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1. Introduction
1.1 Endometriosis
1.1.1 The definition, prevalence, and epidemiology of endometriosis

Endometriosis is a chronic estrogen-dependent inflammatory disease that impacts 6-10%
of women of reproductive age, translating to approximately 190 million women globally
(1). It is characterized by the presence of endometrial-like tissue outside the uterus (1, 2).
The diagnosed cases of pelvic endometriosis can be classified phenotypically into three
subtypes: peritoneal or superficial, which accounts for approximately 80% of cases;

ovarian endometriotic cysts (endometriomas); and deep endometriosis (3-5).

Additionally, endometriosis lesions have been identified in extra-pelvic locations,
including the abdominal wall, diaphragm, and pleura (known as “thoracic

endometriosis™), as well as in the central and peripheral nervous systems (4).

However, the prevalence of endometriosis remains relatively unknown. This condition
typically develops during the active reproductive years, as ovarian steroid hormones
influence the growth and maintenance of endometriotic implants. As a result,
endometriosis is uncommon in pre- or post-menarchal girls and rare in postmenopausal
women who are not receiving hormonal replacement therapy(6).
The prevalence of endometriosis shows considerable variability, affecting between 5%
and 50% of infertile women, 2% to 11% of asymptomatic women, and 5% to 21% of
women hospitalized for pelvic pain (5). Among symptomatic adolescents, it is found in
49% of those experiencing chronic pelvic pain and up to 75% of those whose pain does
not respond to medical treatment (5).
Key risk factors for endometriosis include increased menstrual flow, nulliparity,
polymenorrhea, hypermenorrhea, and early menarche(6, 7).

1.1.2. Etiology of endometriosis
The causes of this complex and enigmatic disease remain largely unknown, involving a
combination of environmental, epidemiological, and genetic factors. Endometriosis has a
notable familial component; having a first-degree relative with the condition increases the
risk by 7- to 10 times (8). A study of 3096 twins has estimated the heritability of
endometriosis, referring to the proportion of disease variance attributable to genetic
factors, at approximately 52% (9).
Research focused on the genetic background associated with endometriosis has identified

over 40 loci and SNPs that may predispose individuals to developing the disease (10).
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These identified genes are involved in various biological processes, including cell
proliferation, adhesion, and apoptosis, as well as tumor suppression, detoxification,
inflammation, oxidative stress, and autoimmunity. Furthermore, they are crucial in
regulating angiogenesis, extracellular matrix remodeling, and hormonal regulation (11,
12). The presence of known mutations and SNPs does not guarantee the development of
the disease. Some carriers may never become affected, while individuals diagnosed with
the condition may not carry the currently recognized predisposing genetic variations (12).
Consequently, the diagnostic value of specific mutations and polymorphisms is limited,

and their presence should be interpreted with caution (12).
1.1.3. Pathomechanism of endometriosis

The exact cause of endometriosis remains unclear, and various theories have been
suggested. The most widely accepted pathophysiological hypothesis centers on retrograde
menstruation, a phenomenon observed in the majority of patients with this condition (13).
This process occurs when menstrual tissue containing viable endometrial cells flows
backward through the fallopian tubes into the pelvic cavity, where it can implant, grow,
and occasionally invade surrounding pelvic tissues (13). Retrograde menstruation is a
physiological process that occurs in up to 90% of menstruating women with patent
fallopian tubes (14). Normally, the immune system effectively removes the refluxed
endometrial tissue from the peritoneal cavity. However, in women with endometriosis, it
is hypothesized that these endometrial cells adhere, proliferate, develop a blood supply,
and form endometriosis lesions. It is important to note that retrograde menstruation does
not fully explain how endometrial tissue grafts onto the peritoneum, suggesting that
additional mechanisms play a role in the development of endometriosis (13). Additional
factors may include immune system dysfunction, hormones, genetic and epigenetic
factors, and environmental elements that facilitate the implantation and growth of

endometrial cells (8, 13).

