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ABSTRACT

Objectives: The integration of high-risk human papillomavirus (HPV) detection into cervical cancer screening in Poland
aims to improve early detection, yet challenges in coverage and adherence persist. Innovative approaches, like sampling
for HPV testing and cytology outside medical settings, have been proposed. This study assesses the feasibility and agree-
ment of results between traditional and novel sampling methods.

Material and methods: A cohort of 50 women aged 25-74 underwent HPV DNA and liquid-based cytology sampling
both in-office using standard method and outside the medical setting by trained personnel. Samples were analyzed for
HPV DNA using real-time PCR and cytology according to the Bethesda system.

Results: Cytology and HPV DNA positivity rates showed substantial agreement between methods, with almost perfect
agreement for high-risk HPV types. Visual assessment of the cervix was successfully conducted in all cases. Preliminary
results suggest remote sampling for HPV DNA and cytology is a viable alternative to traditional methods, with the ef-
fectiveness in detecting HPV and cytological abnormalities comparable to this reported in literature, offering potential
benefits for individuals with mobility limitations or logistical barriers to attending medical appointments.

Conclusions: The study highlights the potential role of remote sampling for HPV DNA and cytology in enhancing cervical
cancer screening accessibility and adherence. Implementation of such methods could improve coverage, particularly
among underserved populations. Further research is needed to validate and optimize these approaches for broader
clinical use.

Keywords: HPV testing; cervical cancer; immobilized patients; screening test

Ginekologia Polska 2025; 96, 2: 81-86

INTRODUCTION

The latest techniques for detecting high-risk hu-
man papillomavirus (HPV) have been incorporated into
primary cervical cancer screening under the Polish National
Health Fund in 2022 [1] and are the preferred regimen for
primary screening for high-risk types of HPV (HR-HPV) in-
fection among women aged 25 to 74, with testing recom-
mended every five years. If the HPV test is positive, it is
recommended to perform a Pap smear, which should be
performed on the same sample if possible, or reflex cytology

Corresponding author:
Artur J. Jakimiuk

to avoid recitations and encourage adherence to screening
[1]. This is in line with the European response to WHO call
for cervical cancer elimination and includes cervical cancer
screening coverage of 70% of women within the specified
agerange, using a clinically validated test for HR-HPV in the
last five years [2]. The WHO call also pointed out the unique-
ness of the challenges related to the SARS-CoV2 pandemic,
including the necessity for European women to have ac-
cess to self-sampling kits for HR-HPV, especially during the
pandemic [2].
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Polish data for 2020 on publicly funded secondary pre-
vention is highly alarming - only 11.31% of the planned
female population was covered by screening [3]. Data on cer-
vical cancer screening outside of public funding are unknown.

In nations with structured screening initiatives, most
new cases of cervical cancer are detected in women who
have either never been screened or have a limited screen-
ing history [4, 5].

A way to ensure both clinical credibility and accep-
tance among women who have not yet undergone sufficient
screening may be to obtain specimens for HPV analysis and
cytology testing through patient self-sampling or sampling
by medical personnel outside the office [6]

Self-sampling, i.e., the independent collection of vaginal
material by the patient using a dedicated brush, has been
recommended as a tool in the screening of HPV-dependent
cervical cancer. This recommendation applies to cases in
which it is necessary to maintain social distance associated
with the risk of SARS-CoV-2 infection, which in extreme
cases may lead to the abandonment of screening [7-9].
Due to the lack of sufficiently validated HR-HPV14 tests for
the self-sampling on the Polish market, in the case of any
positive HPV result obtained by this method, it is necessary
to confirm it using validated HR-HPV molecular test of the
material collected from the patient’s cervix onto a liquid
medium, which requires contact with medical personnel
[10]. In this case, a targeted cervical smear should be taken,
which should be combined with a visual assessment of the
cervix, vagina and vulva to detect gross abnormalities on
their surface. Indeed, combining HPV-DNA testing with
cytology and visual examination can significantly speed up
the diagnostic and treatment process in some patients ex-
cluded from basic screening. The above one-step screening
algorithm may be used in high-risk patients with disabilities,
including those having difficulty with an examination on
a gynecological chair or in nursing homes or retirement
homes, often deprived of routine screening.

MATERIAL AND METHODS
Methods
Aim of the study

The aim of the study was to assess the implementation
of a new method of collecting cytology and HPV DNA out-
side the medical office by medical personnel and to evaluate
the degree of agreement between the results of cytological
and HPV DNA testing obtained by medical personnel with
the new method outside the medical office compared to the
traditional sampling.

Study group
The research was conducted at the Outpatient Clinic
of Gynecology, Oncological Gynecology and Reproduc-

tion Department, at the National Medical Institute in War-
saw, Poland, between October 9, 2023 and November 15,
2023.The study cohort comprises 50 patients. The research
was approved by the Bioethics Committee by the Regional
Chamber of Physicians in Koszalin (decision number 2/2023)
and is consistent with the provisions of the Declaration of
Helsinki. All the patients signed informed written consent
prior to the participation.

Inclusion and exclusion criteria

Inclusion criteria were women aged 25 to 74 years who
signed informed consent. Exclusion criteria were preg-
nancy and the first six weeks of the postpartum period,
absence of a cervix (previous hysterectomy or trachelec-
tomy), vaginal bleeding, and use of medications including
creams or vaginal douches in the last 48 hours before
sample collection.

Study design
From each patient, samples for HR HPV DNA analysis
and liquid-alkaline cytology were collected on the same
day on the bed using a vaginal swab collection kit outside
the medical office by medical personnel and on the gy-
necological examination chair using the standard Cusco
speculum.

Set and laboratory assays

The set includes (Fig. 1):
® camera,
® anoscope,
® cytological brush,
¢ liquid medium for virological and cytological examinations,
® sterile gloves,
* sterile swab,
* sterile gauze, and
* ampoule with physiological saline.

Technique of collecting samples on a patient’s bed
using a vaginal swab kit by medical personnel
outside the medical office
*  First step: insertion of the speculum with the obturator
into the vagina, resting the collar of the speculum on

the labia without using force (Fig. 2).

® Second step: removal of the obturator and insertion of
a brush into the speculum (Fig. 3).

* Third step: inserting the camera above the brush into
the speculum (Fig. 4).

* Fourth step: performing four rotations of the brush un-
der visual control, collecting the smear from the external
opening of the cervical canal and the surface of the
vaginal part of the cervix, and then taking a photograph
of the visible area (Fig. 5).
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Figure 1. Set for novel sampling method

Figure 2. First step of ovel sampling method

Standard sampling technique performed on
a gynecological chair using a Cusco speculum

Conventional specimen collection was carried out by
gently inserting a disposable Cusco’s bivalved speculum
oriented at a 45° angle into the introitus. Once inside, it
was horizontalized and the cervix was searched, trying not
to collide with it.

All samples were collected using BD SurePath Collec-
tion Vial, Becton, Dickenson and Company, Sparks, USA and
the examination for HPV DNA 14 was performed using the

Figure 3. Second step of novel sampling method

Real-Time PCR method on the Alinity M device from ABBOTT,
which holds the CE-IVD certification.

Cytological findings were assessed according to
the 2001 Bethesda System and classified as follows:
high-grade squamous intraepithelial lesion (HSIL);
atypical squamous cells, cannot exclude HSIL (ASC-H);
low-grade squamous intraepithelial lesion (LSIL); atypical
squamous cells of undetermined significance (ASC-US);
atypical glandular cells (AGC); and negative for intraepi-
thelia | lesion or malignancy (NILM).

www. journals.viamedica.pl/ginekologia_polska 83
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Figure 4. Third step of novel sampling method

All samples were collected by two experienced clinicians
and evaluated by the same pathologist.

In order to anonymize the samples for the laboratory
staff, each of them was labeled with a number from 1 to
50 and the letter A or B. This series of numbers was the result
of a simple random sampling conducted at the beginning of
the study, with each number assigned to participant accord-
ing to the order of recruitment and the letter according to
the sampling method.

Statistical analysis

Statistical analysis was performed using Statistica soft-
ware (version 13.3; StatSoft, Poland). Continuous variables
were summarized and reported as mean and standard de-
viation (mean + SD). Categorical variables were presented as
the number of patients and percentages. The agreement of
measurement methods between paired cases was reported
as percentages and assessed using Cohen'’s kappa (k) sta-
tistics, with agreement interpreted as poor (k < 0), slight
(k< 0<0.2),fair (0.2 <k < 0.4), moderate (0.4 <k < 0.6), sub-
stantial (0.6 < k < 0.8), and almost perfect (0.8 <k < 1) [11].

RESULTS

In the study group all women (50/50) accepted new
method. Cervix was visualized and photographed in all
cases. Collected material was send to laboratory to perform
liquid based cytology (LBC) and high-risk HPV analysis.

Mean age in the study group was 43 years (+ 11).
Positivity rate in endocervical cells occurrence in pap smear
result was 20% (10/50) in the new method and 78% (39/50)
in the conventional sampling.

Cytology positivity rate (i.e. a percentage of the cytology
results other than NILM) was 6% (3/50) in both the new and

Figure 5. Fourth step of novel sampling method

the old method groups with substantial agreement rate
between the groups of 96% (k = 0.65).

Considering the detection for at least one of HR-HPV,
positivity rate was 12% (6/50) in the new method and 10%
(5/50) in the classic sampling, with almost perfect agree-
ment of 98% (k = 0.9). HPV16 and HPV18, the main types
responsible for cervical cancer, showed an almost perfect
agreement rate of 98%, with k = 1. These results are pre-
sented in Table 1.

DISCUSSION

Preliminary results indicate that the new sampling tech-
nique is a feasible and attractive alternative to standard
cytology and HPV DNA sampling. As it can be performed
outside the medical office, on the patient’s bed, it may be
an alternative forimmobilized patients burdened by chronic
diseases and therefore omitting participation in screening.

Research delving into reasons for not attending screen-
ing reveals a diverse array of obstacles, such as fear of pain,
embarrassment, limited access to physician care, or incon-
venient working hours in outpatient clinics [4, 5]. We believe
that the proposed new sampling technique may also ad-
dress some of those concerns.

Cytology positivity rate (i.e. a percentage of the cytol-
ogy results other than NILM) was 6% (3/50) in both the new
and the old method groups, with agreement rate between
groups of 96% (with k = 0.65). Considering detection for at
least one of HR-HPV, positivity rate was 12% (6/50) in the
new method and 10% (5/50) in the classic sampling, with
agreement of 98% (k = 0.9). Detection of HR-HPV using
a new method, performed on a patient’s bed simultane-
ously with cervical examination, has been demonstrated
to be a good alternative in screening, and the results are

84 www. journals.viamedica.pl/ginekologia_polska
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Table 1. Cytological and HPV DNA results

New method Conventional sampling
Positivity rate in endometrial cells, n [%] 10 (20) 39(78)
Cytology NILM, n [%] 47 (94) 47 (94)
Cytology ASCUS 1(2) 2(4)
Cytology LSIL, n [%] 2(4) 1(2)
Cytology ASC-H, n [%] 0(0) 0(0)
Cytology HSIL, n [%] 0(0) 0(0)
Cytology AGC, n [%] 0(0) 0(0)
HPV DNA (-), n [%] 44 (88) 45 (90)
HPV DNA 16, 18 (+), n [%] 0(0) 0(0)
HPV DNA group A (+), n [%] * 3(6) 2(4)
HPV DNA group B (+), n [%]** 1(2) 1(2)
HPV DNA 16/18(+) and group A (+), n [%] 1(2) 1(2)
HPV DNA 16/18 (+) and group B (+), n [%] 1(2) 1(2)

*Group A — 31, 33, 52, 58; **group B — 35, 39, 51, 56, 59, 66, 68; AGC — atypical glandular cells; ASC-H — atypical squamous cells, cannot exclude HSIL; ASCUS —
atypical squamous cells of undetermined significance; HPV — human papillomavirus; HSIL — high-grade squamous intraepithelial lesion; LSIL — low-grade squamous

intraepithelial lesion; NILM — negative for intraepithelial lesion or malignancy

comparable to those obtained from standard sampling us-
ing a Cusco speculum and performed on a gynecological
examination chair.

This method is a comparable alternative to HR-HPV de-
tection in vagina auto-sampling. In a study by Gibert et al.
[12] in 120 patients, the authors assessed agreement be-
tween self- and conventional samples concerning HPV-pos-
itivity as very good (k 0.86, k 0.83) or reasonable (k 0.73
K 0.68) depending on test used. Pap smears from self-samples
exhibited moderate agreement (k 0.41 and 0.51) for negative
versus ASC-US and worse results [12].

The results of our study are also comparable to the those
of an Italian study conducted by Martinelli et al. [13], in
a cohort of 245 women with abnormal cytology, from whom
self-sampled vaginal, urine, and clinician-administered cer-
vical specimens were collected and HPV28 assays were per-
formed. The results showed HPV positivity rates of 75.1%
(cervical), 78.4% (vaginal), and 77.1% (urine). Notably, there
was substantial concordance in the detection of HR-HPV
between self-collected cervical samples and those collected
clinically (x = 0.898 for vaginal; k = 0.715 for urine) [13].

Moreover, in our research the detection of HPV16/HPV18,
which are responsible for over 70% of cervical cancer cases,
showed an almost perfect agreement of 98%, with k=1 be-
tween new and classic method.

Likewise, in the aforementioned study, the detection
of HPV16 and HPV18 between cervical samples and vagi-
nal self-samples showed a very good agreement rate with
K = 0.945 and k = 0.940, respectively, and a very good con-
cordance rate in HPV16 (k = 0.874) and HPV18 (k = 0.866)
between cervical and urine samples [13].

www. journals.viamedica.pl/ginekologia_polska

In our study, the cervix was visualized and photographed
in all cases. In the literature, the reemergence of visual in-
spection of the cervix with the naked eye using acetic acid
(VIA) as a screening tool in resource-limited settings is noted.
Despite its modest specificity and a low positive predictive
value (of approximately 10%), VIA is considered cost-effec-
tive, demands minimal equipment, and yields immediate
results [14]. Additionally, the method presented in our study
opens the possibility of using modern technologies in such
as smartphones to store and consult data, or artificial intel-
ligence to assess the image of the cervix [15, 16 ].

Finally, current triage guidelines for HR-HPV-positive
women require cervical cytology result and cannot be per-
formed on self-collected samples. Hence, in a self-sampling
screening initiative, it is crucial for women testing positive
for HR-HPV to be recalled for a follow-up visit to obtain
a cervical sample for cytology triage. This poses an inherent
risk of potential loss during the monitoring of HPV-positive
individuals, and this risk could be increased among those
who are non-attendant, a demographic already prone to
difficulties in maintaining adherence. In fact, combining
two screening tests (e.g. HPV followed by VIA or cytology)
has also been described as the preferred screening test for
HIV-infected patients in resource-limited settings [17].

Furthermore, in the study by Denny et al.[18], employing
a two-test strategy that begins with direct visual inspec-
tion, followed by cytologic testing, HPV DNA testing, or VIA,
reduced the number of patients subjected to unnecessary
treatment (22 to 41 patients without disease/1000 patients
screened) compared with either VIA (182/1000) or HPV alone
(137/1000). We believe in the future it would be important
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to extend the study to the target group of patients who
either lack access to a speculum examination or are reluctant
to undergo a pelvic examination in a gynecological chair.
Alarger sample would also enable us to calculate sensitivity
rates for the detection of CIN2+. An alternative avenue to
improve our method could involve incorporating the VIA
test and performing biopsies in high-risk patients.

CONCLUSIONS

The study highlights the promise of remote sampling
for HPV DNA and cytology in enhancing cervical cancer
screening accessibility and adherence. Implementation of
such methods could significantly improve screening cover-
age, especially among underserved populations. Further
investigations are warranted to validate and optimize these
approaches for broader clinical application.
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Modified laparoscopic sacrocolpopexy
for advanced posterior vaginal wall prolapse:
a 3-year prospective study
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ABSTRACT

Objectives: To evaluate and validate the safety and efficacy of modified laparoscopic sacrocolpopexy for advanced
posterior vaginal wall prolapse at up to 3 years of follow-up.

Material and methods: As a prospective observational study, we collected 56 cases with advanced posterior vaginal wall
prolapse and performed modified laparoscopic sacrocolpopexy (MLSC) with self-cut mesh. The main improvement is the
cutting and fixing of the mesh. Patients were followed up at 6, 12, 24 and 36 months. The main indicators of follow-up
were postoperative anatomic success rate and Pelvic organ prolapse quantitation (POP-Q) score, and secondary indica-
tors were related to quality-of-life scales and postoperative complication rates.

Results: All patients completed the operation through minimally invasive surgery, and there were no vital organs and
blood vessel damage during the operation. The mean age was (58.32 + 7.63) years. There was no recurrence of stage |
or lower during the follow-up maximum of 36 months (median 24 months), and the anatomic success rate was 100%.
The quality-of-life scores improved significantly (p < 0.001) and the quality of sexual life was not affected (p = 0.5). There
was 1 case of continuous vaginal mesh exposure at 12 months (2.86%) and 1 case of severe infection with poor healing
of vaginal stump within 6 months (1.79%). No one had urinary incontinence (Ul) requiring reoperation.

Conclusions: In patients with advanced posterior vaginal wall prolapse, MLSC can provide good and durable pelvic floor

anatomical recovery and functional outcomes with no specific complications.

Keywords: laparoscopic sacrocolpopexy; levator ani; mesh; pelvic organ prolapse; quality of life
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INTRODUCTION

Pelvic organ prolapse (POP) is a type of dysfunctional
disease in today’s aging society that seriously affects the
quality of life of older women. Anterior vaginal wall prolapse
is the most common form of POP, while posterior vaginal
wall prolapse is relatively uncommon with a prevalence of
12.9-18.6% [1], accounting for about 1/2 of anterior vagi-
nal wall prolapse [2]. However, the treatment of posterior
vaginal wall prolapses, especially of the distal and middle
portions of the vagina wall, is relatively challenging. De-
spite the availability of various surgical approaches, there
is currently a lack of high-level evidence to support the
preferred surgical approach [3]. The traditional approach
is transvaginal repair, with an average success rate of 83%,
and complications such as sexual intercourse disorder (with
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an incidence of about 18%) and defecation disorder
(with an incidence of about 26%) have not been effectively
resolved [1]. In recent years, a growing number of clinical
studies have demonstrated the integrity of pelvic support
structures. Magnetic resonance imaging (MRI) evidence
supports the overall weakening and general deformation of
pelvic floor tissue in patients with POP, rather than specific
fascia or site defects [4]. Malik RD. et al. [5] found that 16%
of women who underwent anterior vaginal wall suspension
also required posterior prolapse repair during long-term
follow-up. At the same time, there are more than 20 years
of research data demonstrating the critical role of defectsin
vaginal apical support structures in prolapse of the anterior
and posterior vaginal walls [6]. Only transvaginal repair of
the posterior wall cannot improve the overall defect of the
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pelvic supporting structure, which may explain why simple
transvaginal surgery cannot achieve the ideal surgical effect.

With the advancement and update of minimally invasive
techniques, laparoscopic sacrocolpopexy (LSC) has become
the “gold standard” for the treatment of POP caused by
mid-pelvic defects in recent years [7-9]. It achieves the over-
all repair of the pelvic floor support structure by strengthen-
ing the uterosacral ligament complex. The surgical effect
of LSC is superior to various transvaginal procedures [2].
Although there is currently no strong evidence to prove its
superiority in treating posterior vaginal wall prolapse, some
studies have shown that apical support plays an important
role in posterior wall prolapse, and LSC can also restore the
anatomy of the posterior vaginal wall [10, 11].

Many scholars have conducted follow-up studies on SCin
patients with posterior vaginal wall prolapse. They found that
the recurrence rate of vaginal apex after surgery was 1.47%to
6.1%, while the recurrence rate of posterior wall prolapse was
ashighas 5.88%t031.82%[12, 13]. That suggests that SCis ef-
fective in supporting the apical vagina but cannot achieve the
same ideal effect on the posterior vaginal wall. This is closely
related to the complex anatomical structure of the posterior
vaginal wall. DeLancey et al. [14] described the vaginal sup-
port in three different anatomical levels. In addition to the
dominant role of the cardinal-uterosacral ligament complex,
the levator ani muscle also plays an important role in support
of the posterior vaginal wall and the entire pelvic floor. This
provides a theoretical basis for us to treat posterior vaginal
wall prolapse by MLSC. It enhances the overall structural
support of the pelvic floor by addressing the vaginal apex
defect and reinforcing the level Il support. This is achieved
by securing the two wings of the posterior mesh with the
levator fascia on both sides. In this study, we enrolled patients
with advanced posterior vaginal wall prolapse, performed
the MLSC with self-cut mesh, and evaluated the safety and
efficacy of this procedure during up to 3 years of follow-up.

MATERIAL AND METHODS
Baseline characteristics

As a prospective observational study, we identified
a total of 56 patients with symptomatic, advanced POP
who underwent MLSC with self-cut mesh between January
2019 and December 2021 at the Affiliated Hospital of Qing-
dao University. Allwomen participated after informed writ-
ten consent was obtained, and ethics approval was obtained
from the Affiliated Hospital of Qingdao University prior to
performing the surgical procedure (QYFY WZLL 27716).The
following inclusion criteria were applied: (1) presenting with
atleast stage 3 prolapse of the posterior vaginal wall, with or
without other chamber prolapses (anterior vaginal wall,
cervical prolapse, or vaginal vault prolapse); (2) age younger
than 70 years. The exclusion criteria included: (1) could not

62 considered for study

.| 5 were unable to guarantee follow-up;
1 had a history of pelvic cancer

A 4

Preoperative
56 POP-Q, MR, PFDI-20, PFIQ-7;
33 Sex life, PISQ-12

v
56 underwent MLSC

\4

At 6-month follow-up
56 POP-Q, PFDI-20, PFIQ-7;
33 sex life, PISQ-12

v

At 12-month follow-up
56 POP-Q, MRI, PFDI-20, PFIQ-7;
35 sex life, PISQ-12

v

At 24-month follow-up
35 POP-Q, PFDI-20, PFIQ-7;
21 sex life, PISQ-12

v
At 36-month follow-up 22
POP-Q, PFDI-20, PFIQ-7;
9 sex life, PISQ-12

Figure 1. The study flowchart. POP-Q — Pelvic Organ Prolapse
Quantitation; PFDI-20 — Pelvic Floor Distress Inventory — Short Form
20; PISQ-12 — The Pelvic Organ Prolapse/Urinary Incontinence Sexual
Questionnaire 12; PFIQ-7 — The Pelvic Floor Impact Questionnaire 7;
MLSC — Modified Laparoscopic Sacrocolpopexy

tolerate surgery because of serious systemic diseases; (2)
a history of pelvic cancer or pelvic radiation therapy. All in-
cluded patients were graded by the POP-Q score developed
by The International Continence Society (ICS). The study
flowchart is depicted in Figure 1.

Surgical techniques

All operations were performed by the same experienced
team via robotic or laparoscopic-assisted surgery. A total hys-
terectomy was performed following routine steps in cases of
uterine prolapse. A 0 absorbable suture was used to continu-
ously suture the vaginal stump. Separated the vaginal rectal
space down to the lower third of the posterior vaginal wall and
then extended it laterally to visualize the levator ani muscle
fascia on both sides (Fig. 2). Opened the peritoneum to reach
the presacral space to expose the middle sacral vasculature
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Figure 2. The vaginal rectal spaces were dissected down to the levator ani fascia on both sides, and the posterior mesh was placed over and sutured

to this fascia

and the anterior longitudinal ligament of the first sacral ver-
tebra below the promontory and communicated with the
opened rectovaginal space below. A polypropylene mesh, Gy-
nemesh PS (Ethicon, 10 cm X 15 cm, Somerville, NJ, USA), was
cut into 2 specific shape strips (Fig. 3). The anterior mesh
was fixed using conventional sutures, while the posterior
mesh was positioned over and sutured to the levator fascia on
both sides, and to the uterosacral ligament complex (Fig. 2).
The anterior and posterior arms of the meshes were then
combined over the vaginal stump and drawn through the
peritoneal tunnel. The distal end of the mesh is finally fixed
without tension to the anterior longitudinal ligament of the
sacrum (Fig. 4). All meshes were sutured with 2-0 nylon su-
tures (non-absorbable sutures). The peritoneum was sutured
continuously with an absorbable suture, and the mesh was
completely placed within the peritoneum to ensure complete
peritonealization.

Objectives

The objective of this study was to evaluate the safety
and efficacy of MLSC for advanced posterior vaginal wall
prolapse. Patients were primarily followed up through tel-
ephone consultations and outpatient clinic visits, starting
6 months after surgery. The main indicators of follow-up
were the postoperative anatomical success rate and POP-Q
score, while secondary indicators comprised quality of life
scales and postoperative complication rates. Anatomical
success was defined as stage | or lower based on the POP-Q.
The quality of life of patients was assessed using question-
naires, including Pelvic Floor Distress Inventory — Short
Form 20 (PFDI-20), the Pelvic Organ Prolapse/Urinary Incon-
tinence Sexual Questionnaire 12 (PISQ-12), and The Pelvic
Floor Impact Questionnaire 7 (PFIQ-7). The PFDI-20 investi-
gates the range of POP symptoms experienced by the patient

Figure 3. The posterior wall mesh was cut into the shape of the two
wings and a lateral arm

and the grade of inconvenience they cause. The PFIQ-7 cov-
ers theimpact of POP on daily life. The PISQ-12 covers sexual
function in sexually active women with POP. These three
questionnaires have been used in numerous studies and
have also been validated in their Chinese versions [15-171].

Statistical analysis
Data analysis was managed using SPSS 25 statistical
software and R version 4.1.0. Data were reported as mean
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Figure 4. Exposed the front area of the first sacrum and fixed the long arm of the mesh to the anterior longitudinal ligament

+ standard deviation for continuous quantitative variables
and as number and percentage for qualitative variables. Pre-
operative and follow-up values were compared on McNemar
test and Student’s t-test for matched variables. A p value
< 0.05 was considered as statistically significant.

RESULTS

A total of 56 patients were included in this study. The
demographic information is shown in Table 1. According
to MRl assessment, fifteen of these patients combined with
intestinal hernia. There were 6 cases had a history of POP
surgery, which included 3 cases of simple anterior and pos-
terior vaginal wall repair, 2 cases of sacrospinous ligament
fixation, and 1 case of uterine-rectus abdominis suspension.
Additionally, 8 patients were complicated with U, including
3 patients with stress Ul (SUI), 2 with urge Ul (UUI), and 3 with
mixed Ul (MUI). None of the patients had previously under-
gone incontinence surgery; 42 patients (75%) underwent
concurrent hysterectomy during the surgery. Among the
other patients, six (10.71%) had vaginal vault prolapse, and
8 (14.29%) chose to preserve the uterus. Six cases (10.71%)
underwent tension-free vaginal tape-obturator (TVT-O)
surgery due to SUI or MUL. In all patients, the surgery was
performed using minimally invasive techniques without
conversion to laparotomy, and there were no injuries to
the gastrointestinal tract, urinary system, or major blood
vessels. The urinary catheter was removed within 24 hours
after the operation, and none of the patients experienced
discomforts such as dysuria, urgency, or dysuria. The perio-
perative data are presented in Table 2.

All patients underwent gynecological examinations,
MRI imaging, and laboratory tests during outpatient fol-
low-up visits. The vaginal capacity of all patients could
accommodate 2-3 fingers, and the POP-Q values returned
to the normal anatomical range after the operation. The
difference was statistically significant compared with

the preoperative value (p < 0.001). The anatomic success
rate was 100% during the maximum 36-month follow-up
period (Tab. 3).

Functional pelvic problems (PFDI-20 scores) and their
impact on patients’quality of life (PFIQ-7 scores) significantly
improved postoperatively (p < 0.001). We did not collect
information on patients’ sexual activity for 6 months after
surgery as it was necessary to avoid sexual intercourse inim-
mediate post-surgery period. 33 patients who had a sexual
life before the operation recovered and resumed normal
sexual activity after the operation, as confirmed during the
12-month follow-up evaluation. In addition, two patients
who had no sex activity 6 months before the operation
also resumed sexual activity after the procedure. There was
no statistically significant difference from the preopera-
tive score (p = 0.5). Patients experienced improved urinary
system-related symptoms and sensory disturbances after
the operation (p < 0.05). 19 out of the 25 patients who
had constipation before the operation returned to normal
1 month after the procedure, with significant improvement
in their anorectal symptoms. 12 cases experienced new-
-onset constipation, and their symptoms improved or re-
solved within 6 months after the operation through changes
in dietary habits and the use of laxative drugs. Additionally,
the 6 patients with Ul underwent TVT-O surgery simulta-
neously, resulting in significant symptom improvement
post-surgery without dysuria or urinary retention. There
were 5 patients with new-onset Ul, two of whom had UUI
and were cured with cholinergic receptor blockers and other
medications, while three had SUI with mild symptoms, and
none required further surgery (Tab. 4).

