minutes of warm-up were followed by
the two protocols, Hypotonus/Weakness 1 and Hypotonus/Weakness 2. The ICIQ-UI-SF
questionnaire, the Incontinence Questionnaire Overactive Bladder Module (ICIQ-OAB),
and the IIQ-7 questionnaire were compiled at the baseline, during the treatment, and after
three months. Quality of life improved from the second treatment session to the last one by
91%, 86%, and 98% according to the ICIQ-UI-SF, ICIQ-OAB, and IIQ-7 respectively. After
three months, a small increase in scores was noticed, and the scores were better compared
to the baseline; this can be probably explained by the return to a physiological hypotonus
in the absence of long-term exercise.

Another study by Biondo et al. analyzed eighty-one female patients with urinary
incontinence to evaluate the safety and the effectiveness of flat magnetic stimulation [49].
Women were divided into two groups: group A included 35 female patients who met the
criteria for stress urinary incontinence, while group B enrolled 46 women with urge urinary
incontinence. All patients underwent eight sessions of treatment for 28 min each twice a
week for 4 straight weeks with the DR. ARNOLD system. Firstly, all patients started with a
short warm-up phase followed by four sessions with the Hypotonus/Weakness 1 protocol
and four sessions with the Hypotonus/Weakness 2 protocol for group A. There were eight
sessions with the Overtone/Pain protocol (muscle work aimed at muscle inhibition) for
group B.

Two questionnaires were completed before each treatment and at 3 months follow-
up. The ICIQ-OAB questionnaire was compiled by the patients in group B, while the
IIQ-7 questionnaire was assigned and filled out by the patients of group A. According to
questionnaire results, there was an improvement in urge and stress urinary incontinence
symptoms at the baseline and after treatment sessions at 3 months follow-up [49].

While specific data about the loss of hypertrophy on pelvic floor muscles due to
detraining are not available, some studies have examined the effects of detraining on other
muscles. In athletes” hearts, the regression of the physiological left ventricular hypertrophy
seems to occur already during the first month of detraining, with no further reduction
between 1 and 3 months [50]. Regarding skeletal muscles, Narici et al. found a decrease
of 4% in the muscle cross-sectional area (CSA) after a period of 40 days of detraining in
the quadriceps muscles [51]. Similarly, Psillander et al. aimed to determine if a previously
strength-trained leg would respond better to a period of strength training than a previously
untrained leg, hypothesizing that the trained leg would have an enhanced hypertrophic
response and an increased number of myonuclei compared with the untrained leg. Using
muscle biopsies and ultrasounds, they showed that the increase in muscle thickness seen
during the training period was completely lost after a 20-week period of detraining, but a
relatively large increase in muscle thickness was observed during retraining in both the
trained leg and the untrained leg (~10%) [52]. These findings are consistent with our study,
which enlightens the necessity of performing retraining after a few months from the first
stimulation to maintain the benefits in the long term. From the point of view of physiology,
as reported by Terzoni et al., in a previous study on magnetic innervation, the lack of
persistence of the results obtained with this rehabilitation method can be explained by
the fact that, if no maintenance exercises are performed after the end of the stimulation
program, muscular performance can rapidly decrease due to lack of exercise [53].

To date, this is the first study on women with stress urinary incontinence comparing
short- and medium-term data about flat magnetic stimulation treatment to try to define
an optimal maintenance schedule. Other strengths involve the prospective design and the
multimodal evaluation of benefits, including objective cure rate, subjective impression of
improvements, and multiple validated quality-of-life questionnaires. A limitation is the
small sample size analyzed. Future research can include the evaluation of flat magnetic

68



Healthcare 2023, 11, 1730

stimulation benefits in a larger population study compared to a control group. Another
reasonable purpose would be to collect data after a prolonged period of observation, maybe
after further sessions of treatment.

5. Conclusions

Our analysis concluded that flat magnetic stimulation represents a safe and effective
stress urinary incontinence’s conservative treatment in terms of incontinence cure rate and
quality-of-life improvement. However, despite a certain persistence of the objective and
subjective continence improvement, the benefit in terms of quality of life tends to return to
baseline values three months after the end of the treatment. These findings indicate that
probably, after 3 months, a further cycle of treatment is indicated since benefits are only
partially maintained after this timespan.
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Abstract: (1) Background: This narrative review aimed to analyze the epidemiological, clinical,
surgical, prognostic, and instrumental aspects of the link between pelvic organ prolapse (POP)
and lower urinary tract symptoms (LUTS), collecting the most recent evidence from the scientific
literature. (2) Methods: We matched the terms “pelvic organ prolapse” (POP) and “lower urinary
tract symptoms” (LUTS) on the following databases: Pubmed, Embase, Scopus, Google scholar, and
Cochrane. We excluded case reports, systematic reviews, articles published in a language other
than English, and studies focusing only on a surgical technique. (3) Results: There is a link between
POP and LUTS. Bladder outlet obstruction (BOO) would increase variation in bladder structure
and function, which could lead to an overactive bladder (OAB). There is no connection between
the POP stage and LUTS. Prolapse surgery could modify the symptoms of OAB with improvement
or healing. Post-surgical predictive factors of non-improvement of OAB or de novo onset include
high BMI, neurological pathologies, age > 65 years, and the severity of symptoms; predictors of
emptying disorders are neurological pathologies, BOO, perineal dysfunctions, severity of pre-surgery
symptoms, and severe anterior prolapse. Urodynamics should be performed on a specific subset
of patients (i.e., stress urinary incontinence, correct surgery planning), (4) Conclusions: Correction
of prolapse is the primary treatment for detrusor underactivity and for patients with both POP
and OAB.

Keywords: overactive bladder; pelvic organ prolapse; lower urinary tract symptoms; urodynamics

1. Introduction

In 1994, the term lower urinary tract symptoms (LUTS) was adopted to classify
LUTS based on the presence of storage, voiding, and post-micturition symptoms [1].
The classification of LUTS included a wide range of clinical manifestations. Increased
urinary frequency, nocturia, urinary urgency, and incontinence are included in the storage
symptoms [1]. Slow /weak stream, hesitancy and terminal dribble, and immediate post-
urination symptoms are included in voiding symptoms [2]. Following an evaluation
of the patient’s LUTS, physical findings, the results of urinalysis, and other necessary
investigations, physicians may frequently make an empirical diagnosis as the basis for
initial management. Several studies in Europe and North America found a LUTS prevalence
of more than 60% in men and women over 40 years [3,4], with a higher prevalence in women
over 70 [5]. Pelvic organ prolapse (POP) is defined as the herniation of the anterior vaginal
wall, posterior vaginal wall, uterus, or vaginal apex into the vagina [6] and is commonly
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related to complex symptoms such as LUTS [7]. Even if a vast number of women over
50 is affected by POP, only 20% exhibit symptoms [7]. However, according to population
projections from the United States Census Bureau, the number of patients who will develop
POP is expected to increase by 46%, from the current 3.3 million to 4.9 million by 2050 [8].
To date, LUTS with POP are common but inconsistently reported, and there are few data
on this relationship’s incidence. Obstructive voiding is most frequently associated with
POP [9]. Patients with isolated posterior POP should be examined for anorectal or bulging
symptoms and LUTS [10]. The low severity of POP is typically asymptomatic [11].

Clinicians dealing with women with POP might choose between surgery, pessary
usage, pelvic floor muscle training, or observation. Nonsurgical approaches are usually
chosen first by both clinicians and women. Improvement of symptoms and, for conser-
vative management, minimization of prolapse progression are the main objectives of all
treatments [9]. Although the patient’s preferences ultimately determine the course of ther-
apy, people with symptomatic POP should be made aware that pessary usage is a feasible
nonsurgical alternative. In case of unresponsiveness to non-invasive strategies, surgical
correction of POP is often considered [1,3].

In order to provide a comprehensive evaluation of the clinical, surgical, instrumen-
tal, and prognostic aspects of the association between POP and LUTS, we divided this
review into different sections. The main objective was to evaluate the newly studied and
epidemiologic association between POP and LUTS; the grade of pop and severity of uri-
nary symptoms; the role of urodynamics (UDS); and the influence of surgical and medical
treatments on the symptoms and the patients” quality of life.

2. Materials and Methods

A literature search was performed using the Pubmed, Embase, Scopus, Google Scholar,
and Cochrane databases to find correlations between POP and LUTS, using as mesh terms
“pelvic organ prolapse” and “lower urinary tract symptoms”. The literature review was
conducted independently by two authors (GM and DL). Additional relevant articles that
were cited in these original articles were added. Case reports, systematic reviews, non-
human studies, and non-English articles were excluded. In addition, articles that focused
on practical surgical techniques with no symptom evaluation were excluded. Figure 1
describes the search steps and screening procedure. In this narrative review, we focused on
the topics in the subsequent sections:

Database Search | Pubmed, Embase, Scopus,
Google scholar and
l Cochrane databases

Duplicate Removal

|

Title & Abstract Screening Exclusion Criteria:
Case reports

Systematic reviews
Non-human studies

A 4 Non-English articles
Surgical techniques
with no symptom’s

evaluation

Full-Text Screening

A4

Studies included in
narrative review
{n=30)

Figure 1. Summary of the search and screening methods applied in this narrative review.
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3. What Is the Relationship between POP and LUTS?

Urinary problems, such as urgency, frequency, and difficulty of voiding, are prevalent
in patients affected by uterine prolapse, although the link between prolapse and LUTS
is unclear [12]. Cameron et al. evidenced a relationship between POP and LUTS, with
a relative risk ranging from 1.2 to 5.8 [11]. It is unknown exactly why LUTS and POP
occur together in a large percentage of women, but there is no plausible pathophysiological
or anatomical explanation for why LUTS would produce POP [11]. There are, however,
reasonable hypotheses for why POP could produce LUTS. POP is frequently associated
with bladder outlet obstruction (BOO) and correlates with POP severity [13]. There is a
consensus that POP-induced BOO may generate bladder alterations that result in overactive
bladder (OAB) symptoms [13]. De Boer et al. [13] hypothesized three possible explanations
for the correlation between POP and OAB:

Neurological damage, with autonomic nerve and spinal micturition reflex;
Alteration of the structure of the detrusor muscle;

There is a the possibility that the stretching of the bladder causes stretch receptors in
the urothelium to misfire and release neurotransmitters, such as acetylcholine and
ATP [14,15]. Neurons detect neurotransmitters in the urothelium, which triggers the
contraction of the bladder. However, many disorders may also share a common cause,
including pelvic floor dysfunction, childbirth-related trauma, or ageing [16,17].

4. Is the POP Stage Related to OAB?

POP staging is currently reported using two major classifications, the Baden—Walker
and the POP Quantification System (POP-Q) (Table 1).

Table 1. POP grading according to Baden-Walker and POP-Q classification systems.

Grade Baden-Walker POP-Q
0 Normal position for each respective site No prolapse
1 Descent halfway to the hymen Greater than 1 cm above the hymen
2 Descent to the hymen 1 cm or less proximal or distal to the plane of the hymen
Greater than 1 cm below the plane of the hymen, but protruding no
3 Descent halfway past the hymen further than 2 cm less than the total vaginal length
4 Maximum possible descent for each site Eversion of the lower genital tract is complete

For the purposes of the Baden-Walker system, the vagina is separated into six sections:
two anterior, two superior, and two posterior. Using the hymen as point 0, each is given a
score between 0 and 4 based on how much descent is present while the patient is exerting
themselves to the fullest [18].

Nine locations in the vagina are measured by the POP-Q evaluation technique. The
hymen serves as a baseline against which all other points are measured. The prolapsed
organs are measured in millimeters to the hymen. The measurements are made while the
person is in the dorsal lithotomy position and the Valsalva technique is being performed.
The cervix, hymen, perineal body, total vaginal length, posterior vaginal wall, and posterior
fornix are the anatomical landmarks employed. The numbers at the proximal and distal
ends are recorded on a three-by-three centimeter grid. The proper stage of prolapse is
determined from the data on the grid [19].

It is unknown if the severity of POP and OAB are related [11]. However, contrary to
expectations, Burrows et al. [20] discovered that urgency and urgency urinary incontinence
(UUI) occurred more frequently in women with less advanced POP. It was confirmed by
Kowalski et al. in a recent study [21]. Another ultrasound-based study indicated that
women with a lower grade of prolapse bladder develop UUI more frequently [22]. In
contrast, Miranne et al. found that a higher percentage of women with a more advanced
stage of POP demonstrated urodynamic detrusor overactivity (DO) (35%) compared to
women with an earlier stage of POP [23]. The severity of POP is related to obstructive
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symptoms but not necessarily to other urinary symptoms. Anterior and apical vaginal
compartment prolapse had a stronger link to OAB symptoms than to posterior vaginal
compartment prolapse [24]. OAB syndrome is prevalent in the early stages of anterior
vaginal wall prolapse, while posterior compartment prolapse may reduce its incidence [25].

5. Is LUTS Relief Possible after a POP Repair?

Surgical repair is not required to alleviate symptoms. At four months, women using
a pessary had a 38% reduction in urgency and a 26% reduction in UUI [26]. In another
study on women with UUI and POP, effective pessary fitting led to a 46% improvement in
symptoms [27]. Pessaries have the potential to be helpful instruments in decision making
prior to the beginning of a surgical procedure [11]. The patient’s LUTS were successfully
treated with POP therapy, supporting the hypothesis that there is a connection between
POP and LUTS [11].

Women who are concerned by their POP and have tried or refused nonsurgical thera-
pies are candidates for surgical correction. There are several abdominal and vaginal surgical
methods for treating POP [19]

The surgical management of POP depends on the localization of the defect. Accord-
ing to a vast survey, with or without the use of a synthetic graft, anterior colporrhaphy
remained the most popular procedure for treating anterior compartment prolapse; vaginal
hysterectomy with uterosacral suspension was used to treat uterine prolapse; posterior
native tissue colporrhaphy was the most popular procedure for treating posterior com-
partment prolapse; and post-hysterectomy apical prolapse was repaired with abdominal
sacrocolpopexy in 44% of cases [28].

In the past, a mesh material was employed in around one-third of urogynecological
surgical operations for POP [29]. As many prosthetic operations, including urogynecologi-
cal surgery, there have been documented cases of postoperative infection and migration
problems with respect to prostheses [29].

6. Outcomes after Surgical POP Repair

De Boer et al. [13] collected 12 studies that examined OAB symptoms before and after
POP repair. The duration of follow-up ranged from 2.5 to 60 months, and most studies
reported a resolution rate of 90%. The RR of resolution was calculated by dividing the
number of pre-operative symptoms by the number of post-operative symptoms. One trial
revealed an RR of more than 1, with values ranging from 1.1 to 10.3 in 61% of patients [11,16].
Symptoms of OAB improve independently using the surgical method [11,30]. This is
supported by Foster et al. [26], who showed how colpocleisis and reconstructive vaginal
suspensions make no difference in OAB resolution one year after surgery. Following POP
surgery, the majority of women who experience POP symptoms and have UI find that their
Ul is resolved or improved [31]. After correction, OAB symptoms improve independently
from the POP severity [32].

7. POP Correction and OAB Improvement: Which Variables Influenced the Persistence
of the Symptoms?

According to recent evidence, it is possible to identify clinical factors associated with
the persistence of OAB symptoms following surgery. For example, in the current Cochrane
review on POP surgical therapy, new or de novo OAB symptoms were reported in 12%
of women in nine trials [33]. POP causes BOO, which leads to increased DO and OAB
symptoms, but it may also cause permanent changes to the detrusor muscle, which may
cause persistent bladder overactivity [11]. Patient factors that predicted persistent UUI
included pre-operative urodynamic studies. Successful treatment of patients with DO and
following POP surgery was the best therapeutic option for symptom improvement [34].

In another study, 24.5% of women with POP and DO showed persistent symptoms
after prolapse surgical reduction (particularly with the mesh repair technique). At the
same time, 3.5% of the patients had UDS evidence of DO only after surgery [35]. An
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age > 65 years, neurological diseases such as Parkinson’s, BOO, or increased PVR > 200 mL
were associated with persistent or de novo DO [35]. Pre-operative OAB is a risk factor for
OARB persistence after POP reduction, while age and sling placement correlate with de novo
OAB. Increased BMI is associated with post-operative OAB [36]. Patients with severe pre-
operative symptoms, neurologic disease, pelvic floor dysfunction, bladder neck obstruction,
or severe anterior wall prolapse are at risk of post-operative voiding dysfunction [37].
Many patients diagnosed with UI after POP reduction had no more symptoms. UI degree
and previous anti-incontinence surgery are predictors of the persistence of UI after POP
reduction [38]. Liedl B et al. demonstrate that moderate-to-severe OAB complaints could
be associated with high degree POP and symptom relief occurred after adequate surgical
reconstruction [39]. According to these results, Malanowska et al. demonstrated that
surgery, including laparoscopic lateral suspension in patients with POP and OAB, could
help relieve urinary symptoms [40]. Ling-Ying Wu et al., in their study, also confirmed
the positive role in improving storage symptoms after reconstructive surgery [30]. OAB
improved significantly after surgical correction of POP, according to Johnson et al., but age
was connected with the persistence of storage symptoms, such as urgency [16]. Péivi K
Karjalainen et al. evidenced that surgical repair of POP could relieve OAB, particularly
after reconstructing anterior and apical compartments. They showed a correlation between
apical and anterior POP and the severity of OAB symptoms. These patients had better relief
after reconstructive surgery [24]. Ahmed M Tawfeek et al. performed a pre-operative and
post-operative UDS in patients with LUTS. They showed that urinary symptoms improved
after surgery, and DO was associated with the persistence of voiding symptoms [41].

Taking these findings together, even if the surgical correction of POP can improve OAB
symptoms in most women, the presence of independent risk factors, including Parkinson’s
disease or other neurological pathologies, DO, advanced age, or increased BMI, might lead
to the persistence of symptomatology even after successful reconstructive surgery.

8. Medical Treatment of LUTS?

According to OAB guidelines, antimuscarinics and 3-adrenoceptor agonists are second-
line therapy for OAB [42]. The efficacy of medical therapy for OAB treatment has been
limited and may also be associated with undesirable side effects. Following POP surgery, it
can be used temporarily or as a therapy for persistent or new-onset OAB [11].

9. Urodynamics and POP Repair

Given the weak correlation between DO and UUI, preoperative DO is not always a
good predictor of UUI after surgery. This finding aids in the prediction of postoperative
outcomes, so routine preoperative pressure-flow UDS in women undergoing POP repair is
not warranted [11]. Pressure-flow UDS could be proposed in patients with hydronephrosis,
neurological disease, recurrent urinary tract infections (UTIs), and particularly for pre-
surgery management [43]. If UDS is performed following the AUA/SUFU guidelines [44],
the POP should be lowered to test detrusor dysfunction, and this procedure may differ-
entiate between BOO and detrusor underactivity (DU). UDS should be performed on a
subset of POP patients. This test can help us counsel POP patients with voiding symptoms,
but it cannot provide additional information for patients with POP and UI [45]. UDS
had no significant impact on preoperative management or counselling in POP surgery if
occult stress urinary incontinence was not the indication for preoperative testing in women
undergoing POP surgery [46]. Research, however, argues for UDS before surgery as a
screening tool to prevent unnecessary concurrent continence treatments [47].

10. Sexuality after POP Repair

It is critical to incorporate sexual health into therapeutic practice. Evaluation of
anatomical anomalies, lower urinary tract function, and anorectal function are sometimes
given greater consideration in women with pelvic floor issues than sexual function.

76



Healthcare 2023, 11, 1513

The majority of women who have symptoms of POP and LUTS are still engaged in
sexual activity. The possibility that female sexual dysfunctions will be identified may rise
with the use of questionnaires and sexuality scales to help women and health care providers
address sexual issues. The only questionnaires currently validated and created particularly
to measure female sexual function in women with urine incontinence and/or pelvic organ
prolapse are the Pelvic Organ Prolapse Incontinence Sexual Questionnaire (PISQ) and the
PISQ-12-IR (IUGA-Revised). The PISQ-12-IR also enables examination of the results for
urogynecologic care-requiring women who are not sexually active [48].

Ageing and menopause are linked to decreased sexual activity. However, the effects
of surgery to cure LUTS and POP on female sexual function are still being debated.

Li et al. conducted a prospective observational study to determine the prevalence of
female sexual dysfunction, relevant risk factors, and the effects of pelvic floor surgery in
women who have POP, stress urinary incontinence, or both [48].

Prior to and following surgery, sexual activity and sexual function were examined
together with potential risk factors. The Female Sexual Function Index and the PISQ-12
are two validated questionnaires that were used to assess sexual function. They showed
that age and postmenopausal status were factors in the absence of sexual activity prior
to surgery. Similarly, sexual dysfunction was linked with advancing age. Overall, there
was no difference in the PISQ-12 score before and 12 months after surgery. Lubrication of
the vagina was an unrelated feature that was linked to an improvement in sexual function
following surgery. The improvement in the quality of sexual life following surgery was
significantly impacted by menopause [48].

Similarly, Mattsson et al. evaluated the impact of female POP surgery on sexuality,
patient satisfaction, and health-related quality of life; they also identified outcome predic-
tors. Over a two-year follow-up period, 7 out of 10 patients with POP surgery reported
an improvement in sexual habits and health-related quality of life; patient satisfaction
was high. The most reliable indicators of improvement were vaginal bulging and apical
prolapse beyond the hymen. They also highlighted that patients should be urged to give
up smoking in order to prevent a negative outcome [49].

However, dyspareunia occurred in 26% of 53 women after posterior colporrhaphy and
in 38% of women with both Burch colposuspension and posterior colporrhaphy, according
to Weber et al.’s analysis of 81 women who underwent surgery for prolapse or urinary
incontinence [50]. There were no site-specific procedures employed for posterior repair.
Using general or non-pelvic floor disorder-specific questionnaires, others have discovered
stable or declining sexual function. It is possible that some partners are concerned that
sexual activity would affect the postoperative results because some patients had lower
scores on the partner-related items. Therefore, it is likely necessary to know about favorable
sexual outcomes [50].

According to Glavind et al. [51] the majority of women who receive surgical treatment
for various forms of POP employing native tissue restoration and “site-specific” procedures
report an improvement in their sexual lives thereafter. Preoperative urine incontinence was
cured or improved in the majority of individuals [51].

In terms of how surgery effectively ameliorates sexual health rather than a different
approach, several studies have been conducted.

Kinjo et al. compared the effectiveness of vaginal pessaries and modified transvaginal
mesh (TVM) surgery in women with symptomatic POP [52].

They examined 130 symptomatic POP patients who had received either vaginal pes-
saries or modified TVM. Lower urinary tract, bowel, and sexual problems were evaluated
together with the prolapse-related quality of life (QOL) using the prolapse QOL question-
naire. All questionnaires were completed before and a year after the therapy. One year
following therapy, the prolapse and voiding symptoms as well as all the prolapse-related
QOL categories were considerably better in the pessary group, with the exception of the
personal connections and sleep/energy. The modified-TVM group saw a considerable
improvement in all QOL categories as well as prolapse, urine storage, voiding, bowel, and
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sexual problems. They concluded that the vaginal pessary and modified TVM surgery
both successfully cured prolapse and voiding symptoms and enhanced the majority of
prolapse-related QOL variables. Modified TVM surgery was superior to pessary therapy
in terms of relieving urine storage, bowel, and sexual complaints. However, compared to
pessary insertion, modified TVM appeared to place the organs more effectively to enhance
bowel, sexual, and bladder function [52].

Similarly, Van der Vaart et al. reported that surgery had a better effect on sexual
function in sexually active POP patients than pessary treatment [53]. The improvement
is mostly due to the POP symptoms” diminished influence on sexual performance. Sex-
ually active women who declare that POP-related symptoms are bothering their sexual
performance should be advised that surgery produces more notable relief. A superior
course of therapy could not be proven for sexually inactive women. In contrast to pessary
therapy, considerably more NSA women underwent surgery than pessary therapy, despite
the fact that the differences in PISQ-IR scores between the two groups of NSA women
were not statistically different. The patient must be given this information, which includes
weighing the advantages and disadvantages of the surgery and the pessary, in order to
make a balanced choice [53].

However, when performing surgery for POP, to avoid useless damages on sexual
health, several considerations should be considered.

Giving realistic expectations of surgical results is crucial before undergoing pelvic
floor disease surgery. In order to create a baseline, it is crucial to evaluate the patient’s
sexual orientation, attitude toward sexual activity, the effect of pelvic disease on sexual
relations, the quality of orgasms, and desire. To prevent subsequent disappointment, patient
expectations of the effects of pelvic floor surgery should be investigated and appropriate
goals should be set. In the absence of pelvic disease, pre-existing sexual issues might
indicate a worse than ideal outcome [54].