Alternative theories, such as Mullerian metaplasia, have been proposed to provide a better
understanding of how endometriosis infiltrates the uterosacral ligaments and the cul-de-
sac. The Miillerianosis hypothesis suggests that misplaced endometrial tissue, akin to that
found in the cul-de-sac, could develop into endometriosis during fetal organogenesis.
Furthermore, the rare presence of endometriosis in atypical locations, such as the brain,
liver, or lungs, may be attributed to distant metastasis and the implantation of cells via

hematogenous or lymphatic embolization (8).



Furthermore, pre-existing endometrial abnormalities may facilitate the implantation and
proliferation of pathological endometrial tissue outside the uterine cavity (15). This
process may be driven by factors such as impaired steroid hormone production, including
hyperestrogenism, progesterone resistance, or overexpression of aromatase, as well as an
enhanced invasive potential of the endometrium associated with neoangiogenesis,
endometrial neurogenesis, and an inflammatory profile distinct from that of a disease-free
endometrium. However, the precise role of these mechanisms in the development of

various endometriosis phenotypes remains incompletely understood(13).

A more recent theory suggests that endometriosis may arise from stem or progenitor cells
potentially present during retrograde neonatal uterine bleeding. This hypothesis is
supported by the observation that neonatal uterine bleeding occurs in approximately 5%
of newborns, the rarity of endometriosis in pre-menarche girls, and the incidence of severe

endometriosis in adolescents (16).

The pathogenesis of endometrioma(s) remains a topic of debate. Endometriosis cysts are
believed to develop from the surface, originating from superficial ovarian implants of
refluxed endometrial tissue located between the pelvic sidewall and the ovary, which is
commonly observed during laparoscopy (17). These cysts may be exacerbated by
adhesions that connect the ovary to the sidewall, causing active implants of endometrial
glands and stroma to invaginate. Over time, menstrual fluid accumulates due to bleeding,
leading to the characteristic content found within endometriomas, or the tissue may
become trapped within the ovarian cortex, resulting in the progressive formation of cystic
lesions. Another hypothesis regarding the formation of endometriomas posits that the
peritoneal mesothelium covering the ovary can differentiate into endometrioid
epithelium, eventually leading to the development of an invaginating cyst through a
process known as metaplasia theory (8, 17). The second theory, proposed by Vercellini,
is a variation of the first, as it begins with similar mechanisms- in this case, the
implantation of endometrial tissue between the pelvic sidewall and the ovary, resulting in
adhesions (18). However, this theory suggests that ovulation is the source of the trapped
blood and that, in conjunction with the active implants, a non-resorbed cystic corpus
luteum is created, allowing endometriotic cells to invade the newly formed corpus luteum
(18). The formation of endometriomas is closely associated with ovulation, as the use of
cyclic oral contraceptives has been shown to decrease the risk of endometrioma

recurrence by preventing ovulation. It is possible that endometriosis tissue can be seeded



into a hemorrhagic corpus luteum, leading to the progression from a hemorrhagic corpus

luteum to an endometrioma (8).

None of these theories is mutually exclusive. Furthermore, all phenotypes of the disease

can manifest within the same patient (8).

1.1.4. The symptomatology of endometriosis, its impact on quality of
life, and its economic significance
Endometriosis commonly occurs in the pelvis, with the most frequent clinical symptoms
including menstrual irregularities, pelvic pain, such as dysmenorrhea and dyspareunia, as
well as chronic non-cyclic pelvic pain and infertility (6). It is important to note that there
are instances where individuals may remain asymptomatic (13).
These symptoms can be nonspecific and frequently overlap with other clinical conditions,
potentially leading to delays in diagnosis and treatment. The symptoms often intensify
around the time of menstruation and can vary depending on the affected area. For
example, involvement of the urinary tract may cause dysuria and hematuria, while
rectosigmoid infiltration can lead to changes in bowel habits, including constipation,

diarrhea, dyschezia, tenesmus, and, in rare cases, rectal bleeding (6).

However, these symptoms may also overlap with those of other conditions. An increase
in the number of symptoms generally raises the likelihood of a diagnosis of
endometriosis. Furthermore, although endometriosis has been diagnosed, the connection
between specific pain patterns, such as the frequency and severity of pelvic symptoms,
and the phenotype (i.e., the type and location of lesions) remains controversial, as most

studies have not established consistent findings (19).