1 patient with persistent mesh exposure recovered after
debridement and suturing of the stump 12 months after the
operation. Infection-related complications mainly include
vaginal stump inflammation and pelvic infection. 3 vagi-
nal stump infections were observed during an outpatient
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Table 1. Baseline characteristics (n = 56)

Characteristics Value
Type of POP
Simple posterior wall prolapses 18(32.14)
Combined with other chamber prolapses 38(67.8)
Age [years] 58.32+7.63
BMI [kg/m?] 24.96 +3.45
Number of deliveries 1.55+0.63
Menopause 37 (66.07)
Chronic constipation 25 (44.64)
Urinary incontinence 8(14.29)
Uterine fibroids or adenomyoma 20(35.71)
Intestinal hernia 15 (26.79)
Previous pelvic surgery 18 (32.14)
Previous POP surgery 6(10.71)
Comorbidities
Hypertension 9(16.07)
Diabetes mellitus 11(19.64)
:-rllv:::it(id(i)snela;;garrhythmia, myocardial 2357)
e
Cerebral infarction 2(3.57)

Data are mean + standard deviation or n (%); POP — pelvic organ prolapse;
BMI — body mass index

Table 2. Perioperative characteristics

Characteristic Value

Surgical approach

Laparoscopic 38 (67.86)

Robot-assisted 18 (32.14)
Concomitant procedures

Total hysterectomy 42 (75)

TVT surgery 6(10.71)

Adhesiolysis 7(12.5)
Duration of surgery [min] 197.39 £ 55.91
Estimated blood loss [mL] 44.19 +£26.33
Length of postoperative hospital stay [day] 345+ 1.04

Data are mean + standard deviationor n (%); TVT — tension-free vaginal tape

follow-up visit 1 month after the surgery. During the gyneco-
logical examination, none of the patients presented obvious
symptoms such as vaginal stump congestion, loose sutures,
or poor healing. All patients recovered after treatment with
estrogen-containing vaginal suppositories and estrogen
cream. There were no serious mesh-related complications
such as adhesive bowel obstruction or mesh erosion during
the follow-up period (Tab. 4).

DISCUSSION

Traditional LSC is applicable to uterine prolapse with
mid-pelvic defects. The mesh is mainly sutured to the up-
per third of the posterior vaginal wall and the uterosacral
ligament. However, it provides less support for the lower
part of the anterior and posterior vaginal walls and cannot
achieve the same ideal effect [18]. In an analysis by Sul-
livan et al. [19], in which mesh was fixed to the sacrum to
treat multicompartmental POP, 28% of their patients (n =
= 236, follow-up 5 years or 3 years) required reoperation
for recurrent low posterior vaginal wall prolapse. Moreover,
rectocele resulting from uncorrected central or distal defects
may create a downward traction force on the apical suspen-
sion recurrence sites, which can contribute to the apical
plateau recurrence [20]. Wong et al.[21] utilized ultrasound
to evaluate the location of the anterior mesh in LSC patients’
post-surgery and discovered that the lower the mesh posi-
tion, the lower likelihood of recurrence rate. Therefore, there
is a view that the posterior wall mesh can be fixed to the
perineal body in LSC, but excessive dissection of the pos-
terior vaginal wall may increase bowel complications [22].

In this study, we performed MLSC in 56 patients with
advanced posterior vaginal wall prolapse. The procedure
involved dissecting the rectum from the posterior vaginal
wall down to the levator ani fascia on both sides of the
rectum. It not only fixes Level | support (vagina apical) but
also has major influences on Level Il (midvaginal) and Level
Il (introital) support. In our follow-up, we observed a sig-
nificant improvement in POP-Q score among all patients,
resulting in an overall objective cure rate of 100%. It shows
that the MLSCis not only suitable for apex prolapse but also
for patients with simple posterior wall prolapse, especially for
those experiencing POP recurrence or had a combined intes-
tinal hernia. Carter-Brooks et al. [11] conducted a follow-up
study and found that compared to patients who did not un-
dergo Level lll support procedures (such as posterior repair
and/or perineorrhaphy), those who underwent LSC alone
showed similar genital hiatus (GH) 1-year post-surgery, with
no difference in recurrence rate. In this study, the 56 included
patients did not undergo Level Ill support procedures, re-
gardless of the presence of anatomical defects in the per-
ineal body. All patients achieved satisfactory anatomical
reduction after surgery. Our initial experience showed that
MLSC seemed to safely cure advanced posterior vaginal wall
prolapse, suggesting that the indications of the MLSC could
potentially be expanded. For patients with total pelvic floor
deficiencies, this procedure can be used to achieve satisfac-
tory results and maintain long-term outcomes.

Gluck et al. [22] confirmed that numerous technical
variants for LSC exist and that there is still little consensus
on various issues regarding the technique. Many scholars
have improved the LSC procedure in the past. Gadonneix
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Table 3. Anatomical results according to POP-Q classification and stage at 6, 12, 24 and 36 months follow-up

Preoperative 6 months 12 months 24 months 36 months

n=56 n=56 p value n=56 p value n=35 p value n=22 p value
POP-Q point
Aa [cm] 0.95+1.33 -2.8+04 <0.001 -2.8+05 <0.001 -27+05 <0.001 -27+05 <0.001
Ba [cm] 236+2.13 -29+03 <0.001 -2.8+0.2 <0.001 -27+04 <0.001 -27+05 <0.001
Ap [cm] 1.25+1.08 -29+05 <0.001 -26+0.5 <0.001 -25%0.6 <0.001 -23%0.7 <0.001
Bp [cm] 36+1.0 -29+0.2 <0.001 -29+0.2 <0.001 -28+03 <0.001 -26+03 <0.001
Clem] 19+£28 -64+13 <0.001 -6.6+1.2 <0.001 -6.5+14 <0.001 -55+0.6 <0.001
Anatomical
success rate, 56 (100) 56 (100) 35(100) 22 (100)

n %

Data are mean + standard deviation or n (%); p value — compared to preoperative data. Aa, Ba, C, Ap and Bp were the measured parameters, as defined by the ICS POP-Q; C,
those with a uterus represent the cervix, and those without a uterus represent the top of the fornix

Table 4. Quality of life scores and complications at 6, 12, 24 and 36 months follow-up

Preoperative 6 months value 12 months value 24 months value 36 months value
n=>56 n=>56 P n=56 P n=35 P n=22 P

Quality of life score sheet
PFIQ-7 1593+15.7 1457+15.7 <0.001 51.2+129 <0.001 4631138 <0.001 49.2+11.9 <0.001
PFDI-20 143.6+31.7 3351147 <0.001 33.0+94 <0.001 29.1+£9.0 <0.001 29.5+9.2 <0.001
sexual 33(58.9) - - 35 (62.5) 0.990 21 (60) 0.500 9(40.91) 0.990
relations
PISQ-12 26555 - - 27650 0.034 29.0+4.7 0.286 28359 0.187
Symptoms
Bowel
dysfunction 26 (46.43) 2(3.57) 1(1.79) 0(0) 0(0) <0.001
Urination
dysfunction 12(2143) 5(8.93) 4(7.14) 1(2.86) 1(4.55) 0.031
Sensory
dysfunction 25 (44.64) 3(5.36) 2(3.57) 0(0) 0(0) <0.001
Complications
Mesh-related
complications 2 101.79) 0(0) 0(0)
Infection 8(14.29) 3(5.36) 0(0) 0(0)
Urinary 5(8.93) 4(7.14) 1(286) 1(5.44)

incontinence

Data are mean + standard deviation or n (%); p value — compared to preoperative data; bowel dysfunction, constipation, digital assistance, fecal incontinence, etc. Urination
dysfunction, urine leakage, difficulty urinating, etc.; sensory dysfunction, dyspareunia, abdominal and lumbosacral discomfort, etc.; mesh-related complications, mesh shrinkage,
vaginal mesh exposure, etc,; infection, vaginal infection, pelvic infection, osteomyelitis, pondyloperiostitis, etc.

et al. [23] used two separate meshes along the anterior
and posterior vaginal walls to correct multicompartment
pelvic organ prolapse, and the recurrence rate was 12% with
a median follow-up of 24 months for posterior vaginal wall
prolapse. Liang S.[24] performed LSC in 30 patients with the
attachment of mesh straps transvaginally, and only 1 patient
had a recurrence of the posterior vaginal wall two years after
surgery. The patients enrolled in our study were followed
up for a maximum of 3 years, and currently, no patient has
arecurrence of the posterior vaginal wall. The results herein

presented demonstrate the effectiveness of this procedure
in reducing the recurrence of posterior vaginal wall prolapse.

In terms of quality of life, it was found that prolapse-
-related symptoms significantly improved (p < 0.001), as
did patients’ overall quality of life. However, the quality of
sexual life was not affected (p =0.5). In our data, 25 patients
(44.64%) had chronic constipation before surgery. Among
them, 19 patients regained normal defecation function
within 1 month after surgery, suggesting that the restora-
tion of the anatomical structure of the posterior vaginal wall
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contributes to the improvement of defecation function.
Although there were 12 patients with new-onset consti-
pation after surgery, most cases occurred within the first
month post-surgery. Anorectal symptoms improved within
6 months after surgery, likely due to the use of medications
to facilitate bowel movements and improvements in dietary
habits. It was previously believed that deep dissection of
the posterior vaginal wall during the operation could alter
rectal compliance and anorectal angulation, resulting in ob-
structed defecation. In addition, pararectal dissection could
cause autonomic nerve injury contributing to a reduction
in rectal mobility [25]. Fox and Stanton [26] separated the
rectum from the posterior vaginal wall down to the perineal
body during surgery. With a median follow-up of 14 months,
postoperative bowel-related complications increased from
41% to 50%. However, our data suggest that the MLSC may
temporarily affect the patient’s bowel dysfunction, but the
repair of the postoperative anatomical structure is ultimately
beneficial to the recovery of the patient’s defecation func-
tion. This finding is consistent with the conclusions of Grimes
et al. [27] and Ramanah et al. [25]. Overall, this procedure
can significantly improve prolapse-related symptoms and
quality of life of patients for an extended period. And it did
not have a negative impact on the sexual life of patients,
some patients even experienced improvements. This fully
demonstrates the superiority of this procedure compared
to transvaginal and transanal routes. Its potential benefits
to sexual function (preserving vaginal length and axial di-
rection, thereby reducing the incidence of dyspareunia)
makes this procedure the first choice for relatively young,
sexually active women. Similar conclusions were drawn in
a 1-year follow-up study by Thibault et al. [28] using the
same questionnaire.

Intraoperative complications mainly include bladder,
ureter, intestinal injury, excessive bleeding, and hematoma
formation. Simultaneously, placing the mesh lower requires
more dissection of the posterior vaginal wall, which can re-
sultinincreased intraoperative blood loss, longer operative
time, and a heightened risk of intestinal injury. All surgical
procedures in this study were performed by a professional
physician with nearly ten years of experience in pelvic floor
surgery.The data confirms the safety of this operation. How-
ever, the LSC is associated with technical challenges and
a steep learning. The security of the operation also depends
on the surgeon’s technical expertise and surgical experience.

In previous reports, mesh-related complications are
one of the most common and intractable complications
of SC, with a risk as high as 10.5% at 7 years following the
procedure [29]. Infections, failure of prolapse repair, and
mesh erosions may require mesh removal and, if appli-
cable, repeat LSC [9]. Although the mechanism of mesh
exposure is unclear, factors such as infection, hematoma,

concomitant uterine resection, history of POP surgery, dif-
ferent types of mesh or suture, vaginal mesh tension, mesh
peritoneal coverage, and vaginal use of estrogen may con-
tribute to the pathogenesis of mesh exposure [30-32]. To
prevent mesh-related complications, we placed the mesh
without tension, strictly carried out the peritonealization
of the mesh, and implemented additional measures during
the operation. The follow-up data of this study suggested
that only 1 patient (1.8%) who had persistent mesh expo-
sure was treated with secondary surgery, which is lower
than the 3% reoperation rate for mesh-related complications
reported in the recent literature [33].

In recent years, the concept of prophylactic anti-
-incontinence surgery for women has sparked a popularand
controversial debate. It has been reported in the literature
that about 5.3% of patients developed SUI requiring surgi-
cal treatment after LSC [34]. A high-quality meta-study in
2014 showed that combined surgery reduced the risk of
postoperative SUI, but there was also a risk of complica-
tions such as overactive bladder symptoms and obstructive
urination [35]. We performed TVT-O surgery on patients
with preoperative SUI and MUL. In our study, we effectively
alleviated post-surgery urinary leakage symptoms without
increasing surgery-related complications. None of the pa-
tients required anti-incontinence surgery again.

The main advantages of this study include its prospec-
tive design and the systematic preoperative and postop-
erative assessment using the POP-Q system, standard-
ized surgical techniques, standardized scoring scales, etc.
Dynamic collection and comparison of the result data
can clearly and directly reflect the changes in the relevant
indicators of the patients after surgery. However, due to
the limited number of cases and short observation period
in this study, further investigation involving more cases
treated with this procedure is needed. In addition, factors
such as the depth of rectal dissection and the level of leva-
tor ani muscle fascia fixation may also affect the study re-
sults. Therefore, we look forward to further research using
large sample size, long-term follow-up, and standardized
randomized controlled trials to validate the superiority of
MLSC in advanced posterior vaginal wall prolapse in the
future. This operation is expected to evolve into a first-line
surgical approach for treating advanced pelvic defects
after adequate evaluation.
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Investigation of lower urinary system symptoms
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ABSTRACT

Objectives: The effects of posterior vaginal wall prolapse on pelvic floor function have not been adequately investigated,
particularly for lower urinary tract symptoms (LUTS). We aimed to investigate the effects of isolated posterior compart-
ment prolapse on LUTS.

Material and methods: The study was conducted as a prospective cross-sectional study with female patients with
isolated posterior prolapse who presented with any LUTS. All patients were evaluated according to the POP-Q system.
A total of 41 patients with stage 2-3 isolated pelvic organ prolapse were included in the study group. The control group
consisted of a total of 41 patients without significant pelvic organ prolapse. Study and control groups were compared
in terms of demographic data and UDI-6, 11Q-7, ICIQ-FLUTS, LUTS QoL, FLUT Sex Scales.

Results: The incidence of SUI, Ul, frequency, nocturia, abnormal evacuation, difficulty in passage and vaginal farting in
the study group was found to be statistically significantly higher than the control group. In the study group, the total
scores on the UDI-6, [1Q-7, and LUTS QoL measures were significantly higher. While the total scores of the ICIQ-FLUTS
Scale “Filling” and “Incontinence” subgroups were significantly higher in the study group, no significant difference was
found in the “voiding” subgroup. There was no statistically significant difference between the two groups in terms of
their total FLUT Sex Scores.

Conclusions: It has been shown that isolated posterior prolapse may be associated with an increase in lower urinary

tract system symptoms and a decrease in quality of life.

Keywords: isolated posterior vaginal prolapse; lower urinary tract sympto; urogynecology
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INTRODUCTION

The pelvicflooris a holistic anatomical system that works
in a certain harmony. Any damage to any component of the
pelvic floor can disrupt this alignment [1]. Pelvic organ pro-
lapse (POP) is the protrusion of one or more female pelvic
organs outside the pelvis through the vagina, including
the uterus, bladder, and intestines, which causes the pelvic
organs to descend toward the vaginal wall [2]. The main
symptoms associated with posterior POP are pelvic pressure
sensation, constipation, defecation with reduction, faecal
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incontinence, sexual dysfunction. The most specific, but rare,
sign of posterior prolapse is a need to apply pressure on the
vagina, rectum, or perineum to complete defecation [3, 4].

The relationship between anterior vaginal wall pro-
lapses and lower urinary tract symptoms (LUTS) has been
known for a long time, and data on the effect of the pos-
terior vaginal wall prolapses on LUTS are scarce [5]. Poste-
rior compartment defects are present in 76% of women
with pelvic organ prolapse [6]. Despite the high preva-
lence of posterior compartment defects, isolated posterior
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compartment defects are extremely rare and their effects
on pelvic floor function have not been adequately studied,
particularly for lower urinary tract symptoms (LUTS) [7].
On the consequences of isolated posterior compartment
abnormalities on voiding, there is limited available data.
In the study of Cole et al. [8] based on the hypothesis that
posterior compartment defects may cause lower urinary
tract symptoms due to changes in functional anatomy, they
reported that 7 patients’symptoms improved after the repair
of the posterior defect in 8 symptomatic patients.

Objectives
In this study, we aimed to investigate the effects of
isolated posterior compartment prolapse on LUTS. We pos-
tulated, based on our clinical experience, that in cases of
severe posterior abnormalities, vaginal mass effects could
contribute to voiding obstruction via vaginal compression.

MATERIAL AND METHODS

The study was conducted with female patients aged
between 30-70 years who applied to urogynecology out-
patient clinic in Bakirkoy Dr. Sadi Konuk Training and Re-
search Hospital, Gynecology and Obstetrics Clinic between
March 2021 and August 2022. After the approval of the local
ethics review board with decision number 2021-07-11 on
05.04.2021, the study was started. Informed consent was
obtained from the patients. The patients were examined
prospectively. Demographic data and past medical and
surgical histories (age, parity, menopausal status, tobacco
use, obstetric history, body mass index (BMI), accompanying
comorbidities) were recorded. All patients were evaluated
by a specialist experienced in urogynecology.

Evaluation of the patients included a standard clinical
examination and a urogynecological examination with de-
tailed evaluation of the anterior, apical, and posterior vaginal
compartments. Prolapse was assessed and recorded using
the POP-Q staging system. Forty-one patients with isolated
posterior prolapse without clinically significant anterior
and apical compartment defects, classified as stage 2 in
20 patients and stage 3 in 21 patients were included in the
study. The control group consisted of 41 patients without
significant pelvic organ prolapse. Women with stage 2 and
above anterior and apical defects, women with a history of
urogynecological surgery or any treatment for LUTS, and
women with diseases that may cause lower urinary tract
symptoms such as neurological disease, myoma uteri, endo-
metriosis, and adnexal mass were excluded from the study.

To assess LUTS and sexual well-being, patients were
administered the Urinary Distress Inventory (UDI-6), Incon-
tinence Impact Questionnaire (I1Q-7), ICIQ-FLUTS, LUTS QoL,
and FLUTS Sex Scale questionnaires. The UDI-6 was evalu-
ated on a percentile basis, with a minimum score of 0 and

a maximum score of 100. The 1IQ-7 questionnaire scoring
ranged from a minimum of 0 to a maximum of 21, while
the ICIQ-FLUTS questionnaire was assessed using three sub-
scales that examined different symptoms. These subscales
were categorized as “Filling’, “Voiding", and “Incontinence”
based on the corresponding questions, with scoring ranges
of 0-16,0-12, and 0-20, respectively. Additionally, the LUTS
QoL survey focused on the impact of incontinence on qual-
ity of life by assessing social consequences, with scores
ranging from 19 to 76. To evaluate the effect of urinary
incontinence on sexual function and its impact on quality
of life in women, the FLUTS Sex Scale was used, with scores
ranging from 0 to 14. Higher scores across all questionnaires
indicate increased symptom severity and a decline in quality
of life. Responses to the LUTS questionnaire, which is part of
the urogynecological evaluation, were also evaluated. LUTS
surveys examined questions from these aspects; stress uri-
nary incontinence (SUI), urge incontinence (Ul), frequency,
nocturia, intermittent flow, abnormal voiding, as well as
passage strain, vaginal farting, dyspareunia, and pelvic pain
were also recorded.

To examine the impact of urine incontinence on QOL,
the incontinence impact questionnaire (IlQ) and the uro-
genital distress inventory (UDI) were created and combined
[9]. The Second International Consultation on Incontinence
suggests the use of both surveys [10]. The Sixth International
Consultation on Incontinence (ICl) advises using question-
naires from the International Consultation on Incontinence
Questionnaire (ICIQ) modules when evaluating LUTS in clini-
cal practice and for research [11].

For the evaluation of LUTS and sexual functions, Turkish
validated urogenital distress inventory (UDI-6) and inconti-
nence impact questionnaire (Q-7) were compared between
study and control groups using ICIQ-FLUTS, LUTS QoL, FLUT
Sex Scales [12, 13].

After the effect power was calculated as 0.41 with the
G-Power sample number calculation program, it was cal-
culated that it would be appropriate to include a total of
77 patients in the study with a confidence interval of 80%
and a sensitivity of p < 0.05.

While evaluating the findings obtained in the study,
NCSS (Number Cruncher Statistical System) 2020 Statisti-
cal Software (NCSS LLC, Kaysville, Utah, USA) program was
used for statistical analysis. While evaluating the study data,
quantitative variables were shown with mean, standard
deviation, median, min and max values, and qualitative
variables were shown with descriptive statistical methods
such as frequency and percentage. Shapiro Wilks test and
Box Plot graphics were used to evaluate the conformity of
the data to the normal distribution.

Student’s t-test was used for quantitative two-group eval-
uations with normal distribution. The Mann-Whitney-U test
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was used to evaluate the non-normally distributed variables
according to two groups. Logistic regression analysis was used
in multivariate assessments. Chi-square test, Yates Continuity
Correction and Fisher’s Exact test were used to compare quali-
tative data. The results were evaluated at the 95% confidence
interval and the significance level of p < 0.05 (Fig. 1).

RESULTS
The ages of the cases ranged from 31 to 68, with an aver-
age of 49.20 £ 7.71 years. The mean age of the study and con-

Assessed for eligibility

/ (n=99) \

Allocated to posterior
P Allocated to healthy

compartment defect _
group (n = 51) control group (n = 48)

\4 v
Declined to participate (n =6),| [Declined to participate (n = 4),
not complete all of not complete all of
the questionnaires (n = 4) the questionnaires (n = 3)

v \4
Group 1: posterior )
compartment Group 2: Healthy

defect group (n = 41) controls (n =41)

Figure 1. Flow chart of the study

trol groups did not show a statistically significant difference (p
> 0.05). The BMI values of the study group were found to be
statistically significantly higher (p = 0.018; p < 0.05) (Tab. 1).
The increasing numbers of delivery, especially vaginal
delivery and traumatic vaginal delivery in cases with isolated
posterior prolapse were found to be statistically signifi-
cantly higher than the control group (p = 0.001; p < 0.01).
The number of cesarean deliveries in cases with isolated
posterior prolapse was found to be statistically significantly
lower than the control group (p =0.001; p < 0.01) (Tab. 1).
In cases with isolated posterior prolapse, the incidence of
SUI, Ul, frequency, nocturia, abnormal evacuation, difficulty
in passage, and vaginal farting was found to be statistically
significantly higher than the control group (respectively;
p =0.004; p=0.001; p=0.001; p=0.015; p=0.43, p=0.026,
p = 0.001, p < 0.05 (Tab. 3). Intermittent flow and pelvic
pain complaints in the study and control groups did not
show a statistically significant difference (p > 0.05) (Tab. 2).
The total scores of the cases with isolated posterior
prolapse in the ICIQ-FLUTS Scale “Filling” and “Leakage”
sub-dimensions were found to be statistically significantly
higher than the control group (p=0.001; p=0.001; p < 0.01).
There was no statistically significant difference between
the total scores of the two groups in the ICIQ-FLUTS Scale
“Voiding” sub-dimension (p > 0.05). The total scores of the
patients with isolated posterior prolapse from the LUTS
QoL Scale were found to be statistically significantly higher
than the control group (p = 0.001; p < 0.01). There was no
statistically significant difference between the total scores

Table 1. Distribution of complementary features of cases according to the presence of isolated posterior prolapse

Posterior prolapse

p value
None (n=41) Yes (n=41)
Mean = SD 49.02 £ 6.06 4937 £9.15
Age 20.843
Median (min-max) 49 (36-61) 48 (31-68)
Mean £ SD 27.72+5.18 30.48+5.13
Median (min-max) 26.7 (18.7-40.1) 30.8 (19.5-44.4)
BMI Normal 11(26.8) 5(12.2) 20.018*
Overweight 19 (46.3) 14 (34.1)
Obese 11(26.8) 22(53.7)
Mean + SD 210+ 1.14 3.00£1.00 d0.001**
Parity (birth number)
Median (min-max) 2(0-5) 3(1-6)
Mean = SD 0.59+0.84 0.24 £0.58 40.001**
Number of CS
Median (min-max) 0(0-3) 0(0-2)
Mean + SD 1.56 + 1.34 278+ 1.11 20.001**
Vaginal delivery number
Median (min-max) 1(0-5) 3(1-6)
Traumatic vaginal delivery ~ NO 35(854) 17 (41.5) €0.001*
history Yes 6 (14.6) 24 (58.5)

2Student -t Test; ¢ Pearson Chi-Square Test; 4Mann Whitney -U Test; **p < 0.01; BMI — body mass index; CS — cesarean section; min — minimum, max — maximum; SD

— standard deviation
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Table 2. Comparison of the complaints of the cases according to the presence of isolated posterior prolapse

None (n=41
Sul 11(26.8)
ul 7(17.1)
Frequency 5(12.2)
Nocturia 17 (41.5)
Discontinuous flow 3(7.3)
et i Abnormal discharge 2(4.9)
Passage strain 4(9.8)
Pelvic pain 2(4.9)
Vaginal farting
No 31(75.6)
Yes 6(14.6)
Non-sexually active 4(9.8)

Posterior prolapse

) Yes (n =41) pvalue
24 (58.5) 50.004**
22(53.7) 50.001**
22 (53.7) b0.001**
28 (68.3) b0.015%
8(19.5) b0.105
8(19.5) b0.043*
12(29.3) b0.026*

1(24) ©1.000
b0.001**
10 (24.4)
25 (61.0)
6(14.6)

bFisher freeman Halton Test; Pearson Chi-Square Test; ¢Fisher Exact Test; *p < 0.05; **p < 0.01; SUl — stress urinary incontinence; Ul — urge incontinence

Table 3. Comparison of all scales according to the presence of isolated posterior prolapse

Posterior prolapse

p value
None (n=41) Yes (n=41)

Mean £ SD 2.17+£2.26 5.76 +3.64 d0.001**
Filling (ICIQ-FLUTS)

Median (min-max) 1(0-10) 6(0-13)

Mean = SD 0.15+0.53 0.32+0.99 40.663
Voiding (ICIQ-FLUTS)

Median (min-max) 0(0-3) 0(0-5)

Mean £ SD 176 £2.9 6.17 £4.99 40.001**
Incontinence (ICIQ-FLUTS)

Median (min-max) 0(0-13) 4(0-17)

Mean + SD 04305 0.75+0.73 40,068
FLUT Sex Scale score

Median (min-max) 0.3(0-1.8) 0.8 (0-2.8)

Mean £ SD 1.08 £0.22 1.73+0.72 40.001**
LUTS QoL Score

Median (min-max) 1(0.9-1.9) 1.4 (1-3.5)

Mean + SD 0.73+1.88 5.56 + 6.40 d0.001**
11Q-7 Score

Median (min-max) 0(0-9) 3(0-21)

Mean + SD 6.64 +10.63 30.35+18.80 d0.001**
UDI-6 Score (%)

Median (min-max) 0(0-44.4) 27.8(0-72.2)

dMann Whitney-U Test; **p < 0.01

of the cases with isolated posterior prolapse from the FLUT
Sex Scale (p > 0.05) (Tab. 3).

The total scores of patients with isolated posterior pro-
lapse from the Incontinence Impact Questionnaire (IIQ-7)
and Urogenital Distress Inventory (UDI-6) Scale were found
to be statistically significantly higher than the control group
(p=0.001; p<0.01), (p=0.001; p < 0.01).

To determine the effect of the BMI parameter, which
was found to be significantly different between the study
and control groups, on statistics, on the grounds that it
might be a confounding factor, we evaluated the effects of
BMI and 11Q-7, UDI-6, ICIQ-FLUTS filling score and leakage

score subgroups, LUTS QoL score, and FLUT sex score using
logistic regression analysis.

While the regression results of the confounding variable
BMI parameter and UDI-6 and LUTS QoL scores remained
statistically significant, no significant difference was found
in the ICIQ-FLUTS scale filling and leakage sub-dimensions.

DISCUSSION
The relationship between anterior vaginal wall prolapses
and LUTS has been known for a long time, and data on the
effect of isolated posterior vaginal wall prolapses on LUTS are
scarce. Isolated posterior compartment defects are rare and
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often coexist with other compartment defects. Therefore,
the relationship between LUTS and posterior compartment
defects can easily be overlooked. There are also several rea-
sons for this. First, there is a misconception that lower urinary
tract symptoms are limited to anterior defects and therefore
a detailed posterior compartment evaluation is skipped
in patients presenting with LUTS; second is the difficulties in
estimating the direct effects of posterior defects on LUTS. The
integrity of the pelvic floor is made up of a static and dynamic
structure formed by the interplay of all the many parts that
make up the pelvis according to the Integral Theory, prolapse
and the majority of pelvic floor symptoms, such as urinary
stress, urge and abnormal bowel and bladder emptying, as
well as certain types of pelvic pain, result from laxity in the
vagina or its supporting ligaments as a result of altered con-
nective tissue [14-16]. As a result, even a mild prolapse that
compromises its integrity might cause serious discomfort [17].