Sexual dysfunction in SUI patients may be exacerbated by damage to the vaginal
innervation on the anterior and distal parts of the vaginal wall. To prevent such damage,
excessive dissection should be avoided. Synthetic tape should not be placed too superficially
while performing a mid-urethral sling surgery since this might cause discomfort during
penetration and dyspareunia if the mesh gets exposed. When performing a mid-urethral
sling surgery, excessive lateral positioning of the needles should be avoided in order to
avoid serious vascular damage [54].

Vaginal length should be preserved whenever feasible in women having vaginal
hysterectomy for prolapse or an anterior repair, and extensive vaginal mucosal excision
should be avoided. Sexual function was unaffected by the vaginal cuff closure technique
(vertical vs. horizontal closure). It is crucial to preserve introital caliber and vaginal length
while doing a posterior repair. A suitable caliber would be 8-11 cm long and it should
be possible to accommodate two or three fingers during vaginal reconstruction surgery.
The likelihood of developing dyspareunia was significantly enhanced when an anterior
colporrhaphy was combined with a posterior vaginal wall repair; therefore, there may be a
purpose for doing the two operations independently when practical [55].

This would also suggest that in sexually active women, a prophylactic posterior
repair should be avoided at the time of an anterior repair. A levator plication should be
avoided in sexually active women because it results in a constriction ring inside the vagina.
Whenever feasible, surgical methods should be used to prevent constriction of the vaginal
introitus [55].

To maintain sexual function in sexually active women with a vaginal vault prolapse, a
sacrocolpopexy should be recommended instead of a sacro-spinous fixation [54].

11. Conclusions

The link between OAB and POP in women is unclear. BOO due to POP and accom-
panying bladder muscle alterations appear to be the most probable explanation for how
POP might induce OAB and explains why POP repair improves OAB symptoms in the
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majority of patients. This argument contradicts the idea that severe POP (which generates
more BOO) does not induce worse OAB. A considerable proportion of women do not have
OAB resolution following POP surgery, potentially due to permanent bladder alterations
due to long-term BOO, or perhaps they are different conditions in particular women since
OAB occurs without POP or BOO in many women. POP reduction should also be the
first-line treatment for DU in women with coexisting POP, considering the limited treat-
ment choices for this disorder. As this may be a unifying diagnosis and a single surgery
might solve both conditions, it would appear wise to provide POP reduction surgically
or with a pessary as the primary treatment choice for all women with OAB and POP. As
the presence of DO, DU, or BOO does not alter surgical planning, UDS are not required
before surgery unless the patient has a history of neurological disease, hydronephrosis, or
recurrent UTIs. However, simple cystometrics with POP reduction are required prior to
surgery to assess for occult SUI and to counsel patients on their risk of postoperative SUI to
assist them in deciding whether to undergo a concomitant sling procedure. Women with
bladder trabeculation, longer duration of OAB symptoms, age > 65 years, neurological
disease, higher PVR > 200 mL, and greater degrees of BOO have a reduced likelihood of
OAB remission following POP surgery. However, none of these risk factors significantly
reduced the likelihood of resolution. Thus, they are not indicators against giving POP
correction. The potential impact on sexual function should be discussed and used to guide
decision making when counseling women with a prolapse or incontinence, especially prior
to surgical treatment. It is essential to test sexual function before surgery in order to find any
underlying sexual issues. This causes less disappointment when desired outcomes are not
achieved and allows for more reasonable expectations from the therapies that are accessible.
According to the most recent and reliable research, women should obtain counseling and
management. It is important to understand the benefits and drawbacks of the procedure
and how it can affect sexual function in sexually active women who are having pelvic
floor surgery.
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Abstract: Lower urinary tract symptoms (LUTS) are a relevant problem in the pediatric population,
having a very high prevalence. Diurnal incontinence and nocturnal enuresis are surely the most
frequent symptoms, presenting, respectively, in up to 30% of school-age children and up to 10% of
children between 6 and 7 years. Stypsis is the most common comorbidity, and it must be considered
in the management of LUTS; indeed, the treatment of constipation is curative in most cases for both
incontinence and enuresis. The presence or absence of diurnal symptoms in nocturnal enuresis
and urgency in diurnal incontinence helps in the differential diagnosis. Urotherapy is always the
first-line treatment, while oxybutynin and desmopressin (where appropriate) may help if the first-line
treatment is unsuccessful. It is essential to identify conditions that are potentially dangerous for
kidney and urinary tract well-being, for which LUTS can be the first manifestation. Starting from a
series of clinical scenarios, we will underline the diagnostic clues behind LUTS in children and we
will summarize clinical and surgical approaches for the proper management of these conditions.

Keywords: overactive bladder; voiding dysfunctions; urinary incontinence; pediatric urogynaecology

1. Introduction

Symptoms deriving from the lower urinary tract are grouped under the umbrella term
“lower urinary tract symptoms” (LUTS). LUTS are classified by the International Children’s
Continence Society (ICCS) according to their relationship with the voiding or storage phase
of the bladder cycle or a combination of both in changing severity. Mainly, the conditions
are classified into either overactive bladder (OAB) or dysfunctional voiding. Storage
symptoms are represented by increased (>8 times/day) or decreased (<3 times/day)
number of diurnal voiding, daytime continuous or intermittent incontinence, enuresis,
urgency, and nocturia. Voiding symptoms are classified as hesitancy, straining, weak
stream, and intermittency [1].

LUTS are very frequent in the pediatric population, with daytime incontinence, defined
as an uncontrollable leakage of urine, present in up to 30% of school-age children. Holding
manoeuvres and urgency, which is a sudden and unexpected experience of an immediate
need to void, are also highly prevalent [2]. Common holding manoeuvres are crossing
legs, standing on tiptoe, or squatting with the heel pressed into the perineum. Enuresis,
defined as intermittent incontinence while sleeping, has a prevalence of 10% in children
aged between 6 and 7 years. It is subdivided into monosymptomatic (MNE), without
daytime symptoms, and non-monosymptomatic enuresis (NMNE), with the presence of
daytime symptoms usually associated with bladder dysfunction and less often with urinary
anomalies [3]. Generally, LUTS are more frequent in girls aged between 6 and 8 years [2].
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Nocturia is defined as when the child must wake during the night to void and is more
frequent among school children [4].

Comorbidities are a relevant problem in these patients. ICCS suggested a list of
comorbidities such as constipation, encopresis, urinary tract infection (UTI), vesicoureteral
reflux (VUR), and neuropsychiatric conditions (attention deficit hyperactivity disorder,
oppositional defiant disorder, learning disabilities, and disorders of sleep) that must be
considered when studying LUTS properly. Stypsis is surely the commonest and most
important comorbidity: up to 30% of children affected by stypsis have diurnal urinary
incontinence and/or enuresis. On the other hand, proper stypsis management alone can
resolve 90% of diurnal urinary incontinence cases and 60% of enuresis cases [5]. Holding
manoeuvres, decreased voiding frequency, and urgency are associated with the presence
of constipation [6]. The compression of the rectum on the bladder wall and the chronic
external anal sphincter contraction are responsible for detrusor hyperactivity with frequent
and forced contraction of the pelvic floor and anal sphincter itself, which, in turn, could
“feed” constipation. This condition is known as bladder and bowel dysfunction (BBD) [7].
Moreover, children with bladder dysfunction are at risk of VUR as a consequence of urine
retention in the bladder, with an increased risk of UTI and upper urinary tract damage [8].

LUTS diagnosis is not always easy to reach and so the treatment could be delayed.
Firstly, LUTS are often underestimated by primary care paediatricians who tend to wait
for a spontaneous resolution of the condition [3]. Secondly, the symptoms themselves are
not always reported clearly by the child or his/her caregiver [1]. Voiding frequency is also
hard to report precisely to caregivers until they have a chance to assess it with a complete
bladder diary. School-age children may have a decreased voiding frequency related to
poor hygienic conditions at school, and they could unconsciously suppress the needing of
voiding through holding manoeuvres [2]. These problems may not help clinicians in taking
an accurate anamnesis, which needs a lot of time to be well studied.

Starting from a series of “illustrative” case reports, we will underline the diagnostic
issues and the diagnostic clues behind LUTS in children to help paediatricians in orienting
toward the differential diagnosis and the proper management of these conditions.

2. Clinical Scenarios
2.1. Clinical Scenario 1

An 8-year-old girl was referred to our outpatient clinic for urgency, urge incontinence,
and increased voiding frequency (12-14 times/day) in the last year. Before that, no urinary
symptoms were described. Nocturnal and diurnal continence was attained at 2.5 years old
and no UTI was reported by the mother. No malformations at the external genitalia exami-
nation were found. Urine analysis was normal. At the kidney and urinary tract ultrasound
(KUS), both kidneys and bladder were normal and no post-void residual volume was found.
The uroflowmetry revealed a tower-shaped curve. This clinical picture was suggestive
of OAB. Standard urotherapy was the first line of treatment and an anticholinergic agent
(oxybutynin) helped in the later management.

2.2. Clinical Scenario 2

A 7-year-old boy came to our outpatient clinic with increased daytime voiding fre-
quency (more than 15-20 times) presenting in the last 5 months. No urinary urgency,
nocturia, daytime incontinence, or nocturnal enuresis were reported. Stypsis was absent
and urinalysis was normal. The clinical examination was unremarkable. The bladder void-
ing diary revealed 37 micturitions/day, with a volume void of each micturition between 10
and 40 mL. Based on this clinical presentation, the diagnosis of extraordinary daytime-only
urinary frequency (EDOUF) was made. We reassured the parents about a benign prognosis
and spontaneous resolution [9].
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2.3. Clinical Scenario 3

A 4-year-old girl was observed for diurnal and nocturnal incontinence without urgency.
The urinalysis was normal. The physical examination of external genitalia revealed a bifid
clitoris, hypoplasia of minora labia, and patulous urethra due to a dorsal urethral defect.
The diagnosis of female epispadias was found. Cystography was normal and the surgical
correction of the defects determined the disappearance of the urinary incontinence [10]. At
the postsurgical follow-up, no symptoms were reported.

2.4. Clinical Scenario 4

A 6-year-old girl presented with a history of daytime incontinence with increased
daytime voiding frequency and enuresis. She also reported recurrent febrile UTIs since
she was 18 months old. KUS showed bilateral hydronephrosis, with an anteroposterior
diameter of the right pelvis of 21 millimetres and the left pelvis of 24 millimetres. The
bladder wall was irregular and 6 millimetres thick (bladder fully filled). Moreover, she
reported being styptic since she was 2 years old and recurrent nonfebrile UTIs in the
last 6 months (about 3 episodes). Uroflowmetry revealed that a “staccato” pattern was
present. An antibiotics prophylaxis with amoxicillin and a bowel regulation strategy
(stool softeners plus lifestyle modification) were started. The girl was re-evaluated after
3 months, with normalizations of the symptoms, KUS, and uroflowmetry. In this case, the
diagnosis was BBD, and all of the symptoms disappeared with proper urotherapy and
stypsis management.

2.5. Clinical Scenario 5

An 8-year-old girl was observed for persistent urinary incontinence without urgency.
She reached continence at 2.5 years old. At the physical examination, the genitalia were
normal, but urine dripping was seen during the ostium vaginalis exploration. In the
suspicion of an ectopic ureter, a KUS was performed, and a right kidney duplication with a
megaureter of 8 mm of the upper pole was found. The Tc-99m MAGS3 kidney scintigraphy
revealed absent function (6%) of the right upper pole. In addition, we made a methylene
blue test consisting of filling the vesical bladder with blue-coloured NaCl 0.9% by vesical
catheterization. In this test, we found vaginal non-blue urine dropping, confirming that
this dropping was derived from an ectopic ureter in the vagina and not from the vesical
bladder. During cystoscopy, the ureteral orifice of the ureter of the upper pole was not
found. The nephroureterectomy of the upper pole resolved the incontinence of the patient.

3. How to Clinically Orientate towards a Correct LUTS Diagnosis

An accurate anamnesis should be taken, focusing on symptoms reported by the child
and confirmed by the caregiver. The paediatrician should investigate voiding patterns,
frequency, bowel habits, fluid intake, and posturing taken during micturition. Moreover, a
medical history of patients and relatives regarding nephro-urological diseases and other
problems (diabetes, trauma, psychiatric diseases, psychosocial history, medications, and
surgical history) should be considered. Asking for a history of constipation and recurrent
UTIs should be the first step in the management of any urinary symptoms.

Physical examination is essential and sometimes enough to make a diagnosis. Any
anomalies should be noted, including ear anomalies, which can be associated with urinary
tract malformations [11]. Abdomen palpation could help in assessing stypsis by the
presence of stool in the left iliac fossa. Most important is the evaluation of the genitalia
in both males and females since continuous urinary incontinence without urgency and
nocturnal enuresis could be caused by both hypospadias and epispadias [10,12]. Moreover,
if genitalia is normal with urine dripping during an inspection, an ectopic ureter could be
suspected, especially in the case of a duplex kidney without megaureter (or rarely with
megaureter) of one of the two ureters draining that kidney [13]. In this case, a methylene
blue test could be useful to confirm the clinical suspicion (please see clinical scenario 5).
Another clinical entity to exclude is intravaginal micturition, which is frequently found in
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girls with overweight or obesity [14]. In this case, it could be useful to suggest micturition
with a proper voiding position—spreading legs and voiding with feet supported—in order
to prevent the intravaginal reflux of urines [14].

A urine analysis test is mandatory in excluding both mellitus (glycosuria), diabetes
insipidus (low urinary density), and UTI (leukocyturia and/or nitrituria).

At first evaluation, it should always be asked that a bladder diary be completed by
the caretaker or patient. ICCS recommends at least a 48 h daytime frequency and volume
chart to well evaluate LUTS [7]. However, it depends on patients” compliance, and it is
very subjective; therefore LUTS could be underestimated, and a 16% rate of false negatives
for frequency has been seen [15]. Moreover, a bladder diary focusing on wet and dry night
frequency could help. Additionally, nocturnal polyuria can be detected in enuretic children
by collecting the urine volume produced during the night. To correctly measure night
urinal volume, parents should sum the difference between wet diapers in the morning and
dry diapers with the volume of the first micturition in the morning [16]. A urine production
of >130% of the expected bladder capacity (EBC) is considered pathological [17].

KUS is a noninvasive and useful investigation tool that helps physicians in cases of
kidney abnormalities, such as urinary tract dilatations or kidney duplications. Bladder
thickness in healthy children should not overtake 3 and 6 millimetres in a full and empty
bladder, respectively [18]. Bladder ultrasound is supportive in the diagnosis of bladder
outlet obstruction (BOO) in males with increased bladder thickness. The latter could
be present in OAB as well [19]. Residual postvoid volume should be assessed after a
physiologic bladder filling, and a zero volume should be found in healthy children, while
more than 20 mL on repeated measurements indicates voiding dysfunction [1]. Moreover,
ultrasounds could be helpful in chronic stypsis diagnosis, since styptic children may have
an increased rectum diameter (>3 cm) and a bladder dislocation [20]. Literature data
show good reliability of urinary bladder ultrasound in children as far as bladder volume
measurement is concerned. Given the variability in bladder wall thickness, a standardized
methodology is desirable to increase its reliability [21].

Uroflowmetry is functional for a correct diagnosis. It is considered a noninvasive
urodynamic test. Therefore, it is useful in approaching children with urinary symptoms. It
consists in letting a toilet-trained child void their bladder into a toilet connected to a sensor
that measures urine flow, and it is always associated with a residual postvoid volume
measurement at ultrasonography. All of the adaptions possible for children should be taken
to let them void their bladder in a position that is normal for them [22]. Uroflow is best
performed when the bladder is at 50% of EBC [30 + (age in years x 30) up to age 12 years,
after which it is considered 390 mL [23]. ICCS describes five patterns: a “bell-shaped” curve
in normal voiding, a “tower-shaped” curve when an explosive detrusor contraction occurs,
a “plateau-shaped” curve when there is an organic outlet tract obstruction, a “staccato”
curve when there is sphincter overactivity during voiding, and “interrupted” curve when
abdominal muscles are used for an acontractile detrusor [1]. Uroflowmetry has a diagnostic
value and it could be used to screen children who need a more invasive test, such as
cystometry [24]. Both cystometric and uroflowmetric techniques can be associated with
pelvic floor electromyography (EMG), which assesses the degree of urethral contraction
and relaxation.

Finally, cystometry is surely the most definitive test to diagnose voiding dysfunction
and outlet obstruction. It allows paediatricians to measure bladder compliance during
the filling phase, calculated by dividing the volume change by the change in detrusor
pressure. Both transurethral and suprapubic routes can be used. In any case, cystometry
is not mandatory, and most cases are diagnosed with uroflowmetry and KUS association.
Indeed, cystometry is associated with adverse effects, e.g., UTI, macroscopic haematuria,
and urinary retention in up to 20% of cases [25].
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4. Therapeutic Approach

Generally, after the treatment of a possible underlying UTI, the first-line approach for
any patient with LUTS is standard urotherapy. It is defined as a conservative-based therapy
and treatment for LUTS that rehabilitates the low urinary tract [26]. It consists of giving
patients and parents advice regarding the correct behaviour to partially or totally resolve
the dysfunction. This includes information and demystification about pathology, lifestyle
recommendations (increase daytime fluid intake, voiding regularly by day, and voiding
before bed), and instructions and behavioural modifications to achieve optimal bladder and
bowel habits (the child should relax pelvic floor muscles and sphincter during voiding) [26].
Moreover, if more than two nonfebrile UTIs occur in 6 months, or more than four in a year
are reported, antibiotic prophylaxis and adequate hydration are recommended.

In the case that standard urotherapy is unsuccessful, a specific urotherapy is the
method of choice. An example is “biofeedback”, consisting in letting a child gain greater
awareness of the pelvic floor and sphincter muscles by using external instruments [26].
Up to 80% of patients with a “dysfunctional voiding” diagnosis (defined by ICCS as a
child who habitually contracts the urethral sphincter during voiding) could have improve-
ment marked by a reduction in incontinence and UTI frequency using biofeedback [27].
Visual feedback of the uroflow curve and teaching perineal muscle identification by EMG
electrodes are the best approaches [27]. Moreover, in the case of standard urotherapy and
biofeedback failure, a clean intermittent self-catheterization may be helpful in children
with high volumes of post-void residual fluid [28].

A postponing micturition exercise, as in clinical scenario 2, could be used in patients
with EDUOF diagnosis for which effectiveness in 98.1% of patients who improved or
normalized their voiding frequency has been shown [9]. However, we only recommend
the postponing micturition exercise when the EDOUF affects the normal activities of
either the children or parents. This recommendation had the scope to permit—for the
months in which the EDOUF is more disturbing—normal daily activities for both children
and parents. Moreover, with this suggestion, we did not aim to use retention control
training, which is not recommended for any bladder dysfunction in childhood, but to give
suggestions regarding correct micturition habits in order to establish a normal number of
daily micturitions and to re-establish a cycle of routine bladder filling and emptying [29].

In patients with MNE, standard urotherapy is more effective than spontaneous cure by
arate of 15% per year [30]. Robson et al. saw a 50% reduction in bedwetting with urotherapy
in 40% of the population, while 22% of children did not need any other treatments [31].
Moreover, ICCS recommend starting with urotherapy even in patients with NMNE [1].

MNE should be treated with a combination of urotherapy and desmopressin or alarm
therapy. The latter consists in putting a sensor in the night clothes, which gives an auditory
signal that wakes the child when it gets wet. The alarm should be preferred in children with
a bladder capacity smaller than expected, who are likely to be resistant to desmopressin.
It should be worn every night, and treatment should be continued until the patient is
dry for 14 consecutive days or 2-3 months [32]. This approach is very family compliance-
related since it could be very disturbing for parents and the child himself, and, therefore,
it may not be accepted. In this case, treatment with desmopressin is preferable, available
as a fast-melting oral lyophilization at a dosage of 120 pg increasing to 240 ug in the
case of absent or only a partial response to the previous dosage [33]. Desmopressin is
a vasopressin analogue, which, with its antidiuretic effect, concentrates urine, reducing
the total volume of urine in the bladder. It is indicated in the case of nocturnal polyuria
with a normal bladder capacity or when alarm therapy has failed [32]. Desmopressin is
well tolerated; however, rarely, patients may, consequently, develop hyponatremia due to
water intoxication, with symptoms including nausea, vomiting, headache, cerebral oedema,
and convulsions (especially for the intranasal administration) [31]. To avoid side effects
and to optimize the results, patients should reduce the fluid intake from 1 h before to
8 h after the desmopressin consumption. The response rate to desmopressin is higher in
patients with frequently recurring nocturnal polyuria [17]. In the case of a partial response
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(50-99% of wet nights) or the absence (<50% of wet nights) of a response to desmopressin
alone, combination therapy with desmopressin plus oxybutynin can increase the response
rate [34]. Alarm therapy and desmopressin treatment have similar efficacy in treating
MNE [35].

In the case of OAB, urotherapy is still the first choice [36]. Anticholinergic agents,
such as oxybutynin and tolterodine, should be used in the case of urgency persistence after
standard urotherapy. They have antimuscarinic effects, blocking M, and M3 receptors,
which are predominantly expressed by bladder smooth muscle. Oxybutynin, at a dosage
range from 0.3 to 0.5 mg/kg/day with a top dose of 10 mg [34], is preferred with its
superior cost-effectiveness, and both immediate- and extended-release preparations can be
used. Adverse effects are present in up to 30% of cases and include dry mouth, dizziness,
constipation, somnolence, nausea, blurred vision, urinary hesitation, urinary retention,
and dyspepsia, with less incidence of the extended-release preparations. Tolterodine is
preferred in the case of serious or disturbing adverse effects to oxybutynin since it is more
selective for the bladder and thus there are fewer adverse effects and greater efficacy [37].
Moreover, in the case of bladder-neck dysfunction, an «-blocker treatment may be useful
in reducing the voiding dysfunction [38].

In case of unresponsiveness, transcutaneous electrical nerve stimulation (TENS) could
be considered. It consists of inhibiting the presynaptic afferent neurons carrying impulses
from the bladder by stimulating the nerves of the peripheral segmental dermatome [39]. Fi-
nally, an intravesical injection of botulinum toxin A may help to reach complete continence,
despite a few adverse effects reported [38].

In conclusion, BBD and recurrent cystitis should be always excluded and eventually
treated, as in scenario 4. In the case of the persistence of LUTS, a diagnosis revaluation
with deeper diagnostic tools is required.

5. When a Surgical Approach Is Needed

Clinical scenarios 3 and 5 represent examples in which a clinical approach is not
enough. In the case of female epispadias, an accurate genitalia examination is sufficient,
and early surgical intervention is fundamental to let the patient achieve continence and
preserve the urinary tract.

An ectopic ureter is a more complex condition, and the diagnosis could not be as
immediate as epispadias. The term “ectopic ureter” describes a ureter that inserts at or
distal to the bladder neck, and it is more frequent in females [40]. Frequently, the ectopic
ureter drains the upper pole of a duplex kidney, and, while rare, it drains a hypoplastic or
dysplastic kidney [40]. In 35% of cases, the insertion is in the urethra, in 34% of cases, it is
in the vestibule, and in 25% of cases, it is in the vagina [13]. Clinically, patients describe
not being able to reach dryness during the daytime or night, with persistent continuous
incontinence. KUS may be able to detect a duplex kidney, while DMSA scintigraphy is
useful in detecting poorly functioning renal tissue. A vaginoscopy and a cystoscopy may
help in the identification of the ectopic ureter orifice [40]. Patients may undergo many
diagnostic procedures and the diagnosis may take a long time with a 5.7-year delay from
symptoms presentation to diagnosis [40]. Despite its rarity, an ectopic ureter may be found
in male children as well, where it drains a hypoplastic kidney more frequently [41].

A surgical approach is needed in the case of posterior urethral valves (PUV), which
are the most common congenital cause of lower urinary tract obstruction. PUV is usually
diagnosed during routine prenatal ultrasounds with the detection of hydronephrosis, a
thick-walled bladder, and a keyhole sign in the bladder neck of males (dilated prostatic
urethra) [42]. In the case of a misdiagnosis, mild PUV could present in older children
with recurrent UTIs and LUTS such as delayed voiding and weak stream. Moreover, PUV
may be identified in children with renal failure, proteinuria, or through hydronephrosis
studies [42]. A voiding cystourethrography (VCUG) is the gold standard imaging for
diagnosis [43], and renal scintigraphy is needed to evaluate both kidneys’ differential
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function. Catheter drainage (when appropriate) and plan endoscopic valve ablation, if the
child is stable, seem to be the best approach [42].