As a result, the condition can significantly affect patients' quality of life, leading to
negative effects on their mental health, daily activities, sexual function, and personal
relationships. Many patients experience sexual dysfunction due to their symptoms, which
imposes a significant psychological burden. Feelings of guilt associated with avoiding
sexual activity are common, and many struggle with their sense of femininity(20).
Moreover, these factors, coupled with the infertility often linked to the disease, can
negatively impact relationships.

The symptoms associated with endometriosis can significantly impact the daily lives of
those affected. Many individuals struggle to manage routine activities such as completing
work tasks or handling household chores. Additionally, some may experience changes in

their appetite and endurance, resulting in decreased participation in social events (21).
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Endometriosis is associated with depression, fatigue, decreased stress tolerance, and a
decline in sleep quality (22), all of which can diminish work productivity and impose a
significant economic burden. Research indicates that these symptoms tend to correlate
positively with the patient's age, but there is no evident connection to the stage of
endometriosis (23). Considering these effects, endometriosis should be viewed as a public

health concern, rather than merely an individual health issue (13).

The Quality-Adjusted Life Years (QALY) method serves as a valuable tool for
quantifying changes in quality of life, as it summarizes variations in both lifespan and life
quality into a single numerical value (24). A study conducted by ESHRE in 2012 among
individuals affected by the condition determined this value to be 0.81 (2), indicating a
19% reduction compared to the best possible health state. A similar result was observed

in a study involving Hungarian patients a year later (25).

In addition to the significant physical and emotional challenges posed by the disease, it

also imposes a substantial financial burden on those affected.

The economic burden of endometriosis is significant and comparable to other chronic
conditions, including diabetes, Crohn's disease, and rheumatoid arthritis. A survey
conducted across ten countries revealed that the average annual cost of endometriosis per
woman was €9579, encompassing €3113 in healthcare expenses and €6298 in
productivity losses (2). Many patients report a reduced quality of life due to pain, the
emotional impact of subfertility, frustration over disease recurrence, and uncertainty
about the future, particularly about repeated surgeries or long-term medical treatments (2,
26). Moreover, the indirect costs associated with productivity loss are twice as high as the
direct healthcare costs related to endometriosis symptoms. This pattern is consistent with
other chronic diseases, such as ankylosing spondylitis, where productivity loss accounts
for 66% of total expenses, and rheumatoid arthritis, where productivity loss accounts for
57% of total costs (2).

Diagnosing endometriosis remains a significant challenge, often resulting in delays of up
to 11 years, which dramatically affects the lives of those impacted by the condition (27).
A study conducted by Bokor et al. found that the average time from the onset of the
symptoms to the definitive diagnosis was 3.9 years in Hungary (25). Prior to treatment,
89% of patients reported experiencing pain related to endometriosis, while only 28%
continued to report pain in the months following treatment (p = 0.025). Notably, there

was no significant difference in outcomes between patients receiving only surgical

11



treatment and those undergoing combined surgical and medical therapy (p = 0.85).
Furthermore, 47% of patients reported a decrease in work productivity, and 40% indicated
that their personal relationships were adversely impacted (25).

Research indicates that the cumulative probability of ongoing endometriosis-related pain
after surgical treatment can reach as high as 40% to 50% within five years (28).

Additionally, surgery for certain subtypes of endometriosis may exacerbate painful

symptoms, particularly if repeated following a relapse (4).

1.2 The diagnosis of endometriosis
Endometriosis poses significant diagnostic challenges, as no biomarkers (1) exist to
confirm or exclude the condition definitively. Due to its primarily intraabdominal
location, and often small size, laparoscopic visualization — preferably accompanied by
histologic confirmation - remains the gold standard for diagnosis. Imaging techniques
have limited effectiveness in detecting the most common form of the disease, which
involves superficial peritoneal lesions. However, endometriomas can be reliably
identified using transvaginal ultrasound or magnetic resonance imaging (MRI), boasting
over 90% sensitivity and specificity (5). A trained specialist can also detect deep
endometriosis and pelvic organ adhesions through transvaginal ultrasound. While MRI
demonstrates a sensitivity of 94% for identifying deep endometriosis, its specificity is

somewhat lower at 79% (5).