Kilic et al. [18] retrospectively evaluated 60 patients with
isolated posterior compartment prolapse, including 8 stage
1,33 stage 2, and 19 stage 3 isolated posterior compartment
prolapse, using the LUTS and UDI-6 questionnaires. They
noted significant elevations in UDI-6 total scores in the
study group, indicating that isolated posterior compart-
ment prolapse may be associated with LUTS [18]. Based on
this study, we aimed to investigate the effects of isolated
posterior compartment prolapse on LUTS. As a result of
our study, despite the regression analysis of BMI, which is
thought to be a confounding factor, we found a significant
increase in the UDI-6 total score, and we obtained results
similar to those of Kilic et al. [18] In our study, unlike Kilic
et al. [18], we aimed to evaluate the negative effects of iso-
lated posterior prolapses on quality of life and sexual func-
tions by also examining the parameters of UDI-6, ICIQ-FLUTS,
LUTS QoL and FLUT Sex Scale.

Cole et al.[8] evaluated 23 patients with isolated poste-
rior compartment prolapse in terms of LUTS and urodynamic
parameters. Fifteen women had stage 3 and 8 women had
stage 2 defects. They grouped lower urinary tract symptoms
as storage, voiding, and mixed symptoms. Nine of the pa-
tients reported storage only, 1 voiding only, 12 mixed symp-
toms, while only 1 patient reported no LUTS [8]. In our study,
we compared a total of 41 patients with isolated posterior
prolapse, stage 2 in 20 patients and stage 3 in 21 patients,
with 41 patients without prolapse. We grouped the lower
urinary system symptoms under 3 titles as filling, voiding
and incontinence. While we found the filling and inconti-
nence symptoms to be statistically significantly higher in
patients with isolated posterior prolapse, we did not detect
a significant difference between the two groups in terms of
voiding symptoms. When we subjected the statistical results
to regression analysis, we did not find statistical significance
in all three subgroups.

Myers et al. [19] examined urodynamic parameters in
patients with posterior defects to assess whether isolated
posterior prolapses mask SUI. They reported that stage 3
posterior prolapse may increase the maximum urethral
closure pressure and mask SUI [19]. Since we built the hy-
pothesis of our study on symptomatology, we did not ex-
amine urodynamic parameters, which are mechanical find-
ings. However, the study can be improved by examining the
urodynamic parameters in patients with a high score in
the UDI-6 scale UDI-S subgroup. One of the limitations of
our study is the lack of urodynamic evaluation to compare
with the existing literature.

There are few studies in the literature on posterior com-
partment prolapse, and there is no research on the effect
of posterior compartment prolapse on quality of life and
sexual functions. The original aspect of our study is that it is
the only study in literature examining the effect of isolated
posterior prolapse on LUTS, quality of life and sexual func-
tions. Although BMl is a confounding factor, we determined
the social and psychological negative effects of isolated
posterior prolapse by regression analysis. Although there
was no statistically significant difference between the total
scores of the FLUT Sex Scale between the two groups, the
high score in the study group and the level of significance of
the’p’value suggest that this variable may also be significant
in a larger series.

With the elimination of the BMI confounding variable
that may affect the aforementioned symptoms, the sig-
nificance between the two groups in terms of ICIQ-FLUTS
filling and incontinence subgroups and sexual functions
disappeared. However, more studies with larger series are
needed to make a more precise interpretation.

The strength of our study is that it reveals the relation-
ship between LUTS and isolated posterior compartment de-
fects, which are rarely studied in the literature but frequently
encountered in clinical practice. In terms of standardization
of the evaluation, all patients are examined and evaluated
in a single center by a single experienced urogynecologist.
One of the limitations of our study is the lack of urodynamic
evaluation to compare with the existing literature. The pres-
ence of BMI as a confounding variable between groups is
another limitation, even though regression analysis was
to be done.

CONCLUSIONS

Women with posterior prolapse may be asymptomatic
or present to the clinician with anorectal, urinary or sexual
symptoms. In our study, it was shown that isolated posterior
prolapses may be associated with urinary system symptoms
as well as anorectal symptoms. This relationship may be
overlooked by the clinician. These women should be exam-
ined in more detail in terms of lower urinary tract symptoms.
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Effect of video-based exercise on premenstrual
symptoms: a randomized controlled trial
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ABSTRACT

Objectives: This study aims to investigate the impact of Pilates exercises on premenstrual syndrome (PMS) symptoms,
perceived stress levels, and pain intensity.

Material and methods: Forty-six women with PMS participated in this study and were assigned to the intervention and
control groups based on their willingness to participate. The intervention group undertook Pilates practices via video
recording twice a week for 8 weeks, while the control group did not engage in regular exercise during the same period.
PMS symptoms were assessed using the Premenstrual Syndrome Scale (PMSS), premenstrual stress levels were evalu-
ated using the Perceived Stress Scale (PSS), and premenstrual pain levels were assessed using the McGill Melzack Pain
Questionnaire (MPQ) at both the beginning and end of the study.

Results: There was a significant difference observed in the PMSS, PSS and MPQ evaluations of the intervention group
following their participation in Pilates practices (p < 0.05). Conversely, no significant difference was observed in the PMSS,
PSS and MPQ evaluations of the control group at the end of the study (p > 0.05). There was no statistically significant dif-
ference between the two groups in PMSS evaluation (p > 0.05) at the end of the study. However, a statistically significant
difference was detected in PSS and MPQ evaluations (p < 0.05).

Conclusions: Pilates exercise can affectively decrease the perceived stress level and pain severity in PMS affected women.
This study highlights the efficacy of Pilates for physiotherapists in PMS symptom reduction. Moreover, the implementation
of a self-guided video-based home exercise program could provide patients with practical and time-efficient alternatives.

Keywords: premenstrual syndrome; pilates; stress; pain
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INTRODUCTION

Premenstrual disorders include a spectrum of condi-
tions, including premenstrual syndrome, premenstrual
dysphoric disorder, and the premenstrual exacerbation of
an existing medical condition [1]. The premenstrual phase
occurs 7-10 days before the onset of menstruation. Pre-
menstrual syndrome (PMS) is a prevalent issue amongst
women today, and it has physical and psychological effects
on women [2].

Several evaluation methods are utilized to examine the
physical and psychological alterations women undergo from
the premenstrual phase through to menstrual bleeding.
One commonly employed scale is the Premenstrual Syn-
drome Scale (PMSS), which encompasses various aspects
and inquiries. The PMSS scores can indicate the intensity
of premenstrual reactions experienced [3]. There are vari-
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ous pharmacological and non-pharmacological strategies
available to manage premenstrual symptoms. The most
important of the non-pharmacological methods are exercise
interventions. Specifically, aerobic, swimming, yoga-based,
and Pilates-based exercises have demonstrated efficacy in
mitigating premenstrual symptoms [4]. Pilates exercises
have been shown to manage posture disorders and bal-
ance problems effectively [5]. Moreover, positive effects
have been observed in pain reduction, enhanced quality
of life, and mitigation of premenstrual syndrome symptoms
[6, 7]. Employing modalities that decrease premenstrual
symptoms for women and increasing their awareness in
this domain may alleviate discomforts including pain, stress,
and mood disturbances encountered before menstrual
bleeding. This, in turn, could establish a zone of comfort
for women during the premenstrual phase.
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The objective of this investigation was to examine the
impact of Pilates routines on symptoms of premenstrual
syndrome, levels of perceived stress, and severity of pain.

MATERIAL AND METHODS
Study design

This study was conducted between February 2023 and
October 2023, following ethical approval from the Non-
-Interventional Research Ethics Committee of Uskiidar
University (61351342). The study was carried out as a ran-
domized controlled parallel-group study, adhering to the
principles of human experimentation outlined in the Dec-
laration of Helsinki and receiving approval from the ethics
committee. This study’s clinical trial number is NCT05998044.

Sample size calculation
The power analysis of the study determined a sample
size within a 95% confidence interval for an effect size of
0.05 and a 5% level of error. Consequently, the intervention
and control groups were planned to have a minimum of
23 participants each. Statistical procedures were performed
using G*Power 3.1.9.4 software.

Randomization

The research was conducted as a parallel-group study
with randomized controlled manner. The names of the fe-
male volunteers who met the inclusion criteria for the study
were listed on slips of paper and placed into a bag. The slips
were then randomized by an evaluator using the lottery
method to form groups.

Participants were given information about the objec-
tives, duration, assessment methods and procedures of the
study. Before completing the questionnaires and necessary
assessments the informed consent forms were obtained
from participants. Fifty-five participants were initially ap-
proached to participate in the study. However, five par-
ticipants were excluded due to failure to meet the inclu-
sion criteria, and four participants were unable to regularly
complete the exercises. The participants were randomly
allocated to two groups of equal size in accordance with
a controlled procedure. The study sample comprised 46 in-
dividuals, with 23 subjects in both the intervention and
control groups. None of the 46 participants dropped out,
and all were included in the final analysis (Fig. 1).

Inclusion criteria of the study were determined as being
a woman between the ages of 18-35, not having an ob-
stacle to exercise (not having orthopedic, cardiopulmo-
nary, mental diseases, etc. that would prevent exercise),
not having given birth, having a score above the mild level
in the PMSQ score, and having a normal menstrual cycle.
Exclusion criteria were being on regular medication, being
pregnant, being in a menopausal period, and having any

gynecological disease (endometriosis, ovarian cyst, pelvic
infection, fibroid/uterine tumors, etc.). Also, individuals who
were regular drug users were not included in the study and
were therefore excluded from the study.

Research groups

At the beginning and end of the study, all participants
completed evaluation questionnaires using Google Surveys
(through the link provided via email and WhatsApp applica-
tions) or paperquestionnairestoestablishtheinterventionand
control groups. The participants’ sociodemographic char-
acteristics were evaluated using the sociodemographic
information form. The scoring of premenstrual symptoms
was determined with the Premenstrual Syndrome Scale
(PMSS), stress levels were scored with the Perceived Stress
Scale (PSS), and pain status was assessed and scored using
the McGill Melzack Pain Scale (MPQ).

Control group: Participants in the control group were
instructed to refrain from engaging in regular exercise
activities for a period of eight weeks. At the conclusion
of the eight-week interval, the assessment surveys were
re-administered.

Intervention group: Before beginning the intervention
exercises, we conveyed general information about Pilates to
participants through face-to-face meetings or online com-
munication via WhatsApp and Zoom. After completing the
evaluation questionnaires, participants were sent a Google
Drive link to access a video recording of the Pilates exer-
cises. This enabled the patients to be informed about how
to perform the exercises correctly. They were instructed to
perform the exercises twice a week for 8 weeks. The physi-
otherapist provided written, practical, and verbal explana-
tions for all exercises in the video recording and instructed
the participants to perform them. Weekly contact was made
via phone to confirm exercise completion.

The participants engaged in the prescribed exercise
regimen two times per week for eight weeks. This was
amandatory requirement. Given that the participants were
permitted to determine the days on which they exercised,
they were able to avoid any potential issues associated with
exercising during their menstrual periods.

In the Pilates exercise program, the warm-up phase
lasted 10 minutes, the stretching phase 5 minutes, and the
average duration of the exercises was 30-40 minutes.
The initial four exercises were allocated for the warm-up
phase while the final four exercises were designated for
the stretching phase. Each exercise entailed performing
asingle set of 8 repetitions, except for the Hundred exercise
which had 10 sets of 10 repetitions. The number of repeti-
tions was gradually raised every two weeks to 10, 12, and
14 repetitions, correspondingly. Participants were instructed
to activate the video recording every time they carried out
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Figure 1. CONSORT diagram of the study

the exercises and then perform the exercises according to
the video demonstrations. After eight weeks, participants
completed reevaluation questionnaires. The exercise pro-
gram consisted of Arm Circles, Toe Touch, Bridge, Shoulder
Bridge, Chest, Lift Hundred, Roll Up, Leg Circles Chris Cross,
Side Kick, Side Leg Circles, one leg kick, double leg kick,
Swan, Single leg Stretch, Double leg Stretch, Saw and Spine
Stretch (Fig. 2 A-R).

Outcome measures
Sociodemographic Information Form

To identify the personal and menstrual period traits
of participants, the sociodemographic information form
included questions on age, height, weight, age at menarche
(in years), menstruation length (in days), menstrual cycle
duration (in weeks), employment status, smoking habits,
marital status, and level of education.

Premenstrual Syndrome Scale (PMSS)

The PMSQ is a 44-item, five-point Likert scale (never,
very rarely, sometimes, often, always). The scoring is done by
taking into account the condition “within one week before
menstruation”. In the scoring of the scale, “Never” option is
evaluated as 1 point,“Very rarely” option as 2 points,“Some-
times”option as 3 points,“Frequently”option as 4 points and
“Continuously” option as 5 points [8].

Perceived Stress Scale (PSS)

The Perceived Stress Scale, developed by Cohen etal.in
1983, has been extensively tested for validity and reliability
in many studies. Comprised of 14 five-point Likert-type
items, the scale offers response options ranging from“never
(0)"and“almost never (1)"to “sometimes (2),"often (3),"and
“very often (4)." Items 4-7, 9, 10 and 13 are reverse-scored
on this 14-item form [9]. The scale can yield scores from 0 to
56. A high total score on the Perceived Stress Level Scale
indicates elevated levels of stress. Scores between 0 and
35 indicate a positive stress level, with participants demon-
strating effective stress coping strategies or functional cop-
ing mechanisms. Participants who scored between 36 and
56 on the stress coping scale were found to use ineffective
methods to manage stress.

McGill Melzack Pain Questionnaire (MPQ)

The MPQis composed of four sections. The initial section
comprises two depictions of the body, which depict the
frontand rear aspects to identify the regions of the body that
have been affected by the patient’s pain. Following that, the
patient is requested to indicate the site of the pain on
the body drawing, and if the pain is deep or on the surface
of the body, mark it with the letter ‘D’ or 'S, correspond-
ingly. In the subsequent part, the patient is queried about
the pain’s similarity to other sensations. There are 20 sets
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Figure 2. The Pilates exercise program

of 2 to 6 descriptive words which delineate the various
aspects of pain objectively, including the sensory, percep-
tual, and evaluative dimensions. The initial 10 sets relate to
the sensory dimension, followed by 5 sets relating to the
perceptual dimension. The 16t set relates to evaluation
and the concluding 4 sets relate to the multidimensional
aspects of pain. The patient selects the suitable words from
the respective category. Part three inquiries about the con-
nection between pain and time. The fourth section consists
of questions intended to gauge the intensity of pain, and
a rating scale utilizing descriptive words is used to evalu-
ate this [10].

Analyzing the data

Statistical analysis was performed using SPSS
28.0.1.1.1.The Shapiro-Wilk and Kolmogorov-Smirnov tests
were used to assess the conformity of the variables to the
normal distribution. The continuous variables were reported
as mean = standard deviation if they conformed to normal
distribution, while median (minimum-maximum) values
were reported for those that did not correspond to normal
distribution. Categorical variables were presented as n (%).
Independent group comparisons were conducted using the
Mann-Whitney U test following a normality test, whilst com-
parisons between dependent groups were undertaken with
the Wilcoxon Signed Ranks test. Results were interpreted
as p < 0.05 indicating a statistically significant difference
and p > 0.05 indicating no significant difference.

RESULTS

Demographic characteristics of the participants

Table 1 provides the sociodemographic and menstru-
al characteristics of the participants, including their age,
height, weight, age at menarche, duration of menstrua-
tion, and menstrual cycle length. Upon comparison of the
intervention and control groups, there was no statistically
significant difference between the two groups in terms
of age, age at menarche, duration of menstruation, and
menstrual cycle length (p > 0.05), indicating homogenous
distribution between the groups.

Between group and within group pre
and post intervention measurements
Table 2 displays the pre- and post-questionnaire data
of the MPQ for the intervention group. Although a statisti-
cally significant difference was found between pre- and
post-exercise evaluations, no such difference was observed
in the control group (p > 0.05). Additionally, statistically
significant difference in PMSS scores was observed between
the pre- and post-exercise assessments of the intervention
group (p < 0.05). Conversely, no statistically significant dif-
ference in PMSS scores was observed between the pre-and
post-exercise assessments of the control group (p > 0.05).
The intervention group exhibited a significant increase in
PSS scores, whereas no significant difference was observed
in the control group (p > 0.05) during the pre- and post-
-exercise evaluations.
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Table 1. Sociodemographic and menstrual characteristics of the participants

Intervention

Variables mean + SD
Age [years] 2569+ 1.94
Age at menarche [years] 13.26£0.23
Duration of menstruation [day] 6.56 +0.33
Menstrual cycle duration [week] 404+0.14

*p < 0.05; SD — standard deviation

Control
mean + SD RlalNe
25.69+1.84 0.982
12.78 £0.39 0.073
6.47 £0.25 0.973
4.26+0.26 0.923

Table 2. Pre- and post-exercise measurements of the PSS, PMSS and PSS measurements

Parameters Pretreatment Posttreatment b vallie
mean +SD mean * SD
Intervention 7234 +8.27 67.34+10.25 0.031*
MPQ Control 7226 £10.1 69.82 £12.15 0.348
Intervention 139 +29.89 118.13 +30.34 0.002*
PSS Control 122.91+37.2 128.39 +£38.91 0.285
Intervention 273+8.88 23.17 £6.54 0.008*
P Control 27.82£5.15 26.78 £6.31 0.420

*p < 0.05; MPQ — McGill Pain Questionnaire; PSS — Perceived Stress Scale; PMSS — Premenstrual Syndrome Scale

Table 3 outlines the PMSS, PSS, and MPQ findings for
both the intervention and control groups. The PMSS total
score showed no significant difference post-exercise (p >
> 0.05). However, PSS and MPQ total scores were found to
differ significantly between groups before and after exercis-
ing (p < 0.05).

DISCUSSION

The majority of women experience symptoms of PMS.
These symptoms can affect people’s quality of life, causing
stress, pain and mood disorders. Exercise has been proven
to effectively reduce the severity of such symptoms and
improve quality of life [11-13]. There is limited number of
research in the area of exercise therapy for PMS. Our study
is the first randomized controlled study to compare the
functional and patient-reported outcomes of PMS affected
women who underwent the There is a paucity of research
in the field of exercise therapy for PMS. Our study repre-
sents the first randomized controlled study to examine the
functional and patient-reported consequences of PMS in
women who performed the Pilates exercises. The main find-
ings of this study were: (I) There was a significant decrease
in symptom severity as determined by the PSS subsequent
to the intervention in comparison to the initial evaluation;
(1) Upon comparison of the two groups, it was discovered
that the intervention group exhibited significantly lower
PSS scores than the control group; (Ill) Despite a significant
reduction in PMSS scores in the intervention group, the post
treatment results showed no significant difference between

the two cohorts in statistical terms; (IV) Participants in the
intervention group were shown to have lower MPQ scores
than those in the control group.

PMS symptoms may vary depending on the age at which
menarche occurs and the length of menstruation. Thus, the
impact of these variables on PMS symptoms could differ
among individuals, making a personalized evaluation nec-
essary. This outcome indicates that PMS is a multifaceted
syndrome with interactions among numerous variables
[13-17]. A study investigated the impact of yoga exercises
on PMS symptoms in employed women and found that
the symptoms were lower compared to those who were
unemployed [11]. In our research, we found no significant
difference between the average PMSS scores of employed
and unemployed women. Furthermore, the nature of one’s
occupation could influence PMS symptoms, which may vary
across different occupational groups. Hence, it is necessary
to investigate the impact of work experiences on the PMSS
score of individuals. A study involving 40 university students
experiencing PMS symptoms observed a decrease in symp-
toms when Pilates exercises were combined with vitamin E.
Another study investigating the effects of Pilates exercises
on university students with PMS symptoms reported a re-
duction in symptoms after three months of exercising [13,
18]. Upon analysis of the PSS evaluation of the intervention
group in our study, a notable reduction in symptom severity
was observed compared to the initial evaluation. Compared
to controls, the intervention group showed more decreasein
all 9 PSS sub parameters, including depressed affect, anxiety,

106 www. journals.viamedica.pl/ginekologia_polska



Seyma Aykut, Omer Sevgin et al., Exercise and premenstrual symptoms

Table 3. PMSS, PSS, and MPQ results of the intervention and control groups post treatment

Intervention group

Parameters mean + SD
MPQ 67.34+10.25
PMSS 118.13 £30.34
PSS 23.17 £ 6.54

Control group

mean = SD pvalue
69.82 +12.15 0.030*
12839 +38.91 0.080

26.78 £6.31 0.007*

*p < 0.05; MPQ — McGill Pain Questionnaire; PSS — Perceived Stress Scale; PMSS — Premenstrual Syndrome Scale

fatigue, irritability, depressive thoughts, pain, appetite
changes, sleep changes and bloating. Although there was
a reduction in the PMSS score in the intervention group,
the results did not show a statistically significant difference
between the two groups. Therefore, it cannot be clearly
concluded that the intervention group was more successful
in reducing symptoms than the control group. This may be
due to factors such as the small sample size, the duration
of the exercises and the length of the intervention period.

Pilates may reduce stress in PMS, with studies suggest-
ing thatitis more effective than aerobic exercise at reducing
both stress and psychological symptoms [19, 20]. In our
study, there was a significant decrease in PSS scores in the
intervention group at the final assessment in comparison
to the first assessment. In other words, people’s perceived
stress levels decreased as a result of doing Pilates. Compar-
ing both groups, it was found that the intervention group
had statistically significant lower PSS scores than the control
group. In this context, the reduction in stress levels can also
be associated with the Pilates exercises and therefore the
Pilates principles.

Regular exercise helps to strengthen muscles, increase
flexibility, improve circulation and increase the release of
endorphins. Endorphins act as the body’s natural pain-
killers and happiness hormones, so an increase in endorphin
levels through exercise helps to reduce pain. Our investiga-
tion revealed a substantial reduction in the intervention
group’s MPQ scores at the final assessment in contrast to
the first assessment, with statistical significance recorded.
Conversely, no significant score reduction was observed in
the control group at the last assessment in comparison to
the first. It was also shown that people in the intervention
group experienced a greater reduction in pain than those
in the control group. It is encouraging that the intervention
group showed a reduction in PMS symptoms. This can allow
individuals to exercise at their leisure, unrestricted by time or
space. These results showed that Pilates exercise programs
recorded via video for women with PMS symptoms have
no adverse effects, making for a safe and easily accessible
treatment approach.

This study provides an opportunity to further under-
stand the beneficial effects of exercise on PMS management
for gynecologists, physiotherapists, and other healthcare

professionals involved in PMS management. Increasing
awareness of the potential health benefits of exercise for
people with PMS may increase referrals to exercise-based
physiotherapy programs. The present research provides
valuable objective findings regarding the functional and
self-reported results of various exercise programs for women
with PMS. These observations could effectively assist physi-
otherapists in determining the most suitable exercise regi-
men to enhance selective patient outcomes.

The current randomized controlled trial is a novel
contribution to the field of exercise therapy for PMS. This
study presents the first evaluation of Pilates exercise pro-
grams in women with PMS, analyzing both functional and
patient-reported outcomes. Recognizing the significance
of limitations in this study, the utilization of general PSS
and MPQ questionnaires instead of a condition-specific
questionnaire could have introduced external factors like
psychosocial or life stressors that may have affected the
study’s outcomes. Expanding the intervention technique
and evaluating different exercise modalities or extending
the intervention duration of the Pilates exercise studies are
prospective focuses for future research.

CONCLUSIONS

Pilates practice resulted in a significant reduction in
PMSS, PSS and MPQ scores. Notably, while no meaningful
variance between the intervention and control groups’
PMSS score was perceived during the post-intervention
data comparison, there was a discernible difference in PSS
and MPQ scores. We demonstrated that correct muscle
usage and improved muscle awareness through Pilates
may effectively alleviate the symptoms of PMS. The results
suggest that individuals suffering from PMS symptoms
may gain advantages from non-pharmacological interven-
tions. Therefore, in order to guide patients towards these
interventions, health professionals are advised to educate
patients about some exercise modalities such as home or
video-based exercises.
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ABSTRACT

Objectives: Hyperandrogenism is a frequently recognized endocrine imbalance in which there is excessive production
of androgens. The purpose of the study was to investigate the impact of vitamin D receptor (VDR) gene polymorphisms
on chosen bone metabolism and biochemical parameters in women with hyperandrogenism.

Material and methods: Eighty young females with hyperandrogenism were enrolled in the study, in whom selected
parameters of bone turnover, endocrine and metabolic parameters were determined. Two polymorphisms of the VDR
gene were analyzed: rs731236 (Taql) and rs1544410 (Bsml), using real-time polymerase chain reaction (PCR). Statistical
tests were performed in this research with the program SPSS Statistics 17.0 for Windows.

Results: The rs731236 and rs1544410 polymorphisms of the VDR gene turned out to be statistically significantly related to
the concentration of insulin determined in the 60°glucose tolerance test. There was no relationship between the studied
polymorphisms of the VDR gene and the determined parameters of bone metabolism and other biochemical parameters.

Conclusions: The research presented that VDR gene variants may influence disturbances in carbohydrate metabolism

in young women with hyperandrogenism.

Keywords: hyperandrogenism; VDR polymorphisms; bone metabolism; biomarkers; hormonal parameters
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INTRODUCTION

Hyperandrogenism is characterized by excessive pro-
duction of androgenic hormones in women and is their most
common endocrine disorder, affects up to 10% of females of
reproductive age [1]. In about 80% of cases, hyperandrogen-
ism accompanies polycystic ovary syndrome (PCOS). Other
causes of excessive androgenization include non-classical
congenital adrenal hyperplasia (NCAH), ovarian tumors, and
menopause. Idiopathic hyperandrogenemia or idiopathic
hirsutism can affect 3.9-15.8% of women [1-3]. In healthy
women, androgens are produced in almost equal amounts
by the ovaries and adrenal glands. Determining the origin
of androgens in hyperandrogenism may be useful in under-
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standing the type and specificity of disorders accompany-
ing hyperandrogenization. The ovaries are the main source
of androgens in idiopathic hyperandrogenism and PCOS,
and the adrenal glands in NCAH [4]. Hyperandrogenism
in women is characterized by progressive defeminization
and the appearance of androgenization symptoms such as
seborrhea, acne, hirsutism, androgenic alopecia and meta-
bolic changes[1, 5]. Hyperandrogenism in young females is
associated with a wide variation in the degree of expression
of individual symptoms, and the degree of their intensity
and type do not indicate a specific cause. The symptoms of
hyperandrogenization may also appear when the serum
concentration of androgens is normal [6, 71.
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The active form of vitamin D, with hormonal properties
is an important factor regulating the calcium-phosphate
balance in the human body. However, the role of vitamin
D, is not limited to its influence on bone metabolism; it
is also an important parameter influencing the hormonal
balance, and its deficiency plays an important role in the
pathogenesis of many endocrine and autoimmune diseases
and cancers [8, 9. Itis also known that vitamin D, is impor-
tant for fertility in both women and men by influencing the
expression of VDR receptors for vitamin D, in such organs
as ovaries, uterus, placenta, testes, pituitary and hypothala-
mus [9, 10]. It has been shown that low vitamin 25 (OH) D
levels in women aged 35-51 may be associated with
high levels of follicle stimulating hormone (FSH), which leads
to lower estrogen levels [10]. The presence of VDR recep-
tor polymorphisms is also associated with metabolic and
endocrine disorders in PCOS and hyperandrogenism [11].
Vitamin D, plays a role in the synthesis of sex hormones by
affecting the expression and activity of enzymes involved
in steroidogenesis, and its deficiency may contribute to the
occurrence of endometriosis due to itsimmunomodulatory
and anti-inflammatory properties. It has been shown that
the active form of vitamin D, — calcitriol — increases the
production of progesterone by 13%, estradiol by 9%, and
estrone by 21% [12]. Calcitriol may also affect the activity
of aromatase catalyzing the conversion of androgens to
estrogens [9].

The effect of vitamin D on various tissues is modulated
by its receptor — VDR. By combining with the VDR receptor,
vitamin D activates the transcription of genes dependent on
it [11]. The vitamin D receptor gene is highly polymorphic.
The Bsml polymorphism (rs1544410) seems to be related
to metabolic and hormonal disorders in PCOS, but not all
authors agree on this. However, it is believed that the pres-
ence of this polymorphism increases the risk of PCOS as well
as influences the level of vitamin D [11, 13, 14].

In the case of Tagl polymorphism of the VDR receptor
(rs731236), most authors show its relationship with an in-
creased risk of PCOS and significantly affect the levels of
hormonal and metabolic parameters, as well as an increase
in the prevalence of hirsutism and its severity in PCOS [13].
In numerous publications to date, the relationships between
VDR polymorphisms and metabolic and hormonal param-
eters in PCOS have been analyzed [13]. There is no similar
research on disorders in young women with idiopathic hy-
perandrogenism.