6. Potential Long-Term Impact on Health and Quality of Life of Children

Proper management, with rapid diagnosis and treatment, is critical in children with
LUTS because of the negative influence that LUTS can have on the quality of life. Both
enuresis and daytime incontinence affect children and their families socially, behaviourally,
and emotionally, with a risk of social isolation, peer conflict, and classroom challenges.
Moreover, LUTS affect the individual in terms of development, self-esteem, and perfor-
mance, as well as the relationship within the family, causing a high level of stress. Rangel
et al. concluded that enuretic children have a low quality of life compared to non-enuretic
children, without any differences in gender or age [44].

Additionally, it is known that children with both OABs have a prevalence of VUR
between 14% and 47%. On the same line, the treatment of overactivity has a positive effect
on the resolution and downgrading of VUR [8].

Moreover, the chronic obstruction caused by PUV can lead to hypertrophy of the
bladder wall and detrusor muscle, with changes in bladder compliance. The consequent
increment in intravesical pressure can cause VUR, and, thus, recurrent infection and
progressively impaired renal function [42].

Finally, dysfunctional voiding can present indistinguishably from the classical neuro-
genic bladder, and such patients may encounter bilateral hydronephrosis and renal fail-
ure [45]. Both conditions are associated, as well as PUV, with a bladder pressure increase,
with a risk of VUR, hydronephrosis, recurrent UTIs, and end-stage renal insufficiency.

7. Conclusions

LUTS are very common conditions in the pediatric population. They are usually
underestimated and their diagnosis is not always immediate, with a frequent need to
reevaluate patients. Many diagnostic tools are available to help clinicians orientate through
clinical issues of LUTS. A clinical approach starting with urotherapy is usually sufficient
for the management, while a few conditions need a surgical approach. In brief, urinary
incontinence should be divided into nocturnal and diurnal incontinence. In the former,
the co-presence of diurnal symptoms makes for a diagnosis of NMNE, while their absence
makes for a diagnosis of MNE. In the case of diurnal incontinence, the presence or absence
of urgency should be considered when making a differential diagnosis between OAB
and other conditions that could require surgical intervention, such as an ectopic ureter.
Medications, such as oxybutynin (in the case of NMNE or OAB) and desmopressin (MNE),
are mostly used in the case of unsuccessful urotherapy. Figure 1 synthetizes the diagnostic
clues and the proper therapeutic approach for LUTS. LUTS should never be underestimated
since they can hide pathologies that could put a child’s health in trouble.

88



Healthcare 2023, 11, 1285

Increased voiding frequency
without urinary incontinence

l

Urotherapy «—— EDUOF

With urgency

e

OAB

l

Oxybutynin

Success Unsuccess

-TENS
-Botulinum
toxin A

(in absence of urinary tract infection)

Diurnal
incontinence

T e

LUTS *After diurnal sympotms resolution, the entire daily dosage

could be given in the evening 1h before sleeping, adding
desmopressin in case of nocturnal symptoms persistence

Urinary
incontinence

/\.

Nocturnal incontinence
(enuresis)

Without urgency With diurnal symptoms

| |

-Neurogenic
bladder NMNE

-Dysfunctional l
voiding

-Epispadias
-Ectopic ureter

Without diurnal symptoms

S

MNE

— T

—» Alarm therapy Desmopressin

-Intravaginal /\

reflux of urines Success Unsuccess Unsuccess

| l l

-urotherapy, a- D P i D
blockers, +
clean intermittent Oxybutynin
catheterism,
biofeedback therapy
or surgery as
required

Oxybutynin*

Success

pressin

Unsuccess Success

References

Figure 1. The diagnostic clues and the proper therapeutic approach for LUTS. Abbreviations: EDOUF,
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Abstract: (1) Background: Women experience pelvic floor dysfunction symptoms during pregnancy.
This study is the first to investigate and compare variances in the prevalence and severity of pelvic
floor symptoms between trimesters using a valid pregnancy-targeted questionnaire. (2) Methods: A
retrospective cohort study was conducted between August 2020 to January 2021 at two university-
affiliated tertiary medical centers. Pregnant women (1 = 306) anonymously completed the Pelvic
Floor Questionnaire for Pregnancy and Postpartum with its four domains (bladder, bowel, prolapse,
and sexual). (3) Results: Thirty-six women (11.7%) were in the 1st trimester, eighty-three (27.1%)
were in the 2nd trimester, and one hundred and eighty-seven (61.1%) were in the 3rd trimester. The
groups were similar in age, pregestational weight, and smoking habits. A total of 104 (34%) had
bladder dysfunction, 112 (36.3%) had bowel dysfunction, and 132 (40.4%) reported sexual inactivity
and/or sexual dysfunction. Least prevalent (33/306; 10.8%) were prolapse symptoms. Increased
awareness of prolapse and significantly higher rates of nocturia and the need to use pads due to
incontinence were recorded in the 3rd trimester. Sexual dysfunction or abstinence were equally
distributed in all three trimesters. (4) Conclusions: Bladder and prolapse symptoms, equally frequent
throughout pregnancy, significantly intensified in the 3rd trimester. Bowel and sexual symptoms,
equally frequent throughout pregnancy, did not intensify in the third trimester.

Keywords: PFQPP; pregnancy; pelvic floor disorders; sexual dysfunction; quality of life; stress
urinary incontinence; pelvic organ prolapse; urge urinary incontinence

1. Introduction

Pelvic floor dysfunction (PFD) is a common multifactorial heterogeneous condition
mainly consequent to weakening of the pelvic floor following vaginal or operative delivery.
Otherwise, PFD can be related to genetic, structural and or hormonal factors [1]. PFD
symptoms include vaginal, bowel, lower urinary tract, and sexual impairments such as
urinary and anal incontinence, overactive bladder, pelvic organ prolapse, and sexual
discomfort. PFD symptoms are widespread and are known to affect millions of women
worldwide. Almost a quarter of women in the United States suffer from at least one
pelvic floor disorder whether urinary incontinence, fecal incontinence, or pelvic organ
prolapse [2]. It remains difficult, however, to determine the true prevalence of PFD because
many women who suffer from FFD symptoms choose not to seek medical assistance and
some are even reluctant to discuss PFD symptoms with their caregivers. The prevalence
of PFD increases with older age and elevated body mass index [3,4]. Other than age and
obesity, risk factors for PFD include smoking, mode of delivery, familial predisposition,
race, and connective tissue disorders [5]. It has been shown that familial cases tend to
portray more than one pelvic floor defect suggesting that underlying genetic factors may
enhance PFD morbidity [6]. PFD negatively affects the social and physical functions of
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women, restricts their daily activities, impairs sexual function, and ultimately reduces their
overall quality of life (QoL) [7]. The widespread prevalence of PFD symptoms, although
far from being life threatening, results in lost productivity and a considerable economic
burden on healthcare resources.

Women experience an increase in urinary incontinence, pelvic floor organ prolapse,
sexual handicaps, and colorectal symptoms during pregnancy [8,9]. Involuntary loss of
urine upon sneezing or coughing in pregnant women is detrimental to the quality of life.
The quality of life of women with PFD symptoms is expected to decrease with increasing
gestational age.

The use of validated QoL questionnaires rather than clinical interviews is effective and
useful for the assessment of PFD symptoms as regards to their presence, severity, and their
impact on patients’ quality of life, bringing to light conditions that may otherwise remain
unrevealed [10]. The German “Pelvic Floor Questionnaire for pregnant and postpartum
women” (PFQPP) is a self-completed questionnaire that was recently constructed to cover
all four essential domains of pelvic floor function (bladder, bowel, prolapse, and sexual
function) and to assess PFD symptoms’ severity, their prevalence, and their impact on
quality of life [11]. The questionnaire, which differentiates between women who report
bothersome symptoms and those who do not, is a reliable and valid tool that incorporates
42 recognized items, and its original German version can be downloaded using the link in
the Supplementary Material section [11]. The questionnaire integrates five ascertained risk
factors: age over 35 years, familial predisposition, body mass index > 25 kg/m?, cigarette
smoking, and a subjective inability to voluntarily contract the pelvic floor muscles [11,12].

The PFQPP translated into and validated in the Italian language [13] was recently
submitted to 1048 pregnant women predominantly in the 3rd trimester (n = 927) recruited
at eight hospitals in Italy. Almost half of the pregnant women suffered from PFD symptoms,
one-third abstained from sexual activity, and half of them suffered from dyspareunia [14].

Pelvic floor distress symptoms have been adequately investigated in the third trimester
of pregnancy whereas their presence in early pregnancy has been rather overlooked. We
hypothesized that pelvic distress remains underreported in early and mid-pregnancy
until symptoms worsen in the third trimester. Our objective was to delineate variances
in PFD symptomatology between the three trimesters of pregnancy. We thus compared
the prevalence and severity of PFD symptoms in a subset of women who anonymously
completed the Italian PFQPP at different stages of pregnancy.

2. Materials and Methods

This study relays a secondary analysis from a cross-sectional study that was originally
conducted in eight hospitals in Italy and Italian-speaking Switzerland [8].

The research protocol was approved by the local Institutional Review Board (n.
3116/2019) before the study began. Two tertiary medical centers namely, Santi Paolo
e Carlo, San Paolo Hospital, Milan, Italy, and San Gerardo Hospital, Monza, Italy, who
recruited women in all three trimesters, undertook this analysis. The PFQPP (validated
in the Italian language), completed by 306 pregnant women, was used to evaluate and
compare pelvic floor distress symptoms at different stages of pregnancy. The investigators
distributed and collected the surveys from August 2020 to January 2021. Routine statistical
methods were used to interpret the results.

Women with singleton pregnancies, 18 years and older, fluent in the Italian language,
and recruited at antenatal outpatient clinics during routine pregnancy visits were asked
to anonymously complete the Italian PFQPP. The exclusion criteria included: insufficient
Italian language proficiency, diabetes mellitus, neurological disorders, and any other sub-
stantial co-morbidity. The women were subdivided between the pregnancy trimesters.
Prevalence, severity, and risk factors were evaluated using the PFQPP.
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2.1. The Pelvic Floor Questionnaire for Pregnancy and Postpartum—PFQPP

The Italian Pelvic Floor Questionnaire for Pregnancy and Postpartum embraces four
domains of pelvic floor function (bladder, bowel, prolapse, and sexual function). The
PFQPP weighs PFD symptoms’ severity and their impact on quality of life during pregnancy
and postpartum. The patients were asked to consider how much their bowel, bladder,
prolapse, and sexual issues bothered them. Responses that range from “not at all”; “a little”;
“quite a lot”; and “very much” were deemed applicable. “I don’t have any symptom” was
deemed not applicable. The total score in each domain defined the severity of PFD. The
prevalence was calculated by the presence of bothersome symptoms when at least one
point was granted.

The following items in the PFQPP were selected to assess the prevalence of specific
PFD symptoms: Bladder question 5 was used to assess the prevalence of urge urinary
incontinence re: “Do you leak urine before reaching the toilet when you have the desire to
urinate?”. Bladder question 6 was used to assess the prevalence of stress incontinence re:
“Do you leak urine when you laugh, sneeze, cough, or engage in sports?”. Bladder question
9 was used to assess the prevalence of incomplete bladder voiding re: “Do you feel like your
bladder hasn’t completely emptied?”. Bowel question 4 was used to assess the prevalence
of constipation re: “Do you experience constipation?”. Bowel question 8 was used to assess
the prevalence of fecal incontinence re: “Do you have trouble maintaining stools or do you
experience fecal leaks?”. Prolapse question 1 was used to assess the prevalence of prolapse
symptoms re: “Do you experience a bulging sensation in the vagina?”. Sexual question 5
was used to assess the prevalence of dyspareunia: “Do you feel pain during intercourse?”.
The magnitude of related symptoms was scored on a 5-point Likert Scale with the following
choice of answers: “0 = not applicable—I do not have symptoms”, “1—not at all”; “2—a
little”; “3—quite a lot” and “4—very much”.

The relationship between PFD symptoms and known risk factors including age over
35 years, familial predisposition (a family member with PFD symptoms), body mass
index > 25 kg/m?, cigarette smoking, and a subjective inability to voluntarily contract the
pelvic floor muscles was examined. Pelvic floor contraction (PFC) inability outlines the
“subjective ability to voluntarily contract the pelvic floor muscles”. The question posed
by the PFQPP “Are you capable to contract the muscles in the pelvic floor?” was used to
assess PFC inability and the answers proposed are “yes”, “I do not know” and “no” [10].
The answer “no” designates pelvic floor contraction (PFC) inability.

2.2. Statistical Analysis

Categorical variables were summarized as frequency and percentage. Normally
distributed continuous variables were reported as mean and standard deviation (SD) while
skewed variables were reported as median and interquartile range. The Chi-square test
and Fisher’s exact tests were applied to compare categorical variables between the three
trimesters of pregnancy, while ANOVA and Kruskal Wallis tests were used to compare
continuous variables between the three trimesters. All statistical tests were two-sided and
a p-value of less than 0.05 was considered statistically significant. The Statistical Package
for the Social Sciences (IBM SPSS software for windows), version 28, IBM Corporation,
Armonk, New York, NY, USA, 2021) was used for all statistical analyses.

3. Results

The study cohort included 306 women. Thirty-six (11.8%) women were in the 1st
trimester of pregnancy, 83 (27.1%) were in 2nd trimester, and one hundred and eighty-
seven (61.1%) were in the 3rd trimester of pregnancy. The mean age at recruitment was
32.6 £ 4.6 years. The groups were comparable in age at recruitment and did not differ as
regards to age, pregestational weight, and cigarette smoking (Table 1).
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Table 1. General characteristics and risk factors in pregnancy trimesters. PFC = pelvic floor contrac-
tion; PFDs = pelvic floor dysfunction symptoms.

. . All Patients 1st Trimester 2nd Trimester 3rd Trimester
Characteristics and Risk Factors =306 n=136 "= 83 n =187 p
Maternal Age 32.6 (£4.6) 33.4 (+4) 32.8 (£4.7) 32.4 (+4.8) 0.481
Gestational Age 30.5 (£20) 10.25 (£1.7) 19.9 (+£4.4) 34.8 (+3.6) <0.001 P
Pregestational weight (kg) 62 (+12.4) 61.1 (£11) 61.8 (+12) 62.8 (£12) 0.607
Current weight (kg) 70 (+12.8) 62.2 (+11) 67.1 (+12) 72.7 (+12) <0.0102
Age >35 75 (25.9%) 11 (31.4%) 19 (25%) 45 (25.1%) 0.725
Familiarity with PFDs (1 = 304) 34 (11.2%) 3 (8.6%) 14 (16.9%) 17 (9.1%) 0.156
Smoking (1 = 306) 14 (4.6%) 2 (5.6%) 1(1.2%) 11 (5.9%) 0.206
Pelvic floor contraction inability 15 (4.9%) 2 (5.6%) 5 (6.1%) 8 (4.3%) 0.671

(n = 304)

Age at interview was not provided by 16 participants. * Denotes a significant difference between all three
trimesters. P Denotes a significant difference between the 3rd trimester and either the 2nd or 1st trimester, with no
significant difference calculated between the 1st and 2nd trimesters.

All women who gave consent to participate in the study completed at least part of the
questionnaire (none were left blank) and the rate of missing items was 1%. Bladder, bowel,
and sexual symptoms were frequent (reported by 34%, 36.3%, and 36.4% of participants,
respectively) whereas prolapse symptoms were reported by only 10.8% of participants
(Table 2).

Table 2. Prevalence of PFD symptoms in the three pregnancy trimesters.

PFD Symptoms All Ty 2nd 3rd
(1 = 306) Trimesters rimester Trimester Trimester p
(n=36) (n=83) (n=187)

No symptoms 120 (39.2%) 19 (52.7%) 35 (42.1%) 66 (35.3%) 0.117
Vesical Dysfunction 104 (34%) 9 (25%) 24 (28.9%) 71 (38%) 0.716
Bowel Dysfunction 112 (36.3%) 11 (30.6%) 30 (36.1%) 71 (38%) 0.691

Pelvic Support Dysfunction 33 (10.8%) 2 (5.6%) 6 (7.2%) 25 (13.4%) 0.182
Sexual Dysfunction 65 (21.2%) 6 (16.7%) 16 (19.3%) 43 (23%) 0.611
Sexual Inactivity 55 (18.4%) 3 (8.3%) 15 (18.5%) 37 (20%) 0.352

3.1. Sexual Domain

Fifty-five women (55/306; 18.0%) reported absent sexual activity. Motives for sexual
inactivity were a lack of a partner (21/55; 38.2%); partner-related inactivity (health-related,
lack of desire, or fear of harming pregnancy) (22/55; 40%); a lack of sexual desire (9/55;
16.4%); and unpleasant or painful intercourse (3/55; 5.4%). These were equally distributed
between the trimesters (p = 0.302). Of the remaining women, 65 (65/251; 25.9%) reported
sexual dysfunction defined by answers “2—a little,” “3—quite a lot,” and “4—very much”
to the question “How much do your sexual symptoms bother you?”. Sexual dysfunction
was equally distributed in the 1st, 2nd, and 3rd trimesters of pregnancy (p = 0.611). The
total sexual domain scores were 1.04, 1.25, and 1.25 in the 1st, 2nd, and 3rd trimesters,
respectively (p = 0.382).

3.2. Bladder Domain

A total of 104/306 (34%) participants reported bladder dysfunction with overall
rates equally distributed in the 1st, 2nd, and 3rd trimesters of pregnancy (p = 0.168).
Symptoms related to urinary distress were more intense in the 3rd trimester of pregnancy
compared to the 1st and 2nd trimesters of pregnancy. As seen in Table 3, total bother scores
distinguished a significant difference between the 3rd trimester [1.46 (1.04-2.3)] and the 2nd
[1.25 (0.62-1.87)] and 1st trimester [1.15 (0.67-1.82)] with no significant difference between
the 1st and 2nd trimesters, (p = 0.004).
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Table 3. Bother scores calculated for each trimester separately.

Bother Scores 1st Trimester 2nd Trimester 3rd Trimester p

Urinary domain score 1.15 (0.67-1.82) 1.25 (0.62-1.87) 1.46 (1.04-2.3) 0.004 b
Intestinal domain score 1.61 (0.64-2.5) 1.29 (0.97-2.25) 1.61 (0.97-2.25) 0.709

Pelvic domain score 0.24 (0-0.8) 0.38 (0-0.94) 0.65 (0-1.29) 0.012"
Sexual domain score 1.04 (0.41-2.08) 1.25 (0.41-2.08) 1.25 (0.42-2.5) 0.382
TOTAL score 3.99 (2.87-5.44) 4.41 (3.14-5.98) 5.31 (3.62-7.12) 0.005b

b Denotes a significant difference between the scores calculated for the 3rd trimester and either the 2nd or 1st
trimester, with no significant difference calculated between the 1st and 2nd trimesters.

Significantly higher rates of nocturia, the need for pads due to incontinence, and a false
sensation of UTI (presented by answers to bladder question 2, question 11, and question 14,
respectively) were recorded in the 3rd trimester compared to the 1st and 2nd trimesters
(Table 4).

Table 4. Specific items in the questionnaire that were significant between the trimesters.

s e 1st 2nd 3rd
Significant PFQPP Items Trimester Trimester Trimester p
V2 Presence of nocturia 16 (44.4%) 36 (43.9%) 119 (63.6%) 0.004 b
V11 Use of pads due to b
. 5 (13.9%) 13 (15.7%) 53 (28.3%) 0.028
urinary leakage

V14 False sensation of UTI 3 (8.3%) 14 (17.1%) 48 (25.7%) 0.037 ¢
P2 Sensing prolapse of 2 (5.6%) 11 (13.3%) 40 (21.5%) 0.035 ¢
uterus or vagina at rest

P3 Sensing prolapse during 2 (5.6%) 15 (18.1%) 49 (26.3%) 0.014 ¢

physical effort.

b Denotes a significant difference between the 3rd trimester and either the 2nd and 1st trimester, with no significant
difference calculated between the 1st and 2nd trimesters. © Denotes a significant difference only between the 3rd
trimester and 1st trimester.

3.3. Bowel Domain

A total of 112/306 (36.3%) participants reported intestinal dysfunction with overall
rates equally distributed in the 1st, 2nd, and 3rd trimesters of pregnancy (p = 0.691).
Bother scores calculated for 1st [1.61 (0.64-2.5)], 2nd [1.29 (0.97-2.25)], and 3rd trimesters
[1.61 (0.97-2.25)] were compared, with no significant differences observed between the
three trimesters (p = 0.709).

3.4. Prolapse Domain

Thirty-three women (33/306; 10.8%) reported prolapse symptoms with overall rates
equally distributed in the 1st, 2nd, and 3rd trimesters of pregnancy. However, when the
bother scores were computed, a significant difference between the scores calculated for
the 3rd trimester [0.65 (0-1.29)] and those calculated for the 2nd [0.38 (0-0.94)] and 1st
trimesters [0.24 (0-0.8) was noted (p = 0.012) with no significant difference between the 1st
and 2nd trimesters. A significantly higher rate of bulging symptoms either at rest or during
effort (presented by answers to prolapse question 2 and prolapse question 3, respectively)
was recorded in the 3rd trimester compared to the 1st and 2nd trimesters of pregnancy
(Table 4).

3.5. Pelvic Floor Total Burden

There were no significant differences in prevalence between the groups when the do-
main items were counted in total. When the bother scores of all four domains were summed,
a significant difference between the scores calculated for the 3rd trimester [5.31 (3.62-7.12)]
and those calculated for the 2nd [4.41 (3.14-5.98)] and 1st trimester [3.99 (2.87-5.44)]
was noted (p = 0.005), with no significant difference between the 1st and 2nd trimesters
of pregnancy.
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3.6. Risk Factors

Five related risk factors were explored: age over 35 years, familial predisposition,
body mass index > 25 kg/m?, cigarette smoking, and a subjective inability to voluntarily
contract the pelvic floor muscles. Overall, 69.6% of the participants demonstrated either
one (48.4%), two (17.3%), or three (3.9%) risk factors that were equally distributed among
the groups.

4. Discussion

Pelvic floor distress symptoms have been sufficiently studied in the third trimester
of pregnancy whereas their presence in early pregnancy has been sparsely investigated.
To the best of our knowledge, this is the first study that investigates the frequency and
assortment of pelvic floor dysfunction complaints throughout pregnancy and examines the
degree of bother they cause using a valid questionnaire for pregnant women. To define
the prevalence and severity of PFD symptoms all along, rather than in the 3rd trimester of
pregnancy, we employed a self-completed, validated, and reliable tool created to assess all
four domains of pelvic floor function (bladder, bowel, prolapse, and sexual function) [13].
Pelvic floor outcomes, including stress incontinence, anal incontinence, prolapse, and
sexual dysfunction were measured at different stages of pregnancy using the PFQPP. We
found that 60.8% of the study cohort endured at least one PFD symptom during pregnancy
and that specific PFD symptoms intensified in the third trimester of pregnancy.

Previous studies have underlined that sexual dysfunction is extremely common in
the third trimester of pregnancy, with it overwhelmingly impacting women’s quality of
life [14,15]. Several studies report a significant decline in sexual desire and sexual activity
during the third trimester of pregnancy [14-17]. Sexual dysfunction, in the 3rd trimester,
is mediated by a lack of adequate information about sex in pregnancy and the worry that
intercourse may harm the pregnancy by inducing preterm labor or premature rupture of
membranes. A recent survey using the Italian PFQPP revealed that in the third trimester
of pregnancy, one-third of women abstained from sexual activity and half of them had
dyspareunia [14]. The decline in sexual activity is also due to a lack of sexual desire [14].
Sexual dysfunction can lead to depression, anxiety, hypervigilance to pain, negative body
image, and low self-esteem and is strongly correlated with urinary incontinence [18]. Our
study discloses that sexual inactivity and/or dysfunction, reported by as many as 39.2% of
participants, were equally dispersed in the first, second, and third trimesters of pregnancy
and did not intensify in the third trimester denoting that sexual dysfunction is promoted
by the pregnancy condition itself.

A trend towards Increased rates (5.6%, 7.2%, and 13.4% in the 1st, 2nd, and 3rd
trimesters, respectively) of prolapse symptoms did not reach significance probably due to
the small number of women experiencing prolapse symptoms (1 = 33; 10.8%). However,
when the bother scores were computed, a significant difference between the scores calcu-
lated for the 3rd trimester and those calculated in the 1st and 2nd trimesters was obtained
denoting that bulging symptoms were more disturbing in the 3rd trimester of pregnancy
(Table 4). Urinary complaints reported by as many as 34% of participants showed signifi-
cantly higher rates for nocturia and the need to use pads in the 3rd trimester compared to
the 1st and 2nd trimesters which is in line with previous observations that hold that the
bother instigated by urinary tract symptoms is most frequent in the 3rd trimester [19]. The
rate and magnitude of bowel complaints, reported by 36.3% of participants, were similar in
the three groups.

Well-established risk factors for PFD, although expected to be more salient among
women experiencing PFD symptoms in early pregnancy, were found to be equally dis-
tributed within the three groups (Table 1). Smokers were scarce in the cohort as a whole
(n=11;4.6%).