A comprehensive clinical history and gynecological examination may indicate suspicion
of endometriosis. Although various symptoms are associated with endometriosis and can
aid in the diagnosis of the lesions, it is important to note that endometriosis can coexist
with or be misdiagnosed for other conditions, including irritable bowel disease,
inflammatory bowel disease, or pelvic inflammatory disease (19).

Clinicians are encouraged to incorporate imaging techniques, such as ultrasound or MRI,
into the diagnostic process for endometriosis. However, it is important to recognize that
a negative result does not necessarily exclude the presence of endometriosis, especially
in cases involving superficial peritoneal disease (1).

A clinical examination, including vaginal examination when appropriate, should be
considered to evaluate uterine mobility (1). Neverthless, the sensitivity of physical
examination in detecting deep endometriosis of the vaginal wall, uterosacral ligaments,
rectovaginal septum, intestine, and endometriomas in patients with suspicion of

endometriosis is limited, and its diagnostic accuracy may not be high (1). Furthermore, a
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speculum examination can be useful in identifying deep endometriotic lesions affecting

the vaginal wall.

Based on these findings, the European Society of Human Reproduction and Embryology
(ESHRE) guidelines recommend performing a clinical examination where appropriate.
However, it is advisable to consider additional diagnostic steps for patients suspected of
having endometriosis, even if the clinical examination yields normal results (1).
Furthermore, with advancements in medical technology, there has been a paradigm shift

from invasive diagnostic methods to non-invasive imaging techniques.

Recent guidelines advocate using imaging tools such as ultrasound or MRI in the
diagnostic process. Among these, transvaginal ultrasound is the preferred first-line
technique for identifying deep lesions and endometriomas, notably having a lower
environmental impact than MRI or CT scans (1). Furthermore, gynecological ultrasound
is widely accessible in daily clinical practice. In 2016, the International Deep
Endometriosis Analysis (IDEA) group introduced a consensus opinion on terms,
definitions, and measurements necessary for accurately describing the sonographic
features of the pelvis in women with suspected endometriosis (29). Accurate mapping of
endometriosis is essential for effective diagnosis, surgical planning, and patient
counseling. It is crucial to understand that a negative imaging result does not rule out the
presence of endometriosis, particularly in cases of superficial peritoneal disease or in
extra-pelvic locations. Currently, biological markers obtained from blood, menstrual or
uterine fluid, endometrial tissue, urine, or saliva are not recommended for routine clinical
practice, as they do not reliably confirm or exclude endometriosis (1). These markers
remain the subject of extensive research, and large multicenter studies are required to
assess their potential clinical benefit (30). Although some blood biomarkers show
promising results during the experimental phase, more external validation and
verification are essential.

1.3. The classification of endometriosis: rASRM, ENZIAN, #ENZIAN, EFI
Classifying endometriosis can be challenging due to its various manifestations and
symptoms. Numerous efforts have been made to describe and categorize the disease into
different stages using various classification systems (31).

Endometriosis is a heterogeneous disease, and most diagnosed cases can be broadly
classified into three subtypes within the pelvic cavity: the mildest form, superficial

peritoneal endometriosis, which accounts for approximately 80% of cases; ovarian
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endometriosis (also referred to as "endometrioma™); and deep endometriosis (3, 5).
Additionally, endometriosis lesions have been identified in extra-pelvic regions,
including the upper abdominal visceral organs, abdominal wall, diaphragm, pleura
(known as "thoracic endometriosis"), as well as in both the central and peripheral nervous
systems (4, 32).

The most severe form of endometriosis is deep-infiltrating endometriosis (DIE). This
condition is characterized by the invasion of anatomical structures and organs extending
more than 5 mm beyond the peritoneum or by lesions that infiltrate the muscularis propria
of nearby organs such as the bladder, intestine (with or without obstruction), and ureter.
DIE affects an estimated 20-35% of all women with endometriosis (6).