Hyperandrogenism is a complex disorder with a ge-
netic basis involving natural and epigenetic variables. The
explanation of the hereditary background aims to improve
diagnosis and treatment options. The aim of this project
was to analyze the relationship between the occurrence of
rs731236 (Taql) and rs1544410 (Bsml) polymorphisms and

selected biochemical, hormonal and bone metabolism pa-
rameters in young females with hyperandrogenism.

MATERIAL AND METHODS
Patients

The research included 80 young females aged 18 to
35 years with hyperandrogenism examined in 2013 and
2015 in the Department of Endocrinology, Metabolic Dis-
eases and Internal Medicine at the Pomeranian Medical
University in Szczecin, Poland.

The following were the inclusion criteria for the study:
Caucasian race, absence of menstruation for at least six
months followed by at least three months of oligomenor-
rhea, clinical symptoms of masculinization: acne, seborrhea,
hirsutism, without long-term medications, and without sig-
nificant abnormalities on physical examination. The exclu-
sion criteria were: PCOS, congenital adrenal hyperplasia or
premature ovarian failure, low birth weight, prematurity,
nutritional disorders, abnormal nutrition during childhood
oradolescence, growth and weight gain diseases, intensive
sport, metabolic diseases, chronic use of stimulants or drugs
that affect bone metabolism, and bone disease in the family.
All patients also had a concentration of androstenedione
(a precursor of androgens), leptin and body mass index
(BMI) above reference values. Patients with idiopathic hy-
perandrogenism (the presence of clinical and biochemical
hyperandrogenism in the absence of PCOS features), were
included in the study [15, 16].

The severity of hirsutism was determined according
to the Ferriman-Gallwey scale (= 8 points). We selected
two single nucleotide polymorphisms (SNPs): rs731236,
rs1544410 on the basis of the following criteria: minor allele
frequency > 0.2, functional relevance and importance, SNPs
significantly associated with bone mineral density (BMD) in
previous studies (Fig. 1).

The research was approved by the Bioethics Com-
mittee of the Pomeranian Medical University, number
KB-0012/115/15 of 16 November 2015. The study was
performed in accord with the Helsinki Declaration (1975,
corrected 2000).

Analysis of serum concentrations
for selected factors

Each patient had fasting blood collection at 8 am and
centrifuged. Immunoenzymatic tests (ELISA — DRG Inter-
national, Inc.) were used to determine sRANKL (free and
bound RANKL), osteoprotegerin (OPG) and 25-OH vitamin
D total concentrations. Serum parathormone and calcitonin
concentrations were measured with a chemiluminescent
assay (Immulite 1000, Siemens). Electrochemilumines-
cent tests (Cobas, Roche Diagnostic) were used to deter-
mine luteinizing hormone (LH), folliculotropic hormone
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Minor allele frequency (VDR) > 0.2

SNPs significantly associated with BMD
in previous studies.

Taql rs731236, Bsml rs1544410

Figure 1. Selection of rs for the study

(FSH), 17-hydroxyprogesterone, estradiol, prolactin (PRL),
testosterone (T), androstenedione, dehydroepiandroster-
one sulfate (DHEA-SO4), sex hormone binding globulin
(SHBG). Free testosterone concentration was calculated
from the free androgen index ((FAI = TT/SHBG x 100%).
The analytical sensitivities of the assays were: calcitonin —
2.0 pg/mL, parathormone — 3.1 pg/mL, 25-OH vitamin D
total — 5.6 nmol/L, sSRANKL — 0.5 pmol/L, OPG —
0.14 pmol/L, leptin — 2.0 ng/mL. Tests were conducted
according to the manufacturer’s instructions and subjected
to quality control using the manufacturer’s two-level control
set. Samples were performed in duplicate. The microplate
reader and microplate washer used for ELISA assays and
the precision of the assays were checked using Pathozyme
ELISA Sure kit (Omega Diagnostics, UK).

Bone mineral density (BMD) analysis

Bone mineral density (BMD) analysis was performed at
the Department of Endocrinology, Metabolic Diseases and
Internal Medicine at the Pomeranian Medical University in
Szczecin, Poland. BMD was analyzed in the lumbar spine
from L2 to L4 vertebrae using Dual Energy X-ray Absorp-
tiometry (DEXA) method with the LUNAR DPX 100 (Lunar
Corp., Madison, USA).The quantitative body mass composi-
tion (i.e. total body fat — BF), android, gynoid fat, visceral
adipose tissue (VAT) and lean body mass were measured
in all participants by DEXA using an automatic whole body
scanning method. The original manufacturer’s software
(Body Composition) was used to determine the individual
areas of measurements (female, male and visceral region).
All patients were imaged using the same DEXA Lunar device
to minimize inter-device variability. Quality assurance on this
device was performed as recommended by the International
Society for Clinical Densitometry (ISCD) [17].

Analysis of the rs731236 and the rs1544410
polymorphisms of the VDR gene

Analysis of VDR gene polymorphisms was conducted
in the Clinical Laboratory at the Department of Endocrinol-
ogy, Metabolic Diseases, and Internal Medicine at Pomera-
nian Medical University. Genomic DNA was isolated from pe-
ripheral blood using a QlAamp Blood Mini Kit (Qiagen GmbH,
Hilden, Germany) according to the manufacturer’s proce-
dure. VDR genetic variants: rs731236 (Taqgl), rs1544410 (Bsml)
were selected for the study according to the NCBI SNP da-
tabase http://www.ncbi.nlm.nih.gov/SNP. Genotyping was
conducted RT-PCR with TagMan® SNP Genotyping Assays
(Thermo Fisher Scientific, Waltham, USA) on a LightCycler
480 according manufacturer’s procedure: initial denaturation
at 95°Cfor 10 min, followed by 40 cycles of 95°Cfor 15 s, 60°C
for 1 min, 40°C for 30 s (20 pL reaction mixture).

Statistical analysis

The results of the study were analyzed statistically using
SPSS Statistics 17.0 for Windows. Hardy-Weinberg equilib-
rium of the polymorphisms was analyzed by the chi-square
test. We analyzed the frequency of the studied SNPs and
the association with selected biochemical and clinical fac-
tors using one-way analysis of variance (ANOVA). Values
with normal distribution were presented as means + SEM
(standard error of the mean).

RESULTS

We compared the distribution of genotypes frequen-
cies for the rs731236 and rs1544410 polymorphisms of
the VDR gene in women with hyperandrogenism. For
the rs731236 polymorphism, the AG was more common
(53.8%) compared to the AA (32.5%) and GG (13.8%)
genotypes was observed. In patients with the VDR
rs1544410 polymorphism, a higher frequency of the CT
genotype (52.5%) compared to CC (32.5%) and TT (15.0%)
was observed (Tab. 1).

Analysis of the VDR polymorphism rs731236 showed
ahigher concentration of insulin 60’and insulin 120’inwomen
withthe GGgenotype (insulin60: GG— 172.10£36.29 mg/dL
vs AA— 156.59 + 16.48 mg/dL, AG — 102.74 £ 9.44 mg/dL,
p = 0.008; insulin 120": GG — 119.65 *+ 42.56 mg/dL vs
AA — 100.79 + 13.78 mg/dL, AG — 67.76 + 7.94 mg/dL,
p = 0.063) (Tab. 4). Vitamin D and vitamin 25 (OH) D meas-
urements showed a higher concentration in women with
the AA genotype (vitamin D: AA — 19.32 + 3.58 ng/mL
vs AG — 14.98 + 1.68 ng/mL, GG — 8.06 = 0.68 ng/mL,
p = 0.081; vitamin 25 (OH) D: AA — 23.82 + 1.73 ng/mL
vs AG — 21.56 + 0.97 ng/mL, GG — 17.38 + 2.39 ng/mL,
p =0.067) (Tab. 5).
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Table 1. The frequency of alleles and genotypes of the VDR polymorphisms in women with hyperandrogenism

VDR Taql rs731236

Genotype Observed value, n [%] Expected value [%]
AA 26(32.5) 353

AG 43 (53.8) 48.2

GG 11(13.8) 16.5

Total 80 (100) 100

Allele

A 95 (59.38) =

G 65 (40.62) -

Total 160 (100) -

VDR Bsml rs1544410

Genotype Observed value, n [%] Expected value [%]
cc 26 (32.5) 345

(@) 42 (52.5) 48.5

T 12(15.0) 17.0

Total 80 (100) 100

Allele

C 94 (58.75) =

T 66 (41.25) =

Total 160 (100) -

Table 4. Analysis of biochemical factors vs VDR gene variants in women with hyperandrogenism

VDRTaql

Parameter 15731236 Mean + SEM
AA 90.64 + 1.89
Glucose 0'[mg/dL] AG 89.88+2.17
GG 96.89 +9.53
AA 130.61 + 6.44
Glucose 60’ [mg/dL] AG 135.20+5.41
GG 135.21 +9.80
AA 109.31 £5.55
Glucose 120'[mg/dL] AG 107.16 +3.92
GG 109.13 +11.40
AA 2249+2.77
Insulin 0’ [uIU/mL] AG 24,55+ 6.56
GG 3148 +7.71
AA 156.59 + 16.48
Insulin 60 [uIU/mL] AG 102.74 +9.44
GG 172.10 + 36.29
AA 100.79+13.78
Insulin 120 [uIU/mL] AG 67.76 £7.94
GG 119.65 + 42.56
AA 1.05 +0.06
AG AG 1.08 +£0.05
GG 1.03 £0.07
AA 969.80 +242.17
VF AG 843.70 + 146.86
GG 1114.71 + 347.58

VDRBsm |

p value 151544410 Mean = SEM p value
0.449 cc 90.64 = 1.89 0.449
(@) 89.88 +2.17
T 96.89 + 9.53
0.843 cc 130.61 + 6.44 0.843
cT 135.20 + 5.41
T 135.21£9.80
0.949 cc 109.31 £5.55 0.949
cT 107.16 £ 3.92

T 109.13+£11.40

0.722 cC 2249 +2.77 0.722
cT 24.55 £ 6.56
T 3148+7.71

0.008 cC 156.59 + 16.48 0.008
cT 102.74 + 9.44
T 172.10 + 36.29

0.063 cC 100.79 £ 13.78 0.063
cT 67.76 + 7.94
T 119.65 + 42.56

0.855 cc 1.05 + 0.06 0.655
cT 1.09 £ 0.05
T 1.01+£0.07

0.701 cC 969.80 +242.17 0.909
(@) 872.12 £ 149.74
T 988.50 + 326.40

*p < 0.05 — comparison between genotypes and the parameters analyzed (one-way ANOVA test); values normally distributed are expressed as means + SEM;

AG — distribution of android and gynoid fat; VF — visceral fat indication

Concentrations of the other parameters analyzed: estra-
diol, FEI (Free Estradiol Index), prolactin, 17-OH-progester-
one, LH, FSH, SHGB, testosterone, BAT, FAIl, androstendione,
DHEA-SO4, glucose 0; glucose 60; glucose 120; insulin O;
calcitonin, parathormone, OPG, sRANKL, BMD L1-L4, T-score,

112

Z-score, BMD total, BMI, BMC, AG, VF and TBS in context of the
of the rs731236 showed no significant associations (Tab. 2-5).

Analysis of the
rs1544410 showed higher concentrations of insu-
lin 60" and insulin 120" in women with the TT genotype

second VDR polymorphism
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Table 5. Analysis of bone metabolism and biochemical factors vs VDR gene variants in women with hyperandrogenism

Parameter :’3‘;:’ ;gsl Mean + SEM
AA 19.32+£3.58
Vitamin D [ng/mL] AG 14.98 + 1.68
GG 8.06 + 0.68
AA 23.82+1.73
Vitamin 25 [OH] D [ng/mL] AG 21.56 + 0.97
GG 17.38+2.39
AA 330+2.13
Calcitonin [pg/mL] AG 1.73+£0.21
GG 147 £0.31
AA 38.60 = 3.96
PTH [pg/mL] AG 4146 + 3.64
GG 41.13+6.62
AA 340+0.24
OPG [pmol/L] AG 3.57+0.15
GG 437+0.72
AA 243.18£48.12
SRANKL [pmol/L] AG 196.99 + 23.21
GG 221.65+37.99

BMI — body mass index; OPG — osteoprotegerin, PTH — parathyroid hormone

(insulin 60": TT — 172.10 £ 36.29 mg/dL vs CC —
156.59+16.48mg/dL, CT—102.74+9.44mg/dL, p=0.008;insu-
[in120:TT—119.65+42.56 mg/dL,CC—100.79+ 13.78 mg/dL,
CT—67.76 = 7.94 mg/dL, p = 0.063) (Tab. 4). The concentra-
tion of vitamin D was higher in women with the CC genotype
(CC—19.32+3.58 ng/mLvs CT— 14.98 + 1.68 ng/mL, TT—
8.06 + 0.68 ng/mL, p=0.081) (Tab. 5).

Measurements of the other parameters analyzed: es-
tradiol, FEI, prolactin, 17-OH-progesterone LH, FSH, SHGB,
testosterone, BAT, FAl, androstendione, DHEA-SO4, glucose
0’ glucose 60; glucose 120; insulin 0; calcitonin, parathyroid
hormone, osteoprotegerin, SRANKL, BMD L1-L4, T-score,
Z-score, BMD total, BMI, BMC, AG, VF and TBS in women with
hyperandrogenism in relation to the VDR rs1544410 poly-
morphism distribution of genotypes did not show any sig-
nificant differences (Tab. 2-5).

Moreover, the statistical power for the two only sta-
tistically significant comparisons was 0.2396 for AA vs GG
and 0.2592 for CC vs TT, respectively. These are preliminary
results to be confirmed in a larger group. Nevertheless, the
highly significant p value (p = 0.008) for both comparisons
indicates that such differences may exist.

DISCUSSION

The analysis of the VDR gene polymorphisms showed
arelationship forthe Taglrs731236 and Bsml rs1544410 poly-

p value :’::';m:) Mean + SEM p value
0.081 cC 19.32+£3.58 0.081
cT 14.98 £ 1.68

T 8.06 + 0.68

0.067 cc 23.82+1.73 0.153
T 21.28+0.95
T 18.84+£2.61

0.563 cc 3.30+2.13 0.565
@) 1.64 +0.20
T 1.82+0.45

0.875 cc 38.60 £ 3.96 0.822
cT 41.97 +3.69
T 39.36 £ 6.29

0.127 cc 341024 0.171
CcT 3.57+0.16
T 4.27 +0.66

0.603 cC 243.18£48.12 0.641
cT 199.70 + 23.64
TT 209.56 + 36.42

morphisms and the insulin concentration determined at
60 minutes (insulin 60°) in the glucose tolerance test. In the
case of the rs731236 VDR polymorphism, GG homozygotes
showed a significantly higher concentration of 60’ insulin
compared to AA homozygotes and AG heterozygotes. For
the rs1544410 VDR polymorphism, a significantly higher
concentration of 60’ insulin was observed in TT homozy-
gotes compared to CCand CT genotypes. For both polymor-
phisms, a significant trend was observed in relation to the
insulin concentration determined in the 120" glucose toler-
ance test (insulin 120'). For the rs731236 VDR polymorphism,
the 120’insulin concentration was higher for the GG geno-
type compared to the AA and AG genotypes. In the case of
the rs1544410 VDR polymorphism, the 120’insulin concen-
tration was higher for the TT genotype compared to the CC
and CT genotypes. In addition, the GG homozygotes of the
rs731236 polymorphism occurred with a similar frequency
to the TT homozygotes of the rs1544410 polymorphism,
which may enhance carbohydrate disturbances in pa-
tients. In all the patients with hyperandrogenism, the 60’
and 120’insulin concentration in the glucose tolerance test
was above the reference range. In the literature, Xavier et
al. [18] indicate that the rs731236 and rs1544410 polymor-
phisms of the VDR gene are related to PCOS, in which car-
bohydrate disorders are frequent. It has been shown that
vitamin D deficiency may be related to insulin resistance.
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Table 2. Analysis of female hormonal factors vs VDR gene variants in women with hyperandrogenism

Parameter :’:;';;r ;;]6I Mean + SEM p value :’3'; m; Mean + SEM p value

AA 50.11+7.78 0.794 cc 50.11+7.78 0.608
Estradiol [pg/mL] AG 5343+7.23 cT 51.79+7.29

GG 59.57 +10.40 T 63.02+10.11

AA 730+ 1.29 0.330 cc 730+ 1.29 0.330
FEI [pmol/nmoll] AG 5.96 +1.09 cT 5.96 + 1.09

GG 9.06 + 1.56 T 9.06 +1.56

AA 14.78 £1.91 0.290 cc 14.78 £ 1.91 0.290
Prolactin [ng/mL] AG 20.31+3.09 cT 20.31+3.09

GG 16.78 £2.20 T 16.78 £2.20

AA 1.57 £0.45 0.481 cc 1.57 £0.45 0.529
17-OH-Progesterone [ng/mL] AG 1.19+£0.11 (@) 1.19+£0.11

GG 1.60 +0.32 T 1.54+0.29

AA 9.79+1.21 0.133 cC 9.79+1.21 0.336
LH [mIU/mL] AG 12.18+1.94 cT 11.86+1.10

GG 597 +1.25 T 7.51+1.89

AA 5.60+0.33 0.168 cC 5.60+0.33 0.397
FSH [mIU/mL] AG 12.02 +3.53 cT 10.47 +3.29

GG 5.54+0.61 T 10.20 +4.69

FEI — Free Estradiol Index; FSH — follicle stimulating hormone; LH — luteinizing hormone

Table 3. Analysis of male hormonal factors vs VDR gene variants in women with hyperandrogenism

Parameter :’32: ;gsl Mean + SEM p value :_I:g 43:::(') Mean + SEM p value

AA 0.54 £ 0.05 0.379 cc 0.54 £0.05 0.368
Testosterone [ng/mL] AG 0.46 + 0.04 cT 0.46 + 0.04

GG 0.45 +0.07 T 0.44 +0.06

AA 4547 £2.89 0.182 cc 4547 +2.89 0.182
BAI [%] AG 39.01 £2.44 CcT 39.01 +£2.44

GG 45.56 + 4.65 T 45.56 + 4.65

AA 1.94+0.12 0.183 cc 1.94+0.12 0.183
FAI [%] AG 1.66+0.10 cT 1.66+0.10

GG 1.94 +0.20 T 1.94 +0.20

AA 432+0.37 0.574 cC 432+037 0.574
Androstendione [ng/mL] AG 395+0.36 T 3.95+0.36

GG 3.68 +0.25 T 3.68 +0.25

AA 271.77 £31.34 0.785 cc 271.77 £31.34 0.959
DHEA-SO4 [ug/dL] AG 252.86 + 26.67 cT 260.63 + 26.35

GG 284.13 +£29.67 T 261.46 +35.32

AA 3549 +4.88 0.442 cC 35.49 +£4.89 0.442
SHBG [nmol/L] AG 48.18 £ 6.88 cT 48.18 + 6.88

GG 41.99 + 15.81 T 41.99 £15.81

BAI — Body Adiposity Index; DHEA-SO4 — dehydroepiandrosterone sulfate; FAl — Free Androgen Index; SHGB — sex hormone binding globulin
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Insulin secretion by pancreatic beta cells is regulated by
the concentration of calcium. Vitamin D, by regulating cal-
cium concentration and polymorphisms of the VDR gene for
vitamin D, may influence insulin secretion by pancreatic beta
cells [8]. It has been shown that low vitamin D levels are also
associated with type 2 diabetes in PCOS, although the
mechanism is not fully known [19]. In a study on the Brazil-
ian population, Rodrigues et al. [20] also observed an as-
sociation of type 2 diabetes with low 25(0OH)D levels. How-
ever, they did not observe an association between the fre-
quency of the genotype or alleles of the rs1544410 and
rs731236 polymorphisms, and type 2 diabetes. This study
included 101 patients of the Brazilian population with
type 2 diabetes. However, many publications showed an as-
sociation between VDR polymorphisms and carbohydrate
disorders [20]. Mayer et al. [21] indicate that low vitamin D
levels are often associated with altered glucose metabolism.
They observed a significant relationship between the level
of 25(0OH)D and fasting blood glucose and insulin sensitivity.
They also described the relationship of low vitamin 25(OH)D
level and decreased insulin resistance with the rs2228570 pol-
ymorphism of the VDR receptor. Shaat et al. 22]
demonstrated the relationship between the rs1544410 VDR
polymorphism and the increase in insulin secretion in wom-
en after pregnancy complicated by gestational diabetes
mellitus (GDM). In studies on 13-year-olds (72% of girls)
living in tropical countries, Rahmadhani et al. [23]
noticed a relationship between the rs1544410 VDR poly-
morphism and the risk of vitamin D deficiency, and that the
AA genotype shows a significantly lower level of vitamin
25 (OH) D compared to other genotypes. This was also ob-
served in our study, but it was not statistically significant.
The AA genotype was associated with a higher risk of vita-
min D deficiency and insulin resistance compared to the GG
genotype. In the meta-analysis by Han et al. [24] presented
the relationship between the rs1544410 VDR polymorphism
and the metabolic syndrome (MetS) and the rs731236 VDR
polymorphism with PCOS. In addition, they observed an as-
sociation of Bsml and Taq1 polymorphisms with diseases
associated with insulin resistance in Caucasians with dark
pigmentation. Many studies show that vitamin D deficien-
cies are higher in dark-pigmented Caucasians and Asians
because of the lower ability to produce this vitamin in the
skin. On the other hand, Apaydin et al. [25] studied Bsm/and
Tagl polymorphisms in pregnant Turkish women and found
no relationship between them and gestational diabetes
melitus. Thus, the results of studies on the effect of VDR
polymorphisms on carbohydrate metabolism are not always
unambiguous and not always easy to interpret, due to the
multitude of factors affecting glycemia and diseases de-
pendent on insulin resistance. However, it is known that
vitamin D, via the VDR receptor, plays a key role in the insu-

lin metabolic pathway and insulin secretion both by control-
ling calcium levels and affecting pancreatic beta cells, and
italso inhibits the immune response in type 2 diabetes [20,
25]. Therefore, it seems justified to focus research on meta-
bolic disorders also in young women with hyperandrogen-
ism.Because their early diagnosis would enable the preven-
tion of more serious disorders. As indicated by the previ-
ously cited publications, this is also important during preg-
nancy, which may be complicated by diabetes [22, 25]. The
results of our research, although requiring confirmation on
a larger group of patients, seem to be consistent with the
earlier observations of many authors and indicate a possible
relationship between VDR polymorphisms and disturbanc-
es in carbohydrate metabolism also in young women with
hyperandrogenism. They open up a new aspect of interest
in a group of women who have not been studied so often
in this area. It is likely that vitamin D supplementation may
increase insulin sensitivity in hyperandrogenemia and PCOS
[26]. It is known that insulin resistance is common in
PCOS, and that hyperandrogenism itself is associated with
insulin resistance [27-29]. Insulin also enhances LH-stimu-
lated androgen production. On the other hand, androgens
may reduce insulin sensitivity [29]. Hyperinsulinemia and
insulin resistance, as suggested by Talaei et al. [30], may be
associated with the occurrence of hirsutism in patients with
PCOS and idiopathic hirsutism. Vitamin D concentration is
also associated with clinical hyperandrogenism in women
[18]. A trend was observed for vitamin D concentration for
both polymorphisms. For the rs731236 VDR polymorphism,
this concentration was higher for the AA genotype com-
pared to the AG and GG genotypes. For the rs1544410 VDR
polymorphism, the vitamin D concentration was higher in
carriers of the CC genotype compared to the CT and TT
genotypes. For the rs731236 VDR polymorphism, a trend
was also shown for the vitamin 25 (OH) D concentration,
which was higher in AA homozygotes compared to AG het-
erozygotes and GG homozygotes. In all the participants with
hyperandrogenism, vitamin D concentration was below the
reference value range in deficit (< 20 ng/mL). These results
may indicate a relationship of vitamin D concentration to
the Tagl and Bsml polymorphisms of the VDR gene in young
women with hyperandrogenism, but this requires further
research. It has been proven in numerous studies that the
effect of vitamin D is not limited only to the regulation of
mineral balance but is also of great importance for hormo-
nal and carbohydrate metabolism. Vitamin D interacts
through VDR receptors located in various tissues and organs
involved in the regulation of calcium and carbohydrate
metabolism and reproductive functions and modulates their
functions. VDR gene polymorphisms have been identified
as affecting androgen secretion disorders in PCOS [31]. Vi-
tamin D is also of key importance in bone metabolism in
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Table 6. Analysis of bone metabolism and biochemical factors vs VDR gene variants in women with hyperandrogenism

Parameter :’3‘;:’ ;gsl Mean + SEM
AA 1.18 £ 0.03
BMD total AG 1.19+0.02
GG 1.23+0.04
AA 1.20+0.03
BMD L1-L4 AG 1.23+0.02
GG 1.24+0.07
AA 0.12+0.32
T score AG 0.59+0.20
GG 0.53+0.58
AA 0.16 £0.27
Z score AG 0.32+0.20
GG 0.11+0.48
AA 30.84 +2.32
BMI AG 2793 +£1.44
GG 32.54+3.04
AA 233844 +67.51
BMC [g] AG 2446.16 + 36.65
GG 2361.57 +89.25
AA 140+ 0.03
TBS AG 1.34+0.03
GG 1.40 £ 0.06

p value :’::';m:) Mean + SEM p value

0.488 cC 1.18+0.03 0.780
cT 1.19+0.02
T 1.21 £0.05

0.622 cc 1.20+0.03 0.465
(@) 1.24+£0.02
T 1.20 £ 0.07

0.506 cc 0.12+0.32 0.263
cT 0.69+0.17
T 0.18+0.61

0.652 cc 0.16 £0.27 0.219
(@) 0.40£0.19
T 0.39+0.50

0312 cC 30.84 £2.32 0513
CcT 28.18 £ 1.46
TT 30.99 +3.06

0.281 cC 233844 +67.51 0.341
cT 244255 +37.69
TT 2386.13+81.10

0.327 cC 1.40+0.03 0452
cT 1.34+0.03
T 1.37 £0.06

BMC — bone mineral content; BMD L1-L4 — bone mineral density L1-L4; BMD total — bone mineral density total; TBS — Trabecular Bone Score; T-score — the ratio of
the bone mineral density (BMD) of the test person to the average bone density of the young person; Z score — bone mineral density index

PCOS patients [32]. However, the results regarding the re-
lationship between VDR gene polymorphisms and the risk
of PCOS are not clear [33]. Some authors confirm this rela-
tionship [34], while others do not show it [31, 35, 36]. Vitamin
D deficiency may also be associated with an increased risk
of PCOS, and vitamin D alone may protect PCOS patients
against osteoporosis [26]. No statistically significant relation-
ship between the rs731236 and rs1544410 VDR gene poly-
morphisms and bone mineral density and other parameters
of bone metabolism was found in the studies carried out in
women with hyperandrogenism, similarly to the studies by
Bander et al. [37] or Seremak-Mrozikiewicz et al. [38] for the
Taql polymorphism. This may be related to the relatively
small group of women and their young age. Also, the results
of a meta-analysis by Shen et al. [39] did not confirm the
relationship between the VDR gene polymorphisms Bsml,
Taql as well as Apal and Fokl with the risk of fractures in
postmenopausal women. On the other hand, Stathopolou
et al. [40] did not observe an association of the Bsm/ and
Taql polymorphisms with BMD, osteoporosis, and the risk
of osteoporotic fractures in Greek postmenopausal women.
The results of many studies are often ambiguous because

osteoporosis is a disorder with a complex etiopathogenesis
and influenced by numerous factors, for example, the type
of population studied, ethnic and geographical differences,
as found in the meta-analysis of Zintzaras et al. [41]. How-
ever, many authors confirm the relationship of VDR gene
polymorphisms with bone mineral density, for example
Banjabi et al. [42], who showed a significantly higher risk of
developing osteoporosis for Tagl polymorphism carri-
ers. Similarly, Ahmad et al. [43] point to the Tagl/ polymor-
phism as an important risk factor for the development of
osteoporosis and significantly associated with BMD in
menopausal women. Douroudis et al. [44] indicate a sig-
nificant correlation between VDR polymorphisms and
lower bone mineral density in postmenopausal women.