Pelvic floor rehabilitation for pregnant women, displaying PFD symptoms, is hindered
by underdiagnosis, embarrassment, fear of stigma, high costs, long waiting periods, or
restricted access to medical services. PFD symptoms even though over-expressed during
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pregnancy remain at large underdiagnosed and undertreated. Pregnant women tend to
regard PFD symptoms as a common and transient discomfort associated with pregnancy
and do not consider themselves liable to still suffer from PFD symptoms later in life and
generally do not seek medical attention. Urinary incontinence and the sensation of pelvic
organs bulging through the vagina impede daily functions and depress self-image. These
distressing symptoms certainly merit medical attention, sound counselling, and prompt
management. A care plan for PFD prevention or treatment during pregnancy is lacking
and the need to increase women’s knowledge of PFD and motivate them to engage in
PFD prevention is delayed by time constraints during prenatal visits. Women should
be intentionally informed and counseled about PFD symptoms so that those who are
overweight, smokers, or unable to actively contract their pelvic floor muscles can receive
targeted counseling about their increased risk and take preventive action [20].

Intervention strategies that can reduce and lessen PFD symptoms include weight
reduction, participation in sports, and pelvic floor muscle training (PFMT) [21]. PEMT
is a conservative intervention that can improve bladder, bowel, prolapse, and sexual
function. PEMT proven effective to treat stress and urge incontinence [21,22] and employed
before or as of early pregnancy is expected to prevent or alleviate PFD symptoms. It has
been reported that PFMT improves sexual function in postmenopausal women and when
introduced postnatally [23,24]. However, studies describing the effect of PEMT on sexual
function and other PFD symptoms during pregnancy are lacking. Obviously, such studies
are difficult to achieve since most PFD symptoms are rather mild and remain underreported
in early pregnancy. Pelvic floor muscle training which is devoid of serious adverse effects
and has been recommended as a first-line treatment in the general population may prove
essential to pregnant women.

Lately, eHealth (digital health) intervention programs have been mounted to pro-
vide information about pelvic floor ailments and management. A thorough meta-analysis
conducted by Xu et al. [25] shows that eHealth intervention is useful in recovering PFD
symptoms, especially as regards to outcomes such as stress and urinary incontinence,
quality of life, pelvic floor muscle strength, and sexual function. Due to their anonymity,
flexibility, and accessibility, eHealth interventions can reduce women'’s sense of embarrass-
ment, reduce cost and time, and simplify access to healthcare services. eHealth intervention
programs should be made accessible to women during pregnancy and after birth. Treatment
of PDF following delivery remains the principle considering that two-thirds of women are
still bothered by PFD symptoms one year after delivery [26]. PFD symptoms which are not
considered life-threatening overwhelmingly disturb women’s life and are associated with
decreased body image and postpartum depression [27-30].

Our results show that marginal PFD symptoms emerge early in pregnancy and in-
tensify throughout pregnancy. It remains mandatory to screen pregnant women early in
pregnancy and to offer them sound counseling and treatment.

Strengths and Limitations

Anonymous questionnaires, especially in sensitive areas such as sexual incompetence,
are more likely to uncover symptoms that might otherwise remain hidden. Anonymity,
however, hampers the assessment of potential influencers and confounders not investigated
by the questionnaire itself. We acknowledge the need for a longitudinal study that queries
and assesses responses from the same participant at different stages of pregnancy. This
again may be hindered by anonymity. The PFQPP has been fundamental in the early
diagnosis of PFDs in pregnancy, and, to the best of our knowledge, this is the first study to
examine differences between trimesters using a valid pregnancy-targeted questionnaire.

5. Conclusions

Sixty percent of the participants suffered from at least one pelvic floor disorder. Our
study shows that bladder and prolapse symptoms are frequent throughout pregnancy but
significantly intensify in the 3rd trimester. Sexual dysfunction remains equally distressing
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throughout pregnancy, thereby mearing quality of life and self-esteem. Bowel dysfunction is
less prevalent compared to other PDF symptoms and the recorded trend towards increased
severity during pregnancy that did not reach significance merit further investigation.
The preponderance of PDF symptoms, although subtle in early pregnancy, requires that
pregnant women be aware of such symptoms early. Healthcare professionals need to adopt
a proactive approach and motivate pregnant women to indulge in PEMT. PEQPP emerges
as a precious, easy use, risk estimate tool that awards early detection of PDE.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/healthcare11081096/s1, The original German version of the
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Abstract: Objectives: To evaluate the electromyographic (EMG) activity of the pelvic floor mus-
culature (PFM) that takes place when performing the functional movement screen (FMS) exercise,
comparing it with the activation in the maximum voluntary contraction of PFM in the supine posi-
tion (MVC-SP) and standing (MVC-ST). Material and Methods: A descriptive, observational study
conducted in two phases. In the first study phase, the baseline EMG activity of PFM was measured
in the supine position and standing during MVC-SP and MVC-ST and during the execution of the
seven exercises that make up the FMS. In the second phase of the study, the baseline EMG activity of
PFM was measured in the supine position and standing during MVC-SP and MVC-ST and during
the FMS exercise that produced the most EMG in the pilot phase: trunk stability push-up (PU).
ANOVA, Friedman’s and Pearson’s tests were used. Results: All FMS exercises performed in the
pilot phase showed a value below 100% maximum voluntary contraction (MVC) except PU, which
presented an average value of 101.3 puv (SD = 54.5): 112% MVC (SD = 37.6). In the second phase of
the study, it was observed that there were no significant differences (p = 0.087) between the three
exercises performed: MVC-SP, MVC-ST and PU (39.2 uv (SD = 10.4), 37.5 pv (SD = 10.4) and 40.7 pv
(SD = 10.2), respectively). Conclusions: There is no evidence of the existence of significant differences
in EMG activation in PFM among the three exercises analysed: MVC-SP, MVC-ST and PU. The results
show better EMG values in the functional exercise of PU.

Keywords: pelvic floor; functional exercise; Kegel exercise; electromyography; women; push-up

1. Introduction

Urinary incontinence is very common in women of all ages; its prevalence in Europe
and America varies between 5% and 42% [1,2]. Currently, the non-pharmacological and
non-surgical treatment of urinary incontinence includes PFM training as first-line therapy
(recommendation level A) [3,4], demonstrating its short-term efficacy [5-10]. However,
the long-term efficacy of these exercises largely depends on adherence to the treatment [2].
Different systems have been used, such as electromyographic biofeedback [11,12] and
mobile applications, with the aim of improving this aspect, showing a good but insufficient
potential result [13]. Thus, it is still necessary to propose new therapeutic strategies that
improve treatment adherence.

Nowadays, due to changes in lifestyle, so-called functional exercise or training is
gaining special relevance due to its numerous benefits, and it has attracted a considerable
part of the population to practice this type of training [14-16] in sports centres, which
includes deep squats and trunk stability push-ups, among many others. These exercises
are gathered in the FMS, which is a popular set of tests that evaluate the functionality
and quality of movement; it consists of seven basic mobility tests that require a balance
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between mobility and stability (including motor control) [17]. Its inter- and intra-observer
reliability has been demonstrated, and it is used to explore the functional asymmetries of
the locomotor system and stability deficits [18-20]. In some cases, FMS exercises have been
combined with diagnostic techniques, such as EMG, to identify the degree of activation of
a specific muscle group during the execution of a certain movement [21].

The pelvic floor in women may be the only area of the body where the positive effect
of physical activity and exercise has been questioned: exercising women have three times
the risk of experiencing urinary incontinence [22,23]. In a recent review [24], Bg brought
to light the existing controversy, describing two opposing and possible hypotheses on
the effect of physical activity on the pelvic floor: (a) general exercise training strengthens
the pelvic floor: exercise could lead to a co-contraction of the PFM, creating an indirect
training effect, and (b) general exercise training overloads, stretches and weakens the pelvic
floor: physical activity increases intra-abdominal pressure (IAP) and the PFM is not able to
activate and co-contract quickly or strongly enough to counteract this increased pressure.

Regarding Theory (b), two exercise modalities may increase IAP to a greater extent than
others and, thus, possibly affect the pelvic floor and contribute to the incidence, progression
or recurrence of pelvic floor disorders [25]: strength training and high-impact activities.

It is important to consider FMS exercise as a strength exercise; understanding whether
FMS exercise might predispose to, or prevent, dysfunction of the pelvic floor and, thus,
these conditions is important. The aim of this exploratory study is to evaluate, through
EMG, the degree of activation of PFM that takes place when performing the PU exercise
included in FMS in nulliparous and continent women, comparing it with the activation
that occurs in MVC-SP and MVC-ST.

2. Material and Methods
2.1. Study Design

The design of this study corresponds to an observational approach with a descrip-
tive aim and a prospective, cross-sectional, temporal sequence performed in two phases:
the pilot phase and the execution phase. The study was approved by the Andalusian
Biomedical Research Ethics Portal (Ref: 1103-N-20), and the data were gathered in the
Faculty of Health Sciences of the University of Malaga (Spain) between October 2021 and
December 2021, following the principles of the Declaration of Helsinki and the rules of
good clinical practice.

2.2. Participants and Inclusion Criteria

The participants were recruited by opportunistic sampling among the postgraduate
physiotherapy students of the University of Médlaga (Spain); 37 women, who represented
34.9% of the selected population, volunteered to participate in the study without receiving
any economic or academic compensation. The candidates were supplied with a compre-
hensive description of the aim and methods of each type of study.

The inclusion criteria were: women aged between 18 and 40 years, nulliparous, conti-
nent (0 points in the ICIQ-SF), with a body mass index (BMI) between 18 and 30 kg/m?,
medically healthy, capable of performing the exercises included in the FMS and a good
understanding of the Spanish language. The exclusion criteria were: pain, PFM strength
below 3 according to the Modified Oxford Scale, a history of urogynecological or lum-
bopelvic surgery and/or pelvic floor or lumbopelvic dysfunctions, acute urinary or vaginal
infection, pregnancy, menopause and neurological alterations.

After obtaining their informed consent, a personal history was taken from each par-
ticipant. Six women were excluded (2 participants for presenting pain during the vaginal
exploration, 2 for having a score above 0 in ICIQ-SF, 1 for the muscular balance of PFM < 3
according to the Modified Oxford Scale, and 1 for acute vaginal infection). Lastly, 31 women
who met the inclusion criteria participated in the study: 6 of them in the first phase of the
pilot study and 25 in the second phase of the definitive intervention (Figure 1).
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Invited to the
study (n =37)

Met the inclusion Excluded n=6:
criteria (n =31) - 2 for pain

- 2 for score of ICIQ-SF>0
- 1 for Oxford<3
15t phase: Pilot

S T intection

25t phase: study
(n=25)

Figure 1. Flowchart of the participants of the study.

2.3. Study Variables

The demographic data included age, height, weight, level of physical activity, use of
contraceptives and smoking. To evaluate PEM strength and the level of physical activity,
the Oxford Modified Scale and the International Physical Activity Questionnaire (IPAQ)
(short version) [26] were used, respectively.

In the first (pilot) phase of the study, 6 women had their PFM baseline EMG activity
measured in the supine position (BASP) and standing (BAST), during MVC-SP and MVC-
ST, as well as during the execution of the 7 exercises that make up the FMS: overhead squat,
hurdle step, in-line lunge, shoulder mobility, rotatory stability, active straight leg raise and
trunk stability push-up.

In the second phase of the study, the remaining 25 women had their PFM baseline
EMG activity measured in the supine position (BASP) and standing (BAST) during MVC-SP
and MVC-ST and during the execution of the FMS exercise that produced the most EMG
activity in the pilot phase: trunk stability push-up (PU).

The EMG measurements were carried out using an intravaginal Periform® probe (Neen
Performance Health International Ltd., Sutton-in-Ashfield, UK), and the EMG signals were
gathered through wireless PODs connected to the intravaginal probe, which allowed the
transmission and visualisation of the data instantaneously at the central unit (PHENTX®
Liberty, VIVALTIS, Montpellier, France).

Surface EMG (sEMG) amplitude data are strongly influenced by detection conditions.
One solution for this problem is the normalisation of the sEMG signal to a reference
value. The most common method is referred to as MVC-normalisation, referring to a
maximum voluntary contraction performed both in the supine position (MVC-SP) and
standing (MVC-ST). The sEMG level is then expressed as % MVC [27]. The mean of the
peak values obtained in each repetition of FMS, divided by the reference value of MVC-SP
and MVC-ST, determines the PFM activation level during the exercise (% MVC-SP and
% MVC-5T, respectively).

2.4. Study Protocol

All measurements were performed to create only one set of data by two physiothera-
pists specialised in urogynecology. The participants did not perform any intense physical
exercise within 24 h before the recordings in order to prevent possible alterations in the
execution of the exercises, conducting the test in the first morning hours to minimise the
potential impact of fatigue on the results.
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Prior to the recording of the measurements through EMG, the participants were
asked to empty their bladders and were briefed on how to contract their PFM correctly,
controlling the parasite contraction of the neighbouring muscles (adductors, glutei and
superficial abdominal wall) and/or the reversal of the perineal order through vaginal
bidigital palpations in the supine position in triple flexion, using nitrile gloves with a
small amount of water-based hypoallergenic lubricant. The briefing they received for the
contraction of PFM was “squeeze and lift my fingers as strongly as you can”, and they did
not receive any feedback about the test. Once the correct contraction was ensured, they
were asked to perform an MVC, and PFM strength was classified according to the Oxford
Modified Scale [21].

Subsequently, the superficial EMG of PFM was measured, placing the intravaginal
probe with water-based hypoallergenic lubricant and verifying its correct position to
prevent EMG signal noise [25].

In the pilot phase of the study, 6 women were randomly selected among the partic-
ipants. Firstly, measurements were recorded in the supine position (with the feet of the
participant leaning on the stretcher): (a) BASP for 30 s, and (b) the EMG activity of MVC-SP
in 3 contractions of 5 s each, leaving 1 min of rest between each repetition. Then, the same
procedure was repeated with the participant standing: (a) BAST of PFM in the orthostatic
position for 30 s, and (b) the EMG activity of MVC-ST in 3 contractions of 5 s each, leaving
1 min of rest between each repetition. Once these values were recorded, the maximum
EMG activity of PFM was measured during the execution of the 7 exercises that make
up the FMS. It is important to mention that the participants were not asked to contract
PEM directly, but to perform the different tests correctly, taking the FMS guidelines as a
reference [26]. A total of three repetitions of each exercise were recorded, followed by 1 min
of rest between each of the exercises included in the FMS.

In the second phase of the study, the rest of the sample (25 women) had their EMG
activity of PFM measured in 3 exercises, executed in a randomised order: MVC-SP, MVC-ST
and the FMS exercise that produced the most EMG activity in the previous pilot phase:
PU. As in the pilot phase, the participants were not directly asked to contract their PFM
but to perform the PU exercise correctly, with the same references and repetitions as in the
previous phase (Figure 2).

Figure 2. EMG activity measured in (a) the supine position (BASP), (b) standing (BAST) and
(c,d) trunk stability push-up (PU).
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2.5. Statistical Analysis

The repeated measures ANOVA test and Friedman'’s test were used to identify dif-
ferences in the measurements of the three exercises. To explore the correlation between
numerical variables, Pearson’s correlation coefficient was used. All the statistical analyses

were carried out using the statistical software Jamovi v1.6 (The Jamovi Project. Sydney,
Australia) [28-30].

3. Results

The demographic data of all participants are shown in Table 1. The average age of
the participants was 26 years (SD = 3.2), the mean BMI was 22.3 kg/m? (SD = 3.3) and the
average muscle balance in the exploration was 4.3 (SD = 0.7).

Table 1. Demographic data of the participants.

Demographic Data (n = 31)

Mean (SD) Range
Age 25.9 (3.0) 23.0-38.0
BMI 22.3(3.1) 18.3-29.7
Muscular balance (Oxford) 4.3(0.7) (3-5)
Hormonal contraceptives o
(yes, no (%)) 2 (6.4%)
Smoking o
(ves, no (%)) 4 (12.9%)
Moderate physical activity level 20 (64.5%)

All the tests and exercises of the FMS performed by the six participants in the pilot
phase showed a value under 100% MVC (both SP and ST) except PU, which obtained a
mean value of 101.3 uv (SD = 54.5), that is, 112% MVC (SD = 37.6); therefore, this exercise
was selected for the next phase of the study.

In the second phase, the remaining 25 women continued with the study protocol,
performing only PU from the FMS. The results are presented in Table 2.

Table 2. Electromyographic values (1V and % MVC) of baseline activity in the supine position (BASP)
and standing (BAST), and maximum voluntary contraction in the supine position (MVC-SP), standing
(MVC-ST) and during the push-up (PU) exercise.

EMG Activity of PFM (uV) (n = 25)

Measures Mean (SD) Range

BASP 4.0(3.2) 1.0-16.0

BAST 6.8 (3.7) 2.0-17.0
MVC-SP 39.2(10.4) 21.7-57.3
MVC-ST 37.5(10.4) 18.0-57.3
PU 40.7 (10.2) 17.3-55.7
PU/MVC-SP Ratio (%) 112 (42.6) 33.8-225
PU/MVC-ST Ratio (%) 118 (45.0) 41.9-236

Abbreviations: baseline activity in the supine position (BASP), baseline activity standing (BAST), maximum
voluntary contraction in the supine position (MVC-SP), maximum voluntary contraction standing (MVC-ST),
push-up (PU), the ratio of push-up/maximum voluntary contraction in the supine position (Ratio PU/MVC-SP)
and the ratio of push-up/maximum voluntary contraction standing (Ratio PU/MVC-ST).
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We used Shapiro-Wilk tests and Q-Q graphs and found no evidence against normality
in any of the main variables: MVC-SP, MVC-ST, PU, PU/MVC-SP and PU/MVC-ST
(p > 0.274 in all cases).

Neither the parametric ANOVA test of repeated measures (p = 0.365) nor Friedman's
non-parametric test (p = 0.087) revealed differences between the three exercises (MVC-SP,
MVC-ST and PU). The data did not deviate from normality.

A 95% confidence interval for PU/MVC-SP and PU/MVC-ST ratios with respect to
MVC were [99-136] and [94-129], respectively.

The PU exercise does not appear to be inferior in terms of MSP activation with respect
to MVC-SP and MVC-ST.

Among the biometric variables, a significant correlation was only found for BMIs with
an MVC-SP/PU ratio of r = 0.473, p = 0.017 and with an MVC-ST/PU ratio of r = 0.426,
p =0.034.

4. Discussion

The present study has analysed and compared the EMG activity of PFM during the
PU exercise of the FMS in 25 nulliparous and continent women with maximum voluntary
contractions of PEM in the supine position and standing (MVC-SP and MVC-ST, respec-
tively). The results show no evidence of significant differences between the three analysed
exercises. Despite the fact that the participants were not asked to voluntarily activate their
PFM during the execution of the PU exercise, the latter presented better EMG values than
MVC-SP and MVC-ST.

With the aim of justifying the influence of exercise on the integrity of the pelvic floor,
two exercise modalities have been reported to increase IAP to a greater extent than others,
and thus they may have a negative effect on the pelvic floor: extenuating strength training
(e.g., weight lifting), and high-impact activities, such as jumping and running [24]. The
habitual practice of the PU exercise, often included in current training and physical activity
programmes (similar to the typical “planking”), is not contemplated within such group;
therefore, its recommendation in healthy women should not be banished.

The PU exercise is defined as an exercise for the training and valuation of lumbopelvic
stability. Thus, it is logical that, during its correct execution, given the direct activation of the
transverse abdominal muscle (whose fibres are directly connected to those of the transverse
perineal muscle) [31], PFM participates by playing one of its main functions: lumbopelvic
stabilisation [32-34]. During its execution, a pattern of global trunk stability is required,
connecting the lower and upper parts of the body, thereby producing an unconscious
and/or reflex co-contraction of the PFM [35], which could explain the EMG activation
achieved. Such a result, in our opinion, creates an indirect training effect that contributes
to reducing the levator ani hiatal area by causing the hypertrophy and shortening of the
surrounding muscles, thus lifting the pelvic floor and the internal organs to a higher
pelvic location. Theoretically, such morphological changes could reduce the risk of urinary
incontinence, faecal incontinence and pelvic organ prolapse [24].

Moreover, the correlation between % MVC in the supine and standing positions
and BMI could be due to the generation of a greater increase of IAP at higher BMI val-
ues, which would be in line with previous studies [36-38]. This increase in IAP would
generate a greater PFM activity, with the aim of maintaining pelvic visceral statics and
guaranteeing continence.

In any case, the IAP generated and managed during the exercise is still a controversial
topic. Different studies clearly show that the maximum values of IAP have a wider range
among women who perform the same standardised activity [39], and the maximum IAPs
vary among studies for the same activity, partly due to the instruments used to measure IAP,
the way in which maximum IAP is created, and the differences between populations [24].
In the same line, an interesting study questioned the idea that “safe” exercises for the
pelvic floor generate lower IAPs than conventional exercises since no differences were
found in the IAP values between the recommended and ill-advised versions of half of the
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exercises [21]. Another study highlights that the activities that are generally restricted after
surgery may generate lower IAP values than non-restricted activities (e.g., the maximum
average IAP was higher when the participant stood up from a chair than climbing stairs,
doing crunches and lifting weights) [25].

However, EMGs do not provide information about the real effect of IAP increase on the
statics and displacement of intra-pelvic structures. In this sense, the possible development
of imaging techniques that allow observing, in real-time, the displacement of the pelvic
organs in situations of IAP increase or muscular activation is in the hands of bioengineering,.

It is fundamental to consider the fact that the EMG values in the three types of
contraction tests were similar in a young sample capable of performing a high activation of
their PFM. The reproduction of this study in a larger and more representative sample, as
well as the comparison of the results with women in whom the pelvic floor function can be
affected by age, high BMI values, vaginal births and the habitual practice of risk exercises
(extenuating strength training, running or jumping), will be an interesting aspect to explore
in future studies [40].

It is widely accepted that the effectiveness of exercises for PFM depends on the
adherence of the patient to them, essentially derived from self-efficacy, finding a positive
correlation between the two factors (effectiveness—self-efficacy) [2,41,42]. In healthy and
nulliparous women, this could be a good strategy to prevent pelvic floor dysfunction
(especially urinary incontinence), encouraging them to practise this type of functional
exercise in sports centres, where there may be greater self-efficacy due to the belief about the
benefits derived from it (general and indirect benefits on the pelvic floor), as well as a better
capacity to execute them and the social support received. This could generate behavioural
changes in the attitude of women, which will make them participate more actively and
with greater commitment in their preventive treatment, minimising the dropout rates in
PFM training derived from the responsibility of performing the Kegel exercises on their
own without receiving any feedback.

In any case, due to the existing knowledge gaps and the lack of further research, it is
not possible to draw solid conclusions about the effect of physical activity on the rate of
pelvic floor dysfunctions, highlighting the need for more high-quality studies that clarify
this aspect [24].

Limitations of the Study

Although EMG is a method that allows us to evaluate muscle activity in an objective
and reliable manner, it is necessary to mention the cross-talk phenomenon. This is defined
as the recorded EMG activity that comes from the neighbouring muscles rather than
exclusively from the study target muscles [43,44], which could alter the final results and
lead to erroneous interpretations. During functional exercises, large muscle groups are
activated, such as the gluteus maximus, and although its influence on the EMG result has
not been demonstrated yet, this factor should be taken into account.

It is also important to consider motion artifacts, which can distort the EMG signal.
This study used a wireless system and a Periform® probe, due to its pear shape and the
longitudinal placement of the metallic plates, with the aim of reducing such phenomenon,
although it is necessary to develop new intravaginal EMG probe designs in order to improve
EMG measurements in research and in clinical practice [25].

Moreover, three repetitions of each exercise were used, which does not guarantee
a good activation of the musculature with the increase in repetitions. That is, further
information is required about the fatigability of PFM, both in a session and in the long term
between sessions.

The data provided by this pilot study “tend” to explain that PU can activate PFM
muscles; however, it is necessary to carry out more robust methodological and statistical
research with larger samples to advance such statements.
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In addition to expanding the sample, it is also necessary to include other symptomatic
and/or older populations in order to continue defining new prevention and treatment
protocols for perineal health and new types of training that increase the adherence of users.