It is essential to recognize that DIE nodules are rarely isolated and generally present in a
multifocal distribution. Consequently, DIE is considered an "abdominal-pelvic multifocal
disease" rather than being limited to a single organ (13). Moreover, the presence of
ovarian endometriomas serves as an indicator of more severe DIE (33, 34). Additionally,
adenomyosis—a condition characterized by the infiltration of endometrial-like tissue into
the myometrium—is also relevant in this context (13).

The most widely utilized classification system for endometriosis is the revised scoring
system of the American Society for Reproductive Medicine (ASRM). This system stages
the condition from | to IV, indicating a spectrum from "minimal” to "severe"
endometriosis. It assesses the type, location, appearance, and depth of lesion invasion,

along with the extent of disease and adhesions (35).

Endometriosis staging is based on a cumulative scoring system, where values are assigned
according to the size of endometriotic lesions located in the ovaries, peritoneum, and
fallopian tubes and the severity of adhesions at these sites (36).

The rASRM score is primarily utilized in the context of diagnostic laparoscopy. Although
this classification system is mainly designed for patients with endometriosis who are
pursuing infertility treatment, it falls short in adequately addressing cases of deep
endometriosis (DE). Endometriosis can extend beyond the genital tract to involve
extragenital structures such as the bowel, bladder, rectovaginal septum (RVS), or ureters
(31). It can also result in adenomyosis—features not sufficiently described by the rASRM
system (31).

The Enzian classification offers a morphologically descriptive approach to deep

endometriosis (DE), focusing on its involvement with the vagina, uterosacral ligaments
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(USL), bladder, ureter, bowel, uterus (adenomyosis), and other extragenital locations.
This classification assesses the extent of the disease based on size (greater than 5 mm
DE), site, and organ involvement. The classification divides the small pelvis into three
compartments (axes), each with corresponding anatomical correlates, and grades the
disease severity for each compartment (31). Minor peritoneal lesions with an invasion
depth of less than 5 mm are excluded. The severity is categorized as follows: grade 1 for
invasion less than 1 cm, grade 2 for invasion between 1 and 3 cm, and grade 3 for invasion
greater than 3 cm.

In compartment A, DE is evaluated in the rectovaginal septum (RVS), vagina, and the
torus of the cervix. The examination of compartment B involves assessing the uterosacral
ligaments and parametrial structures in the lateral and dorsolateral directions, with
separate categorization for the left and right sides (B left/right). Compartment C
concentrates on the bowel segment between the anus and rectosigmoid, using a sagittal
section to determine the extent of the disease (31). Particular attention is given to the
infiltration of the rectum, specifically the anterior wall, as well as the length of the lesions.

Adenomyosis and other extragenital locations (F) are also classified (37).

The EFI system was designed to predict pregnancy rates in patients with surgically
confirmed endometriosis who have not attempted conception via in vitro fertilization
(IVF) (38). In 2010, Adamson and Pasta introduced the EFI system based on data from
579 infertile patients diagnosed with endometriosis through surgery. Following the
development of the scoring system, additional data from 222 patients were collected to
correlate actual outcomes (38). The EFI system takes into account historical factors such
as age, duration of infertility, and previous pregnancies. For a successful pregnancy, the
proper functioning of the fallopian tubes, fimbriae, and ovaries is mandatory.

The least functional score is determined by assessing the function of the ovaries, fallopian
tubes, and fimbriae on each side, with the lowest score from both sides combined.
Functional scores are assigned by the surgeon and range from 0 to 4 points: 0 indicates
absent or nonfunctional, 1 represents severe dysfunction, 2 corresponds to moderate
dysfunction, 3 signifies mild dysfunction, and 4 denotes normal function (36). In addition
to the least functional score, other surgical factors such as the total rASRM score and the
endometriosis lesion score are included. The final EFI score is calculated by summing the
historical and surgical scores, ranging from 0 to 10 points, where 10 reflects the best

prognosis and 0 indicates the worst prognosis (36).
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The use of different classification systems, such as r-ASRM, EFI score, and Enzian, can
create overlaps, which can be time-consuming and challenging in routine clinical practice,
consequently impacting clinician acceptance (31). Establishing a comprehensive
classification system that incorporates ovarian, peritoneal, deep endometriosis, and
adhesions is essential. Recently, in 2019 and 2020, the Enzian classification was updated
by a panel of experts (#Enzian). This classification system is valuable for both surgical
staging and diagnostic evaluation, as deep endometriosis can be accurately diagnosed

through transvaginal sonography (TVS) and magnetic resonance imaging (MRI) (31).
1.4. The treatment of endometriosis