In this project, no relationship between the rs731236 and
rs1544410 polymorphisms of the VDR gene was found with
other determined biochemical and clinical parameters. On
the other hand, Ranjzad et al. [45] demonstrated the associa-
tion of VDR gene polymorphisms with the concentration of
LH and SHBG in women with PCOS. Women with the GG vari-
antofthe VDR gene rs1544410 SNP had a lower level of SHBG
in relation to the AA variant. In contrast, the GG genotype
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turned out to be a likely risk factor for PCOS because it was
associated with an increase in bioavailable androgens in
women with PCOS. In this study, a correlation between the
CC genotype of the VDR gene rs731236 polymorphism and
the LH concentration was also observed [45]. Earlier studies
showed an association between insulin resistance and hyper-
androgenism, and that PCOS was associated with a signifi-
cant decrease in insulin sensitivity, independent of obesity.
The influence of the active form of vitamin D — calcitriol
— on FSH secretion has also been suggested [42]. Jukic et
al.[10] observed that a low concentration of vitamin 25 (OH)
D leads to anincrease in FSH secretion and a decrease in the
concentration of estrogen in premenopausal women aged
30-49, and that the concentration of vitamin 25 (OH) D is
positively correlated with the concentration of anti-Miille-
rian hormone (AMH), which is an ovarian reserve marker.

This study was designed to determine the effects of
VDR receptor variants on bone metabolism, metabolic and
hormonal factors in young females with hyperandrogenizm.
Our research also has limitations. The main potential limi-
tation is a relatively small number of participants without
a control group. More studies involving more women are
needed as idiopathic hyperandrogenization is an increas-
ingly common disorder contributing to metabolic and
mineral imbalances and to social problems. There are few
reports on this in the literature, as the focus of interest is
hyperandrogenization associated with PCOS. This project
is part of the search for the relationship between genetic
conditions and the type of disorders observed, as well as
the possibility of using molecular tests in the diagnosis and
therapy of hyperandrogenism and coexisting disorders
and their prevention.

CONCLUSIONS

The research presents that VDR gene polymorphisms
may be related to disturbances in carbohydrate metabolism
in young women with hyperandrogenism.Thers731236 and
rs1544410 polymorphisms of the VDR gene turned out to
be statistically significantly related to the concentration of
insulin determined in the 60 ‘glucose tolerance test. This
may suggest the possibility of changes in carbohydrate
metabolism, but more research is needed on a larger group
of patients. The relationship of these polymorphisms with
the parameters of bone turnover and other biochemical and
clinical parameters has not been demonstrated.
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ABSTRACT

Objectives: Human papillomavirus (HPV) is a prevalent sexually transmitted infection with significant implications for
public health. In Poland, a nationwide vaccination program offers a choice between the 9-valent (9v) and 2-valent (2v) HPV
vaccines. We aimed to assess the cost-effectiveness of the 9v vs 2v vaccine from the public payer perspective in Poland.

Material and methods: A cost-effectiveness analysis was conducted to compare the public health and economic
benefits of using 9v vs 2v vaccine in Poland over 100-year horizon using a previously published deterministic dynamic
transmission model. A target population of girls and boys aged 12-13 years was considered. The model was populated
with local epidemiological inputs, utilities, and costs, including vaccine and administration costs, as well as costs related
to medical procedures for HPV-related diseases.

Results: The 9v vaccine reduced the prevalence of HPV infections and HPV-related diseases substantially more than 2v vac-
cine when both are compared to no vaccination strategy. The total discounted cost savings of using the 9v vaccine instead
of 2v, excluding the vaccine costs, amounted to EUR 66 million. The incremental cost-effectiveness ratio amounted to
8094 EUR per quality-adjusted life year, much below the official cost-effectiveness threshold in Poland set up at the three
times the annual gross domestic product per capita. 9v cost-effectiveness ratio remained unchanged when shorter
time-horizons of 20, 40, 60, or 80 years were considered.

Conclusions: Using 9v HPV vaccine in Poland is highly cost-effective compared to the 2v vaccine.

Keywords: vaccine; human papillomavirus, cost-effectiveness, Poland
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INTRODUCTION

Human papillomavirus (HPV) is the most common in-
fection transmitted sexually [1]. The lifetime probability of
being HPV-infected, assuming having at least one sexual
partner of the opposite sex, has been estimated in the
United States at 84.6% for women (95% confidence inter-
val, 95% Cl, equal to 53.6%-95%) and at 91.3% for men
(95% Cl = 69.5%-97.7%) [2]. The worldwide prevalence
of HPV was estimated at 11.7% in women and at 21% in
men in 2017 [3].

Corresponding author:
Maciej Niewada

While about 90% of HPV infections clear up on their
own, occasionally these infections persist and may result in
various types of cancer, including the cervical, anal, vulva,
oropharyngeal, oral cavity, or laryngeal cancer [4, 5. In
view of how widespread HPV is, it is responsible for a large
share of cervical cancer (CC): the most carcinogenic types,
HPV-16 and 18 cause almost 70% of CC worldwide, while
the HPV types 31, 33, 45, 52, and 58 together account for
an additional 15% of CC [3]. There are local differences in
genotypes distribution, for example, in Poland HPV types
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31 and 52 are both more prevalentthan HPV 18 [6]. CCiis the
fourth most common cancer type in women and the sec-
ond most common cancer type in women aged 15-44 [1].
The annual numbers of CC cases and related deaths were
estimated at > 600 000 and > 340 000 in 2020, respectively
[5]. Other types of HPV are also responsible for numerous
disease cases. HPV types 6 and 11 are claimed to cause
more than 90% of cases genital warts (GW) and recurrent
respiratory papillomatosis (RRP) [7].

Meanwhile, HPV is a vaccine-preventable infection
and HPV vaccines are available since 2006. The currently
available vaccines in Poland protect against 2 types of HPV
(16 and 18) or 9 types (6, 11, 16, 18, 31, 33, 45, 52, and 58).
The high efficacy, effectiveness, and safety of the vaccines
have been demonstrated [8]. The vaccination coverage (as
measured by the first dose received) varies substantially
between the parts of the world (as defined by the World
Health Organization [WHO] regions).

In Poland, the nation-wide program of HPV vaccination
started in 2023. The program targets 12- and 13-year-old
boys and girls and offers a choice between two doses of fully
reimbursed either a bivalent (2v) or a nonavalent (9v) vaccine.
As part of the free HPV vaccination program in Poland, from
June 1 to November 29, 2023, 138,155 girls and boys aged
12and 13 were vaccinated (about 90% with 9v vaccine), which
constitutes around 17% vaccine coverage rate, far below the
targeted 90% proposed by EU Beating Cancer Plan [9-11].

To help inform decision on choosing one vaccination
strategy over another, additional evidence including cost-
-effectiveness is warranted.

Objectives
We aimed to assess the cost effectiveness of using 9v vs
2v HPV vaccine in Poland from the public payer perspective.

MATERIAL AND METHODS
Study design and model description

We conducted a cost-effectiveness analysis (CEA) to assess
the public health and economic consequences under 9v and
2v HPV vaccination strategies targeting 12-13-year-old boys
and girls in Poland. To provide a wider context for this com-
parison, also the public health consequences of no vaccina-
tion are presented. Incremental costs and quality adjusted life
years (QALYs) were estimated based on the number of cases,
morality rate, and costs associated with each vaccination
strategy. We accounted for multiple types of cost incurred for
public payer, including vaccine acquisition costs and admin-
istration as well as cost of medical procedures associated with
managing HPV-related diseases (details follow). The indirect
cost related to productivity loss has not been included.

We used a previously published and described CEA
model [12, 13]: a population-based, deterministic, dynamic

transmission model which reflects the natural history of HPV
infection and HPV-related diseases. The model captures the
clinical and financial consequences of using of either 2v or
9v HPV vaccines. The consequences are accrued over time
using a system of equations that describe the spread of HPV
in the population, the incidence of HPV-related diseases, and
their consequences on the mortality, health-related quality
of life,and cost. The model or its previous versions has been
used previously in CEA of the 9v HPV vaccine. The present
iteration of the model includes also considerations for infec-
tions associated with HPV types 31, 33,45, 52, and 58, adding
significant relevance to our research inquiries. The details
of the previous version were published [14]. The model was
populated with Polish-specific data on epidemiology, cost,
and health state utilities.

To fully account for life-time clinical benefits of vaccines,
we used a 100-year time horizon. However, the results were
also presented in shorter horizons. The future costs and
effects were discounted using the annual rate of 5% and
3.5% as required in CEA in Poland. In sensitivity analysis,
the undiscounted results were presented.

In subsections below, we present how the parameters
of the model were set, focusing on population size and
mortality, sexual behaviour, clinical and screening informa-
tion, vaccine efficacy, vaccination coverage rate, costs, and
health state utility values. More detailed information was
placed in the Supplementary Material.

Demographic and sexual behaviour

The demographic inputs on population size and age
and gender structure were derived from the Demographic
Yearbook 2022 from the Statistics Poland (Gtéwny Urzad
Statystyczny, GUS) [15]. Polish life tables were used to
account for overall mortality [16]. In view of the lack of
Polish-specific data, the information on sexual activity was
based on a British study [17]. To describe sexual mixing, the
model uses the standard approach in which partnership
data and assumptions about the structure of gender mixing
are used to calculate the number of partners in different age
and sexual activity groups [18]. The inputs for sexual mixing
were based on the US population study [19].

Clinical and screening inputs

The number of women receiving hysterectomy was
estimated using the GUS demographic data and data from
the National Health Fund (NFZ) on procedures M11, M12,
M13, M20,and M21 [20]. Parameters related to CC and other
cancer types of mortality were derived from the National
Cancer Registry [21].

The proportion of women receiving a follow-up screen-
ing test after abnormal Pap Smear test result was based
on the data on CC prevention program provided on the
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government website and MoH information on the National
Oncological Strategy in 2021 [19, 22]. The report also in-
cluded information on the approximate number of women
who reported for further diagnostics after receiving ab-
normal cytological test results. These data allowed us to
calculate the percentage of women with an abnormal result
who underwent further diagnostics for cervical cancer (see
Supplementary Material).

The data on the proportion of women screened for CC
were derived from the report on the health status of the
Polish population [23]. Polish-specific data were used for the
diagnostic performance of CC Pap screening and colposcopy
while French data were used on the diagnostic performance
of cervical intraepithelial neoplasia PAP screening [24, 25].

Vaccine efficacy and vaccination coverage rate

The vaccine efficacy was assumed as in studies present-
ing the model. The vaccination coverage rates in females
and males in different age groups for subsequent years of
the analysis ranged from 20% to 60% and were derived from
various publications, both Polish and foreign, depending on
data availability. Vaccination rate model inputs along with
the sources are described in detail in the Appendix. The
proportion of both females and males aged 12-13 years
who receive the 2" dose of vaccine after receiving the 1
dose was assumed as 85%.

Costs

We assumed the cost of the vaccines proposed in pub-
lic tender. The administration cost of vaccines has also
been included into total vaccination cost (Tab. A6 in the
Supplementary Material).

Costs per episode of care for individual health states
such as cervical intraepithelial neoplasia, CC and vaginal can-
cer, entailing the costs of diagnosing and treating the case,
were derived from the available 2021 economic analysis for
2v HPV vaccine [26]. The same source was used to inform
the model on costs of cytological examination, colposcopy
and biopsy.

The costs of treatment of penile, head and neck cancer
and viral pharyngeal warts were calculated using NFZ tariffs
and claims data [27].

Prices given in PLN were converted into EUR at the ex-
change rate of approx. 4.59 PLN per EUR (as of 28t April 2023).

More cost-specific information is presented in the Sup-
plementary Material.

Utilities
The health state utility values for the Polish popula-
tion without HPV-related diseases come were based on the
published population norms [28]. Due to the lack of Polish
data, default decrements of the health status utility values

for the non-Polish population suffering from HPV infection
were used in the model input.

Model outputs

We present the results in terms of the number of HPV in-
fections and related diseases. Regarding the cost, we present
the total discounted cost over the time horizon of analysis
separately for the cost of vaccines and the cost of treatment
of the HPV-related diseases. As a sensitivity analysis, we
also present the results over various time horizons shorter
than 100 years.

RESULTS
Clinical outcomes

HPV-vaccination with 9v vaccine — as compared to no
vaccination — results approx. in a reduction of the HPV infec-
tions prevalence in females by 34% and in males by 26%. Vac-
cination with 2v vaccine resulted in approx.a 18% and a 10%
reduction, respectively. Itisimportant to note that the reduc-
tion is somewhat diminished by the conservative assumptions
regarding the vaccination rate. The reduction mostly happens
in the first 15 years of the analysed time horizon (Fig. B1 and
B2 in the Supplementary Material). In consequence, the inci-
dence of HPV-related diseases is reduced as shown in Table 1.
The decrease mostly follows the decrease in HPV infections
and mostly occurs between 30 and 60 years of the considered
time horizon (Fig. B3 in the Supplementary Material)

The largest relative benefit of 9v over 2v was observed
for the cumulative percentage reduction in the incidence
of HPV 6/11 related CIN 1, CIN2/3, genital warts (in women
and man), and RRP.

It was estimated that using 9v vs 2v HPV vaccine re-
duced the number of deaths from HPV-related causes over
given horizon by 6210 (CC), 130 (vaginal cancer) 224 (vulvar
cancer), 101 and 60 (anal cancer in women and men, respec-
tively), 126 (penile cancer), 1244 and 1122 (RRP in women
and men, respectively).

In total, using 9v vs 2v yielded additional 163 QALYs per
100 000 people (in the whole population, not only in the
vaccinated people).

Cost

The estimated cost savings related to HPV-related dis-
eases avoided over time using 9v vaccine vs 2v vaccine are
presented in Figure 1.In total, using a 9v vs 2v results in a dis-
counted savings of approximately EUR 66 million (excluding
the vaccine cost). In view of the discounting, in present value
terms, the savings mostly occur between 10 and 30 years
since the start of the analysed time horizon. The additional
results are presented in Table B1 in Supplementary Material.

The total number of people receiving any dose in the
analysed time horizon amounted to approx. 31.3 million
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Table 1. Cumulative reduction and cumulative percent reduction (in parentheses) of the disease incidence cases for 9v vs 2v depending on the

time horizon of analysis

Time horizon

5years 25 years 50 years 100 years
Cervical
Cancer 0(0.0) 156 (0.2) 2557 (2.1) 14346 (7.3)
CIN1 491(0.7) 63317 (21.1) 167 330 (29.4) 373190 (33.6)
CIN2/3 349 (0.5) 39975 (13.6) 105 059 (19.6) 234332(22.8)
Vaginal
Cancer 0(0.0) 0(0.0) 23(0.8) 358 (8.1)
VAIN 1 0(0.0) 0(0.0) 0(0.0) 0(0.0)
VAIN 2/3 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Vulvar
Cancer 0(0.0) 0(0.0) 18(0.5) 317 (5.6)
VIN 1 0(0.0) 0(0.0) 0(0.0) 0(0.0)
VIN 2/3 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Genital Warts and HPV 6/11-related CIN 1
Genital Warts (female) 1961 (1.8) 108 798 (20.3) 341398 (31.9) 860 129 (40.1)
Genital Warts (male) 926 (1.3) 62 055 (17.6) 196 514 (27.8) 495 326 (35.0)
CIN1 1029 (0.7) 150 101 (19.6) 502 593 (32.8) 1283 883 (41.8)
Anal
Cancer (female) 0(0.0) 0(0.0) 12(0.2) 177 (1.6)
Cancer (male) 0(0.0) 0(0.0) 5(0.2) 85(1.8)
Penile Cancer 0(0.0) 1(0.0) 35(1.3) 362 (10.6)
RRP
RRP (female) 18 (0.5) 2437(12.9) 10015 (26.5) 27763 (36.8)
RRP (male) 13(0.4) 2137(12.2) 8989 (25.7) 25093 (35.9)

Cases are rounded to the nearest 1, and percentages are rounded to the nearest 0.1

Estimated Healthcare Costs Avoided Over 100 Years By HPV Genotype Poland
Cervarix FM60 EUR 34.81 vs Poland Gardasil 9 FM60 EUR 79.48

Costs (EUR) (thousand)

0 20 40 60 80 100
Years

HPV 16/18-Related Treatment HPV 6/11-Related Treatment HPV 31/33/45/52/58-Related
u Co = Cos = Tre

Figure 1. The estimated avoided healthcare cost by HPV genotype as generated over time within the considered time horizon (discounted)
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people, for both 9v or 2v vaccine. The estimated incremental
total discounted cost of using 9v vs 2v vaccine amounted
to approx. EUR 569 million.

Cost-effectiveness results
with sensitivity analysis

Accounting for both the incremental cost of vaccination
and the avoided cost of diseases, the total additional cost of
using 9v instead of 2v amounts to approx. EUR 503 million
in the base-case in 100-year time horizon.

Theincremental costand QALY gains per person amount
to EUR13.26 and 0.00164, respectively. In consequence,
the incremental cost-effectiveness ratio (ICER) equals
8094 EUR/QALY.

When shorter time horizons are considered, the results
do not account for the benefits accrued over time, which
reduces the cost-effectiveness of 9v vaccine. For the time
horizons equal to 20, 40, 60, and 80 years, the ICER co-
efficients amount to approx. 38,481, 16,638, 11,253, and
9077 EUR/QALY, respectively, which is still substantially be-
low the official acceptability threshold in Poland.

Conversely, when the future cost and effects are not
discounted, the benefits obtained in the future gain more
weight, and the cost-effectiveness of the 9v vaccine in-
creases. For the 100-year time horizon, the ICER amounts
to only 4583 EUR/QALY.

In the base-case analysis, the impact of 9v on head and
neck cancer was not included. When the impact of 9v on
this type of cancer is accounted for in the modelling, the
ICER changes to 8022 EUR/QALY, with discounting and in
the 100-year time horizon.

DISCUSSION

In the paper, we compared the cost and effects of two
HPV vaccines — the 2v and the 9v one — currently offered
in Poland within the national, non-mandatory vaccination
program. The effects were expressed as QALYs, by far the
most widely used measure of clinical effects in CEA. Using
QALYs allows for measuring the benefits of improving both
the survival and the health-related quality of life and also
for the aggregation of health benefits across a multitude
of possible clinical conditions resulting from HPV infection.

In Poland, there is a precisely defined threshold for the
cost per QALY to be used in health technology assessment
in public decision-making process (for most of the countries
the thresholds are estimated based on historical decisions or
areonly indicated as ranges [29, 30]). The value of the thresh-
old in Poland is defined as three times the annual Gross
Domestic Product per capita, and as of 315t October 2023, it
amounts to 190,380 PLN/QALY, or approx.41 500 EUR/QALY
as per exchange rate used in all calculations for the present
paper.The obtained ICER is well below this threshold, which

clearly indicates that using the 9v instead of 2v vaccine is
well justified from an economic point of view. From a purely
clinical perspective, the 9v vaccine allow for preventing
more cases of HPV-related diseases and deaths than the
2v vaccine.

Nevertheless, we understand the rationale for how the
prevention program is currently organised, i.e., the possibil-
ity for the person to choose the vaccine they feel matches
their medical needs and preferences most. This is especially
the case if the public having a choice may decrease the
vaccine hesitancy and in consequence increase the overall
vaccination coverage, which currently seems below expec-
tations [9]. From the perspective of the person being offered
the vaccine, the results support the continued provision
of the 9v vaccine in the national program free of charge, even
more so that it is currently being chosen by approx. 90% of
the program participants.

Our study is subject to additional limitations. First, for
many parameters, Polish-specific values were lacking. See-
ing that public decisions need to be made nonetheless; we
think it is warranted to use best available source of data
instead. For this reason, we decided to use foreign data, for
instance, the British and US data on the sexual behaviour.
Obtaining credible Polish-specific data would require large
samples and be challenging in view of how sensitive aspects
these data relate to. For this reason, such efforts go beyond
the scope of the present study and constitute an important
area of further research.

Another limitation is that the actual cost of the vac-
cinesis subject to non-disclosure agreements between the
pharmaceutical companies and Ministry of Health. In view
of this limitation, we decided to calculate the vaccines cost
for the National Immunization Program based on the data
derived from the public tender platform where the exact
prices are not listed.

The public-payer perspective has been adopted to re-
flect the preferred approach for cost-effectiveness studies
run in Poland for the sake of the decision making. The soci-
etal perspective including indirect cost would highly likely
increase the cost-effectiveness outcomes.

Regarding the modelling assumptions, we see how us-
ing a 100-year horizon may be challenged, as it differs from
the time-horizons typically used in CEA of other, non-vac-
cine health technologies, where often life-time horizons are
used but the age of patients effectively implies that at most
a couple of decades are accounted for. The reason for using
the 100-year horizon is that the effects of any prophylactic
health technologies are only observed in the longer horizon
than for curative medical technologies. While it might be
deemed somewhat simplistic to believe that the assump-
tions used in the analysis will hold valid in such long a time
horizon, the results of the analysis allow to understand the
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justification for using the 9v vaccine in the present setting.
Moreover, itis important to notice that the impact of future
cost and effects is diminished by the discounting. Finally,
the results obtained for limited time-horizons continue to
demonstrate the cost-effectiveness of 9v vs 2v HPV vaccine
delivering the ICER below the official cost-effectiveness
threshold in Poland. It is of great importance to monitor
the impact of the current vaccination program over the
long term in terms of the health and cost utility outcomes.

Our results resemble those obtained with the same
economic model in other countries. In Norway, the ICER
of 9v vs 2v for a 100-year horizon amounted to approx.
10,000 EUR, which only slightly exceeds the value obtained
in the present study [12]. Importantly, our results tend to
correspond with those using other modelling approaches
than we applied. For instance, in a study in India using dif-
ferent economic model, all types of vaccines, 2v, quadriva-
lent, and 9v, were found to be cost-effective as compared
to no-vaccination, with ICERs as low as being in approx.
330-430 USD/QALY range [31]. When one compares the
reported cost and disability-adjusted life years between the
2v and 9v vaccine, the 9v is dominant, i.e. it offers greater
clinical benefit while reducing the total cost from both the
health care and societal perspective. More results on the
cost-effectiveness of 9v HPV vaccine against the quad-
rivalent vaccine or no-vaccination are available, including
systematic reviews [32-34]. Most published data, as syn-
thesized in systematic reviews, indicates less favourable
cost-effectiveness outcomes for the bivalent HPV vaccine
than for the other HPV vaccines [35].

It needs to be underlined that presented results are
specific to the Polish setting. The results may not be directly
generalizable to other countries as they may differ in terms
of their healthcare systems, epidemiological profiles, and
economic context.

Offering to the people the choice between different vac-
cines could decrease their vaccine hesitancy and boost the
vaccination coverage. Nevertheless, the broadest possible
protection and compatibility with the local epidemiology
surveillance data need to be carefully considered.

CONCLUSIONS

Using a 9v HPV vaccine is highly cost-effective option as
compared to the 2v vaccine in Poland since the calculated
incremental cost per QALY (8094 EUR/QALY) amounts to
less than 1 annual GDP per capita, i.e., far below the official
acceptability threshold in Poland set to 3 annual GDP per
capita (41 500 EUR/QALY). Our study provides insights that
can inform reimbursement allocation decisions and en-
hance the cost-effectiveness of resource utilization.
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ABSTRACT

Objectives: Endometriosis is a complex, chronic inflammatory disease in which immune system disorders play an im-
portant role. Soluble mediators of the immune and inflammatory response, including cytokines, are involved in these
processes. Therefore, the aim of the conducted research was to understand the role of selected cytokines belonging
to the Interleukin-1(IL-1) family, including IL-36q, IL-36[3, IL-36y, IL-36R, IL-37 and IL-38, in the onset and development
of endometriosis by analysing the concentration of the tested molecules and to determine whether their concentration
depends on the stage of the disease.

Material and methods: The study group included 60 women who had pelvic endometriosis diagnosed during laparoscopy
and subsequently confirmed by histopathology. The reference group consisted of 20 women who had no endometriosis
or other pelvic lesions during laparoscopy.

Results: Immunoenzymatic assays were used to determine the concentration of the cytokines studied. In the peritoneal fluid
of women with endometriosis, a statistically significantincrease in the concentrations of all parameters tested was observed:
IL-360, IL-36, IL-36y, IL-36R, IL-37 and IL-38. The concentration of these cytokines depended on the severity of the disease.
Conclusions: Disturbances of the immune system involving the network of cytokines belonging to the IL-1 family occur-
ring in the peritoneal fluid environment testify to the involvement of these molecules in the development of the disease
and are one of many factors involved in the pathogenesis of endometriosis. The use of some of them in the treatment of
endometriosis may be a hope for effective causal treatment of this disease, but this requires further, more advanced research.
Keywords: endometriosis; cytokines; peritoneal fluid; inflammation
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INTRODUCTION

Endometriosis is an estrogen-dependent inflamma-
tory gynecological disease characterized by the presence
of endometrial tissue outside the uterine cavity. The most
common location of endometrial lesions is the peritoneum
of the sinus of Douglas and the vesico-uterine fold, the ova-
ries and fallopian tubes, the sacro-uterine ligaments and
the outer membrane of the uterus and the rectovaginal
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septum [1]. More distant and unusual locations are also
worth mentioning, such as the pericardium, lungs, pleura,
diaphragm, brain, lower limbs, navel, as well as the caesar-
ean section scar [2-4].

About 5-15% of women of reproductive age suffer from
endometriosis, however, due to the non-specific symptoms
and difficult diagnosis, the actual number of patients is un-
known. The main clinical symptom of the disease is pain
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located in the pelvic area accompanied by prolonged and
heavy menstruation. An important problem is infertility
accompanying endometriosis, because 40-60% of affected
women have problems with getting pregnant [5-7].

The classification created by the American Society for
Reproductive Medicine (ASRM) determines the advance-
ment of the disease, taking into account the extent and
depth of endometriosis foci and the involvement of the
peritoneum, fallopian tubes and ovary, as well as the pres-
ence and type of adhesions. ASRM has distinguished four
stages of the disease, which are marked from | to IV [8, 9].

Despite numerous studies conducted over the years,
the pathogenesis of endometriosis is still not fully under-
stood. Even though there are many theories trying to explain
the possibility of developing the disease, none of them fully
explains the mechanisms involved in the formation and de-
velopment of endometriosis. One of the oldest is Sampson’s
theory from 1927 [10], which assumes that the source of cells
may be endometrial fragments that move with the retro-
grade flow of menstrual blood through the fallopian tubes
to the ovaries and peritoneal cavity, where they implant
and then proliferate and vascularize. Many researchers are
paying attention to the fact that an important element
in the pathogenesis of endometriosis are disorders in the
functioning of the immune system. In the early 1980s, Pro-
fessor Dmowski [11] formulated the hypothesis that this
disease occurs in women who have disorders in the func-
tioning of the immune system. According to this research-
er, a properly functioning system eliminates the ectopic
endometrium, while because of its dysfunction, the envi-
ronment of the peritoneal cavity favors the implantation
of endometrial cells in ectopic sites. Endometriosis is similar

to several autoimmune diseases, in the course of which
there is an increased concentration of cytokines, disorders
of apoptosis and angiogenesis, orincreased activity of tissue
metalloproteinases. Immunological factors and angiogen-
esis play a key role in the pathogenesis of endometriosis,
which may affect a woman's susceptibility to implantation
of exfoliated endometrial cells [12, 13]. There are four stages
in the development of endometriosis (Fig. 1).

Animportant role in the pathogenesis of endometriosis is
attributed to the interleukin-1 family. Interleukins belonging
to the IL-1 family play an important role in the regulation of
theimmune and inflammatory response, affecting almost all
types of cells [17]. The interleukin-1 family consists of 11 pro-
teins, including 7 pro-inflammatory agonists (IL-1a, IL-1f,
IL-18, IL-33, IL-360, IL-363, IL-36y) and 4 anti-inflammatory
antagonists (IL-1Ra, IL-36Ra, IL-37 and IL-38) [18, 19]. The char-
acteristics of the interleukin-1 family are listed in Table 1 [16].
IL-1 family cytokines are released at the earliest stage of the
immune response and act as a signal for the next cascade
of pro-inflammatory cytokines [20]. The main cells secreting
IL-1 are considered monocytes and macrophages, as well as
Tand Blymphocytes. It can also be secreted by organ-specific
cells, such as keratinocytes, chondrocytes, dendritic cells,
glial cells, mesangial cells, and endothelial cells [21]. Figure 2
show selected IL-1 family of cytokines.

Therefore, the aim of the conducted research was
to understand the role of selected cytokines belonging
to the IL-1 family, including IL-36q, IL-368, IL-36y, IL-36R,
IL-37 and IL-38, in the onset and development of endo-
metriosis by analyzing the concentration of the tested
molecules and to determine whether their concentration
depends on the stage of the disease.