5. Conclusions

In the nulliparous and continent women of our sample, there was no evidence of
significant differences in the EMG activation of PEM between the three exercises analysed:
MVC-SP, MVC-ST and PU. The results show better EMG values in PEM for the functional
exercise of PU. This functional exercise, which is often included in current functional
training programmes, may be, on one hand, training the PFM indirectly and, on the other
hand, promoting behavioural changes in the attitude of women that could encourage them
to participate more actively and with greater commitment in their preventive treatment,
thus minimising the dropout rates that occur with classic PEM training.
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Abstract: Urinary tract infections (UTIs) represent one of the most frequent low genital tract diseases
in the female population. When UTIs occur with a frequency of at least three times per year or two
times in the last six month, we speak of recurrent UTI (rUTI) and up to 70% of women will have
rUTI within 1 year. It was previously thought that antibiotic resistance was principally responsible
for the recurrence of UTIs, but nowadays new diagnostic technologies have shown the role of
microbiota in the pathophysiology of these diseases. Much research has been conducted on the role
of gut microbiome in the development of rUTI, while little is known yet about vaginal and urinary
microbiome and the possible immunological and microscopical mechanisms through which they
trigger symptoms. New discoveries and clinical perspectives are arising, and they all agree that
a personalized, multi-modal approach, treating vaginal and urinary dysbiosis, may reduce rUTIs
more successfully.

Keywords: recurrent urinary tract infection; vaginal microbiota; urinary microbiota; dysbiosis

1. Introduction

A total of 1.5 million people suffers from urinary tract infections (UTIs) every year,
making it one of the most prevalent health problems [1]. Women experience UTIs eight
times more often than men [2], and 50-60% of adult women will have at least one UTI in
their lifetime, affecting their quality of life and psychological wellbeing [34].

Anatomical characteristics, sexual behaviour, urogenital aging, pelvic organ prolapse,
urethral diverticula, vescico-vaginal fistula, urinary incontinence, menopause, and preg-
nancy all represent possible risk factors for women [5].

In clinical practice it may be useful to distinguish between uncomplicated and compli-
cated UTIs. Complicated UTIs are caused by urological anomalies, including indwelling
catheters, renal insufficiency, neurogenic bladder, pregnancy, previous urological surgery,
and conditions causing an immunocompromised state [6], and these may also progress to
sepsis and other systemic illnesses, which mostly impact the kidneys [6].

Recurrent UTIs (rUTIs) are characterised as complicated and/or uncomplicated UTIs
that happen at least three times yearly or twice over six months [7,8], differently from
persistent infections in which the pathogen is not eradicated but instead persists in some of
the infected people’s cells [9]. Recurrent UTIs are common; after getting one, 24% of women
will get another within 6 months, and up to 70% will get another within a year [10,11].
Six or more episodes of rUTIs occur in at least 35 million women worldwide each year (1%
of all women) [10-12].
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The pathophysiology of rUTIs is not well understood. However, in the 80s, it was
already clear that recurrence of UTIs was closely linked to antibiotic resistance [13-15].
The increased use of antibiotics globally, along with prophylactic therapy, contributed to
the development of multiresistant bacteria, such as extended-spectrum beta-lactamase-
producing bacteria, carbapenemase-resistant organisms, and pan-resistant bacteria [16,17].

Furthermore, the myth that urine is sterile has been dispelled only in recent years by
developments in technology and molecular biology, concomitantly with the discovery of the
role of microbiota of the bladder, vagina, and gut in the pathophysiology of rUTIs [18-20].
While little is known about the vaginal and urinary microbiomes, a great deal of study has
been done on the function of the gut microbiome in the development of rUTIs [21].

The purpose of this review is to highlight potential mechanisms by which the vaginal
and urinary microbiomes, as well as the potential role of the urothelial immunological
microenvironment, contribute to rUTIs onset in women of different ages (Figure 1).

/
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Figure 1. Abstract figure. The interplay between the gut, vaginal, and urinary microbiome in the
onset of rUTIs during woman different ages. Figure created with BioRender.com (accessed on
29 January 2023).

2. Materials and Methods

The most significant medical databases, including PubMed, Cochrane Database of
Systematic Reviews, EMBASE, and Web of Science, were consulted, according to a com-
bination of the following keywords: “recurrent urinary tract infection, recurrent cystitis,
vaginal microbiome, vaginal microbiota, urinary microbiota, urinary microbiome, uro-
biome, dysbiosis, urinary bladder disease”, including pluralization and English spelling
variations and suffixes/prefixes. From 2000 until 11 November 2022, we collected all
publications, including case studies, literature reviews, and prospective or retrospective
trials. Two authors (MD and ALS) independently evaluated the references to incorporate
the literature data into the review. Preferred reporting items for systematic reviews and
meta-analyses (PRISMA) method was applied to conduct a systematic search (Figure 2).

In the first step, the authors considered the title of the paper, then the abstract, and fi-
nally the manuscript. Consequently, the data obtained was collected. Studies were con-
sidered qualified if they met the following criteria: (I) the involvement of the vaginal
microbiota and microbiome in the onset of rUTIs in female population, (II) the role of
the urinary microbiota and microbiome in rUTIs in women, (III) dysbiosis as a cause of
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recurrent cystitis, and (IV) novel therapeutics approaches in the field of study. Instead,
the following were considered exclusion criteria: (I) case reports; (II) conference abstracts,
editorials, and pre-prints manuscripts; (IlI) multimedia; and (IV) papers written in lan-
guages other than English.

)
c
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_J v v
PR Records after duplicates removed
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Figure 2. PRISMA flow diagram of study selection process.

To ensure validity and prevent any selection, performance, detection, attrition, and re-
porting bias, two researchers (MD and ALS) independently assessed the risk of bias for
each selected study, in accordance with the Cochrane Handbook for Systematic Reviews
of Interventions [22,23]. Conflicts were resolved through discussion between researchers.
Finally, the two researchers examined and extracted data separately.

3. Results

The search method provided 201 papers in total and another 10 studies were included
through the references. In total, 90 publications were screened by title and/or abstract
following the elimination of articles not published in English or published before 2000. Du-
plicate papers, and irrelevant works were excused from the analysis. In the end, 31 research
articles were included and analysed (Figure 1). Table 1 reports the main findings derived
from the literature data about the internship between microbiota, immunology, and rUTIs.

3.1. Vaginal Microbiome and rUT]Is

The pathogenesis of rUTIs is significantly influenced by the vaginal microenvironment,
in contrast to widespread assumption, which attested that bacteria causing UTIs typically
originate from the gut altered microbiota, as the only way of infection [24].
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Community state types (CSTs) represents a classification used to describe at least five
major subcategories of cervico-vaginal bacterial species involved in the maintenance of
vaginal balancing between physiological and pathological flora. Each group has a unique
mix of bacteria, each with a different relative characteristic. Four of these are dominated by
one of the following four species: L. crispatus (CST 1), L. gasseri (CST 1I), L. iners (CST I1I),
or L. jensenii (CST V) [25,26].

Instead, CST IV predominantly contains anaerobic bacteria, such G. vaginalis, Atopo-
bium vaginae, and Megasphaera spp., similar to the vaginal microbiota in bacterial vagi-
nosis [25,26]. Interestingly, a recent meta-analysis reported that Prevotella bivia, G. vaginalis,
Chlamydia trachomatis, and Human Papillomavirus infections are more common in women
with lower levels of Lactobacillus in their CST IV cervico-vaginal microbiota than in women
with higher levels of Lactobacillus [27].

Several Lactobacillus species, such as L. crispatus, L. jensenii, L. gasseri, and L. iners,
constitute most of the vaginal microbiota in women of reproductive age [28-30]. These
bacteria produce lactic acid, helping the maintenance of the vaginal acidic pH [31,32].

By creating bacteriocins and hydrogen peroxide, vaginal lactobacilli perform a pro-
tective function, inhibiting the colonisation of other potential pathogens, particularly
E. coli [28,33-36]. For this reason, lower lactobacilli levels promote the insurgence of bacte-
rial vaginosis or vaginal E. coli colonisation, which increase the risk of UTI insurgence [30,37-39].

The vagina also represents a reservoir for pathogens: The literature data underlines
that women with a history of UTI exhibit more E. coli colonisation in the vaginal introi-
tus (>105 CFU/mL), highlighting the importance of vaginal microenvironment in the
pathogenesis of rUTIs [40].

S. saprophyticus is the most frequent gram-positive bacterial source of community-
acquired UTL S. saprophyticus virulence in in vitro and rat UTI model is based on the
following components: Secreted surface-associated proteins Aas (hemagglutinin) and Ssp
(lipase), the proteins UafA of cell wall, Sdrl, SssF, and UafB, which mediate adherence,
and the ureases [30].

By contrast, S. aureus and S. epidermidis can also cause UTI, especially during catheteri-
zation or pregnancy: Experimental models highlighted that the nickel ABC-transporters
Opp2 and Oppba are involved in the pathogenesis of S. aureus urinary infection [30,41—44].

Finally, vaginal bacteria, such as Actinobacteria, other Firmicutes, and gram-negative
anaerobic organisms, which are not common uropathogens, may colonise the urinary
system, alter the physiological microbiota, and change the immunological assessment
of vaginal and bladder mucosa. In other words, even if specific vaginal bacteria do not
colonise the bladder or are eliminated by the host prior to the diagnosis of a UTI, brief
contact with these bacteria in the urinary tract can still have a significant impact on UTI
pathogenesis [30]. This phenomenon is called “covert pathogenesis” [30,45]. For instance,
group B streptococcus and G. vaginalis promote the survival of E. coli in the bladder, per-
mitting the development of UTIs [46—48]. Numerous studies have connected Streptococcus
agalactine (GBS) colonisation to vulvo-vaginitis [49] and urinary tract infections [50], but
none have looked at the connection between vaginal GBS and GBS UTI [30]. GBS colonisa-
tion is typically asymptomatic. By contrast, Gardnerella vaginalis can also cause UTI and is
connected to sepsis, renal disease, and urgency incontinence [30,51], as we better described
later (Section 4.2).

3.2. Urinary Microbiome and rUT]Is

Modern urine culture techniques have shown that several bacteria allow the mainte-
nance of urothelium homeostasis [52-54]. The host characteristics, which change across peo-
ple, life, and geographical areas, as well as environmental exposure and behavioural factors,
are the most important factors for maintaining the balance of this microbial ecosystem [55].

The most often identified colonising microorganisms in the urine microbiome are Lac-
tobacillus and Streptococcus, which constitute a barrier against infections, producing factors,
which inhibit the adhesion of pathogens to epithelium, such as lactic acid. Alloscardovia,
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Burkholderia, Jonquetella, Klebsiella, Saccharofermentans, Rhodanobacter, and Veillonella are
less often identified bacteria [56]. Proteobacteria (35.6%), Firmicutes (31.3%), Actinobacteria
(22.4%), Bacteroidetes (6.4%), and others (4.3%) are the key phyla of the human urinary tract,
according to Morand et al. [57]. The authors attested that the urine microbiota ordinarily
contains several uropathogens, but pathogenicity results from an imbalance in their relative
percentages and from the host immunological response [58].

From 435 urine samples, Dubourg et al. identified 450 different bacterial species,
of which 256 had never been discovered before in urine, while 18 were entirely new [58].

Other recent research suggests that many urinary system diseases, including UTIs
and rUTIs, may be influenced by the urine microbiome (or urobiome), which plays a key
role in the maintenance of the homeostasis of urothelial microenvironment [59]. Urinary
microbiota abnormalities precede UTI onset, and the urobiome normalizes following
therapy, as Bossa et al. demonstrated [60].

The knowledge of the urobiome is fundamental in clinical practice because different
clinical manifestations are probably connected to a specific urine microbiota modification,
as attested by Burnett et al. [61]. Additionally, non-infectious urologic conditions, such as
neurogenic bladder dysfunction, interstitial cystitis, and urgency urine incontinence have
been associated to changes in the urinary microbiota spectrum [54].

It is interesting to consider in the knowledge of a UTI’s pathology and in the im-
portance of health urobiome is the evidence that uropathogenic Escherichia coli (UPEC)
has a reservoir also in the bladder epithelium; many investigations in both adults and
children, as well as in bladder biopsies, demonstrated intracellular UPEC in bladder ep-
ithelial cells that release in urine [62-66]. In addition, 82% of rUTIs are brought on by the
same UPEC strain as in the prior infection, even when the proper antibiotic therapy is
administered [24,67-71]. The pathogenesis of UPEC is described in Section 4.2.

4. Discussion and Conclusions
4.1. Risk Factors for rUTIs in Women

Hormonal fluctuations have a significant role in the changes in vaginal and urine
microbiomes composition; oestrogen promotes Lactobacillus development in the bladder
and vagina, increasing their defensive role against pathogens and infections. Consequently,
loss of oestrogen in postmenopausal women causes a reduction in vaginal lactobacilli and
an increase in rUTlIs [72,73]. The genitourinary syndrome of menopause is constituted by
vaginal epithelium thinning, a decrease in extracellular matrix, proteoglycans and collagens
synthesis, and vulvovaginal atrophy [74], which facilitate the penetration of bacteria in
urothelium and vaginal epithelium.

For this reason, post-menopausal women are more prone to develop rUTIs, with
a rate of 8-11% [75-78]. Regarding vaginal and urinary microbiome composition after
menopause, some authors demonstrated that post-menopausal women present fewer
distinct bacterial species [79-81], while others supported the development of an increased
diversity of species [82].

UTIs are also a common problem among pregnant women, representing the most com-
mon infection during this period of life, particularly asymptomatic bacteriuria, affecting 2
to 7% of pregnant women [83]. As we all know, pregnancy is characterized by physiologi-
cal changes in immune response, the vaginal microbiome also undergoes major changes.
Indeed, pregnancy reduces the differences in microbiome diversity across women; particu-
larly, pregnancy-related vaginal alterations result in an increased Lactobacillus dominance
and a reduced species diversity [84]. These changes are protective regarding a preterm
birth rate because they boost infection resistance and support the production of anti-
inflammatory cytokines [85]. Furthermore, they regard also racioethnic differences in the
vaginal microbiome, so particularly in women of African ancestry, the configuration of the
vaginal microbiome during pregnancy may have predictive value for premature birth [86].

Other factors that influence vaginal microbiome composition are:
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1.  Contraceptive methods: Spermicidal products containing nonoxynol-9 deplete lac-
tobacilli and favor E. coli colonization [87-92]. Instead, oral contraceptives seem to
decrease the rate of bacterial vaginosis [93], but they do not influence the risk of rUTIs;

2. Sexual activity: Vaginal activity either promotes the entry of possible germs into the
urethral meatus from the vagina or facilitates the transfer of potential uropathogens
to the vagina [10,48,94-98];

3. New antimicrobial treatments (oral or topical) for the risk of the development of
antibiotic resistance [16,17].

4.2. NGS as a Better Diagnostic Tool

Nowadays, several studies and research articles have re-written the idea that most
UTI bacteria originate in the gut [99], and recent research has clarified the role that urine
and vaginal bacteria play in the onset and recurrence of these diseases [100,101]. The mi-
crobiomes of the vagina and urinary tract are inextricably related and together participate
in the maintenance of a healthy balance in the genital and urinary tracts [19]. In addi-
tion, from a microbiological perspective, around one-third of the bladder microbiota only
resides in the vagina [102]. Mechanical transfer is one of the main risk factors for UTIs
and rUTIs [10,48,94-98,103] because it enables vaginal bacteria to enter the urinary system,
such as during sexual activity [33,70].

In this new perspective, the myth that urine is sterile was disproved also thanks to the
development of new analytical techniques, such as NGS and metagenomic approaches [18],
which allowed for the detection of a microbiome in the healthy urogenital tract [104-106].
Microbial ecologists created the culture-independent DNA-based identification of mi-
croorganisms with the aim of identifying bacterial species without the need for culture.
Particularly, NGS employs PCR amplification and high-throughput sequencing of essential
16S rRNA genes, using polymorphisms of the 165 rRNA gene amplicon to distinguish
bacterial species, even those that are closely related [19,107]. A urine sample is sequenced
using a multi-step process that starts with the isolation and purification of microbial DNA,
follows with 16S rRNA amplification and sequencing, and ends with bioinformatic anal-
ysis through a variety of software database platforms. As a result, there are still a lot of
restrictions with this technology, particularly in terms of its clinical uses [18].

Yoo et al. demonstrated that the clinical application of urine NGS in cases of acute
uncomplicated cystitis and rUTIs reported a better sensitivity than the application of
conventional urine culture [82], which is consistent with prior research [108-111]. Indeed,
it appears that a typical urine culture misses roughly 90% of non-UPEC pathogens [110],
and anaerobic bacteria or a multi-microbial illness may be to blame for negative findings in
routine urine cultures [107,112,113].

Most importantly, NGS is not greatly impacted by antibiotic usage, because bacteria do
not need to be alive as for a traditional culture method [114]. Furthermore, NGS is highly
sensitive to atypical bacteria, anaerobes, or multimicrobial urinary tract infections [113].
Another crucial element that facilitates prompt clinical decision-making and medication
is represented by the faster NGS technique for the detection of pathogens with respect to
culture; this reduces testing times from several days to just 24 h [114].

4.3. Pathophysiology and Immunology in rUTIs

While analysing the immunological assessment of urinary infections, data in the litera-
ture reported that intracellular bacterial communities (IBCs) and quiescent intracellular
reservoirs (QIRs) are two methods that allow pathogens to survive antibiotic treatment and
to host an immune response in the bladder, developing a chronic colonization [63,66].

Regarding UPEC, adhesive organelles, such as type 1, P, S, and F1C pili, are used to
first infiltrate the host cells in the urothelium. Then, UPEC creates IBCs, which consist
of the development of a biofilm formed of a polysaccharide matrix wrapped in a uro-
plakin coating, enabling UPEC to proliferate and thrive in a secure manner [64,115-119].
As opposed to this, QIRs are made up of a subgroup of bacteria that have remained
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undetected by the host immune system for a considerable amount of time in cells after
receiving antibiotics [120,121]. Dormant bacteria may begin to reproduce and lead to re-
infection because of the urothelium’s turnover. IBCs are transitory, developing within a
few hours in the cytosol as opposed to QIRs, which might spend months quiescent within
the endosomes [122].

Lipopolysaccharide (LPS), a key component of UPEC pathogenicity, affects UPEC
life cycles and promotes reservoir development [123] by activating intracellular signalling
pathways and innate and adaptive immune responses [124]. By raising cytosolic calcium
through a Toll-like receptor (TRL 4-mediated increase), LPS suppresses the synthesis of
cytokines [125]. Additionally, NLRP3 inflammasome activation by pathogen-associated
molecules, such as flagellin and hemolysin as well as LPS can cause urothelial cells to
exfoliate and let UPEC to enter deeply [126,127].

Regarding the relationship between the innate and adaptive immune systems and
rUTIs, this is not completely understood yet [122].

The functions of pentraxin 3 (PTX3) and uroplakin IIla (UPIIla) signalling have re-
ceived little attention in the literature. A crucial function of PTX3 is that polymorphisms
or a deficit in it may impair the body’s capacity to control infection, which may promote
infection spread [128]. The endocytic process is instead induced by UPIlla signalling, which
enters the intracellular space [129].

Instead, particular attention has been paid to the relation between vaginal microen-
vironment and urinary tract inflammatory diseases. The assumption that the vagina is
the main source of bladder colonising pathogens was made since women have UTIs at a
greater rate than males [115,116]. The vaginal canal can operate as a reservoir for E. coli
and other bacteria, becoming a significant player in the pathogenesis of UTL

E. coli can penetrate vaginal cells and remain in the vagina during UTI, according to
preliminary research in murine UTI models [117]. Regarding this, more research has been
conducted on the relationship between Gardenerella vaginalis and E. coli.

Animal experiments that exposed the urinary system to different common vaginal
bacteria (especially Gardnerella) in the setting of E. coli UTI corroborate the previous reported
theory of “covert pathogenesis” [30,71].

Gardnerella can frequently be found in urine samples from healthy, asymptomatic
women. Three patterns of patients who tested positive for Gardnerella were proposed by
Yoo et al. [71]: (I) the Escherichia-dominant group; (II) the Gardnerella-dominant group;
and (III) the Lactobacillus-dominant group. They emphasised that all Escherichia dominant
groups were linked to rUTIL, but Gardnerella- and Lactobacillus-dominant groups might be
linked to rUTI but not necessarily be symptomatic. This supported the idea that blad-
der dysbiosis can cause various symptoms by altering the immune system’s reaction to
bacterial colonisation [71]. Furthermore, it was shown that Gardnerella may be a “covert”
pathogen that causes E. coli activation [69], and UTI can also happen in the Lactobacillus-
dominant group even if a minor amount of Gardnerella is present, if Lactobacillus has a poor
protective effect [71].

Other research confirmed that the development of UPEC from bladder reservoirs is
significantly influenced by Gardnerella. Indeed, it influences urothelial apoptosis and exfo-
liation and other mucosal immune system-related activities as demonstrated in a mouse
model [130,131]. Among these, immediate-early (IE) genes, including the orphan nuclear re-
ceptor Nur77 (also known as Nr4al), are increased in mice exposed to Gardnerella [131,132];
at the same time, animals lacking Nur77 are not at risk from recurrent UPEC UTI after
Gardnerella exposure.

Numerous cellular functions are controlled by Nur77, including apoptosis in various
tissues [133,134]. Additionally, Nur77 regulates inflammation [135] and has a specific
impact on T-cell responses [136] and Ly6C-monocytes [137]. As a result, the IE response
could play a role in the Gardnerella-related recurrent UPEC UTI [138].
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Instead, KEGG pathways and GO keywords are significantly changed after several
Gardnerella exposures [138]. IL-12, IFN-g, and RANTES levels rise in bladder homogenates
after exposure to Gardnerella [48], and pathways associated to T and B cells are also activated.

Finally, Kirjavainen et al. investigated immune defence anomalies in women with
rUTIs and discovered that peripheral monocytes and myeloid dendritic cells (DCs) pro-
duced elevated level of interleukin-12 and did not induce the T cell activation. In the case
of rUTISs, the T cell polarisation is avoided. In addition, there was a decrease in levels
of vascular endothelial growth factor (VEGF) related with tissue healing and a reduction
in concentrations of monocyte chemotactic protein 1, the main chemoattractant for DC
and monocytes [139].

All these factors may promote the insurgence of urinary infection and chronic coloni-
sation due to the deficiency of immune response and the imbalance of host response to
bacterial injuries. It is likely that the host immune response depends on the phenotypic and
behaviour characteristics (such as smoking, sexual activity, alcohol abuse, and menopausal
status) of a host as previous described.

4.4. New Perspectives of Therapy and Prevention

Recurrent UTIs are strictly associated with urinary tract dysbiosis [18,104]. The impor-
tance of lactobacilli and oestrogens in the prevention of rUTIs was confirmed by Neugent
et al., who described the correlations between Bifidobacterium, Lactobacillus, and urinary oe-
strogens in women with no history of UTIs [140]. According to this theory, some researchers
suggested that administering probiotics may be more beneficial in treating rUTIs [141,142]
as opposed to administering antibiotics or taking antibiotics prophylactically at low doses to
prevent recurrent infections, both of which promote the evolution of pathogenic resistance
by causing bacterial persister cells [143].

A considerable decrease in rUTIs is linked to the use of Lactobacillus vaginal sup-
positories [38,55,144]. Sadahira et al. showed that the administration GAI 98,322 strain
of L. crispatus had a significant effect in reducing the recurrent cystitis in 86% of patients.
However, more importantly, the suppressive effect persisted in 77% of patients for at least a
year after the end of the therapy, with a significant decrease in the mean number of cystitis
episodes both during and after administration [145]. The oral treatment with Lactobacillus
reuteri RC-14 and Lactobacillus rhamnosus GR-1 also improved the population profiles of
vaginal lactobacilli and reduced the colonisation of potentially dangerous bacteria [146].

In order to support the host’s immunological assessment against bacterial invasion
and prevent recurrent infection, functional restoration should be the main focus of therapy,
according to the recent literature data on the urinary tract urobiome and the importance
the local and systemic immune system response in the prevention of UTIs recurrence [147].

As was already mentioned, oestrogen regulates the balance of the urogenital micro-
biome; it promotes lactobacilli growth, whereas oestrogen insufficiency results in a decrease
in vaginal lactobacilli, which raises the risk of rUTIs [72,73]. Therefore, rUTIs may be
decreased by oestrogen replacement treatment [73,94,148-151], and intravaginal oestrogen
may provide great benefit with less risk when compared to oral oestrogen [152].

Recently, research has been conducted on the use of natural sources for therapy and
prevention of rUTIs. For example, Mehta et al. studied the potential antibacterial role of the
oroxindin from Bacopa monnieri against UTIs caused by Klebsiella pneumoniae and Proteuns
mirabilis. B. monnieri is a medicinal plant growing in the world’s wetlands and warmer
regions; the authors demonstrated that K. pneumoniae and P. mirabilis can be effectively
eliminated by B. monnieri, also establishing its safety [153].

5. Conclusions

In conclusion the complex correlation among microbiota, low genital tract, and urinary
system is based on the balance between host characteristics, immunological microenvi-
ronment and pathogens. Further investigation may provide an accurate analysis of the
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urogenital microbiome, especially to promote a tailoring therapy in order to reduce antibi-
otic resistance and increase the physiological mechanism of urothelium response.