When choosing a treatment for endometriosis, it is crucial to consider the patient's
predominant symptoms and preferences, the side-effect profile of various treatment
options, their age, the extent and location of the disease, prior treatments, and associated
costs (5). Managing endometriosis can be particularly complex when it involves the
bowel, bladder, ureters, extrapelvic structures, or when pain overlaps with other
conditions. Therefore, a multidisciplinary approach is essential. It is worth noting that
approximately 50% of women with endometriosis experience recurrent symptoms within

five years, regardless of the treatment method employed (5).
1.4.1. Medical treatment

The magnitude of the treatment effect is reported to be consistent across all treatments,
yet clinical practice regarding prescribed medications varies significantly. Importantly,
none of the hormonal therapies used to manage endometriosis is devoid of side effects.
While the contraceptive properties of these drugs can be beneficial for women who do
not wish to conceive, they may pose challenges for those facing fertility concerns (4).
The medical treatment of endometriosis primarily focuses on alleviating symptoms and
has proven to be an effective therapeutic option for many women (39, 40). Non-steroidal
anti-inflammatory drugs (NSAIDs) and other analgesics are commonly used to manage
the pain associated with this condition.

Hormonal suppressive therapy is frequently prescribed due to evidence that steroids play
a pivotal role in the disease’s pathophysiology. These treatments are often initiated when
endometriosis is suspected in young women, even before surgical confirmation of lesions,
and are also recommended following surgery if symptoms persist or in cases of recurrent
disease (4). The most commonly prescribed medications modify the hormonal

environment by either suppressing ovarian function, thereby decreasing the secretion of
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endocrine sex steroids, or by acting directly on steroid receptors and enzymes found in
the endometrium and lesions. Additionally, these treatments can reduce menstrual
bleeding, which may help mitigate retrograde flow and prevent the activation of

inflammatory pathways associated with menstrual pain (41).

Examples of treatments include combined oral contraceptives, progestogens (in oral,
intramuscular, and intrauterine systems), anti-progestogens, gonadotropin-releasing
hormone (GnRH) agonists, GhnRH antagonists, and aromatase inhibitors (4). Each of these
therapies has demonstrated a significant reduction in pain compared to a placebo, as
shown in a multivariate network meta-analysis utilizing visual analog scales for both
menstrual and non-menstrual pelvic pain (42, 43). The reported treatment effects appear
similar across all therapies, though clinical practice regarding prescription approaches
varies considerably. Since these medications target hormone pathways, symptoms
typically return upon treatment discontinuation. Additionally, it is crucial to acknowledge
that none of these hormonal treatments are free from side effects (4).

1.4.2. Surgical treatment

Surgery may be considered for patients who have not responded to medical treatment,
have contraindications or intolerances to hormonal therapies, are attempting to conceive
naturally, prefer surgical intervention, or present with specific surgical indications, such
as bowel stenosis accompanied by sub-occlusive symptoms or ureteral stenosis (1). The
primary objective of surgery is to excise all visible endometriotic lesions and restore the
anatomical integrity of the structures. Laparoscopy is now recognized as the standard
approach due to its advantages over open surgery (laparotomy), including quicker
recovery times and reduced costs (1).

The impact of laparoscopic surgery on pain relief has been thoroughly researched. This
type of surgery, which includes the removal of endometriotic lesions, has been shown to
significantly reduce pain compared to diagnostic laparoscopy alone (44). While only a
limited number of small randomized controlled trials (RCTSs) (45, 46) are available, larger
observational studies (47-49) also support the finding of pain reduction in patients with
endometriosis.