ENDOMETRIAL CELLS

ADHESION IN ECTOPIC LOCATIONS

IMPLANTATION

PROLIFERATION AND GROWTH
ECTOPICTISSUE

f Cells of the immune system in the peritoneal fluid

Disorders of apoptosis
NKand Tc cell activity

ICAM, VCAM, integrins

= ¢

Change in peritoneal fluid properties:
‘.‘ macrophages, IL-1, IL-6, IL-8, IL-10, IL-17, TGF-(3, TNF-a

Initiation of angiogenesis
Production of autoantibodies
Activation of lymphocytes Th2, Th17 and Treg

INFLAMMATION

Figure 1. Stages of endometriosis development [14-16]
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Table 1. The characteristics of the interleukin-1 family [14]

Interleukin-1 family  Interleukin-1 family receptor

Interleukin-1 family coreceptor

Characteristics of the interleukin-1 family

IL-1a IL-1R1 IL-1RacP(L-1R3) Pro-inflammatory
IL-1B8 IL-1R1 IL-1RacP(L-1R3) Pro-inflammatory
IL-1Ra IL-1R1 - Antagonist for IL-1a, IL-1
IL-18 IL-18Ra(IL-1R5) IL-18R(BIL1R7) Pro-inflammatory
IL-33 IL-1R4ST2(IL-1R4 IL-1RL1, IL-33R) IL.-RacP Pro-inflammatory
IL.-36Ra IL-1Rrp2(IL-1R6) IL-1RacP Antagonist for IL-36a, IL-36(, IL-36y
IL-36a IL-1Rrp2(IL-1R6, IL-36R) IL.-1RacP Pro-inflammatory
IL-3683 IL-1Rrp2(IL-1R6, IL-36R) IL-1RacP Pro-inflammatory
IL-36y IL-1Rrp2(IL-1R6, IL-36R) IL-1RacP Pro-inflammatory
IL-37 IL-18Ra IL-1R8(SIGIRR) Anti-inflammatory
IL-1R1 Partial antagonist for IL-1a and 8
IL-38 IL-1Rrp2 ILTRAPL1(TIGIRR-2)ILTRAPL2(TIGIRR-1) i) s o
SELECTED CYTOKINES STUDIED
FAMILY IL-1
CYTOKINES IL-36 IL-38 IL-37
IL-36a IL-368 IL-36y IL-36Ra
[} ) ) \ —
RECEPTOR IL-1Rrp2 IL-1R1 IL-18Ra
S J \ )
Y
FUNCTION Pro-inflammatory Anti-inflammatory

Figure 2. The IL-1 family of cytokines [22]

MATERIAL AND METHODS

The study group included 60 women aged between
21 and 49 years (mean age 32.6 + 7.4 years) who had pelvic
endometriosis diagnosed during laparoscopy and subse-
quently confirmed by histopathology. The research was con-
ducted on women hospitalized at the Clinical Department of
Gynecology and Obstetrics of the University Clinical Centerin
Katowice. Of the 60 women studied, 38 women were in the
minimal/mild stage (stage | and Il endometriosis) and 22 were
in the moderate/severe stage (stage llland IV endometriosis).

The reference group consisted of 20 women aged between
21 and 41 years (mean age 28.2 + 5.6 years) who had no
endometriosis or other pelvic lesions during laparoscopy.

Inclusion criteria for both groups were at least 2 years
primary infertility, stage from | to IV ovarian endometriosis,
and regular cycles. Endometriosis was diagnosed by laparos-
copy and histologically confirmed and classified according to
the American Society of Reproductive Medicine classification.

Peritoneal fluid collected during laparoscopy from wom-
eninthe proliferative phase of the menstrual cycle was used
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for the study. Immediately after collection, the peritoneal
fluid was centrifuged at an acceleration of 2500 rpm for
10 minutes. The resulting fluid was divided into aliquots and
stored at -80°C until assays were performed. The concentra-
tion of cytokine in peritoneal fluid was determined by sand-
wich ELISA. The Enzyme-linked Immunosorbent Assay Kit for
Interleukin 1 Epsilon (IL1e) was used to determine the con-
centration of the interleukin under study, Interleukin-36a. For
IL-36P Enzyme-linked Immunosorbent Assay Kit for Interleu-
kin 1 Eta (IL1h).IL-36y Enzyme-linked Immunosorbent Assay
Kit for Interleukin 1 Family, Member 9 (IL1F9). Determination
of Interleukin-36 receptor (IL-36R) levels was performed us-
ing the Enzyme-linked Immunosorbent Assay Kit for Inter-
leukin 1 Delta (FIL1d). The Enzyme-linked Immunosorbent
Assay Kit for Interleukin 1 Zeta (IL1z) was used to determine
the concentration of IL-37 under study. The Enzyme-linked
Immunosorbent Assay Kit for Interleukin 1 Theta (IL1q) was
used to determine the concentration of test IL-38 (Tab. 2). All
assays were from Cloud-Clone Corp. All results are presented
as amean * standard deviation or median and interquartile
range and were examined for normality of distribution by
the Shapiro-Wilk test. Parametric data were analysed using
Student’s t-test. For nonparametric data, Fisher’s exact test
(analysis of variance) was applied to indicate statistical sig-
nificance because it analyses the variance relationship both

within and among the groups. The correlations were tested
by Spearman’s rank correlation test and are presented as
a correlation coefficient (r). P < 0.05 was considered statisti-
cally significant.

RESULTS
The study analysed the concentrations of the following
cytokines IL-360, IL-363, IL-36y, IL-36R, IL-37 and IL-38 in the
peritoneal fluid of women with endometriosis and women
from the reference group.
The results were presented in Table 3 and Figure 3-8.

Interleukin-36a, 36, 36y and receptor IL-36

The analysis showed a statistically significant increase
in the concentration of IL-36a, 363, 36y and IL-36 recep-
tor in the peritoneal fluid of women with endometrio-
sis compared to the concentration of this parameter in
the reference group. In the next step, we evaluated how the
concentrations of these parameters in the peritoneal fluid
developed in relation to the stage of endometriosis. For each
parameter, we observed a statistically significant increase
in the concentration in the group of women with moder-
ate/severe endometriosis compared to the group of women
with minimal/mild endometriosis (p < 0.001). The results are
shown in Figure 3-6.

Table 2. A summary of the tests used in the study together with Sensitivity, Interlaboratory reproducibility, Intralaboratory reproducibility

[Instruction ELISA CLOUD-CLONE]

Parameter Test
Interleukin-36a Interleukin 1 Epsilon (IL1e)
Interleukin-36 8 Interleukin 1 Eta (IL1h)
Interleukin IL -36y Member 9 (IL1F9)
Interleukin-36 receptor (IL-36R)  Interleukin 1 Delta (FIL1d)
Interleukin-37 Assay Kit for Interleukin 1 Zeta (IL12)

Interleukin-38 Interleukin 1 Theta (IL1q)

Sensitivity Intra-assay Inter-assay
<6.3 pg/mL CV<10% CV<12%
<2.9pg/mL CV<10% CV<12%
<6.5 pg/ml CV<10% CV<12%
<2.9pg/mL CV<10% CV<12%
<6.1 pg/mL CV<10% CV<12%
< 2.8 pg/mL CV<10% CV<12%

Table 3. Peritoneal level of studied chemokines in women with endometriosis and women from the reference group

Cytokines
Endometriosis (n = 60)

Interleukin-36a 256.81 (153.48-358.25)

Interleukin-363 46.69 (52.62-81.56)
Interleukin-36y 88.82 (36.07-132.66)
Receptor IL-36 47.39 (42.50-61.16)
Interleukin-37 493.05 (314.44-595.84)

Interleukin-38 147.97 (102.55-238.86)

Patients
Control (n=20) palie
91.57 (73.08-124.54) p <0.001
23.90(18.18 - 30.20) p <0.05
11.49 (6.05-14.52) p <0.001
32.35(29.83-35.27) p <0.001
137.82 (105.38- 178.80) p <0.001
54.37 (40.90-74.87) p<0.01
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Figure 3. Comparison of IL-36a concentration in peritoneal fluid
between patients and control groups according to endometriosis stage

Figure 4. Comparison of IL-36(3 concentration in peritoneal fluid
between patients and control groups according to endometriosis stage
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Figure 5. Comparison of IL-36y concentration in peritoneal fluid
between patients and control groups according to endometriosis stage

Interleukin -37

The analysis of the results showed a statistically
significant increase in the concentration of IL-37 in the
peritoneal fluid of women with endometriosis compared
to the concentration of this parameter in the reference
group (p < 0.001). A statistically significant increase in the
concentration of the studied parameter was observed
in endometriosis with moderate/severe stage compared
to the group of women with minimal/mild stage of the
disease (p < 0.001). The results obtained are shown in
Figure 7.

Figure 6. Comparison of IL-36R concentration in peritoneal fluid
between patients and control groups according to endometriosis stage

Interleukin -38

The analysis showed a statistically significant increase in
IL-38 levels in the group of women with endometriosis com-
pared to the levels of this cytokine in the fluid of women in
the reference group (p < 0.01). When comparing women
with moderate/severe endometriosis with those with mini-
mal/mild endometriosis, a statistically significant increase
in concentration was also observed (p < 0.001). The results
are shown in Figure 8.

In addition, we analysed whether there was a correla-
tion between the concentrations of IL-36q, IL-36f3, IL-36y
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and IL — IL-38 showing pro-inflammatory effects and
IL-37 with anti-inflammatory effects in the peritoneal
fluid of women with endometriosis. The analysis showed
a positive, statistically significant correlation between the

(r=0.5;p<0.0001) IL-36y (r=0.7; p < 0.0001),IL-38 (r=0.8;
p < 0.0001) which show pro-inflammatory effects and
IL-37 with anti-inflammatory effects. Linear regression
curves showing the above relationships are illustrated

concentrations of IL-36a (r = 0.8; p p < 0.0001), IL-36, in Figure 9.
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Figure 7. Comparison of IL-37 concentration in peritoneal fluid between
patients and control groups according to endometriosis stage

Figure 8. Comparison of IL-38 concentration in peritoneal fluid between
patients and control groups according to endometriosis stage
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DISCUSSION

Numerous studies indicate that cytokines have a sig-
nificant impact on the development, course and effects of
endometriosis. The effect of cytokines is noticeable already
at the stage of implantation of ectopic endometrial foci.
An abnormal increase in the number of activated mac-
rophages within endometriotic lesions has been indicated,
affecting the extracellular environment. Abnormal cytokine
production by macrophages leads to stimulation of both
epithelial and stromal cells significantly influencing the
severity of the inflammatory response. Consequently, the in-
creased interaction of differentiated cellular componentsin
the microenvironment can lead to a continuous stimulation
of inflammation, promoting the growth of endometrial le-
sions through increased proliferation or reduced apoptosis.

Many pieces of data confirm that cytokines contained
in the peritoneal fluid of women with endometriosis stimu-
late the proliferation of eutopic and ectopic endometriotic
lesions [23].

Studies have shown elevated expression of IL-36 in the
female reproductive system during the menstrual cycle, as
well as an association with immune mediator production
and cell recruitment to the genital tract. The involvement
of IL-36 cytokine in inflammation and the observations to
date on their potential role in the development of healthy
or complicated pregnancies require further research [24].

The balance and correlation betweenTh1and Th2 type
responses and their regulatory mechanisms, as well as their
mediators, require further research to understand the func-
tioning of the immune response during pregnancy. Infor-
mation regarding the involvement of IL-36 in reproductive
processes is still poorly understood, but further studies may
in the future indicate how cytokines may participate in the
regulation of pregnancy [24].

In the studies presented in this paper, the concentration
of individual interleukins from the IL-1 family and IL-37,
IL-38 in the peritoneal fluid of women with endometrio-
sis, which is the environment for developing changes, was
checked. The results of our study are comparable to those
obtained by other authors. The tested material was peri-
toneal fluid, as was the case in previous studies. In each of
the compared studies, the ELISA method was used, and the
samples of the test material were stored in an analogous
manner, and moreover, the size of the study groups in each
analysis was approximate. We used the division of endome-
triosis into early-grade land Il and late-grade llland IV based
on the rAFS system, which is an older ASRM classification
system, which in turn was included in our studies [25, 26].

As a result of the tests carried out in the peritoneal fluid
of women with endometriosis, changes in the concentra-
tions of the tested interleukins: IL-36q, IL-36f, IL-36y and
IL-36R were found in comparison to the values observed

in women from the reference group. Moreover, an increase
in the concentration of these proteins was observed with the
subsequent stages of endometriosis. The highest concen-
trations of IL-36q, IL-363, IL-36y and IL-36R were observed
in women with stage IV endometriosis and the lowest in
women with stage | endometriosis.

IL-36 represents 3 cytokines (IL-36q, IL-36(3, IL-36y), each
of which has, pro-inflammatory effects and binds to the
IL-36 receptor (IL-36R). Abnormal levels of their expression
have animpact on the development of inflammation, autoim-
munity, allergies and cancer [27]. Studies indicate the involve-
ment of interleukins in inflammation. Signalling which cov-
ers IL-36, induces pro-inflammatory responses in fibroblasts,
endothelium, epithelium, M2 macrophages, T cells, natural
killer cells and dendritic cells (DC) [28]. Disorders associated
with the IL-36 subfamily are associated with the pathogenesis
of many diseases including: rheumatoid arthritis, inflamma-
tory lung diseases, obesity, biliary obstruction and chronic
glomerulonephritis [29, 30]. Studies conducted so far have
shown an increase in the concentration of this cytokine in the
presented diseases, which underlines the importance of this
protein in chronic inflammation [31-33]. In addition, IL-36R
signalling is involved in diseases such as psoriasis and colitis,
mediated by pro-inflammatory cytokines and chemokines.

The level of IL-36 in the peritoneal fluid of women with
endometriosis was analyzed by Heeyon Kim et al. [32] who
showed that the concentration of this protein was signifi-
cantly increased in the group of women with severe en-
dometriosis. There are no unequivocal reports indicating
the involvement of IL-36q, IL-363, IL-36y and IL-36R in this
disease, however, studies covering other disease entities are
available. Studies by Wang et al. [34] indicate the participa-
tion of IL-36y, (an IL-36R agonist) in the proliferation and
progression of lung cancer [34]. Similar conclusions were
drawn by Yang et al. [35] indicating a strong association be-
tween IL-36y and IL-36Ra with the development of intestinal
inflammation and the development of intestinal cancer [35].
This is consistent with our study, which showed an increase
in IL-36y and IL-36R in women with endometriosis accom-
panied by a chronicinflammation. Moreover, these concen-
trations correlated with the progression of the disease, the
highest concentration was observed in women with stage IV
endometriosis and the lowest in women with stage | endo-
metriosis. The concentration of IL-36a was higher in women
with late endometriosis than in women with early endome-
triosis, which may reflect the increased production of this
cytokine as the disease progresses [31, 33]. Liet al. [36] indi-
cate a new mechanism of action of pro-inflammatory IL-36a
with suppressed IL-36RA and IL-38 antagonists, thanks to
which hyperosmolarity induces inflammation in a culture
model and dry eye disease [36]. IL-36( is produced by the
innate immune system cells and lymphocytes, inducing
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the production of pro-inflammatory cytokines, chemokines
and co-stimulatory molecules, thus promoting the polariza-
tion of Th1 and Th17 cells. There is evidence that IL-36f is
involved in innate immunity and inflammation of the skin
and lungs, where epithelial cells may be the source of this
cytokine. IL-3603 is involved in pathological states of min.
psoriasis and A. fumigatus infection [31]. In our study, we
have shown an increase in the level of IL-36f in the perito-
neal fluid of women with endometriosis, which correlated
with an increase in patients’inflammation.

IL-37 is a new member of the IL-1 family that can reduce,
inhibit inflammation and also affect immunity. In addition,
IL-37 can inhibit macrophage proliferation, apoptosis, mi-
gration and expression of pro-inflammatory cytokines such
asIL-1pB,1L-6,and IL-10, and inhibit the occurrence and deve-
lopment of endometriosis by targeting multiple signalling
pathways: Recent studies indicated that IL-37 expression
in ectopic and eutopic endometrium and serum levels in
patients with endometriosis were higher than in patients
without endometriosis. IL-37 expression correlates with
disease severity, but discrepancies still exist regarding the
concentration of this parameter in peritoneal fluid [37, 38].

The analysis showed a statistically significant change in
the concentration of IL-37 in the peritoneal fluid in women
with endometriosis compared to women from the reference
group.However, the mechanism of action of IL-37 is not fully
known.Despite the ethnic differences in the women includ-
ed in the study, the results of studies by Fan et al. [39] and
Jiang et al. [40] also showed an increase in the concentration
of IL-37 in the peritoneal fluid in women with endometriosis,
which indicates a significant participation of this interleukin
in the inflammatory processes associated with endometriosis.

Interleukin 37 has been identified as a natural suppres-
sor of the innate inflammatory response. IL-1( can increase
IL-37 expression, the most effective stimulant identified so
far is transforming growth factor 8 (TGF3 ), which is produ-
ced by peritoneal mesothelial cells and increased in areas
close to endometriosis lesions. All studies conducted so far
have shown higher concentrations of IL-37 in women with
late endometriosis (stage lll and IV) than in women
with early endometriosis, suggesting increased secretion of
IL-37 in more advanced stages of the disease. Considering
that IL-37 is an anti-inflammatory cytokine, its increased
expression in women with endometriosis is surprising.
However, it is probably related to the inhibition of early
pathogenic clearance of foreign tissue and facilitates lesion
formation.

According to the researchers, the obtained results in-
dicate the use of IL-37 as a potential diagnostic tool in en-
dometriosis [39, 40]. In addition, Fan et al. [39] suggested
that IL-37 should also be considered in future studies using
different estrogen concentrations, given that endometriosis is

ahormone-dependent disease. Therefore, it seemsimportant
to direct research to clarify the mechanism by which IL-37 af-
fects the eutopic and ectopic endometrium [39].

Another evaluated cytokine parameter was IL-38. Its con-
centration in the peritoneal fluid of women with endometri-
osis was significantly increased compared to the concentra-
tion of this cytokine in the fluid of women from the reference
group. An increase in concentration was also observed in
stage llI-1V of the disease compared to stages I-Il. IL-38 is
highly expressed inimmune cells and plays a key role in au-
toimmune diseases, but the exact signalling and functional
pathway is still poorly known. In the available literature,
there are few studies on the occurrence of this cytokine in
women with endometriosis.

Interleukin-38 (IL-38) shares structural features with the
IL-1 receptor antagonist (IL.-1Ra) and IL-36Ra. IL-36R is a spe-
cificIL-38 receptor, a partial antagonist of the IL-36 receptor.
IL-38 inhibits the production of T cell cytokines IL-17 and IL-
-22.1L-38alsoinhibits the production of IL-8 induced by IL-36y,
thereby suppressing inflammatory responses. IL-38-related
cytokines, including IL-1Ra and IL-36Ra, are involved in the
regulation of inflammation and the immune response. Study
of cytokines related to IL-36 and IL-38 may provide new in-
formation to help develop anti-inflammatory therapies [41].

In addition, the study showed a positive correlation
between the levels of the pro-inflammatory interleukins:
IL-360, IL-368, IL-36y and IL-38, and the anti-inflammatory
interleukin IL-37.The demonstrated correlation between the
concentrations of these parameters in a group of patients
with endometriosis indicates a disturbance of the immune
system taking place with the involvement of the IL-1 family
of cytokine systems studied and may suggest that these
proteins may directly or indirectly participate in increasing
inflammation in the formation and development of the
disease. The interactions taking place in the microenviron-
ment of the peritoneal fluid may influence the direction of
biological action, which is related to the severity of internali-
sation abnormalities in the pro/anti-inflammatory cytokine
system. Understanding these mechanisms may allow us to
find potential biomarkers useful for the diagnosis of endo-
metriosis in the future, but this requires further research.

Furthermore, it is also noteworthy that changes in the
concentrations of the analysed cytokines promote chronic
inflammation, lesion proliferation, local hormonal imbal-
ance, and may result in poorer oocyte quality, poor sperm
motility, embryotoxicity and reduced endometrial receptiv-
ity, suggesting adverse effects on the reproductive capacity
of patients. In this aspect, only increased levels of IL-1B in
the peritoneal fluid have so far been indicated in women
with endometriosis and associated infertility. It also seems
interesting to know the role of other cytokines belonging
to the IL-1 family in these patients.
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CONCLUSIONS

Disturbances of the immune system involving the net-
work of cytokines belonging to the IL-1 family occurring
in the peritoneal fluid environment testify to the involve-
ment of these molecules in the development of the disease
and are one of many factors involved in the pathogenesis
of endometriosis. The use of some of them in the treatment of
endometriosis may be a hope for effective causal treatment
of this disease, but this requires further, more advanced
research.
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ABSTRACT
Objectives: The main goal is to analyze factors related to brachial plexus injury (BPI) after shoulder dystocia (SD).

Material and methods: Longitudinal prospective analysis of SD arose in a tertiary hospital from 1/15%/ 2019 to 12/315Y
/2020. A multivariable logistic regression for BPl after SD and a survival analysis for BPI recovery after SD were performed.

Results: In this period 13,414 deliveries were attended, 10,676 of those were vaginal deliveries (79.6%) reporting 69 cases of
SD, with anincidence of 0.65%. SD required 102.1 seconds (SD) 10.8) as an average for solving it. Internal maneuvers were
needed in 42.0% of SD reported. Neonatal BPl was suspected in 23 newborns (33.3%) at birth. Neonatal BPl at 48 hours of
life was statistically associated with maternal BMI above 30 kg/m? (OR=7.91; Cl 95% 1.3-47.7; p = 0.024), > 120 seconds
for solving SD (OR = 14.4; Cl 95% 1.7-121.82; p = 0.014) and operative delivery (OR = 6.8; Cl 95% 1.2-37.6; p = 0.028).
The BPI recovery was statistically associated with clavicle fracture (HR = 0.31 Cl 95% 0.10-0.96 p = 0.042) and specific
rehabilitation treatment (HR = 9.2 C1 95% 1.87-45.23 p = 0.006).

Conclusions: The following factors were associated with neonatal BPI at 48 hours of life: maternal BMI above 30 kg/m?,
operative delivery, or shoulder dystocia that requires more than 120 seconds for solving it. The BPI recovery was associ-

ated with clavicle fracture and specific rehabilitation treatment.

Keywords: shoulder dystocia; brachial palsy; brachial plexus; dystocia
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INTRODUCTION

Shoulder dystocia (SD) is an obstetric emergency, with
potentially devastating consequences, that occursin 0.2-3%
of all cephalic vaginal deliveries [1, 2]. Around two and a half
percent of early perinatal mortality is caused by SD [3, 4. In
fact, SD is considered an “obstetric nightmare” [5]. Neona-
tal morbidity associated with SD is quite important, being
brachial palsy the most prevalent injury. The brachial plexus
injury (BPI) is the main lesion causing long-term disability,
and it may appear up to 10% of all deliveries complicated
with SD [4].

Certain maternal features such as gestational diabetes,
obesity, fetal macrosomia, post-term pregnancy, and pre-

Corresponding author:
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vious SD are associated with SD [6-10]. Other intrapartum
characteristics such as excessively extended or rapid second
stage of delivery [6, 10] or operative delivery [6] should also
be taken into account. However, in general, risk factors as-
sociated with SD are yet poorly known, and its prediction is
still challenging nowadays [1, 5]. For example, a few factors
such as Diabetes Mellitus, neonatal weight above 4,000 g, or
SD solving time above 120 seconds have been associated
with BPI [11]. However, all predictive models evaluating
SD, failed to properly foresee BPI associated with SD [11].
The main objective of this study is to analyze factors
related to BPI after SD. The description of neonatal brachial
palsy evolution is proposed as a secondary objective.
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MATERIAL AND METHODS

This is a longitudinal prospective analysis of SD
that arose in ‘Virgen de la Arrixaca’ University Hospital
between 15t of January of 2019 and 315t of December
of 2020. This study was approved by the Institutional
Reviews Boards (2022-7-1-HCUVA). The principles of
the Declaration of Helsinki were followed throughout the
study. This center is the largest maternity department
in Spain with above 7,500 births per year. In this period
13,414 deliveries were attended, 10,676 of those were
vaginal deliveries (79.6%).

A new SD notification system was introduced in Janu-
ary 2019, including the following information: the health
professional who attends SD and their categories, the time
at it occurs, the second stage duration, onset of labor, the
time needed to solve SD, the maneuvers required, the
need of episiotomy, head position, neonatal weight,
APGAR score, cord blood gasometry, neonatal reanima-
tion, and neonatal fracture. Third-trimester weight, height,
and ultrasound parameters such as cephalic circumfer-
ence (HC), abdominal circumference (AC), estimated fe-
tal weight [12] were retrospectively recorded. Newborns
were followed-up at 3, 6, and 12 months. When a BPl was
suspected, a pediatric orthopedic evaluation before the
discharge was required.

The diagnosis of neonatal brachial palsy was estab-
lished based on clinical findings, which included arm
weakness consistent with a brachial plexus injury. Electro-
myography was performed as needed to determine the
localization and severity of nerve injury when neonatal
brachial palsy persisted for more than 3 months after birth.
All newborns were followed up by a pediatrician, infant
orthopedic surgeon, or pediatric physiatrist. The strength
in the upper limbs was assessed using the Medical Re-
search Council (MRC) muscle strength testing scale, which
classifies strength into five categories. When physical reha-
bilitation was required, the pediatric physiatrist provided
intensive follow-up.

The primary outcome variable was neonatal brachial
palsy at 48 hours of life. A priori statistical power of 48.49%
was calc based on sample size. A descriptive analysis of all
the variables analyzed was performed. Normality and ho-
moscedasticity were assessed for all continuous variables
with Shapiro-Wilk test and Levene test, respectively. All con-
tinuous variables respected the principles of normality and
homoscedasticity. Proportions were compared using Pear-
son’s chi-squared test and Fisher correction when applied.
Obstetric history, anthropometric measurements, diabetes
mellitus, cephalic circumference, abdominal circumference,
AC/HC ratio, AC-HC difference, estimated fetal weight at 31
trimester, the time needed to solve SD, and type of delivery
underwent bivariate analysis using Student’s t-test or Pear-
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Figure 1. Neonatal brachial palsy evolution compared by the duration
of shoulder dystocia

son’s chi-squared test for to compare the characteristics of
each group. Afterward, all variables above mentioned with
p value < 0.2 in bivariate analysis were considered using
amultivariate analysis logistic regression model. In common
with all logistic regression analyses, this produced a model
applicable to the dataset from which it was generated.
A survival analysis of neonatal brachial palsy recovery was
performed, and it was also adjusted by Cox regression. All
tests were two-tailed, and the level of statistical significance
was set at 0.05. Data analysis was performed using SPSS
version 25.0 (SPSS Inc., Chicago, lllinois), RStudio version
1.2.5033: Integrated Development for R (RStudio, Inc., Bos-
ton, Massachusetts), R version 3.6.2 (https://www.r-project.
org/. Accessed February 13, 2021) and STATA BE-Basic Edi-
tion version 17.0 (StataCorp, College Station, Texas).

RESULTS

A total of 69 SD was reported during the recruitment
period. Of 13.414 deliveries that were attended, 2.738 were
cesarean section (20.4%) and 10,676 vaginal deliveries
(79.6%). The SD incidence was 0.65%. BPI at birth was sus-
pected in 25 newborns (36.2%) whose birth was compli-
cated with SD. However, this diagnosis was confirmed at
48 hours of life just in 14 babies (20.3%). These newborns
were followed-up at 3, 6, and 12 months. Brachial palsy
remained in five babies (7.2%) at 3 months, but only three
babies (4.3%) suffered BPIfinally (Fig. 1). Six newborns (24%)
underwent conservative treatment with physiotherapy and
specific rehabilitation treatment, and just one baby (4%)
needed surgery. The specific rehabilitation treatment was
prescribed by the pediatric physiatrist and includes passive
range-of-motion exercises, supportive splints (to prevent
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finger flexion or elbow contractures), and the promotion
of muscle strengthening.

The 26 pregnant women were nulliparous (37.7%), and
just three (4.3%) had a previous cesarean section. 11.6% of
the patients suffered from diabetes mellitus (DM). Preges-
tational diabetes was reported in five patients (7.2%) and
three pregnancies (4.3%) resulted complicated with gesta-
tional diabetes mellitus. Regarding DM, 25.0% of them were
managed with diet and exercise and 75.0% required insulin
therapy. Two patients opted for insulin pump therapy.

The mean head circumference (HC) at 3 trimester ul-
trasound scan was 326.6 mm (standard deviation 1.7). The
mean abdominal circumference (AC) and the mean estimat-
ed fetal weight was 345.5 mm (standard deviation 3.3) and
3349.0 g (standard deviation 73.0) respectively. The mean dif-
ference AC-HC was 18.9 mm (standard deviation 2.8).

The labor onset as an average at 40.1 (standard deviation
0.2) gestation weeks. Delivery was attended by a midwife in
95.7% of the cases. Meanwhile, an obstetrician was present
at delivery just in 66.7% of the births.

Aright mediolateral episiotomy was required in 40 deliv-
eries (58.0%). The obstetrics outcomes are shown inTable 1.
Regarding operative deliveries, vacuum was required in
86.2%, Kjelland’s forceps in 10.3%, and Thierry’s Spatulas
in 3.4%. The mean duration of the second stage of labor
was 80.6 minutes (standard deviation 9.0). SD required
102.1 seconds (standard deviation 10.8) as an average for
solving it.