Table 1. Main findings from the studies included in the review.

Variables

Main Findings

Role of vaginal microbiome
[30,37,44,59,71,72,101,131,138,142]

The vaginal microbiome is involved in rUTIs pathogenesis: if its balance is
maintained, it constitutes a barrier against pathogens. However, every change,
which we know as bacterial vaginosis, is an important risk factor for the
development of urinary tract infections.

This may be a consequence of the decrease in vaginal lactobacilli, which seems to
allow the growth of gram-positive bacteria, (especially Staphylococcus
saprophyticus, Escherichia coli, Enterococcus faecalis, and Streptococcus agalactiae) or
Gardnerella vaginalis.

These vaginal bacteria may be present in the vaginal canal and colonize the
urinary system, avoiding the immune response and allowing the formation of
E.coli reservoirs.

Role of urinary microbiome [61,77,141]

Urinary system microbiota has a key role in preserving urinary health. So,
the pathophysiology of rUTI is influenced by urobiome.

Indeed, urinary microbiome composition differs between healthy and rUTIs
subjects. Specific urine microorganisms are linked to distinct clinical features in
women with rUTL

Risk factors of rUTIs and dysbiosis [10,76-79]

Risk factors for the development of symptoms include host variables, host
behaviours, and bacterial features. Among these, menopause influences the
urine microbiota composition following aging and the decrease in oestreogens
protection. First of all, it brings altered Lactobacillus composition, increasing the
risk of rUTISs.

Possible immunological pathways
[48,66,122,130,139]

Several microscopic pathways have been identified, including the intracellular
bacterial community, QIR, LPS, multimicrobial infection, and urothelial mucosal
remodelling. These mechanisms allow uropathogens to persist in the bladder
and survive antibiotic therapy and host immune response. Furthermore,
immunological defences show some abnormalities in UTI-prone women, such as
increased levels of IL-12, absence of T-cell response, less VEGF, lower level of
monocyte chemotactic protein 1, the upregulation of immediate-early (IE) genes,
such Nur77.

New perspectiver of diagnosis [82]

NGS is more sensitive than a conventional urine culture in the detection of
uropathogens, highlighting an increased microbiome diversity in the recurrent
cystitis group. Additional NGS tests can facilitate rapid decision-making and
therapeutic advancement.

New perspectives of theraphy
[8,32,38,55,140,144,145,152]

Following the understanding of the importance of lactobacilli and oestrogen in
the pathophysiology of rUTISs, several studies demonstrated their benefits
as therapies.

The intravaginal administration of lactobacillus and/or oestrogens is associated
with a significant reduction in rUTIs, especially if they are integrated with
nonantibiotic therapeutical options as well as modification of behaviour, specific
diet, integration with probiotics, and d-mannos, use of local oestrogens therapy,
and systemic or local immunostimulants. The administration of one or more of
these approaches provides the beneficial treatment to reduce rUTI risk.
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Abstract: Women frequently suffer from urinary incontinence due to atrophic changes in the uro-
genital tract. Recommended conservative treatment includes evaluation of pelvic-floor strength and
the functional use of pelvic-floor-muscle (PFM) training. Following the PRISMA 2020 guidelines, a
search was conducted in the electronic databases PubMed, Web of Science, and Scopus for articles
with at least one group performing PFM exercises in post-menopausal women with urinary inconti-
nence. Eight articles were included, and each study had at least one group of PFM exercise-based
intervention alone or combined. The volume or duration, frequency, and number of sessions were
heterogeneous. All the studies reported significant differences in favor of PFM exercise in strength,
quality of life, and/or severity of urinary incontinence. PFM exercise is a highly recommended
intervention to treat urinary incontinence in postmenopausal women. However, more research is
needed to establish specific factors such as dose-response relationships and to standardize methods
for measuring effects.

Keywords: urinary incontinence; pelvic-floor-muscle exercises; postmenopausal women; systematic
review

1. Introduction

Urinary incontinence was defined in 2003 as the complaint of any involuntary leakage
of urine [1]. This condition is associated with risk factors such as pelvic-floor-muscle (PFM)
deficits, pelvic surgery, prolapse, urinary-tract infections, obesity, smoking, constipation,
diabetes mellitus, high-impact physical exercise, being female, increasing age, parity, and
menopause [2,3].

Postmenopausal women frequently suffer from urinary incontinence as a result of
increased intra-abdominal pressure, such as sneezing, coughing, jumping, laughing, or
sexual relations [4]. Estrogen deficiency at this stage of the life cycle generates atrophic
changes in the urogenital tract and vaginal and periurethral tissues [5], and has been
associated with involuntary urine loss due to stress and increased urinary urgency and
frequency [6]. Despite this association, there has been no evidence of improvement with
hormonal management [7].

Among the options based on non-invasive and non-pharmacological intervention
are therapeutic targeted exercise such as PFM training, which focuses on improving the
function, muscle tone, strength, coordination, and endurance of the pelvic-floor muscula-
ture [8]. Other active treatment techniques are Kegel exercises, which focus on enhancing
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the strength and improving the function of the PFM [9], or pelvic-floor contraction exercises
coupled with coactivation of the trunk-stabilizing muscles [10].

Conservative treatment, recommended as first line by the International Continence
Society, includes assessment of pelvic-floor strength and functional use of PFM training [11].
The success of this intervention lies in the achievement of increased contraction and holding
strength, coordination, speed, and endurance of the pelvic-floor musculature to keep the
bladder elevated during demanding activities. Likewise, PFM training allows adequate
urethral closure pressure to be maintained and supports and stabilizes the pelvic organs [12].
For postmenopausal women who receive regular supervision, it has been observed that
they are more likely to comply and report a decrease in urinary incontinence than women
who perform PFM training with little or no supervision [13].

Other systematic reviews related to exercise in this population can be found in the
literature; however, they focused on determining the effects of exercise on quality of life
or on comparing different interventions with this type of training on multiple variables
associated with the pathology [14,15]. Therefore, the aim of the present review was to per-
form a systematic review of randomized controlled clinical trials that evaluated the effect of
targeted PFM exercise in postmenopausal women for the treatment of urinary incontinence.

2. Materials and Methods

This systematic review was performed following the guidelines of the PRISMA state-
ment (Preferred Reporting Items for Systematic reviews and Meta-Analysis) [16]. The
pre-specified protocol was registered in PROSPERO under the code CRD42022373488.

2.1. Eligibility Criteria

Articles were selected according to the following criteria: clinical trial, randomized
control trial with objective measures of urinary incontinence before and after an exercise-
based intervention in postmenopausal women. Regarding the intervention, articles in
which the PFM training method was used for the treatment of urinary incontinence during
the postmenopausal period were included.

2.2. Information Sources

Data collection took place from October to November 2022 by consulting the following
databases: Pubmed (MEDLINE), Scopus, and Web of Science.

2.3. Search Strategy

The keywords used were (“postmenopausal period” OR “postmenopausal” OR “post-
menopausal women”) AND (“diurnal enuresis” OR “enuresis” OR “daytime wetting” OR
“daytime urinary incontinence” OR “urinary incontinence”) AND (“pelvic floor muscle
training” OR “pelvic floor exercises” OR “pelvic floor muscle exercise” OR “pelvic floor
muscles”) AND (“severity” OR “frequency of urination” OR “urinary frequency” OR “uri-
nation behaviors” OR “frequency of micturition” OR “micturition” OR “quality of life” OR
“mental health” OR “depression” OR “sexual activity”).

2.4. Selection Process

The search results were exported to the Rayyan QCRI application (https:/ /rayyan.qcri.
org/welcome accessed on 15 November 2021) [17]. Two blinded independent researchers
conducted the literature review and decided on the inclusion of the articles separately.
The pre-selection of the studies was performed based on reading of the title and abstract.
Subsequently, the pre-selected articles were read in full text and the articles that met the
criteria were included. In case of discrepancies, a third author resolved them.

2.5. Data-Collection Process

The main variable of this review was the objective measurement of urinary inconti-
nence, mainly in terms of strength, quality of life, and severity of the incontinence. We
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included information on the authors, the year of publication, the country of publication,
and the country in which the study was conducted; likewise, we collected the type, dura-
tion or volume, frequency, number of sessions, and number of weeks of the interventions
performed, as well as the follow-up time and the results obtained in each measurement.

2.6. Assessment of Methodological Quality

The methodological quality of the articles included in this review was assessed using
the PEDro scale [18], with a maximum score of 10 points, as the first item (“eligibility
criteria”) is not used in the final score calculation. Each item can be answered as either
“Yes” (1 point) or “No” (0 points) [19]. A score between 0 and 3 was considered “Poor”
quality, 4-5 “Fair,” 6-8 “Good,” and >9 “Excellent” [20]. The scores were consulted in the
PEDro database; when scores were not found, two authors evaluated the methodological
quality of articles, and in situations where a discrepancy was generated, it was resolved by
a third author.

3. Results
3.1. Selection of the Studies

The database search resulted in a total of 91 articles, which were revised to identify
duplicates, discarding 35 and leaving 56 unique articles. After a title-and-abstract screen,
11 potentially eligible articles remained. Finally, only eight articles [21-28] met the eligibility
criteria established for this review (Figure 1).

M
s
= Records identified from (n = 91): Records removed before
3 Pubmed (MEDLINE) (n = 17) | Screening:
% Scopus (n = 36) i Duplicate records removed
‘eb of Science (n = n=
g Web of Sci (n=38) (n=39%)
:
)
Records screened Records excluded
—
(n=56) (n=45)
Reports sought for retrieval »| Reports not retrieved
@ (n=11) (n=0)
7=
: :
3
7]
Reports assessed for eligibili
(n f 11) gy — ¥
Reports excluded:
Wrong population (n = 2)
Wrong publication type (n = 1)
—
(o) A4
§ Studies included in review
g (n=8)

[

Figure 1. Flow diagram of the study-selection process.

3.2. Methodological Quality

Methodological quality was assessed using the PEDro scale. The scores of seven
of the articles [21-27] were obtained from the PEDro website, whereas the remaining
article [28] was calculated manually. Seven of the articles [22-28] included in this review
presented "Good” methodological quality, and only one [21] had “Fair” methodological
quality (Table 1).
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Table 1. Methodological quality of the articles included.

Article 1 2 3 4 5 6 7 8 9 10 11 Total
Aksac et al., 2003 [21] Y Y Y Y N N N N N Y Y 5
Sherburn et al., 2011 [22] Y Y Y Y N N Y Y Y Y Y 8
Pereira et al., 2012 [23] Y Y Y N N N N Y Y Y Y 6
Pereira et al., 2013 [24] Y Y Y Y N N N Y N Y Y 6
Flavia et al., 2015 [25] Y Y Y Y N N Y Y Y Y Y 8
Sran et al., 2016 [26] Y Y Y Y N N Y Y Y Y Y 8
Bertotto et al., 2016 [27] Y Y Y Y N N N Y N Y Y 6
Ghoniem et al., 2022 [28] Y Y Y Y N N N Y N Y Y 6

Items: 1 = eligibility criteria; 2 = random allocation; 3 = concealed allocation; 4 = baseline comparability;
5 = blind subjects; 6 = blind therapists; 7 = blind assessors; 8 = adequate follow-up; 9 = intention-to-treat analysis;
10 = between-group comparisons; 11 = point estimates and variability; Y = Yes; N = No.

3.3. Characteristics of the Studies

The articles included in this systematic review were all randomized controlled clin-
ical trials published in Switzerland [21,25], the United Kingdom [22-24], the United
States [26,27], and Poland [28]; however, the studies were conducted in countries other than
those in which they were published, such as Turkey [21], Australia [22], Brazil [23-25,27],
Canada [26], and Egypt [28].

A total of 376 postmenopausal women aged 60.31 + 6.73 years participated in the
included studies. Out of the overall population, 196 postmenopausal women were part of
the groups that received PFM exercise-based treatments (Table 2).

3.4. Study Intervention

Every study [21-28] included at least one group with a PFM exercise-based interven-
tion. Six studies [21-25,27] performed PFM exercise-based interventions only, whereas
Sran et al. [26] combined it with physiotherapy and Ghoniem et al. [28] with Pilates.

Although all the interventions included PFM exercises, the prescription of the volume
or duration, frequency, and number of sessions was heterogeneous. Regarding frequency,
one study proposed an intervention program with only one intervention per week [26],
five studies proposed two sessions per week [23-25,27,28], one study maintained three
sessions per day but did not specify the number of days per week [21], and one study
did not specify either sessions per day or per week. The number of sessions ranged from
8 [27] to 12 [23,24,26] to 24 [25,28]; however, two studies did not specify the number of
sessions [21,22].

Concerning the volume or duration of the exercises, four of the studies [23,24,26,27]
dosed the exercises based on time, with sessions lasting from 20 min to 60 min. On the
other hand, three studies [21,25,28] dosed the exercise based on the number of contractions
and positions used, ranging from 10 contractions and one single position [21], to four
positions and 10 contractions in each [25], and to positions with up to 52 contractions after
the adaptation period [28].

3.5. Study Results

All the articles found a significant difference in favor of the PFM-exercise intervention
in at least one variable related to the strength of this musculature, severity of incontinence,
and/or quality of life [21-28]. In addition, when PFM exercises were applied in combination
with other interventions, no significant differences were observed with the groups that did
PEM exercises alone [28].
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Similarly, to the interventions, the outcomes measured remained heterogeneous. Sta-
tistically significant changes (p < 0.05) were observed in the 1 h pad test [21,26], perineom-
etry [21], PEM strength with digital palpation [21], incontinence frequency [21], stress
test [22], urinary leakage [23,24], PFM pressure [23,24], incontinence impact [23,24], gravity
measures [23,24], urinary-incontinence severity [25], number of leakage episodes [26], Uro-
genital Distress Inventory total score [26], precontraction [27], initial electromyographic
baseline [27], duration of endurance contraction [27], maximum voluntary contraction [27],
International Consultation Incontinence Questionnaire—Short Form [27], squeeze vaginal
pressure [28], and the Urinary Incontinence Scale [28].

4. Discussion

The present systematic review aimed to determine the effects of PFM exercises in the
treatment of urinary incontinence in postmenopausal women. The review included eight
randomized controlled trials that met the selection criteria [21-28]. After analysis of the
studies, scientific evidence was found to support the use of PFM training as an effective
intervention for incontinence in the studied population.

Several risk factors predispose to the development of urinary incontinence in women,
such as high parity, history of vaginal deliveries, and menopause [29-31]. In addition,
obesity and aging are also important variables for the development of urinary incontinence
independent of sex [32]. Within the eight articles included in this review, six studied
overweight postmenopausal women (BMI > 25 Kg/ m2-<30 Kg/ m2) [22-25,27,28], one
included postmenopausal women with normal weight [26], and finally, one article did
not report BMI [21]. However, regardless of the BMI of the participants, the effects were
statistically significant in all studies, which is in agreement with the systematic review
made by Woodley et al. [33], who also conducted studies with varied BMI populations and
observed favorable effects in all articles.

From the eight articles included in this review, 5 = five [21-23,27,28] focused on
stress urinary incontinence only, two [24,25] included patients with stress or urgency
urinary incontinence, and just one [26] of the articles included patients with stress, urgency,
or mixed urinary incontinence; however, the effects of PFM training were statistically
significant irrespective of this factor.

All studies used different measurement techniques to assess strength, quality of life,
and the severity and prevalence of the urinary incontinence. Regarding strength, six
articles [21,23-25,27] found statistically significant favorable changes in all of them. This is
congruent with the findings of Alouini et al. [34], who reported similar results regarding the
improvement of strength through PFM exercises in women. Strength production is mainly
due to two factors: muscle-fiber trophism and motor-unit recruitment capacity. Current
evidence suggests that changes in strength, at least during the first 8§ weeks of a training
protocol, are mainly caused by an increase in motor-unit recruitment capacity [35,36].
The protocols included in this review that found favorable results in terms of strength
ranged from 6 to 12 weeks, finding in neural adaptations an explanation for their results.
Additionally, one study evaluated the long-term effects [24], reporting that after 6 months,
the strength gain decreased, however the change was not large enough to reach baseline.

The prevalence and severity of urinary incontinence was evaluated in seven of the
studies [21-26,28], with statistically significant changes observed, both acutely and chron-
ically, in favor of the groups that performed PFM exercise. The most prevalent ways to
measure this variable were the pad test [21,26] and the amount or number of urinary leak-
ages [23,24,26]. These results are similar to those obtained by other authors who determined
the effects of PFM training in other population groups [33,37-39].

Quality of life was assessed in six [21,23-27] out of the eight studies included in this
review, using different instruments such as the Social Activity Index [21], the International
Consultation Incontinence Questionnaire—Short Form [25,27], the Incontinence Impact
Questionnaire [26], and three domains (general health, incontinence impact, and gravity)
of the King’s Health Questionnaire [23,24]. Only one of the studies [25] did not show
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statistically significant changes in this variable, mainly because the population of the
intervention and control groups were not balanced from baseline (intergroup difference at
baseline p = 0.03). Usually, patients with urinary incontinence present discomfort, low self-
esteem, mood deterioration, and a feeling of helplessness, which generates an important
psychological impact that ends up affecting the quality of life of the patient [37,40-42]. This
is why interventions that generate a decrease in urinary incontinence are associated with
an improvement in quality of life [43].

This systematic review is the first to evaluate the effects of PFM exercises in post-
menopausal women with urinary incontinence; however, it has several limitations, and
the results should be interpreted with discretion. The great heterogeneity in the exercise
prescription does not allow an optimal prescription of the intervention to be established.
In addition, no study was carried out in a European population; hence, a geographic bias
was observed. Finally, it was not possible to calculate the size of the effects through a meta-
analysis due to the great variety in the variables and the instruments and measurement
techniques used by the different authors.

5. Conclusions

PFM exercise is a highly recommended intervention for treating urinary incontinence
in postmenopausal women, whether it is applied alone or in combination with other
interventions. Although the studies included in this review suggest that PFM training is
effective regardless of the type of urinary incontinence, the current evidence is insufficient
to be certain. Additionally, it is necessary to establish specific criteria for prescribing PFM
exercises and measuring their results. More research in this field is needed, focused mainly
on establishing the dose-response relationship of this intervention and on standardizing
the methods of measuring the effects.
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Abstract: Introduction and Hypothesis: Pelvic floor disorders represent a series of conditions that
share, in part, the same etiological mechanisms, so they tend to be concomitant. Recently, awareness of
a new lower urinary tract clinical syndrome has risen, namely the coexisting overactive-underactive
bladder (COUB). The etiopathogenetic process, prevalence, and related instrumental findings of
COUB are not well-established. We aimed to evaluate the prevalence, clinical features, and uro-
dynamic findings of patients with COUB in a large cohort of patients with pelvic floor disorders.
Methods: A cohort of 2092 women was retrospectively analyzed. A clinical interview, urogenital exam-
ination, and urodynamic assessment were performed by a trained urogynecologist. Based on baseline
symptoms, patients were divided into COUB and non-COUB groups, and the degree of concordance
between COUB and urodynamic findings, and other parameters related to the clinical aspects of
these patients were measured and analyzed. Results: 18.8% of patients were classified as COUB. The
association between COUB and patients with coexisting detrusor overactivity—underactivity (DOU)
was statistically significant and there were substantial similarities in terms of population charac-
teristics, symptoms, and urodynamic findings. Conclusions: Our study showed a high prevalence
of COUB, and a link between this clinical syndrome and DOU was demonstrated. They showed
substantial similarities in terms of clinical and urodynamics correlates. Based on these findings, we
do think that urodynamic tests can be useful to improve knowledge on COUB and may be of help in
the management of this condition.

Keywords: coexistent detrusor overactivity-underactivity; pelvic organ prolapse; underactive bladder;
urodynamics; surgery; coexistent overactive-underactive bladder

1. Introduction

Pelvic floor disorders (PFDs) represent a series of conditions—including prolapse,
lower urinary tract, bowel, and sexual disorders—usually related to pelvic floor obstetric
trauma and quality-of-life impairment [1,2]. Since all these conditions share—at least in
part—the same etiological mechanisms, they tend to be concomitant. For instance, patients
with pelvic organ prolapse (POP) often complain about lower urinary tract symptoms
(LUTS), who tend to recover after prolapse surgery [3,4]. Specifically, LUTS are traditionally
divided into storage and voiding symptoms [4,5].

Recently, a new lower urinary tract clinical syndrome, named the coexisting overactive—
underactive bladder (COUB), has been identified. This is defined as a syndrome “char-
acterized by coexisting storage and emptying symptoms in the same patient, without
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implying any specific urodynamic/functional findings or causative physiology; and that
these symptoms are suggestive of urodynamically demonstrable coexistent detrusor overac-
tivity /underactivity, but can be caused by other forms of urethro-vesical dysfunctions” [6].
COUB is thought to be multifactorial and involves neurogenic and non-neurogenic factors.
Specifically, aging is believed to play a major role due to degeneration and biochemical
changes due to cellular damage and apoptosis [6]. However, the etiopathogenetic process is
yet to be fully understood, and different hypotheses have been proposed [6-10], including;:

(1) Afferent dysfunctions leading to a decrease or an early start and end of the micturi-
tion reflex.

(2) Detrusor rest impairment during the filling phase due to abnormal activation,
leading to muscle inefficiency and exhaustion in the voiding phase.

(3) Chronic ischemic-reperfusion injury due to blood supply impairment, involving
patchy denervation and substitution of the detrusor muscle with fibrous connective.

(4) Autonomous contraction of small areas of the detrusor (“micromotions”) during
the voiding phase due to sparse denervation, inducing detrusor contractions during storage
and inefficient activation during the voiding phase.

(5) Bladder outlet obstruction-induced remodeling of the detrusor, involving initial
compensatory hypertrophy and later impairment and decompensation [10].

To date, the prevalence of COUB and related instrumental findings are not well-
established. Specifically, urodynamic tests are not routinely recommended and reserved in
the presence of unclear cases or in cases not responding to initial treatment [4]. However,
the urodynamic correlates of this syndrome are poorly known, and detrusor overactivity
(DO) and/or detrusor underactivity (DU) may or may not be recorded. The definition
of clinical and urodynamic patterns of patients with DU and coexisting DO (DOU) may
help in the future to establish reliable diagnostic criteria for COUB. This uncertainty led
the International Consultation on Incontinence Research Society in 2019 to identify the
definition of urodynamic findings of COUB as a research priority. This would be of the
utmost importance to better understand the clinical characteristics, natural evolution, and
adequate management of COUB syndrome.

However, to date, there is a paucity of urodynamic studies on the relationship between
COUB, and urodynamics diagnoses such as DO and DU. As a consequence, we aimed to
evaluate the prevalence, association, clinical features, and urodynamic findings of patients
with COUB and/or DOU in a large cohort of patients with pelvic floor disorders.

2. Material and Methods

Women who underwent outpatient urodynamics evaluation for PFDs between 2008
and 2016 were retrospectively analyzed. A clinical interview was performed to investi-
gate the presence of LUTS, including overactive bladder syndrome (OAB), urge urinary
incontinence (UUI), stress urinary incontinence (SUI), voiding symptoms (VS), and bulging
symptoms. All definitions conformed to IUGA/ICS terminology [11]. A gynecological
examination was carried out and prolapse-staged according to the POP-Q system. We
considered a significant prolapse as any compartment descensus staged > II. The urody-
namic assessment was performed including filling cystometry, pressure/flow study, and
post-void residual volume (PVR) by a trained clinician, as previously described [12]. All
procedures and definitions conformed to the Good Urodynamic Practice Guidelines of the
International Continence Society [13]. The following parameters were evaluated during the
storage phase: Bladder volume at first desire to void, maximum bladder capacity, presence
or absence of leakage with intra-abdominal pressure increasing maneuvers, presence or
absence of urgency, presence or absence of leakage with urgency, and maximum filling
pressure (PdetMax). The urodynamic observation of involuntary detrusor contractions
during the filling phase (spontaneous or provoked) was defined as detrusor overactivity.
Urinary leakage during the Valsalva maneuver in the absence of a detrusor contraction was
considered urodynamic stress urinary incontinence (USUI), while any leakage associated
with detrusor overactivity (DO) was recorded as urge urinary incontinence. During the
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voiding phase, the following parameters were noted: Maximum flow (Qmax), detrusor
pressure at opening (Pdet@op), detrusor pressure at maximal flow(pDet@Qmax), detrusor
pressure at closure (Pdet@clo), and postvoid residual (PVR). Voiding dysfunction was
defined—according to ICS—as “abnormally slow and/or incomplete micturition, based
on abnormally slow urine flow rates and or abnormally high post-void residuals”. Posi-
tive PVR (PPVR) volume was defined as a post-micturition residual >100 mL. Detrusor
underactivity was evaluated through the Bladder Contractility Index (BCI) (pDet@Qmax
+ Qmax x 5) proposed by Abrams [14] A BCI < 100 was considered indicative of DU.
Based on baseline symptoms, patients were divided into COUB and non-COUB groups.
Specifically, in the case of coexisting storage and emptying symptoms in the same patient,
she was diagnosed as COUB, otherwise as non-COUB. According to urodynamic findings,
the population was divided into DOU and non-DOU. Specifically, in the case of coexisting
detrusor overactivity and detrusor underactivity in the same patient, she was diagnosed as
DOU, otherwise as non-DOU.