Surgical management of endometriosis is generally well accepted. However, there is
ongoing debate regarding the most effective techniques for addressing more advanced
cases, particularly deep infiltrating endometriosis (DE) involving the rectum and ovarian

endometriomas.
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During diagnostic laparoscopy, any visible lesions should be treated within the same
surgical session to restore normal anatomy and ensure the complete removal of all
endometriotic lesions. Prophylactic use of anti-adhesion agents can be considered during
these surgeries (50). Peritoneal endometriosis may be treated through ablation or, in cases

requiring histopathological examination or in more advanced disease states, via excision.

Endometriomas are present in 17 to 44% of patients diagnosed with endometriosis and
are frequently found alongside deep infiltrating endometriosis (51). When performing
surgery for endometriomas, it is crucial to find a balance between minimizing damage to
the normal ovarian cortex, which helps to reduce ovarian damage, and ensuring sufficient
removal to prevent (early) recurrence. Surgical management of endometriomas can be
approached through several techniques: cystectomy, which involves the removal of the
cyst wall. This method reduces both the recurrence of endometrioma and endometriosis-
associated pain. Ablation, which employs CO2-laser vaporization or plasma energy to
destroy the inner surface of the cyst wall; or partial ovarian cystectomy, which combines
both excision and ablation techniques.
The surgical management of patients undergoing assisted reproductive therapy
necessitates a specialized evaluation. According to ESHRE guidelines, routine surgery
prior to ART is not advised for women with rASRM stage I/Il endometriosis, as its
efficacy in enhancing live birth rates remains unclear. The decision to carry out surgical
excision of deep endometriosis lesions prior to ART should primarily be based on the
patient's pain symptoms and personal preferences, given the uncertainty regarding its
effects on reproductive outcomes due to the lack of randomized studies (1).
Routine surgery for ovarian endometriomas prior to ART is not advised, as current
evidence indicates that it does not improve live birth rates and may potentially reduce
ovarian reserve. Nevertheless, surgical intervention may be considered to relieve pain
associated with endometriosis or to improve follicle accessibility(1).

1.5 Bowel endometriosis
Colorectal endometriosis refers to lesions that infiltrate at least the muscular layer of the
bowel wall (52) and is observed in approximately 3-37% of women with a known
diagnosis of endometriosis (1, 53). It is most frequently located in the rectum or sigmoid
colon (52).
A recent observational study involving 426 patients identified a total of 172 intestinal

DIE lesions. Among these cases, the rectum and rectosigmoid junction were affected in
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65.7%, followed by the sigmoid colon at 17.4%, the caecum and ileocaecal junction at
4.1%, the appendix at 6.4%, the small bowel at 4.7%, and the omentum at 1.7% (54).

An important consideration when determining the surgical approach for intestinal
endometriosis is its multifocal and multicentric nature. The largest lesion is identified as
the primary lesion, while all other lesions are classified as satellite lesions (55). Multifocal
involvement is defined as the presence of endometriotic lesions within a 2 cm radius of
the primary lesion. In contrast, multicentric involvement refers to endometriotic lesions

located more than 2 cm away from the primary lesion (55).

Multifocal and multicentric involvement was observed in 62% and 38% of surgical en
bloc specimens, respectively (55). This observation may be attributed to the tendency of
endometriosis to infiltrate the large bowel wall along the bowel nerves, even at some
distance from the visible lesion (56). Furthermore, in nearly 70% of cases, intestinal
endometriosis is associated with DIE in other regions, which necessitates specific surgical

interventions for the uterosacral ligaments, vagina, bladder, and/or ureter (57).

The depth of infiltration of endometriosis lesions into the bowel wall is a crucial key
factor in determining the appropriate surgical approach. It is essential to differentiate

between lesions on the bowel serosa and those that penetrate the muscularis.

While bowel endometriosis can often be completely asymptomatic, in many patients,
intestinal wall DIE significantly alters the quality of life. This can manifest in various
ways, including constipation, diarrhea, hematochezia, intestinal cramping, abdominal
bloating, intestinal stenosis or obstruction, and painful defecation (58). Rectal fixation to
adjacent structures can result in angulation of the rectum, leading to defecatory pain and
constipation. Additionally, fibrosis of nodules can cause rectal constriction and stenosis,
while cyclical inflammation of the rectal wall can alter bowel habits, often resulting in

diarrhea, with or without rectal bleeding (59).