The neonatal outcomes are resumed in Table 1. The
mean pH in the artery and venous umbilical cord blood was
7.25 and 7.23 (Standard Deviation 0.0 and 0.1) respectively.
The mean lactic acid concentration in umbilical cord blood

Table 1. Obstetrics outcomes compared by the duration of shoulder dystocia

Shoulder dystocia duration

< 20 years
Age 20-35 years

> 35 years
Primary maneuvers
Mc Roberts
Suprapubic pressure
Posterior arm
Rotational maneuvers
Clavicle fracture

< 30 kg/m?
BMI

> 30 kg/m?

Diabetes mellitus

Spontaneous
Labor onset

Induced

Spontaneous
Delivery

Operative
Episiotomy
APGAR at birth <6

APGAR at 5 minutes < 6
APGAR at 10 minutes < 6
Neonatal care unit admission

NICU admission

>120seg (n=12)

p value
n Relative frequency n Relative frequency
2 3.5% 1 8.3%
35 61.4% 9 75.0% 0.392
20 35.1% 2 16.7%
57 100% 12 100%
57 100% 12 100%
49 86% 12 100% 0.334
21 36.8% 8 66.7% 0.057
6 10.5% 4 33.3% 0.041
7 12.3% 4 33.3% 0.090
23 40.4% 7 58.3%
0.253
34 59.6% 5 41.7%
5 8.8% 3 25% 0.137
29 50.9% 7 58.3%
0.638
28 49.1% 5 41.7%
33 57.9% 8 66.7%
0.749
24 42.1% 4 33.3%
32 56.1% 8 66.7% 0.502
7 12.3% 4 33.3% 0.070
1 1.8% 3 25% 0.002
0 0% 2 16.7% 0.002
7 12.3% 5 41.7% 0.015
4 7.0% 4 33.3% 0.010

BMI — body mass index; NICU — neonatal intensive care unit
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was 5.49 mmol/L (standard deviation 0.7). The neonatal
mean weight was 3988.3 grams (standard deviation 53.4).
The mean HC at birth was 35.2 cm (standard deviation 0.2)
and the mean height was 52.6 cm (standard deviation 0.2).
Twelve babies (17.4%) required neonatal care unit (NCU)
admission. Furthermore, other eight newborns (11.6%) were
admitted to the neonatal intensive care unit (NICU).

SD was solved before 120 seconds in 57 cases (82.6%).
Meanwhile, 29.8% of SD that required < 120 seconds (s)
experimented neonatal brachial palsy, 41.7% of SD that
required > 120 suffered from BPI. However, these differ-
ences increased at 48 hours of life when neonatal brachi-
al palsy stilled in the 15.8% of SD that required < 120 s,
whereas palsy persisted in 41.7% of SD that required > 120's
(p=0.057).

The BPI at 48 hours of life incidence was statistically as-
sociated with the following variables in multivariant analysis:

Table 2. Multivariate Cox regression analysis of neonatal brachial
palsy recovery

maternal BMI above 30 kg/m? (OR=7.91;C195% 1.31-47.69;
p =0.024), > 120 seconds for solving SD (OR = 14.4; Cl 95%
1.7-121.82; p = 0.014) and operative delivery (OR = 6.79;
Cl 95% 1.22-37.64; p = 0.028). No statistically significant
association were found between neonatal brachial palsy
at 48 hours of life and diabetes mellitus (OR = 2.36; Cl 95%
0.32-17.4;p=0.399) nor ratio AC/HC > 1.1 (OR=2.15; CI 95%
0.24-19.36; p = 0.495).

When a BPI was confirmed, the recovery occurred with
amedian time of 3.4 days (C1 95% 0.29-13.71). Kaplan-Meier
curves for required time for solving shoulder dystocia are
shown in Figure 2. No statistically significant differences
were found in BPI recovery at survival analysis for required
time for solving shoulder dystocia (log-rank p = 0.07). The
BPI recovery was statistically associated with the following
variables in multivariant Cox regression analysis (Tab. 2):
Clavicle fracture (HR = 0.31 C1 95% 0.10-0.96 p = 0.042) and
specific rehabilitation treatment (HR = 9.2 Cl 95% 1.87-
-45.23 p =0.006).

Variable HR  C195%  pvalue DISCUSSION

Newborn weight > 4000 g 101 038271 0979 This study revealed the prevalence and evolution
Operative delivery 051 017-151 0221 of brachial plexus injury in deliveries complicated with
Posterior arm maneuvers 567 osises o shoulder dystocia. Neonatal brachial palsy at 48 hours of

. life was statistically associated with maternal BMI above
Rotational maneuvers 0.70 0.20-2.38 0.564 . . .

30kg/m?,>120secondsforsolvingSDandoperativedelivery.TheBPI
Clavicle fracture 0.31 0.10-0.96 0.042 . X . e L.

e rehabiltat 5 recovery was associated with specific rehabilitation treat-
Specific rehabilitation treatment G 0.006 mentand clavicle fracture. A SD requiring more than 120 sec-
S S U LA onds for solving it was associated with the necessity of

100
Required time
for solving SD
— < 120sec
75 7] — >120sec
2
= Log-rank test = 0.07
o]
©
o]
o
Q
> 50
[
>
o
o
]
[a'
25 - i
0-
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84
Time (weeks)

Figure 2. Neonatal brachial palsy recovery: Kaplan-Meier curves for required time for solving shoulder dystocia
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internal maneuvers, a score below 7 in the APGAR test at
5 and 10 minutes after birth and with NICU admission.

Previous publications associated an increasing num-
ber of maneuvers and also a larger amount of time for solv-
ing SD with more neonatal morbidity [13, 14]. Hoffman et
al. [13] reported a brachial palsy rate of about 5% when
just a maneuver is required. However, this rate increases
up to 15% when four maneuvers are needed. Rotational
maneuvers are associated with a higher risk of neonatal
plexus injury [13]. Leung et al. [15] found that 95% of SD
requiring three or fewer maneuvers have a lower neonatal
plexus injury rate than that SD requiring four or more
maneuvers.

Primary (Mc Roberts and suprapubic pressure) and
internal (Posterior arm and rotational maneuver) maneu-
vers were required in 100% and 42.0% respectively of SD
reported in our study. Other authors reported a primary
maneuvers success rate of 25.8% [15]. We hypothesized that
not all SD, especially minor dystocia, are registered in the
notification form system causing this difference.

This study has at least one year of follow-up. The neo-
natal brachial palsy evolution is similar to that reported by
other authors [11, 16]. At birth and at 48 hours of life, the
neonatal brachial palsy rate is high. Although, at 3-6 months
most of the neonatal brachial palsy solved, from this point
on, the recovery is more unlikely.

Neither AC at 3™ trimester ultrasound scan, HC, ratio
AC/HC nor difference AC-HC are associated with neonatal
brachial palsy. Other authors also revealed this difficult to
predict neonatal brachial palsy with clinical or ultrasound
parameters [17-20].

This logistic regression model for predicting BPI at
48 hours of life after SD is not robust. Other predicting
models reported in the literature also fail to predict neo-
natal brachial palsy [11, 14, 16]. In our regression model,
neonatal brachial palsy at 48 hours of life is statistically as-
sociated with maternal BMI > 30 kg/m?, > 120 seconds for
solving SD and operative delivery. The mostimportant factor
seems to be time for solving SD, as other authors reported
[14, 15]. Although maternal BMI was previously analyzed as
arelevant factor for BPI after SD [14, 20], this is the first time
that maternal BMI is statistically associated with neonatal
BPI after SD. Therefore, obesity primary prevention during
pregnancy could be crucial in preventing neonatal morbid-
ity associated with BPI after SD.

The rate of neonatal BPI spontaneous recovery ranges
between 75 and 90% [21]. In our study, a spontaneous re-
covery occurred in 80% of neonatal BPI (25/5) during the first
three months. The short BPI recovery median time showed
that the majority of BPI solved spontaneously during the first
three months of life. Certain factors were associated with

aBPIrecovery such as clavicle fracture (HR =0.31) and specif-
ic rehabilitation treatment (HR =9.2). Other authors report-
ed the operative delivery and newborn weight > 4000 grams
as factors associated with neonatal BPI persistency [22, 23].
Wilson et al. [22] reported no association between clavicle or
humerus fracture and neonatal BPI recovery. To the best of
our knowledge, no report performing a survival analysis
of neonatal BPI after SD has been published. This is the
first time that clavicle fracture and specific rehabilitation
treatment are associated with neonatal BPI recovery. We
hypothesized that a greater force would be applied in those
SD with clavicle fracture, causing severe nerve injuries that
might hinder BPI recovery.

Some strengths should be highlighted. A logistic regres-
sion model for neonatal BPI after SD and a Cox regression
model for neonatal BPI recovery were performed.The health
care professional team that attends all deliveries in the
hospital did not suffer any modification during this period.
Thanks to many deliveries attended in the center, there is
a relevant incidence of SD. Furthermore, it should be em-
phasized that an obstetrics emergency simulation-based
program involving hospital attendants, nursing assistants,
midwives, residents, anesthesiologists, pediatricians, and
obstetricians was implemented in 2019.

Animportant limitation of our study is that the SD notifi-
cation system is based on a self-filling paper form. Because of
this, some fields are free text variables. It would be desirable
a prospective multicentric analysis that includes more cases
making stats analysis more robust. The medical records were
not equally detailed in all the cases (i.e. upper and lower
brachial plexus injury), what makes impossible to compare
these characteristics.

In conclusion, shoulder dystocia is an obstetricemergen-
cy. Neonatal brachial palsy is a characteristic consequence
of shoulder dystocia. Certain factors such as maternal BMI
above 30 kg/m?, operative delivery, or shoulder dystocia
that requires more than 120 seconds for solving it are as-
sociated with neonatal brachial palsy at 48 hours of life.
The BPI recovery was associated with specific rehabilitation
treatment and clavicle fracture.
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ABSTRACT

Objectives: Exclusive breastfeeding is recommended until the child is six months of age. However, there are many
myths about breastfeeding. The aim of our study was to assess the knowledge of Polish women about breastfeeding.

Material and methods: A cross-sectional survey study was conducted among 1536 Polish women. A self-administered
questionnaire was created using Google Forms survey management software and distributed online. The participants
were asked about the most common myths in society regarding breastfeeding.

Results: The highest number of correct answers in all age groups were given to questions related to the nutritional
value of breast milk (80.9-94.9%). The fewest correct answers in each age group were recorded to questions concern-
ing the possibility of getting pregnant during the first 6 months of breastfeeding (16.1-35.3%), the safety of drinking
non-alcoholic beer during lactation (24.4-37.1%), the benefits of brushing the breast while breastfeeding (16.0-37.1%),
and the effectiveness of compresses made of cabbage leaves or sage infusions in relieving ailments during milk rush
(6.8-12.4%). Higher education and being a mother were associated with a higher number of correct answers. Age below
25 years was associated with lower number of correct answers.

Conclusions: The results of the survey regarding breastfeeding suggest the existence of various beliefs in the popula-
tion of Polish women which are not evidence based. This indicates the need for spreading adequate information about
breastfeeding, especially among younger women and those who did not obtain higher education.
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INTRODUCTION

Breastfeeding is a special time for both the mother and
the baby. The composition of breast milk is adapted to the
needs of the infant and changes with the age of the child [1].
Mother’s milk is rich in nutritional properties, ensuring the
child’s balanced growth and development, and immunologi-
cal properties, protecting it against infections [2, 3]. Moreo-
ver, breastfeeding forges a psychological bond between the
mother and the child [4]. It was only in 1995 that lactation
care was included in the National Health Program. Currently,
the World Health Organization (WHO) recommends exclusive
breastfeeding until the child is six months of age and con-
tinuation of breastfeeding until the age of two and beyond
with the introduction of complementary foods.

Corresponding author:
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In Poland, there is not enough scientific research testing
the knowledge of Polish women about breastfeeding. There
is a risk of popularizing misconceptions about lactation,
especially given the widespread access to the Internet today.
With its help, various techniques are promoted to increase
the effectiveness of breastfeeding, such as dry brushing the
breast or using a pacifier to facilitate lactation.

The aim of the study was to assess the knowledge of
Polish women about breastfeeding depending on the place
of residence, age, level of education and having children.

MATERIAL AND METHODS
A cross-sectional survey was conducted among Polish
women. The self-administered survey was created online
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using Google Forms survey management software and dis-
tributed among 110 Polish Facebook groups. At the begin-
ning of the survey, all potential participants were informed
about the survey, its objectives, the manner and scope
of using the data received, and the voluntary nature of
participation. Anonymity and confidentiality were ensured.
The only recruitment criterion was female gender.

The study group included 1536 women.The average age
was 29 years (range 15 to 72 years). The respondents were
divided into three age categories: below 25 years old (group
A —40.0%), between 26 and 35 years old (group B—43.8%),
above 36 years old (group C — 16.2%). Taking into account
the place of residence, the respondents were divided into
two subgroups: living in cities with up to 500,000 inhabit-
ants (66.0%) and over 500,000 residents. According to the
level of education the study group was divided into two
subgroups: respondents with higher education (60.4%)
and respondents with lower education (less than higher).
The respondents were also divided into two groups accord-
ing to being a mother: women with any offspring (64.8%)
and women with no offspring.

The survey contained a total of 23 questions. The par-
ticipants were asked about the most common myths in
society regarding breastfeeding, e.g. giving water to the
baby, using a pacifier to facilitate lactation or the benefits of
using fennel. In addition, the respondents were asked about
contraindications to breastfeeding, the safety of drinking
non-alcoholic beer, and eating potentially allergenic food
during lactation. Respondents, answering the above ques-
tions, had one of two answers to choose: “yes” and “no”".
The entire survey is included in the Table 1.

To compare the percentage of correct answers be-
tween the distinguished subgroups the chi-square test was
used. Statistical significance was defined as a p value less
than 0.05. Statistical analysis was performed using Statistica
software.

RESULTS

The results of the survey are shown in Table 2. The
group B (women between 26 and 35 years of age) gave
the most correct answers to questions related to the value
of breast milk as nutrition (94.9% vs 92.0% in the group C
vs 80.9% in the youngest group A), and questions related
to situations that may cause anxiety for a nursing mother.
To the questions concerning the effectiveness of breast-
feeding, the highest percentage of correct answers was
also given by group B, however, when comparing groups
B and C, the results turned out to be statistically insignifi-
cant. Moreover, the questions concerning the possibility
of getting pregnant during the first 6 months of breast-
feeding, the highest percentage of correct answers was
given by the youngest group (35.3% vs 16.1% in group B

Table 1. Questions included in the survey

1. Do you think that mother’s milk is enough for the baby?

2. Do you think that breastfed newborns should be
supplemented with water?

3. Do you think that the effectiveness of lactation depends
on the size of the breasts?

4. Does the use of a pacifier in infants result in faster learning
to suck and easier breastfeeding?

5. Do you think there are any contraindications to breastfeeding
in the course of influenza in the mother?

6. Do you think that mastitis (with accompanying fever, chills
and muscle pain) is a contraindication to breastfeeding?

7. Do you need to consume calories for two while breastfeeding?

8. Isit safe to drink non-alcoholic beer as a substitute for alcoholic
beverages while breastfeeding?

9. Should the amount of breast milk given be limited when
introducing solid foods?

10. Does dry brushing the breast have a positive effect on
lactation?

11. Can expressed breast milk be stored on the refrigerator door?

12. Is there a chance of getting pregnant again if | follow the
principles of effective breastfeeding during the first 6 months?

13. Will moms after caesarean section breastfeed as effectively
as moms giving birth naturally?

14. Can previously expressed and cooled breast milk be reheated
before serving, e.g. in a microwave, gas or electric cooker?

15. Is breast milk more cariogenic than formula milk?

16. Are dietary supplements containing fennel recommended
to stimulate lactation?

17. Is milk flow present as early as on the second to fourth day
after delivery an abnormal situation?

18. Are silicone breast implants a contraindication to
breastfeeding?

19. Isit necessary to give additional vitamin D, from the first days
of life while breastfeeding?

20. Can cabbage leaf compresses or sage infusions be helpful
during milk rush?

21. Should a breastfeeding mother limit the consumption
of potentially allergenic foods (e.g. gluten, nuts, products
containing cow’s milk protein)?

22. Can the foods the mother eats cause or worsen colic
in a breastfed baby?

23. Do you agree with the statement that formula feeding
and breastfeeding are equivalent?

vs 21.3% in the group C). The fewest correct answers in
each age group were recorded to questions concerning
the safety of drinking non-alcoholic beer during lactation
(24.4-37.1%), the benefits of brushing the breast while
breastfeeding (16.0-37.1%), storing expressed breast milk
on the refrigerator door (28.8-53.1%), silicone breast im-
plants as a contraindication to breastfeeding (32.1-40.4%),
and the effectiveness of compresses made of cabbage
leaves or sage infusions in relieving ailments during milk
rush (6.8-12.4%).

Most women living in large cities (over 500,000 resi-
dents) gave correct answers to the questions regarding
the need to eat more calories, limiting the supply of breast
milk during the introduction of solid foods or supplement-
ing with fennel to stimulate lactation: 92.5%, 64.8%, 91.0%,
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Table 2. The comparison of correct answers in the surveyed women according to age, place of residence, education and having children

Age
Question p value p value

A<25 B 26-35 C=36

AvsB AvsC BvsC

The value of mother‘s milk for a newborn p < 0.001 497 (80.9%) 638 (94.9%) 229 (92.0%) p <0.001 p < 0.001 p <0.05
supplementingithe newbomwithiwaters g 09 445(725%)  634(944%)  217(872%)  p<0001 0 < 0.001 p <001
during lactation
Breast size and lactation efficiency p <0.001 571 (93.0%) 662 (98.5%) 245 (98.4%) p<0.01 p <0.01 NS
Using a pacifier p < 0.001 349 (56.8%) 573 (85.3%) 215 (86.4%) p <0.001 p < 0.001 NS
Influenza in a nursing mother p < 0.001 236 (38.4%) 593 (88.2%) 205 (82.3%) p <0.001 p < 0.001 p<0.01
Breast inflammation in a nursing mother  p < 0.001 146 (23.8%) 492 (73.2%) 167 (67.1%) p <0.001 p <0.001 p<0.01
URE CHEESETELay | e 546(88.9%)  641(95.4%)  237(95.12%) p<001 p <001 NS
a nursing mother
Ee‘irsafety L o el Blele p < 0.001 208(37.1%)  164(244%) 90(36.1%)  p<0.01 NS p <001
Limiting the supply of breast milk p <0.001 254 (41.3%) 567 (84.4%) 213 (85.5%) p <0.001 p <0.001 NS
Dry brushing the breast p <0.001 98 (16.0%) 249 (37.1%) 88(35.3%) p <0.001 p <0.001 NS
Storing expressed breast milk p <0.001 177 (28.8%) 357 (53.1%) 106 (42.6%) p <0.001 p <0.001 p<0.01
Possibility of getting pregnant p <0.001 217 (35.3%) 108 (16.1%) 53 (21.3%) p <0.001 p <0.001 p<0.01
e ess o AN BEISEENES | o600 455(741%)  612(91.1%)  211(847%)  p<0.001 p <0001 p <001
of lactation
Warming up previously expressed milk p <0.001 394 (64.2%) 572 (85.1%) 215 (83.3%) p <0.001 p <0.001 NS
Cariogenicity of human milk p <0.001 148 (24.1%) 396 (59.0%) 133 (53.4%) p <0.001 p <0.001 p<0.01
Fennel supplementation p < 0.001 528 (86.0%) 640 (95.2%) 235 (94.4%) p <0.001 p<0.01 NS
Milk rush p < 0.001 401 (65.3%) 627 (93.3%) 228 (91.6%) p <0.001 p < 0.001 NS
Silicone breast implants p <0.001 227 (40.4%) 336 (50.0%) 80 (32.1%) p<0.01 p<0.01 p<0.01
Vitamin D, supplementation p <0.001 291 (47.4%) 581 (86.5%) 196 (78.7%) p <0.001 p <0.001 p<0.01
WSROI Bl Lo S p <005 76(124%) 59 (8.8%) 17 (6.8%) NS p <005 NS
leaves and sage infusions
e e e oo 303 (494%) 543 (80.8%)  170(68.3%)  p<0.001 p <0.001 p <0.001
allergenic foods
Colicin a breastfed baby p < 0.001 205 (33.4%) 431 (64.1%) 129 (51.8%) p <0.001 p < 0.001 p<0.01
The value of formulas p <0.001 401 (65.3%) 534 (79.5%) 209 (83.9%) p <0.001 p <0.001 p <0.05

NS — non-significant

respectively. On the other hand, the questions concerning
the introduction of solid foods, the chance of getting preg-
nant during the first 6 months of effective breastfeeding and
vitamin D, supplementation from the first days of life were
answered correctly more often by residents from smaller
towns: 68.7%, 25.3%, 70.9%, respectively.

All questions were answered correctly more often by
women with higher education compared to the group of
respondents with lower education (statistically significant
differences). The smallest percentage of correct answers in
both groups was recorded to questions concerning the pos-
sible benefits of breast brushing (33.9% in higher educated

vs 19.8% in less educated), the effectiveness of using com-
presses of cabbage leaves or sage infusions during milk rush
(9.3% vs 10.9%), respectively.

Irrespective the surveyed women had children, the
answer to the question concerning the use of compresses
made of cabbage leaves or sage infusions during a milk
rush were mostly wrong. A greater percentage of correct
answers to this question was given by childless women
(13.0%) than women with offspring (8.2%). In all other
questions, women being a mother gave more correct an-
swers (statistically significant differences). Only 18% of
childless women gave the correct answer to the question
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p value

p<005
NS

NS
p<001
NS

p <005

NS

p<0.01

p<005
p<001
NS

p<005

p<0.01

NS
p < 0.01
NS
NS
p<0.01
p<0.05

NS

p<0.01

p<005
NS

Town
Education

p value
Under
500,000 Over 500,000 Higher
888 (87.8%) 476 (91.0%) p <0.001 857 (92.3%)
846 (83.6%) 450 (86.0%) NS 834 (89.8%)
975 (96.3%) 503 (96.2%) NS 910 (98.0%)
728 (71.9%) 409 (78.2%) p <0.001 759 (81.7%)
674 (66.6%) 360 (68.8%) p <0.001 715 (77.0%)
515 (50.9%) 290 (55.5%) p <0.001 596 (64.2%)
940 (92.9%) 484 (92.5%) p<0.01 878 (94.5%)
675 (66.7%) 378 (72.3%) p<0.05 660 (71.0%)
695 (68.7%) 339 (64.8%) p <0.001 706 (76.0%)
257 (25.4%) 178 (34.0%) p <0.001 315 (33.9%)
415 (41.0%) 225 (43.0%) p <0.001 443 (47.7%)
256 (25.3%) 122 (23.3%) p <0.001 744 (80.1%)
825 (81.5%) 453 (86.6%) p< 0.001 820 (88.3%)
773 (76.4%) 408 (78.0%) p <0.001 763 (82.1%)
429 (42.4%) 248 (47.4%) p <0.001 494 (53.2%)
927 (91.6%) 476 (91.0%) p<0.01 866 (93.2%)
834 (82.4%) 422 (80.7%) p <0.001 820 (88.3%)
435 (43.0%) 260 (49.7%) NS 426 (45.9%)
717 (70.9%) 351 (67.1%) p <0.001 721 (77.6%)
104 (10.3%) 48 (9.2%) NS 86 (9.3%)
638 (63.0%) 378 (72.3%) p <0.001 689 (74.2%)
488 (48.2%) 277 (53.0%) p <0.001 542 (58.3%)
744 (73.5%) 400 (76.5%) p <0.001 749 (80.6%)

comparing the cariogenic properties of human milk and
modified milk.

DISCUSSION

Considering the results of the study, the main factors
associated with giving correct answers were having chil-
dren and having higher education. The age under 25 was
associated with a lower number of correct answers. The size
of the place of residence had a much smallerimpact on the
number of incorrect answers.

Itis well known that breastfeeding provides short-term
and long-term health benefits to both the nursing mother

www. journals.viamedica.pl/ginekologia_polska

Having children

p value

Below higher No Yes

507 (83.7%) p <0.001 431 (80.0%) 933 (93.7%)
462 (76.2%) p <0.001 367 (68.1%) 488 (87.9%)
568 (93.7%) p<0.01 495 (91.8%) 983 (98.7%)
378 (62.4%) p <0.001 290 (53.8%) 847 (85.0%)
319 (52.6%) p <0.001 153 (28.4%) 881 (88.5%)
209 (34.5%) p <0.001 80 (14.8%) 725 (72.8%)
546 (90.1%) p<0.01 475 (88.1%) 949 (95.3%)
393 (64.9%) p <0.001 332 (61.6%) 721 (72.4%)
328 (54.1%) p <0.001 179 (33.2%) 855 (85.8%)
120 (19.8%) p <0.001 75 (13.9%) 360 (36.1%)
197 (32.5%) p <0.001 131 (24.3%) 509 (51.1%)
413 (68.2%) p <0.001 333 (61.8%) 824 (82.7%)
458 (75.6%) p <0.001 395 (73.3%) 883 (88.7%)
418 (69.0%) p <0.001 336 (62.3%) 845 (84.8%)
183 (30.2%) p <0.001 97 (18.0%) 580 (58.2%)
537 (88.6%) p < 0.001 453 (84.0%) 950 (95.4%)
436 (72.0%) p <0.001 321 (59.6%) 935 (93.9%)
269 (44.4%) NS 249 (46.2%) 446 (44.8%)
347 (57.3%) p <0.001 198 (36.7%) 870 (87.4%)
66 (10.9%) p<0.05 70 (13.0%) 82 (8.2%)
327 (54.0%) p <0.001 242 (45.0%) 774 (77.7%)
223 (36.8%) p <0.001 141 (26.2%) 624 (62.7%)
395 (65.2%) p<0.01 372 (69.0%) 772 (77.5%)

and her baby [5]. Many countries have introduced programs
to promote breastfeeding [6-8]. Also in Poland, under the
National Health Program for 2016-2020, the Ministry of
Health has taken many actions to support breastfeeding.
As part of the projects, a guide on breastfeeding for mothers
was created and workshops for families on breastfeeding
and infant nutrition were organized [9]. The promotion of
breastfeeding may be associated with the emergence
of myths about lactation and doubts about the effective-
ness of popular methods of feeding children who are breast-
fed. The widespread access to the Internet poses a risk of
promoting misinformation not supported by current
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evidence based medical knowledge. In the context of breast-
feeding, this poses a risk of spreading inappropriate
breastfeeding-related behavior.

In 2021, a study was conducted in Poland on the beliefs
of both medical staff and nursing mothers regarding the
principles of nutrition during lactation, and the impact of
the maternal diet on the composition of breast milk and the
health of the infant. The study proved that the belief that
preventive dietary restrictions during lactation bring benefi-
cial effects was still present, which supported the thesis that
myths about lactation were widespread in the society [10].
An available review of the literature on the analysis of myths
and beliefs regarding breastfeeding in theoretical and prac-
tical terms from 1985-2008 conducted in Brazil emphasizes
the need for professional health education about lactation
to verify myths and beliefs [11]. However, there is a lack of
updated research assessing current level of knowledge on
this topic in the world.

Lactation myths have long been the subject of scientific
research. Studies clearly showed that women after caesar-
ean section were less likely to breastfeed than women after
giving birth naturally [12, 13]. They also pointed to the need
to introduce additional care for women after caesarean sec-
tion and education to improve the quality of breastfeed-
ing [14, 15]. Although there are no contraindications to
breastfeeding after mammoplasty with breast implants,
meta-analyses and systematic reviews of studies show that
women with breast implants are less likely to breastfeed
than women without breast implants [16, 17]. Our survey
also showed that almost half of the respondents consider
breast implants as a contraindication to breastfeeding.
The latest study by researchers in the Netherlands pub-
lished in 2023 suggests that women with breast implants
may experience an impairment in their ability to breast-
feed compared to women without implants. Additionally,
it points out the need for additional research on this topic
to further elucidate this relationship [18].

Multiple studies proved the benefits of vitamin D, supple-
mentation from the first days of life and the risk of vitamin D,
deficiency resulting from exclusive breastfeeding [19, 20].
Despite numerous recommendations [21, 22], knowledge
about the need for supplementation in society is low. A topic
that raises a lot of doubts among mothers is the reduction
of allergenic foods in their diet during breastfeeding. Ac-
cording to current medical knowledge, elimination diets
for mothers during pregnancy and lactation are not recom-
mended in the prevention of allergies [23].

To the best of our knowledge, this is the first study in
Poland that examined the beliefs of Polish women regarding
the rules of lactation and behavior around lactation. The re-
sults of the research confirmed that unverified beliefs still

exist in society. We are aware of the limitations of our work,
as the survey was only spread via social media. Therefore,
the population of respondents was limited only to women
with an account on social networking sites.

In general, the level of knowledge among mothers with
children is high, and increasing awareness in society may
reduce attachment to myths. Our study may be an introduc-
tion to myths debunking in the society, especially in the
population of Polish women.