The study obtained local ethics committee approval. Statistical analysis was performed
using JMP software version 9.0 (SAS, Cary, NC, USA). Continuous data are reported
as mean =+ standard deviation, while non-continuous data are shown as the absolute
(relative) frequency. The degree of concordance/agreement between COUB and DOU
was measured with Cohen’s Kappa [10]. Differences were tested using Student’s t-test
for continuous parametric data, the Wilcoxon test for continuous nonparametric data,
and Pearson’s Chi-squared test for noncontinuous data. A p-value < 0.05 was considered
statistically significant.

3. Results

This study represents a secondary analysis of a previous paper focusing on the agree-
ment of lower urinary tract symptoms and corresponding urodynamic diagnosis [15]. In
total, 2092 women with PFDs underwent outpatient urodynamic evaluation in the study
period. Full records were available for 1972 of them (5.7% exclusion rate due to partial
data). The population characteristics are reported in Table 1. The mean age of the patients
was 61.0 £ 12.8 years. Lower urinary tract symptoms and anterior pelvic supports are
shown in Table 2. The reasons for performing urodynamic evaluation were stress urinary
incontinence in 61.6%, overactive bladder syndrome in 57.5%, and voiding in 35.6% of
patients. Bulging symptoms were reported by 42.1% of women, and a significant anterior
prolapse (>2 stage) was found in 43.4% of patients. According to baseline symptoms,
371 (18.8%) patients were classified as having COUB, while the remaining 1601 (81.2%)
were classified as non-COUB. Urodynamic findings are reported in Table 3. The most fre-
quent urodynamic findings were voiding dysfunction (50.8%), urodynamic stress urinary
incontinence (47.6%), and detrusor overactivity (33.5%). Based on preoperative urodynamic
findings, the population was divided into 243 (12.3%) women with DOU and 1729 (87.7%)
patients without DOU. The association between COUB and DOU was statistically signif-
icant (p < 0.001), and the observed proportionate agreement was 75.8%, but agreement
according to Cohen « coefficient (k = 0.09) resulted in only being slight. The two conditions
(COUB and DOU) showed substantial similarities in terms of population characteristics,
symptoms, and urodynamic findings, compared to the corresponding controls (non-COUB
and non-DOUS). Specifically, age (p < 0.001) and menopausal status (p < 0.001) were associ-
ated with both COUB and DOU (Table 4). Both conditions were related to OAB syndrome,
urge incontinence, and voiding symptoms, but inversely related to the presence of SUI
(Table 5). Moreover, on a urodynamic basis, both COUB and DOU demonstrated a re-
producible footprint, characterized by lower volumes and flow, but higher pressures and
postvoid residuals (Table 6). Urodynamic diagnoses demonstrated a higher prevalence of
detrusor overactivity, voiding dysfunction, positive postvoid residuals, and a lower bladder
contractility index for both conditions. However, while COUB was found to be related to
bulging symptoms and significant anterior compartment prolapse, this association was not
demonstrated for DOU.
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Table 1. Population characteristics. Continuous data shown as mean =+ standard deviation. Non-
continuous data shown as absolute frequency (relative frequency).

Age (years) 61.0 £12.8
Body Mass Index (kg/m?) 265+ 4.7
Parity (n) 19£12
Instrumental delivery 183 (9.3%)
Maximal birth-weight (g) 3479 + 702
Menopausal status 1580 (80.1%)

Table 2. Lower urinary tract symptoms and pelvic supports. Data shown as absolute frequency
(relative frequency).

Overactive bladder syndrome 1134 (57.5%)
Urge urinary incontinence 790 (40.1%)
Stress urinary incontinence 1215 (61.6%)

Voiding symptoms 703 (35.6%)
Bulging symptoms 817 (42.1%)
Anterior prolapse stage > 2 855 (43.4%)

Table 3. Urodynamic findings. Continuous data shown as mean + standard deviation. Non-

continuous data shown as absolute frequency (relative frequency).

First desire to void (mL) 155 + 81
Maximum cystometric capacity (mL) 396 + 99
Opening detrusor pressure (cmH,O) 21+ 14

Maximum flow (mL/s) 19 +10

Detrusor pressure at maximum flow (cmH,O) 25+18
Closure detrusor pressure (cmH,0) 22416
Urodynamic stress urinary incontinence 939 (47.6%)
Detrusor overactivity 660 (33.5%)
Voiding dysfunction 1002 (50.8%)
Positive post-void residual 280 (14.2%)

Table 4. Population characteristics: COUB versus non-COUB; DOU versus non-DOU. Continuous
data shown as mean = standard deviation. Non-continuous data shown as absolute frequency (rela-
tive frequency). Abbreviations: COUB, coexisting overactive-underactive bladder; DOU, detrusor
overactivity—underactivity. Statistically significant associations shown in bold.

COUB DOU
Yes No p Value Yes No p Value
Age (years) 634 +124 60.5 +10.8 <0.001 66.5 +10.8 60.3 £12.9 <0.001
Body Mass Index (kg/m?) 263 £4.8 26.6 =47 0.397 275+ 47 264 +£47 0.026
Parity (n) 19+1.1 19412 0.322 21+15 19+1.1 0.142
Instrumental delivery 35 (9.4%) 148 (9.2%) 0.921 15 (6.2%) 168 (9.7%) 0.096
Maximal birth-weight (g) 3502 £ 692 3477 £ 715 0.831 3493 £ 750 3480 £ 706 0.181
Menopausal status 321 (86.5%) 1259 (78.6%) <0.001 222 (91.4%) 1358 (78.5%) <0.001
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Table 5. Lower urinary tract symptoms and pelvic supports: COUB versus non-COUB; DOU versus
non-DOU. Continuous data shown as mean =+ standard deviation. Non-continuous data shown as
absolute frequency (relative frequency). Abbreviations: COUB, coexisting overactive-underactive
bladder; DOU, detrusor overactivity—underactivity. Statistically significant associations shown
in bold.

COUB DOU

Yes No p Value Yes No p Value

Overactive bladder syndrome 371 (100%) 763 (47.7%) <0.001 186 (76.5%) 948 (54.8%) <0.001
Urge urinary incontinence 235 (63.3%) 555 (34.7%) <0.001 129 (53.1%) 661 (33.2%) <0.001
Stress urinary incontinence 212 (57.2%) 1003 (62.7%) 0.049 128 (52.7%) 1087 (62.9%) 0.002
Voiding symptoms 371 (100%) 332 (20.7%) <0.001 103 (42.4%) 600 (34.7%) 0.019
Bulging symptoms 199 (53.8%) 618 (39.3%) <0.001 113 (47.5%) 704 (41.3%) 0.071
Anterior prolapse stage > 2 185 (49.9%) 644 (40.2%) <0.001 99 (40.7%) 730 (42.2%) 0.662

Table 6. Urodynamic findings: COUB versus non-COUB; DOU versus non-DOU. Continuous data
shown as mean =+ standard deviation. Non-continuous data shown as absolute frequency (rela-
tive frequency). Abbreviations: COUB, coexisting overactive-underactive bladder; DOU, detrusor
overactivity—underactivity. BCI = Bladder Contractility Index; MCC = Maximum Cystometric Capacity;
pDet@MCC = Detrusor Pressure at Maximum Cystometric Capacity; pDet@Qmax = Detrusor Pressure
at Maximum Flow; Qmax = Maximum Flow; PVR = PostVoid Residual; PVR% = PVR/MCC x 100;
USUI = Urodynamic Stress Urinary Incontinence. Statistically significant associations shown in bold.

COUB DOU
Yes No p Value Yes No p Value
First desire volume (mL) 150 + 78 156 + 82 0.168 133 £ 70 158 + 82 <0.001
MCC (mL) 384 + 94 398 =+ 100 0.005 352 + 101 402 + 98 <0.001
pDet@MCC (cmH,0) 10+8 949 0.011 16 + 12 948 <0.001
pDet@op 234+ 13 20 + 14 <0.001 25+ 14 20 £ 14 <0.001
(cmH,0)
Qmax (mL/s) 16 +9 19+ 10 <0.001 10 +4 20 + 10 <0.001
pDet@Qmax (cmH,0) 26+ 15 25+ 18 0.009 26 4+ 12 25+ 18 0.016
pDet@clo 24 417 22+ 16 0.022 24 415 22 416 0.002
(cmH,0)
PVR (%) 16 + 26 10 +23 <0.001 26 + 30 10 £23 <0.001
BCI 109 + 48 121 + 52 <0.001 74 £ 21 125 + 51 <0.001
USUI 161 (434%) 778 (48.6%) 0.071 107 (44.0%) 832 (48.1%) 0.232
DO 152 (41.0%) 508 (31.7%) <0.001 243 (100%) 417 (24.1%) <0.001
VD 237 (63.9%) 765 (48.8%) <0.001 181 (74.5%) 821 (47.5%) <0.001
PPVR 74 (20.0%) 206 (12.9%) <0.001 72 (29.6%) 208 (12.0%) <0.001

4. Discussion

Up-to-date COUB diagnostic criteria have not yet been established, and the urody-
namic correlates of this syndrome are poorly understood. Although the definition of COUB
suggests a correlation with coexistent DOU, it does not rely on urodynamics tests, which are
thus not considered mandatory in the diagnostic workup. This uncertainty is exacerbated
by incomplete knowledge about COUB development and the paucity of etiopathogenetic
models. Our study showed a high prevalence of both conditions, with 18.8% and 12.3% of
women having COUB and DOU, respectively. However, these results were comparable to
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those previously reported in other populations, such as in women scheduled for prolapse
repair [16]. A significant link between the two conditions was demonstrated, with a 75.8%
proportion of agreement between COUB and DOU. Moreover, they showed substantial
similarities in terms of clinical and urodynamics correlates.

Specifically, we confirmed the central role of aging in COUB/DOU development, since,
in both conditions, age was significantly higher than in respective controls. This is thought
to be related to progressive degeneration and biochemical changes caused by cellular
damage and apoptosis, thus impairing both neural and/or nonneural functions [6]. This is
consistent with previous studies reporting that both male and female patients with DO and
concomitant impaired contractility were significantly older than controls [17-19]. Estrogen
deprivation may also play a role, as suggested by the higher prevalence of menopausal
women in both COUB and DOU patients.

Moreover, as expected, both conditions were associated with a higher prevalence of
OARB, urge incontinence, and voiding dysfunction. On the contrary, both COUB and DOU
were associated with lower SUIL A possible explanation is that one of the most frequent
mechanisms of SUI is found in the decrease in urethral resistance, while one of the proposed
mechanisms of COUB and DOU is, on the contrary, represented by bladder outlet obstruc-
tion [19,20]. The increase in urethral resistance may induce compensatory hypertrophy of
the detrusor at the beginning, which may subsequently evolve into decompensation with
progressive deterioration of bladder function. The relationship with bladder outlet obstruc-
tion was particularly evident in patients with COUB, in which a significant association was
found with both bulging symptoms and anterior compartment prolapse. On the contrary,
this was not found in patients with DOU. A possible explanation of this difference is that in
patients with neglected prolapse, progressive cumulative detrusor damage is more likely to
evolve in isolated DU than coexistent DU and DO. This is consistent with previous papers,
reporting up to 40% DU in women with severe prolapse scheduled for surgical repair, but
only 6% DOU [16,19].

In our study, urodynamic tests demonstrated substantial similarities in terms of uro-
dynamic findings between the two conditions. In particular, both COUB and DOU showed
lower maximum cystometric capacity (MCC) and maximum flow (Qmax), and higher
detrusor pressures, including pressure at MCC, opening, Qmax, and closure. Moreover,
we recorded a higher prevalence of detrusor overactivity, voiding dysfunction, positive
postvoid residuals, and a lower bladder contractility index for both conditions. These
findings indicate that COUB and DOU incorporate urodynamic characteristics of both
bladder overactivity—such as lower MCC and higher detrusor pressures—and bladder
underactivity—such as lower Qmax and higher residuals in the same patient [4,19,21]. In
addition to this common urodynamic profile, DOU patients also demonstrated a lower
first-desire volume. A possible explanation for the consistent agreement between the two
conditions and the substantial similarities in urodynamics findings is that they represent
a continuum, with DOU likely representing the most severe form of detrusor abnormal-
ities. This hypothesis is consistent with the fact that patients with DOU presented with
additional urodynamic alterations, such as low first-desire volume. This has already been
reported by previous studies in which patients with concomitant DU and DO demonstrated
lower bladder volumes at first desire to void compared to controls [16,17]. Based on these
findings, we do think that urodynamic tests can be useful to improve knowledge about
COUB and may be of great help in the management of patients with this condition.

To the best of our knowledge, this is the largest work to evaluate the prevalence,
association, and clinical and urodynamic features of COAB and DOU in a cohort of patients
with pelvic floor disorders. This may be of great help to better understand this condition.
A limitation is the retrospective study design. Future efforts should be addressed to
standardize the COUB definition including urodynamic parameters.
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5. Conclusions

Our study showed a high prevalence of COUB and DOU in women with PFDs, and a
significant association between the two conditions was demonstrated. COUB and DOU
showed substantial similarities in terms of clinical and urodynamics correlates.

Regarding preoperative urodynamics, continuous data are shown as mean =+ standard
deviation and non-continuous data are shown as absolute (relative) frequency. BCI = Bladder
Contractility Index; MCC = Maximum Cystometric Capacity; pDet@MCC = Detrusor Pressure
at Maximum Cystometric Capacity; pDet@Qmax = Detrusor Pressure at Maximum Flow;
Qmax = Maximum Flow; PVR = PostVoid Residual; PVR% = PVR/MCC x 100; USUI = Uro-
dynamic Stress Urinary Incontinence.
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Abstract: A fundamental skill required from nursing students is how to manage the insertion of
in-dwelling urinary catheters, and this skill is a core competency for nurses. However, practice
with conventional test models is insufficient for learning this skill and leads to inadequate profi-
ciency among students. To address this problem, this study created an immersive virtual reality
(IVR) scheme, based on the theory of situated learning, to simulate clinical situations. Innovative
approaches were adopted to design clinical cases, construct three-dimensional environments, design
character dialogs, and integrate artificial intelligence voice recognition. The effect of these design
elements on students’ in-dwelling urinary catheter skills and learning satisfaction was explored.
First, nursing experts assessed the quality of the IVR scheme. Over a 4-week period, 43 students in a
post-baccalaureate nursing program used conventional test models to practice the management of
in-dwelling urinary catheters in female patients, and their learning was supplemented by at least two
practice sessions with IVR. Data were collected from in-class observation records, a questionnaire
survey on student satisfaction, and focused group interviews. The results showed that the partici-
pating students were highly satisfied with the IVR scheme and stated that it provided a pleasurable
learning experience and exerted a positive impact on them. The IVR scheme provided situations
closely resembling real clinical environments, helping the students to memorize the steps for catheter
management. The students also noted that the IVR scheme should incorporate other nursing skills,
such as empathetical and solicitous care and patient companionship. This enables nursing students
to fulfill their role and care for patients in clinical settings.

Keywords: immersive virtual reality; post-baccalaureate nursing students; skill for managing female
in-dwelling urinary catheters

1. Introduction

When using immersive virtual reality (IVR), users can see, hear, and interact with
virtual environments, enabling them to completely immerse themselves in simulated sce-
narios [1]. New IVR technologies offer unprecedentedly vivid environments and realistic
and immersive experiences [2]. The phrase “immersive experience” refers to an experience
in which users fully immerse themselves in a simulated situation. That is, digital technology
or an environment that employs augmented reality (AR), virtual reality (VR), mixed reality
(MR), or projection technology is employed to create a near-realistic situation and the users
become fully immersed in the situation, connecting and resonating with it. Immersive
learning involves guiding learners into a fully immersive environment, reducing external
interferences. In this immersive experience, learners’ brains actively grasp and memorize
information. Gamifying neonatal resuscitation training using immersive VR has effectively
enhanced nursing students’ neonatal resuscitation knowledge, problem-solving skills, self-
confidence, and learning motivations [3]. Interactive media have been widely studied
and applied abroad. For example, one study investigated the use of interactive media
for entertainment, specifically for providing theater audiences with a sense of realism [4].
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Several studies evaluating the applications of IVR in medical care have yielded favorable
results. For example, in one pediatric care study, researchers compared the use of IVR
and kaleidoscopes in helping child patients to understand the treatment process before
undergoing venipuncture, thus minimizing the patients” pain and anxiety. The results
indicated that compared with kaleidoscopes, IVR could more effectively minimize the
patients’ pain and anxiety [5]. In another study, scholars used IVR to prepare child patients
with cancer and their families for regular pediatric radiation therapy. The results of the
study provided preliminary support for the use of IVR to achieve favorable clinical and
surgical outcomes in pediatric populations [6]. Another study revealed that interactive
media-based interventions are effective in treating depression [7]. Regarding medical
or nurse education, IVR improved skills focusing on cooperative learning and reinforce-
ment [8]. In one study, game-based VR was applied in tracheostomy care education for
nursing students, to help the students hone their psychomotor skills [9]. Another study
applied IVR in an interprofessional round training program for healthcare students. By
participating in an IVR simulation program, the students gained a profound understanding
of the distinct roles of the different members of interprofessional teams and how to interact
with their team members. The IVR simulation program thus reduced the gap between
nursing school and clinical settings [10]. IVR simulations designed to simulate teamwork
enabled users to cooperate and interact with one another within the system [1]. According
to one study, VR is an effective assistive tool that students can use to learn specific clinical
skills, such as inserting urinary catheters [11]. In another study, IVR was used to teach
undergraduate nursing students how to care for a patient with a foreign body in their right
lung. The results revealed that the students proactively participated in the IVR simulation
and expressed the opinion that the IVR-based teaching method was beneficial to their
learning [12]. Another study used IVR to educate nursing students on simple triage in a
simulated mass casualty incident, and the results revealed that the IVR training program
was as effective as a clinical simulation [13]. In another study in which IVR was used to
simulate a mass casualty incident, the sense of presence in an immersive scenario was
determined to be correlated with immersion propensity [14]. Another study on health
education focused on participants’ feelings when they used gamified two-dimensional,
three-dimensional, and IVA-based educational tools to study clinical cases. The partici-
pants perceived the IVR-based tool to be the most conducive to improving their learning
performance [15]. In a recent study evaluating VR simulation training for adult students,
the students had high expectations regarding the VR simulation training and offered sug-
gestions for improvement after completing the VR simulation training; these suggestions
may serve as a reference for nursing educators in developing more effective VR-based
training programs [16].

In Taiwan, the applications of interactive media have proliferated in recent years.
One such application is in entertainment devices at theme parks, which enable visitors to
immerse themselves in simulated environments [17]. One Taiwanese pilot study evalu-
ated the use of interactive media in ecotourism for older adults, which yielded favorable
results [18]. However, most applications of IVR in Taiwan have been limited to the fields of
art, culture, and recreation. To create new experiences for users, IVR simulations should
emphasize pleasure, inspiration, and creativity [19]. According to a survey of university-
education personnel, antidrug teaching materials integrated with IVR technology exerted
substantial effects on the behavior of high-school students and were more effective than
conventional teaching methods [20]. In medical education in Taiwan, VR has been applied
in pre-internship pharmaceutical education at teaching hospitals, specifically for the pur-
poses of training new pharmacists in dispensing medicine. Participating in a VR-simulation
training program enhanced participants’ motivation and learning performance and helped
them to accumulate hands-on experience [21]. Clinical nursing supervisors in Taiwan have
suggested that because VR is interactive and provides a sense of touch and movement
when simulating the human body or sensory organs, it effectively piques the learners’
interest, thereby improving their learning performance and comprehension. IVR is suitable
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for helping nurse practitioners to hone their critical thinking skills, including those related
to speculation, reasoning, and differentiation [22]. One medical center in Taiwan offered a
flipped training course in which a VR-based lesson plan was used to help nurses practice
placing peripherally inserted central catheters. The nurses were interested in the course
and, using VR, were able to effectively learn and retain knowledge regarding the correct
way to perform the procedure [23]. Nevertheless, there have been no previous studies
conducted in Taiwan that explored the applications of IVR in university nursing programs.
However, most university nursing students are not in-service students, and universities
often experience difficulties in providing opportunities for nursing students to practice
clinical skills in actual clinical settings. Researchers and practitioners must consider how to
overcome this problem to help students hone their hands-on abilities.

The technique regarding how to place Foley catheters ins female patients is one
of the most common and basic clinical nursing skills that every nursing student must
have mastered before commencing clinical work. Moreover, according to the worksheet
used in the present study, we discovered that the post-baccalaureate nursing students
who participated in this study faced difficulties learning such skills, including “having to
memorize the operational steps without a clinical scenario,” being “unable to memorize the
steps,” and “having difficulty memorizing all the items involved in the technical operation”.
One approach to helping students gain clinical experience, memorize operational steps,
and overcome other difficulties in learning these skills involves the use of IVR. The research
participants were students in a post-baccalaureate nursing program. Their difficulties
lay in the students’ inability to install an in-dwelling urinary catheter completely and
correctly, which necessitates numerous complicated steps. The research question of this
study was whether employing IVR teaching could resolve their learning issues. The
research objective was to explore the effect (i.e., solving the students’ problem and offering
learning satisfaction) of IVR teaching on learning performance regarding in-dwelling
urinary catheter skills.

2. Materials and Methods
2.1. Materials

The development of IVR teaching materials consists of writing simulation scenarios
and dialogs, constructing three-dimensional scenes, and designing characters, as well as
integrating artificial intelligence voice recognition capabilities and coordinating with media
engineers to convert the developed content into engineering documents. Certain pieces of
hardware, such as headgear and computers, were required to use the IVR platform.

2.2. Research Design

This study adopted a quasi-experimental design. The independent variable of this
study was IVR teaching, while the dependent variable was learning performance. Learning
performance consisted of solving students’ learning problems, providing learning satis-
faction, and discerning their learning experiences and feelings toward their in-dwelling
urinary catheter skills. We designed a clinical scenario and collaborated with an informa-
tion technology engineering team to produce an IVR-based lesson plan on how to place
Foley catheters in female patients (Figures 1 and 2). We used a model to demonstrate
how to place Foley catheters in female patients and used the IVR platform for additional
demonstrations and explanations. The participants of this study were 43 freshman students
of a postbaccalaureate nursing department, all of whom had earned bachelor’s degrees in
non-nursing majors and were aged 23-38 years. All the participants were first-time learners
of the technique for inserting in-dwelling urinary catheters. This study was approved
by the Institutional Review Board, and all the participants were full-time students. The
students were instructed on the goals of the VR teaching and research procedure and had
signed informed consents before this study commenced. Students who were unable or
unwilling to use the VR technology were excluded from this study, without repercussions
on their grades. Over a 4-week period, each student used the model to study how to place
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Foley catheters in female patients and used the IVR platform to practice performing the
procedure at least twice. We collected and statistically analyzed class observation records,
satisfaction questionnaires, and focus group interviews. The measurement tool of this
study was a learning satisfaction and learning impact questionnaire that was produced for
this study. The questionnaire employed a 5-point Likert scale design and the questionnaire
comprised 10 items. The questionnaire was administered after its reliability and validity
were tested. The items were as follows:

1. Using VR can partially resolve the difficulties in learning in-dwelling urinary
catheter skills.

Using VR helps me memorize the steps.

Using VR makes me feel as if I were in a clinical setting.

Using VR solves my learning issues.

Using VR improves my learning performance.

After using VR, I feel the VR is of good quality.

Using VR to practice is convenient.

I think that VR is a suitable assistive learning device for learning nursing skills.
Using VR to practice skills makes me uncomfortable.

In the future, I would like to use VR again to help my learning.

PN LD

= O
IS

Figure 1. IVR simulation regarding how to place Foley catheters in female patients.

Figure 2. The participant’s viewpoint.
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This study held focus-group interviews to understand students’ learning experiences
and feelings. The interview was conducted 3 days after the students engaged in VR training.
The interview outline consisted of the following examples: “Have you ever used VR?”,
“How do you feel about using VR this time?”, “How does the VR application help or
influence your skills in handling in-dwelling urinary catheters in female patients?” and
“What are some suggestions you have for using VR?” The interview guidelines were
inspected by teacher experts in the same department as the author. The focus group
interview was hosted by the author. At the beginning of the interview, the interview rules
were explained to the interviewees: “Each participant is allowed to express their opinions
and must raise their hand to speak. Do not interrupt others when they are speaking and do
not speak in an interrogating tone”.