CONCLUSIONS

The results of the survey regarding breastfeeding sug-
gest the existence of various beliefs in the population of
Polish women that are not supported by current medical
knowledge. Myths are still popularized, especially in the
era of universal access to the Internet. That situation indi-
cates the need for adequate information how to breast-
feed among low educated women and among the young-
est women. Level of education, age and being a mother
are associated with different levels of knowledge about
breastfeeding.
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ABSTRACT

Objectives: To evaluate relationship between soluble fms-like tyrosine kinase-1 (sFlt-1)/placental growth factor (PIGF)
ratio, clinical characteristics and outcomes of pre-eclampsia.

Material and methods: Retrospective analysis of 29 pregnant women with pre-eclampsia who had measured sFit-1/PIGF
ratio was conducted using electronic medical records from Obstetrics and Perinatology ward of University Hospital
in Cracow.

Results: Women median age: 33.5 years, number of pregnancies: one 52%, two 15%, three 18%,more than three 15%,
number of deliveries: one 59.3%, two 37%, three 3.7%, median body mass index during hospitalization: 29.4 kg/m?. Chronic
diseases apart from hypertension: 67% of women (diabetes 37%, hypothyroidism 26%, obesity 11%). Median newborns
birth weight: 1640 g, median Apgar score at 5 minutes: 8 median umbilical cord blood pH: 7.32. Fetal growth restriction:
28.6% of cases. All deliveries were by c-section. Median gestational age at delivery: 32 weeks. sFlt-1/PIGF ratio was in-
versely correlated with gestational age at delivery (r=-0.42, p = 0.02). The median sFlt-1/PIGF ratio was higher in women
with severe pre-eclampsia (n = 15) than in those with mild pre-eclampsia (n=14) (211 vs 57, p < 0.001). sFIt-1/PIGF ratio
of > 85 had a sensitivity of 80% and a specificity of 71% for predicting severe pre-eclampsia.

Conclusions: sFlt-1/PIGF ratio is useful in assessing the severity and prognosis of pre-eclampsia. sFlt-1/PIGF ratio should
not be used as a sole criterion for making clinical decisions, but as an adjunct to other clinical and laboratory parameters.

Keywords: pre-eclampsia; eclampsia; clinical laboratory test; sFLT-1 protein; placenta growth factor
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INTRODUCTION

Preeclampsia is a complex pregnancy complica-
tion marked by elevated blood pressure and potential
organ damage, notably to the liver and kidneys, posing
risks to both the mother and the fetus. This condition pre-
sents a significant challenge not just to gynecologists but
to a broad spectrum of medical specialists due to its role in
increasing maternal morbidity and its association with se-
vere fetal complications, such as intrauterine growth restric-
tion [1]. Annually, preeclampsia accounts for approximately
500,000 fetal/neonatal fatalities and 70,000 maternal deaths
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worldwide, with a prevalence rate of 2% to 8% in pregnancies
globally [2, 3]. The exact mechanisms driving preeclampsia
remain elusive, highlighting the need for further research
[4]. Recent theories have emphasized the critical balance
between pro- and anti-angiogenic factors in understand-
ing preeclampsia’s pathogenesis. Soluble fms-like tyrosine
kinase-1 (sFlt-1), an anti-angiogenic factor, disrupts vascular
development by binding to and inhibiting the action of
vascular endothelial growth factor (VEGF), essential for the
formation and maintenance of blood vessels. Conversely,
placental growth factor (PIGF), which belongs to the VEGF
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family, plays a pro-angiogenic role by promoting angio-
genesis by interacting with VEGF receptors on endothelial
cells. Animbalance, particularly an elevated sFlt-1/PIGF ratio,
has been linked to an increased risk of severe preeclampsia
and adverse outcomes, underscoring the importance of this
ratio as a potential marker for managing and understanding
the condition [1, 5]. The cut-off points for delivery in 48 hours
were proposed, but the data are limited [6]. The study aimed
to evaluate the course of pregnancy complicated by preec-
lampsia concerning the sFit-1/PIGF ratio, specifically focusing
on the delivery timing.

Objectives
The aim of the study was to evaluate the course of
pregnancy complicated by preeclampsia regarding the
sFlt-1/PIGF ratio.

MATERIAL AND METHODS
Study group

A retrospective study was conducted at Jagiellonian Uni-
versity Hospital in the Obstetrics and Perinatology Ward
from November 2022 to January 2023. The study includ-
ed women diagnosed with pre-eclampsia who had their
sFlIt-1 and PIGF levels measured (48 hours or a maximum of
7 days before the labour). Patients with multiple pregnancies
were excluded from the study.

Data regarding medical history, delivery details, and
maternal and neonatal outcomes were gathered from elec-
tronic medical records. Although the patients with pre-
-eclampsia had their sFlt-1/PIGF ratio measured, the physi-
ciansinvolved in the study were kept blinded to the results.

Definition

Pre-eclampsia is categorized into early-onset (before
34 weeks) and late-onset (34 weeks or later) as per the
consensus-based position statement from the Polish So-
ciety of Hypertension, Polish Cardiac Society, and Polish
Society of Gynecologists and Obstetricians [7].

There were proposed sFit-1/PIGF ratio thresholds. For
early preeclampsia, a ratio higher than 655 was proposed
as the cut-off for delivery, while in late preeclampsia, it was
higher than 201 [8].

Statistical analysis

The statistical analysis was conducted using SPSS Sta-
tistics 9.0. The Shapiro-Wilk test was used to assess the
normality of the data distribution of the quantitative vari-
ables. Due to the lack of normal distribution in the data, the
median was utilized for presentation. The sFlt-1/PIGF ratio
was used to determine sensitivity and specificity values for
predicting severe preeclampsia. Furthermore, the correla-
tion between the sFlt-1/PIGF ratio and gestational age at

delivery was examined to check whether the ratio met the
suggested cut-off values [7].

Approval for the study was obtained from the local
bioethics committee (approval number 1072.6120.15.2023).

RESULTS

The retrospective study was conducted at the Jagiel-
lonian University Hospital’s Obstetrics and Perinatology De-
partment, a tertiary referral center, from November 2022 to
January 2023. It focused on 33 cases of preeclampsia, out of
which 29 met the inclusion criteria and were subsequently
analyzed. Exclusions included one case of twin pregnancy
and three cases due to missing sFlt-1/PIGF ratios.

Participants in the study had a median age of 33.5 years
and a median body mass index (BMI) of 29.4 kg/m? during
their hospital stay. A significant (n = 20) 67% of the women
had chronic conditions, with diabetes, chronic hyperten-
sion, and hypothyroidism being the most prevalent (Tab. 1).
Regarding the use of hypotensive medication during preg-
nancy, (n = 24) 88.9% of the patients were on polytherapy,
predominantly with methyldopa and nitrendipine (Tab. 2).

The newborns’ median birth weight was 1640 grams,
and their median Apgar score at 5 minutes was 8.

Table 1. Obstetric characteristics of the study group and data

regarding chronic diseases

Characteristics n [%]
Primigravida 14 (52%)
Primipara 16 (59.3%)
Chronic hypertension 7 (26%)
Diabetes mellitus pregestational 10 (37%)
Obesity 3(11.1%)
Hypothyroidism 7 (26%)
Characteristics Median
Age 33.5 years
BMI 29.4 kg/m’
Gestational age of delivery 32 weeks
Neonatal birth weight 16409
Apgar score 8

BMI — body mass index

Table 2. Medication used during the pregnancy by the study group

The percentage of the women who

el used a particular medication, n [%]
Methyldopa 25 (89.3%)

Nitrendipine 18 (64.3%)

Labetalol 10 (35.7%)

Metoprolol 9(31.1%)

Polytherapy 24 (88.9%)
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The median umbilical cord blood pH stood at 7.32. Fetal
growth restriction was observed in 28.6% (n = 8) of the
cases. All births were via cesarean section, with the primary
indications being impending eclampsia (73.1%), neonatal
asphyxia risk (19.2%), labor stagnation (3.9%), planned in-
terventions (11.7%), and other reasons (19.5%).

The study also examined the timing of delivery in rela-
tion to the sFlt-1/PIGF ratio, noting a median gestational
age of 32 weeks at delivery. A notable inverse correlation
between the sFlt-1/PIGF ratio and gestational age at delivery
was observed (r = -0.42, p = 0.02), especially significant in
the ratio category above 210, where the median gestational
week dropped to 28 (details in Table 3). sFit-1/PIGF ratio
was inversely correlated with gestational age at delivery
(r=-0.42, p=0.02). The median sFlt-1/PIGF ratio was higher
in women with severe pre-eclampsia (n = 15) than in those
with mild pre-eclampsia (n=14) (211 vs 57, p < 0.001). sFlt-
-1/PIGF ratio of > 85 had a sensitivity of 80% and a specificity
of 71% for predicting severe pre-eclampsia.

Except for the sFlt-1PIGF ratio, also other laboratory
tests were taken into consideration during our study. As the
preeclampsia has influence on the liver and kidneys, their
functions were checked (Tab. 4). To assess to severity of the
preeclampsia, lactate dehydrogenase (LDH), albumins and
platelet count were also regarded. Only albumin to creati-
nine ratio was significantly elevated.

Furthermore, the study explored proposed cut-off val-
ues for delivery, finding that most patients did not meet
thresholds. The result showed that both patients with early
and late preeclampsia had an emergency indication of ce-
sarean section and sFIt-1/PIGF ratio below the proposed
threshold (72% and 83%). Detailed information is in Table 5.

DISCUSSION

The sFIt-1/PIGF ratio is a helpful tool in managing
pre-eclampsia-related pregnancies [9]; however, it is not
that popular to assay. This ratio can help clinicians identify
patients more likely to develop severe pre-eclampsia, al-
lowing for better management and potentially improv-
ing maternal and fetal outcomes. Our single-center study
showed that the cesarean sections in pregnancies com-
plicated by pre-eclampsia are performed earlier than the
suggested cut-off values of the sFlt-1/PIGF ratio [6] (Tab. 2).
The higher sFit-1/PIGF ratio, the more intense the care of
pregnant women was. The same fact was shown in other
studies, which point out that the ratio level correlates with
the applied therapeutic approach [10]. The results of our
research are consistent with other studies on this topic,
which show a correlation between the level of sFlt-1/PIGF
and the clinical diagnosis of pre-eclampsia[11, 12]. Several
studies have demonstrated that a higher sFit-1/PIGF ratio
is associated with an increased risk of developing severe

Table 3. The median delivery week, in the sFlt-1/PIGF ratio category

sFlt-1/PIGF ratio Delivery (median) I:::;ri‘c’:::::i ‘[,;{,]
<38 34t 6 days 7 (28%)

38-85 330 days 1 (4%)

>85 32M 5 days 3 (12%)

> 160 34th 0 days 3 (12%)

>210 28t 0 days 11 (44%)

sFtl-1— soluble fms-like tyrosine kinase-1; PIGF — placental growth factor

Table 4. Laboratory tests

Laboratory test Median Normal range

ALT 27 U/L <401U/L

AST 30.5 IU/L <401U/L

Creatinine 59.5 pmol/L 53-115 pmol/L
reatnineraio 13619 “ds

Platelet count 195 000/pL 150 000-450 000/pL
LDH 202 1U/L <480 I1U/L

Albumin 3099/L 35-50 g/L

LDH — lactate dehydrogenase

Table 5. Distribution of cases of cesarean section in 48 hours

regarding cut-off values of sFlt-1/PIGF

sFlt-1/PIGF under sFIt-1/PIGF above
Pre-eclampsia  cut-off (655 or 210)***  cut-off

n [%] n [%]

Early-onset*

o 3)‘; el 13 (72%) 5 (28%)
_ *¥

Late-onset 5 (83%) 1(17%)

(> 34 weeks)

*Early-onset pre-eclampsia is defined as pre-eclampsia before 34t gestational
week; **Late-onset preeclampsia is defined as pre-eclampsia after the 34th
gestational week; ***The cut-off values of the sFlt-1/PIGF ratio indicate the need
to deliver in early-onset preeclampsia — 655 and late-onset pre-eclampsia — 201;
sFtl-1- soluble fms-like tyrosine kinase-1, PIGF — placental growth factor

pre-eclampsia, necessitating closer monitoring and earlier
intervention [10, 13]. The study also observed that a higher
median sFlt-1/PIGF ratio correlates with earlier delivery,
not only due to maternal indications such as threatening
eclampsia but also concerns for the child’s well-being, which
was previously highlighted in other research [14, 15].

In addition to predicting the severity of pre-eclampsia,
the sFIt-1/PIGF ratio can also help determine the appropri-
ate time for delivery, especially in cases with early-onset
pre-eclampsia [16]. In our study, it was shown that in 72.2%
(n = 13) of pregnancies complicated by early-onset preec-
lampsia, the sFIt-1/PIGF ratio to perform c-section were be-
low the suggested cut-off values (cut-off value for early-onset
preeclampsia — 655). In the case of late-onset preeclampsia,
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the sFlt-1/PIGF ratio did not meet the proposed values in 83%
(n = 5) (cut-off value for late-onset preeclampsia — 210).
Threshold values for the sFlt-1/PIGF ratio may vary depend-
ing on the population studied and the specific clinical con-
text [16]. However, some general guidelines can be applied
to early-onset and late-onset pre-eclampsia for predicting
adverse neonatal and maternal outcomes [16].

For early-onset pre-eclampsia, a sFlt-1/PIGF ratio of
greater than or equal to 85 has been suggested as a thresh-
old for predicting adverse outcomes [10]. In our research,
the median sFlt-1/PIGF ratio in an early-onset preeclampsia
group was 190. In this context, a higher ratio indicates
a higher risk of complications, and clinicians may consider
closer monitoring and intervention as needed. For late-
-onset pre-eclampsia, a sFIt-1/PIGF ratio of greater than or
equal to 110 has been suggested as a threshold for pre-
dicting adverse outcomes. In our study, the median ratio
in a group of late-onset preeclampsia was 131. Like early-
-onsetpre-eclampsia,ahigherratioinlate-onset pre-eclampsia
may prompt increased surveillance and intervention to
minimize maternal and neonatal complications. Moreover,
some researchers claim that the sFlt-1/PIGF ratio of 38 or
lower can be used to short-term exclude pre-eclampsia
in women with clinically suspected pre-eclampsia [5].
It is essential to emphasize that these threshold values
should be used in a comprehensive clinical assessment,
considering other factors such as maternal and fetal
well-being, gestational age, and other risk factors. The sFlt-
-1/PIGF ratio is a valuable tool in managing pre-eclampsia,
but it should be interpreted in the context of the overall
clinical picture [17].

Strength and limitations
The study’s strength is its novel approach to pre-
-eclampsia. The sFlt-1/PIGF ratio is a new indicator that is
not commonly studied. However, the biggest limitation is
the low number of cases.

CONCLUSIONS

The sFIt-1/PIGF ratio is a valuable tool for assessing the
severity and prognosis of preeclampsia. It can help identify
women at high risk of developing complications and who
may benefit from early delivery or intensive monitoring.
Itis worth introducing these angiogenic factors into clinical
practice, but the index should be interpreted in the context
of other laboratory methods (Tab. 4) and the overall clini-
cal picture. However, the utility of the sFIt-1/PIGF ratio has
been shown in our study, further research in clinical prac-
tice setting would be beneficial especially as a multicenter,
prospective study.
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ABSTRACT
Laborinduction isa common obstetric procedure, performed in approximately 30-40% of pregnancies in developed
countries. This intervention is typically employed to stimulate uterine contractions before spontaneous labor begins,
especially when there are maternal or fetal health concerns. Hygroscopic dilators, used for cervical ripening in these
cases, have demonstrated high success rates in achieving adequate cervical dilation. Their usage can reduce the need
for pharmacological agents, thereby minimizing the risk of hyperstimulation and other side effects associated with
labor induction drugs [1-2].

DEPARTMENTAL PROTOCOL

In our department, we employ osmotic dilators for cervical ripening as part of preinduction labor procedures. Prior
to the application of dilators, patients undergo transvaginal ultrasound of the cervix and gynecological examination.
Additionally, fetal wellbeing is assessed using ultrasound and cardiotocography (CTG). Patients with a Bishop score
below 3 are eligible for osmotic cervical dilators. The standard protocol involves inserting three Dilapan-S dilators into
the cervix for 24 hours (Fig. 1 A, B). After insertion, a transvaginal ultrasound is performed to ensure proper placement
(Fig. 1 C, D). During the 24-hour period, fetal heart rate is monitored every two hours through standard auscultation,
without the need for additional supervision. The dilators are removed if labor contractions begin, if the rupture of
membranes or after 24 hours, followed by a reassessment of the cervix through a gynecological examination (Fig. 1 E, F).

LITERATURE REVIEW

Mechanical methods for cervical ripening, such as hygroscopic dilators, are considered safer compared to prosta-
glandins. They are widely accepted among patients due to their higher safety profile. Various studies have compared the
use of hygroscopic cervical dilators (Dilapan-S) with other mechanical and pharmacological methods of labor induction.
Patients undergoing induction with Dilapan-S reported higher satisfaction rates, and the method was associated with
reduced risks of hyperstimulation and pain during cervical ripening, enhancing its safety profile compared to pharma-
cological induction [2, 4].

A randomized controlled trialin 2022 compared osmotic cervical dilators and misoprostol in a cohort of 307 women,
with 151 treated with osmotic dilators and 152 with misoprostol. Results indicated that patients using hygroscopic dila-
tors experienced less abdominal and vaginal pain and improved sleep quality. Moreover, a higher percentage of these
patients had vaginal deliveries compared to those using misoprostol (61.6% vs 59.2%) [5]. Induction with Dilapan-S can be
performed in an outpatient setting and does not require continuous electronic fetal monitoring, thereby improving
patient comfort and reducing hospitalization duration. Shorter hospital stays correlate with higher patient satisfaction
and lower healthcare costs. The use of Dilapan-S for labor induction has yielded satisfactory results, with cervical ma-
turity significantly improving from a Bishop score. Patients did not report any discomfort, gastric issues, or pain during
the procedure [6]. Dilapan-S offers a similar cervical preparation time for vaginal delivery compared to misoprostol but
provides a better safety profile, greater patient comfort, and a lower risk of myometrial hyperstimulation. The U.S. Food
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Figure 1. A. Synthetic osmotic cervical dilator (Dilapan-S),
B. 3 synthetic osmotic cervical dilators (Dilapan-S) in cervix,
C, D. Synthetic osmotic cervical dilators (Dilapan-S) in cervix

B ﬂ after 24 h in transvaginal ultrasound, E, F. Synthetic osmotic
cervical dilator (Dilapan-S) after 24 h

and Drug Administration approved his method for labor induction in 2015, and it is not contraindicated for women with
a history of cesarean sections [4-6].

CONCLUSION
Medical professionals should consider synthetic osmotic cervical dilators as an effective and safe method for cervical
ripening, particularly in outpatient settings.
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Transvaginal single posterior incision extraperitoneal
bilateral sacrospinous ligament suspension
combined with reconstruction of pericervical ring
through cervical cerclage
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Transvaginal sacrospinous ligament suspension (SSLS) is a minimally invasive transvaginal procedure that aims to
correct apical prolapse [1, 2. It is highly effective, but its success often depends on the performing surgeon’s skill. The
most difficult steps in SSLS include the approach to the pararectal fossa and the dissection of the sacrospinous ligament
(SSL).The SSL is located deep in the pelvis. As such, dissecting and exposing the ligament during traditional transvaginal
surgery is quite challenging, especially for beginning surgeons. Recurrence is likely if there is unstable cervical anchor-
ing. Considering the above, we have optimized the existing technique for SSLS. We hope that this report can promote
its widespread application.

A 36-year-old G4P4 woman was referred to our clinic for pelvic organ prolapse (POP). The gynecological evaluation
demonstrated a stage Ill anterior, stage Ill apical, and stage | posterior POP. She had no known co-morbids and no pre-
vious history of cesarean section. She desired surgical correction with uterine conservation. After obtaining informed
consent, the patient was admitted for optimized transvaginal SSLS according to the described technique.

The procedure was done under spinal anesthesia in the dorsal lithotomy position.

Step 1: The posterior vaginal wall was exposed, and a water pad with a maximum volume of 100 mL was positioned
in place. (Fig. 1A). Step 2: A vertical incision was made in the posterior vaginal wall up to the pouch of Douglas (Fig. 1B).
Step 3:The bilateral pararectal space was bluntly separated to expose the SSLs (Fig. 1C). Step 4: Full exposure of the SSL
was attained using a capio suturing device. One 2-0 Ethicon X519 suture was placed through each SSL, approximately
2 to 3 cm medial to the ischial spine (Fig. 1D, E). Step 5: Reconstruction of the pericervical ring at the junction of the
sacral ligament and cervix was performed (Fig. 2A, B). Step 6: A nylon suture was passed through and suspended in
the pericervical ring (Fig. 2D, E). Step 7: The vaginal wall was closed by tightening the existing sutures. The SSLs were
maintained approximately 2.5 cm away from the pericervical ring (Fig. 2C). Step 8: The anatomical position of all relevant
structures was confirmed.

The patient was seen at two weeks, three months, seven months, and eleven months post-operatively. She demon-
strated good results at each follow-up and remains satisfied with her surgical outcomes to date and reports no recurrence
of any of her presenting symptoms.

Apical vaginal support is thought to be the keystone of pelvic organ support [3, 4]. Good cervical anchoring signifi-
cantly increases success [5]. As such, permanent tissue fixation between the anchoring point and the target tissue is
integral to maximizing post-operative results. Our technique utilizes a non-absorbable suture to construct the pericervi-
cal ring. The technique avoids excessive tension and suture bridge formation. Compared to a unilateral SSLS, a bilateral
SSLS provides more symmetry to the vaginal cavity. It also addresses the dorsal-caudal deviation of the vaginal axis by
providing durable apical and midline support for the prolapsed organ. This case demonstrates that using a single posterior
vaginal incision to perform extraperitoneal anterior uterus-sparing prolapse repair is feasible, minimally invasive, safe,
and effective. Future surgeons may also find that the technique provides easily identifiable anatomical landmarks. As
such, it may be easier for novice surgeons to master. Our approach is a good alternative option for apical suspension.
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Figure 1. Posterior vaginal wall was exposure, infiltration (mix of 30 mL xylocaine 1% and 30 mL SSI) and incised through a posterior
midline incision five centimeter up to posteror fornix. Then, recto-vaginal fascia was blunt dissected from vaginal mucosa. Right and left
sacrospinous ligaments were exposure. After that, one non-absorbable sutures were placed two centimeter bilateral medial to the ischial
spine by a Capio (Boston Scientific, Marlborough, MA, USA)

Figure 2. Reconstruction of pericervical ring with cervical cerclage. The other end of the non-absorbable line passess through the
pericervical ring. closure of the posterior vaginal wall and fixation of the uterine to the sacrospinous ligaments bilaterally
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Stroke in twin pregnancy: a rare case
of acute ischemic stroke management
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CASE PRESENTATION

A 35-year-old patient at 33 weeks of a dichorionic diamniotic twin pregnancy presented with a complex medical
history, including a previous cesarean section, hypothyroidism, gestational hypertension treated with methyldopa
from the 28t week of gestation, and a mild COVID-19 infection at 25 weeks of gestation. She developed sudden onset
aphasia, right-sided hemianopia, and coordination disorders on the right side. She was urgently transported to the
emergency room at the University Hospital in Cracow with a negative COVID-19 antigen test, and she was suspected of
having an ischemic stroke. An MRl without contrast revealed diffusion restriction in the left medial temporal and occipital
lobes, thalamus, and pulvinar nucleus, indicating an acute ischemic stroke in the territory of the left posterior cerebral
artery (Fig. 1). Angio-MRI showed an asymmetrically reduced flow signal in the left posterior cerebral artery. The patient
was conscious but exhibited sensory-motor aphasia, right-sided hemianopia, a less pronounced right nasolabial fold,
and bilateral positive Babinski reflexes, with an NIHSS (National Institutes of Health Stroke Scale) score of 7, suggesting
a moderate stroke. Treatment with intravenous alteplase — a 6.5 mL bolus (0.01 g, 0.02 g, and 0.05 g) was initiated,
followed by a 69 mL hourly infusion. Since no large vessel occlusion was present, she was not eligible for endovascular
treatment. Fetal well-being was monitored three hours after the alteplase infusion, showing normal ultrasound and
Doppler velocimetry results. The obstetric examination revealed no pathologies. Rehabilitation began the following
day, and her headache responded to intravenous paracetamol. The gynecological reconsultation was unremarkable.
Neurological reassessment showed improvement, with a decrease in NIHSS score to 2. Ultrasound Doppler of the lower
limbs revealed only varicose vein dilatation, more pronounced on the left side. A follow-up brain MRI identified a small
hemorrhagic focus within the ischemic lesion (Fig. 2), and echocardiography revealed left atrial enlargement. Angio-MRlI
showed a slight narrowing of the left posterior cerebral artery. Neck ultrasound showed no abnormalities. Aspirin therapy
was recommended in doses of 150 mg after returning home and later adjusted to 75 mg. The patient also underwent
a hematological consultation due to a low fibrinogen concentration resulting from the fibrinolytic treatment. Tests for
congenital thrombophilia and antiphospholipid syndrome were ordered, and the results obtained were normal. The
patient was transferred to the Pregnancy Pathology Department. Routine cardiotocography monitoring showed nor-
mal results. She received steroid therapy for fetal lung maturation, iron supplementation for anemia, and the gradual
administration of enoxaparin. The patient was discharged one week after the stroke event and readmitted at 37 weeks
of gestation for a scheduled cesarean section due to the AIS episode and previous cesarean history caused by arrested
progress of labor — as recommended by the Polish Society of Gynecologists and Obstetricians. The surgery, performed
under spinal anesthesia, resulted in the delivery of healthy newborns. Postoperative recovery was stable. Neurological
follow-up revealed persistent right-sided hemianopia and a positive Babinski reflex on the left, necessitating ongoing
observation and further investigations.

DISCUSSION
This case highlights the complexity of AIS management in pregnancy, especially with multiple gestations and
pre-existing conditions [1]. The patient’s hypothyroidism, gestational hypertension, and recent COVID-19 infection
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Figure 1. MRI showing stroke of left hemisphere in a day of Figure 2. MRI showing resolving the lesion after alteplase
admission treament

significantly contributed to her elevated stroke risk, as observed in other studies [2, 4]. The hypercoagulability associ-
ated with COVID-19 during pregnancy amplifies stroke risks, particularly in the third trimester and among those with
diabetes, hypothyroidism, and hypertension [4]. The risk persists for several weeks post-infection, with the initial week
post-COVID-19 seeing a significantly heightened risk (HR of 23) compared to later weeks (HR of 1.62 at week 49) [5]. Even
before COVID-19, viral infections like influenza, VZV, HCV, or HSV have been linked to increased short-term stroke risk [6, 7].
However, COVID-19 increases the risk of thrombotic events threefold compared to influenza [8].

In this case MRI facilitated the timely diagnosis, and the treatment with intravenous alteplase aligned with current
guidelines [3]. IVT is recognized as both effective and safe treatment option for AlS in pregnancy [9, 10]. Experts recom-
mend applying the same stroke qualification criteria to pregnant and postpartum women as to other patients, albeit
with a tailored assessment of the risk-benefit ratio. The treatment choice hinges on the time elapsed from symptom
onset to diagnosis and the presence of a large vessel occlusion; thrombectomy is preferable if the latter is present and
hemorrhagic risk postpartum is considered [3]. The complication rates for thrombolysis in pregnant women are similar
to those in non-pregnant populations. Out of 20 published cases of childbearing women receiving IVT for AIS (alone
or in combination with EVT), two cases of intracranial hemorrhage (with favorable outcomes) and one intrauterine
hematoma were reported [1].

In this case, a multidisciplinary approach involving neurology, obstetrics, and radiology was crucial for ensuring
maternal and fetal safety. The decision to proceed with cesarean delivery at 37 weeks was based on individualized care
considerations, following the recommendations of the Polish Society of Gynecologists and Obstetricians. The patient’s re-
covery, marked by an improvement in the NIHSS score and successful delivery, underscores the effectiveness of timely and
coordinated care. However, the persistence of neurological deficits highlights the need for continuous monitoring
and rehabilitation.

CONCLUSIONS

This case underscores the need for prompt recognition of stroke symptomes, the utility of neuroimaging in diagno-
sis, and the effectiveness of a multidisciplinary approach to treatment in pregnancy. The interaction of COVID-19 with
pregnancy-related changes exacerbates the likelihood of thrombotic complications, underscoring the need for height-
ened vigilance and proactive management in these patients. Moreover, the successful use of intravenous thrombolysis in
this case illustrates this treatment’s potential safety and efficacy in pregnant patients, providing a valuable reference for
managing similar cases. Future research and updated clinical guidelines are vital for optimizing management strategies
for AIS in pregnant patients, ensuring the best possible outcomes for both mother and child.
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