2.3. Procedure

The study process comprised three stages, namely, the pre-teaching, teaching, and
post-teaching stages (Table 1). In the teaching stage, we demonstrated how to place Foley
catheters in female patients in real life and by using the IVR platform (Figure 3). During
the VR demonstration process, the view from the operator was projected onto a screen to
enable the whole class to observe the VR operation process. Each student practiced the
technique, using the VR system, at least twice (Figure 4).

Table 1. Research process.

Stage Content
1.  Key points about how to place Foley catheters in female patients
Pre-teaching (5-min digital teaching materials).

2. VRinstructions (5-min digital teaching materials).

1.  Inclass, the teacher demonstrated how to place Foley catheters in
female patients by using VR.

2. The students were divided into seven groups of 5-6 students to
practice the technique by using VR. The researchers and teaching
assistants moved among the groups to observe and guide the
students when practicing. When a group member was practicing
using VR, the other group members observed the projected screen
simultaneously.

3. The VR case scenario was used in class for the teacher and students
to discuss.

Teaching

1. Each student was required to practice the technique with the VR
system at least twice.
2. After the VR practice, the students completed the learning
Post-teaching satisfaction questionnaires.
3. After all the group members finished practicing, focus group
discussions were conducted to gather the students’ feedback on how
to modify the VR training in the future.

2.4. Data Analysis

The analytical approach of this study involved a combination of qualitative and
quantitative methods. We analyzed the qualitative and quantitative data collected via a
learning satisfaction questionnaire survey and a focus group interview. Each item on the
learning satisfaction questionnaire was scored on a 5-point Likert scale. We used Microsoft
Excel to calculate the frequency of each score (as a percentage) and the mean score for
each item. We recruited 11 of the students as voluntary participants for the focus-group
interview. The interview outline includes the questions “Have you ever heard of or used
VR?” and “How did you feel when you first used VR?” The interviewees were also asked
about the effects of using the IVR system to practice how to place Foley catheters in female
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patients and their suggestions on how to improve the process. All the interviewees agreed
to be voice recorded. The recording of each interview was transcribed for inductive content
analysis. After the focus group interview, the recordings of the interview were transcribed.
The author compiled and coded the transcripts and the transcripts were inspected by a
teacher from the same department as the author. The students’ experiences and feelings
about practicing using VR were discussed in terms of three topics and five categories.

Figure 4. A student practicing using the IVR system.

3. Results

A total of 43 first-year students in a post-baccalaureate nursing program participated
in the study. All the participants had a bachelor’s degree (100%), and their ages ranged
from 23 to 40 years old (mean: 25 years). Nine (21%) of the participants were men, and
34 (79%) were women.

3.1. Learning Satisfaction

We evaluated the students’ satisfaction and experiences with using VR to learn how
to place Foley catheters in female patients. The participants’ mean score on the learning
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satisfaction questionnaire was 4.37. Their mean scores on the VR scenario and content,
the innovative teaching method, and the VR operation procedure were components of the
satisfaction questionnaire and were 4.42, 4.40, and 4.42, respectively, indicating that most
of the students were highly satisfied with the IVR-based lesson on how to position Foley
catheters in female patients.

3.2. Effects of Using VR to Learn and Practice How to Insert Foley Catheters in Female Patients

Regarding the effects of using VR to learn how to position Foley catheters inside female
patients, 25 (58.6%) of the students reported that the IVR platform helped them overcome
the difficulties that they had experienced in learning the technique; the remaining 18
(41.4%) students’ responses were neutral. Regarding the statement, “Using VR can help me
memorize the operation procedure,” six (13.8%) of the students strongly agreed, 21 (48.3%)
agreed, 15 (34.5%) were neutral, and one disagreed. Regarding the statement “Using VR to
practice makes me feel as though I were in a clinical setting,” two (4.6%) of the students
strongly agreed, 20 (44.8%) agreed, 18 (41.4%) were neutral, 3 (6.9%) disagreed, and 3 (6.9%)
strongly disagreed. A total of 39 (90.7%) of the students reported that they thought using
VR to practice the technique was convenient; the remaining 4 (9.3%) reported that it was
inconvenient. Regarding the suitability of using VR to learn how to position Foley catheters
inside female patients, 30 (69.8%) of the students reported that it was suitable or extremely
suitable, one (2.3%) reported that it was unsuitable, and 12 (27.9%) were neutral. Regarding
whether the students would like to continue using VR to learn, 36 (82.8%) of the students
said they would, and the remaining 7 (17.2%) said they would not. Overall, most of the
students expressed a positive attitude toward using VR to learn.

3.3. Learning Experience and Feelings about the IVR Training

We divided the students’ experiences with and feelings toward using VR to learn how
to place Foley catheters in female patients, as described in the focus group interview, into
three themes and five categories (Table 2).

Table 2. Learning experience summary table.

Themes

Categories

2.

3.

Pleasurable experience

Effective learning

Critical thinking

Fun
Experiencing clinical scenarios
Memorizing steps of the technique

Understanding clinical situations before working at the hospital

SN

Inability to reflect the role of nurses as care providers

3.4. Pleasurable Experience

Most of the participants had not previously used VR. When they first used it, they
felt a sense of novelty. They stated that during the IVR practice, they could see different
scenarios; for example, one student said, “I was shocked because there were such scenes. I
thought, wow, this world turned out to be fun” (Student 8). The students’ interest in using
VR to practice was stimulated during the training, and some of the students even directly
expressed the opinion that using VR to learn was fun (“It was kind of fun” (Student 5);
“It was super fun” (Student 9)). While observing the students who were practicing using
the IVR platform, we noted that most of the students were interested in VR and actively
engaged in the IVR training.

3.5. Effective Learning

Some of the students reported that using VR to practice effectively helped them to learn
how to place Foley catheters in female patients. Exposure to a simulated clinical scenario
helped them memorize the steps involved in the procedure regarding the placement of
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Foley catheters in female patients. They were given a sense of the clinical and practical
aspects of the procedure before starting a hospital internship, and they acquired a new
understanding of the applications of technology in medicine.

3.5.1. Being in a Clinical Scenario

Some of the students stated that using VR to practice was like being in an actual clinical
setting. For example, students made the following statements: “I could feel a sense of
presence, and the visual effect” (Student 1); “Back then, it was a more fragmented concept.
Now, it’s real. It has the actual sense of clinic-ness” (Student 4); “It has a sense of body”
(Student 9); “It has a sense of touch” (Student 2); and “It provides a sense of interaction”
(Student 7).

3.5.2. Memorizing the Steps of the Procedure Regarding the Placement of Foley Catheters
in Female Patients

Many of the students maintained that using VR to practice how to place Foley catheters
in female patients helped them to memorize the steps involved in the procedure. For
example, students made the following statements: “It has the advantage of enabling me
to memorize all the steps” (Student 7); “It involves a step to memorize the procedure”
(Student 12); “It enables a student to become familiar with a technique. I feel it consists of
steps to help students familiarize themselves with the technique” (Student 5); “So far, it
is for practice” (Student 10). “I use it to memorize the steps” (Student 11); “Using VR in
our study prevents us from making numerous mistakes when we enter a clinical setting.
I'm grateful for this learning opportunity” (Student 6); “The greatest help VR provides
is the procedure” (Student 2); and “It enabled me to become familiar with the procedure.
By continually operating the system, I came to see what I was doing” (Student 3). The
technique of placing Foley catheters in female patients involves many operational steps,
and the entire procedure must be performed in a sterile environment with sterile equipment,
to prevent contamination and avoid subsequent infection. Therefore, the ability of the
IVR practice to help the students to familiarize themselves with the steps involved in the
procedure regarding the placement of Foley catheters in female patients is one of its most
important benefits.

3.5.3. Understanding Clinical Situations before Internship

Some of the students also mentioned that using VR to practice helped them attain a
more thorough understanding of actual clinical situations. Students made the following
statements: “It has greater influence before our internship. We get to know about clinical
situations ahead of time” (Student 4); “It was like seeing what we will see in a clinical
setting, so we won't be shocked when seeing the real thing when we enter an actual clinical
setting” (Student 8); and “I think we can practice what we will encounter in a clinical setting
in the VR world ahead of time. I think it's not bad” (Student 9). Many of the students
believed that experiencing the clinical scenarios before starting their internships would
help them to succeed during their internships.

3.5.4. Understanding the Applications of IVR Technology in Medicine

Some of the students also mentioned that IVR-based practice made them more aware
of the applications of technology in medicine. For example, students made the following
statements: “(The school) prepared ahead of time and let us know that VR and many other
artificial intelligence-related things will come” (Student 1); “(VR) broadened my vision!”
(Student 5); and “VR is able to connect things that are related. Through it, I can see a lot of
things. Now, it is applied in many areas” (Student 4). Some of the students felt that through
the IVR practice, the school intended to make the students aware of the diverse applications
of technology. They felt that the nursing education curriculum had been planned ahead of
time to help students understand the various applications of VR and artificial intelligence.
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3.6. Critical Thinking

Some of the students reported that using IVR to practice how to place Foley catheters
in female patients was surprising, fun, and effective in helping them learn. Moreover, the
experience inspired them to reflect on the use of VR in nursing education. For example,
students made the following statements: “Regarding the technical aspect, machines can
replace practice. However, I feel that the other role of nurses is to provide care and
companionship” (Student 8); “(VR) is cold. For example, in our basic nursing theory course,
we were taught to pay attention to the patients’ reactions and use communication skills
such as repeating (what the patients said). These were not applied [in the VR practice]”
(Student 12); “During the IVR practice, we should care about the patients. I feel I couldn’t
engage in much communication” (Student 5); “I feel we, as nurses, sometimes should
provide patients with strength” (Student 8); and “In principle, (VR) will not make you feel
warmth, and it will not make the patient feel empathy” (Student 3). As reflected in these
comments, the students thought critically about the IVR practice and were concerned about
its ability to help them practice providing patient-centered care.

4. Discussion

According to the questionnaire survey and the focus group interview, over half of
the students believed that the IVR training helped them overcome the difficulties they
encountered in learning how to insert Foley catheters inside female patients (58.6%) and
memorize the operational steps involved in the procedure regarding the placement of
Foley catheters in female patients (62.8%). Furthermore, over half (52%) of the students
agreed with the statement, “Using VR to practice makes me feel as though I were in a
clinical setting.” Some of the students mentioned that although they used VR to practice
only the technique regarding how to place Foley catheters in female patients in the present
study, in the future, VR could be used to help nursing students to practice providing
care to patients with acute and severe symptoms, thereby helping students to feel less
overwhelmed when starting a clinical internship or subsequent work. Student 6 said, “I
wonder if VR can be integrated with lessons on addressing acute and severe symptoms
or navigating the operating room. If I can experience the image of the trauma ahead
of time, when I work in a clinical setting, I will not be too scared to know what to do.”
Our course observations revealed that the students were diligent in using VR to practice
the technique. Their reflections on the IVR practice, therefore, provide valuable insights
into the use of VR in nursing education. According to one study, using VR to practice a
technique positively affects the nursing students’ critical thinking abilities [24]. Another
study revealed that by enabling students to undergo innovative simulations and training,
VR can increase students’ confidence [25]. Moreover, in the present study, over 90% (39) of
the students maintained that using VR to practice how to place Foley catheters in female
patients was convenient. Practicing the technique using the model involved many physical
objects, such as sterilized cotton balls, urinary catheters, urine bags, and catheterization
kits, which must be disposed of after the actual procedure, resulting in medical waste.
Most of the students exhibited a positive attitude toward using VR to learn additional
techniques in the future. According to the focus group interview, the IVR practice was
a pleasant learning experience. Most of the students reported that IVR was novel and
interesting. In another study in which nursing students were interviewed on the use of VR
in nursing education, the researchers determined that VR effectively helped the students to
learn skills by complementing conventional teaching methods with novel and intriguing
content [26]. In the present study, students mentioned that using VR to practice how to
place Foley catheters in female patients had a substantial impact on them because it helped
them to gain a more thorough understanding of the technique before they started interning
or working at the hospital. Student 4 said, “If I can learn the concept ahead of time, in
the future, I will be more willing to use VR,” and Student 7 said, “The school gave me the
feeling that it had been preparing ahead of time to let us know about VR. In the future,
many other artificial intelligence products may be involved.” VR helped the students to
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effectively familiarize themselves with the operational steps involved in the procedure
regarding the placement of Foley catheters in female patients and enabled the students to
explore a clinical setting within the virtual environment. According to another study, the
use of VR has become increasingly common in various fields. In addition to its applications
in education, VR is helpful in the cognitive assessment of mental disorders and mood
disorders [27] and in helping people recover from motion sickness [28]. In another study
evaluating the use of mobile VR in operating-room nursing education, the nursing students
who had completed a mobile VR-based course outperformed those who had not [29]. The
results of the aforementioned study and of the present study may serve as a reference
for the application of VR in nurse-training courses, especially those focused on specific
clinical skills.

In addition to feeling that the IVR practice was effective in helping them learn, the
students also reflected critically on the IVR practice. Although the students felt that using
VR made them feel as though they were in an actual clinical setting, which helped them
understand the operational steps involved in the procedure regarding the placement of
Foley catheters in female patients, as well as the applications of technology in medical
education, they also felt that clinical care should involve communication with patients,
empathy, and compassion. They thought that the IVR training should have reflected the role
of nurses as care providers. In the questionnaire, 18 of the participants (41.4%) indicated that
their experience in learning how to insert in-dwelling urinary catheters through VR training
was a mediocre experience. In the focus group interview, the participants expressed their
feeling that the capacity for expressing empathy, concerns, and companionship was lacking
in VR interactions. This demonstrates the participants’ ability to express their opinions
on VR and describe its pros and cons. One study of the effects of VR on the knowledge,
attitudes, and behaviors of healthcare workers revealed that VR had considerable benefits
related to the “affective domain of learning,” especially in promoting empathy. Increased
empathy helped improve the attitudes and behaviors of the participants in caring for
patients, thereby helping them to provide a better quality of care [30]. The results of this
study demonstrated the participants’ ability to think critically about using VR. “We should
learn to express empathy to patients in immersive VR training, but I do not feel we can
communicate further in it” (Participant 5). The participants expressed concerns regarding
learning how to provide empathic care. However, in the present study, many of the students
reported that the simulated interaction in the VR practice did not require them to express
empathy, compassion, or other principles of patient-centered care. In the future, principles
of patient-centered care should be integrated into VR-based courses on clinical skills. In
terms of equality of education, although only one participant expressed discomfort in using
VR, this problem must be addressed in future studies. This study conducted focus-group
interviews to collect students” VR usage experiences, and the responses provided by the
students were analyzed. Some of the students had previous VR usage experiences, and
their satisfaction with VR varied. This signified that the students’ responses may have been
biased, which was a limitation of this study.

5. Conclusions

The participants in this study, who were students in a postbaccalaureate nursing
program, were satisfied with the experience of using IVR to learn how to place Foley
catheters in female patients. They considered the IVR training to be convenient and
reported that they would like to continue using IVR to practice clinical skills in the future.
The IVR practice had multiple positive effects on the students, which are summarized as
follows. (1) The students had a pleasurable learning experience. Most of the students who
had not used VR in the past did not reject the IVR training; rather, they felt that it was
surprising and interesting. (2) Using VR to practice made the students feel as though they
were actually in a clinical setting. They felt a sense of presence and could interact with the
patient in the simulation. (3) Using VR to practice effectively helped the students overcome
their difficulties in learning the procedure, specifically by helping them to memorize the
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operational steps involved in learning how to place Foley catheters in female patients.
(4) The students reported that the IVR practice made them feel more prepared for clinical
practice and that they expected to feel shocked by actual clinical scenarios upon entering
a hospital setting. (5) In addition, by helping the students to learn how to place Foley
catheters in female patients, the IVR training encouraged the students to reflect critically
on the use of technology in nursing education and provided them with a new perspective
on the role of nurses as care providers. The students argued that VR-based training courses
should integrate features that require students to express empathy, compassion, and other
principles of patient-centered care.

Funding: This study was funded by Hungkuang University’s Award for Teacher Improvement and
Innovation (HKU-109-C14).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review Board (KTGH 11026).

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors of this study are grateful to all the students from the postbaccalau-
reate nursing program who participated in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  D’Errico, M. Immersive Virtual Reality as an International Collaborative Space for Innovative Simulation Design. Clin. Simul.
Nurs. 2021, 54, 30-34. [CrossRef]

2. Aebersold, M.; Rasmussen, J.; Mulrenin, T. Virtual Everest: Immersive Virtual Reality Can Improve the Simulation Experience.
Clin. Simul. Nurs. 2020, 38, 1-4. [CrossRef]

3. Yang, S.-Y,; Oh, Y.-H. The effects of neonatal resuscitation gamification program using immersive virtual reality: A quasi-
experimental study. Nurse Educ. Today 2022, 117, 105464. [CrossRef] [PubMed]

4. Sharma, RS; Yang, Y. A Hybrid Scenario Planning Methodology for Interactive Digital Media. Long Range Plan. 2015, 48, 412-429.
[CrossRef]

5. Ozkan, TK;; Polat, F. The Effect of Virtual Reality and Kaleidoscope on Pain and Anxiety Levels during Venipuncture in Children.
J. PeriAnesthesia Nurs. 2020, 35, 206-211. [CrossRef]

6. Tennant, M.; Anderson, N.; Youssef, G.J.; McMillan, L.; Thorson, R.; Wheeler, G.; McCarthy, M.C. Effects of immersive virtual
reality exposure in preparing pediatric oncology patients for radiation therapy. Tech. Innov. Patient Support Radiat. Oncol. 2021,
19, 18-25. [CrossRef]

7. Sandoval, L.R.; Buckey, ].C.; Ainslie, R.; Tombari, M.; Stone, W.; Hegel, M.T. Randomized Controlled Trial of a Computerized
Interactive Media-Based Problem Solving Treatment for Depression. Behav. Ther. 2017, 48, 413—-425. [CrossRef]

8. Gan, B,; Menkhoff, T.; Smith, R. Enhancing students’ learning process through interactive digital media: New opportunities for
collaborative learning. Comput. Hum. Behav. 2015, 51, 652-663. [CrossRef]

9.  Bayram, S.B.; Caliskan, N. Effect of a game-based virtual reality phone application on tracheostomy care education for nursing
students: A randomized controlled trial. Nurse Educ. Today 2019, 79, 25-31. [CrossRef]

10. Liaw, S.Y.; Wu, L.T.; Soh, S.L.H.; Ringsted, C.; Lau, T.C.; Lim, W.S. Virtual Reality Simulation in Interprofessional Round Training
for Health Care Students: A Qualitative Evaluation Study. Clin. Simul. Nurs. 2020, 45, 42-46. [CrossRef]

11.  Smith, P.C.; Hamilton, B.K. The Effects of Virtual Reality Simulation as a Teaching Strategy for Skills Preparation in Nursing
Students. Clin. Simul. Nurs. 2015, 11, 52-58. [CrossRef]

12.  Botha, B.S.; de Wet, L.; Botma, Y. Undergraduate Nursing Student Experiences in Using Immersive Virtual Reality to Manage a
Patient with a Foreign Object in the Right Lung. Clin. Simul. Nurs. 2021, 56, 76-83. [CrossRef]

13.  Ferrandini Price, M.; Escribano Tortosa, D.; Nieto Fernandez-Pacheco, A.; Perez Alonso, N.; Cerén Madrigal, J.J.; Melendreras-
Ruiz, R.; Garcia-Collado, A.J.; Pardo Rios, M.; Juguera Rodriguez, L. Comparative study of a simulated incident with multiple
victims and immersive virtual reality. Nurse Educ. Today 2018, 71, 48-53. [CrossRef] [PubMed]

14. Servotte, ].-C.; Goosse, M.; Campbell, S.H.; Dardenne, N.; Pilote, B.; Simoneau, I.L.; Guillaume, M.; Bragard, I.; Ghuysen, A.
Virtual Reality Experience: Immersion, Sense of Presence, and Cybersickness. Clin. Simul. Nurs. 2020, 38, 35-43. [CrossRef]

15. Chavez, O.L.; Rodriguez, L.-F; Gutierrez-Garcia, J.O. A comparative case study of 2D, 3D and immersive-virtual-reality
applications for healthcare education. Int. J. Med. Inform. 2020, 141, 104226. [CrossRef]

16. Jeon, J.; Kim, ].H.; Choi, E.H. Needs Assessment for a VR-Based Adult Nursing Simulation Training Program for Korean Nursing

Students: A Qualitative Study Using Focus Group Interviews. Int. |. Environ. Res. Public Health 2020, 17, 8880. [CrossRef]

155



Healthcare 2022, 10, 1473

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

Wang, C.-M; Tsai, T.-C.; Peng, C.-H. The research of applying interactive technology and multi-interactive interface of smartphone
into theme park applications. Int. J. Digit. Media Des. 2016, 8, 12-24.

Lu, L.S.; Ho, Y.E A study on the behavior and emotion of the active aging groups’ ecotourism travel experience: Needs survey on
the use of interactive technology. J. Gerontechnol. Serv. Manag. 2015, 3, 223-234. [CrossRef]

Hsieh, Y.-L.; Chen, C.-H.; Lai, Y.-H. Inspiration and creativity: Visitor study of virtual reality-based museum exhibition. Museol.
Q. 2019, 33, 49-73. [CrossRef]

Wang, S.-W.; Xu, Q.; Lin, M.-L.; Wang, M.-C.; Guo, J.-L. Evaluation of University educators on the promotion of innovative
anti-drug textbooks. J. Healthy Life Success. Aging 2019, 11, 56-73.

Cheng, S.W.; Chang, K.C.; Chen, ].T. Analyzing the effectiveness of using virtual reality in pharmacy education. Cheng Ching Med.
J. 2021, 18, 22-27.

Lin, S.-C. Applying virtual reality assisted critical thinking training programs among nurse practitioners. J. Nurs. 2021, 68, 18-23.
[CrossRef]

Jiang, R.P,; Chou, Y.F. Tutoring nursing via VR. Tzu Chi Nurs. ]. 2021, 21, 32-33.

Wells-Beede, E.; Garcia, B.; Chun, S.W.; Kicklighter, C.; Seo, ].H. Creative Solutions for Complex Circumstances: The Utilization of
Virtual Reality in a Specialty Course. Clin. Simul. Nurs. 2022, 65, 82-85. [CrossRef]

Wood, J.; Ebert, L.; Duff, J. Implementation Methods of Virtual Reality Simulation and the Impact on Confidence and Stress When
Learning Patient Resuscitation: An Integrative Review. Clin. Simul. Nurs. 2022, 66, 5-17. [CrossRef]

Saab, M.M.; Hegarty, ].; Murphy, D.; Landers, M. Incorporating virtual reality in nurse education: A qualitative study of nursing
students” perspectives. Nurse Educ. Today 2021, 105, 105045. [CrossRef]

Miskowiak, K.W.; Jespersen, A.E.; Kessing, L.V.; Aggestrup, A.S.; Glenthej, L.B.; Nordentoft, M.; Ott, C.V.; Lumbye, A. Cognition
Assessment in Virtual Reality: Validity and feasibility of a novel virtual reality test for real-life cognitive functions in mood
disorders and psychosis spectrum disorders. |. Psychiatr. Res. 2022, 145, 182-189. [CrossRef] [PubMed]

Ugur, E.; Konukseven, B.O. The potential use of virtual reality in vestibular rehabilitation of motion sickness. Auris Nasus Larynx
2022, 49, 768-781. [CrossRef]

Sen, S.; Usta, E.; Bozdemir, H. The effect of mobile virtual reality on operating room nursing education. Teach. Learn. Nurs. 2022,
17,199-202. [CrossRef]

Gillespie, G.L.; Farra, S.; Regan, S.L.; Brammer, S.V. Impact of Immersive Virtual Reality Simulations for Changing Knowledge,
Attitudes, and Behaviors. Nurse Educ. Today 2021, 105, 105025. [CrossRef]

156



MDPI AG
Grosspeteranlage 5
4052 Basel
Switzerland
Tel.: +41 61 683 77 34

Healthcare Editorial Office
E-mail: healthcare@mdpi.com
www.mdpi.com/journal/healthcare

Z

MDPI

F

Disclaimer /Publisher’s Note: The title and front matter of this reprint are at the discretion of the Guest
Editors. The publisher is not responsible for their content or any associated concerns. The statements,
opinions and data contained in all individual articles are solely those of the individual Editors and
contributors and not of MDPIL. MDPI disclaims responsibility for any injury to people or property

resulting from any ideas, methods, instructions or products referred to in the content.






E| Academic Open
"¢ Access Publishing

t mdpi.com ISBN 978-3-7258-3749-6