Symptoms indicative of bowel involvement in endometriosis often overlap with those
seen in mild or deep infiltrating endometriosis at non-bowel sites. Cyclic defecation pain
or cyclic constipation is reported by the majority of women with rectal endometriosis
(ranging from 55% to 65%) but this issue is observed in 25% to 40% of women with
minimal endometriosis or deep infiltrating disease at non-bowel areas (8). For patients
with rectal disease, many report more frequent and severe symptoms, including bloating,
constipation, diarrhea, cramping, and defecation pain. However, these symptoms are not

exclusively linked to bowel endometriosis (8).
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Colorectal endometriosis can present as large bowel obstruction, making it challenging
to differentiate from Crohn’s disease or a neoplasm. Similarly, small bowel endometriosis
can be difficult to distinguish from Crohn’s disease, as both conditions can exhibit similar
endoscopic and histologic characteristics (6). Intestinal perforation related to
endometriosis can occur in the colon (60) or in the appendix due to transmural
endometriosis. A differential diagnosis is essential to differentiate it from other colorectal
conditions, including irritable bowel syndrome, diverticular disease, solitary rectal ulcer

syndrome, adhesions, and colorectal cancer (6, 61).

1.6 Surgical treatment of bowel endometriosis- discoid resection, segmental
bowel resection techniques
Surgical treatment of deep endometriosis (DE) is considered the preferred option for
patients who do not respond to medical therapy or assisted reproductive technologies, as
well as those experiencing organ dysfunction and/or clinically significant bowel stenosis
(62).
While the laparoscopic management of endometriosis is widely accepted, there remains
ongoing debate regarding the optimal type of resection. Specifically, the choice between
a conservative approach (such as shaving, or disc resection) and a radical technique (wich
involves limited resection of the bowel wall while preserving adjacent structures,
including the autonomic pelvic plexus and rectal vascular supply- often referred to as
“nerve-vessel sparing limited segmental resection”), is still being discussed for the

treatment of deep endometriosis infiltrating the rectum.

Effective treatment for colorectal deep infiltrating endometriosis (DIE) depends on
factors such as the location and size of the nodule, as well as the depth of invasion, while
also considering the woman's quality of life (6).

Optimal treatment strategy for symptomatic deep endometriosis (DE) should aim to
enhance quality of life, preserve or improve fertility, maintain gastrointestinal function,
and reduce the rates of recurrence and complications. Numerous studies indicate a notable
reduction in pain symptoms and improvement in quality of life for women who undergo
surgical intervention for colorectal DE (63-66).

When selecting the appropriate surgical approach, it is crucial to consider several factors,
including surgical risk, potential complications, functional outcomes, and the likelihood
of recurrence. Segmental resection tends to carry a higher risk of complications, such as

hemorrhage, anastomotic leakage, rectovaginal fistula formation, and postoperative
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voiding dysfunction, compared to techniques like shaving or disc excision, This increased
risk may partially stem from the presence of more advanced disease (as denoted by
rASRM and #Enzian compartment C) in patients undergoing segmental resection. (67-
69).

While rectal shaving is not suitable for all women with colorectal deep infiltrating
endometriosis (DIE) due to factors like extensive infiltration and/or multifocal disease,
additional factors such as anastomotic height, vaginal involvement, and the surgeon's
experience and caseload have also been associated with the occurrence of major
complications (62).

However, rectosigmoid resection with a low or ultralow nodule location (8—5 c¢cm and <5
cm from the anal verge, respectively) can increase complexity, resulting in a heightened
risk of anastomotic leakage, rectovaginal fistula, or postoperative low anterior resection
syndrome (70).

Another concern for patients is the potential need for a temporary protective (ileo)stoma
to minimize the risk of rectovaginal fistula and associated complications (71).

Typically, the stoma rate is lower when a conservative approach is taken, ranging from
0% to 19.6% in the conservative group (72) compared to 10.3% to 48.2% in those
undergoing segmental resection (73, 74). However, in the randomized controlled trial by
Roman et al. (75), the stoma rate was 61.7%, with no significant difference observed
between the two groups. In terms of functional outcomes, a recent systematic review (76)
indicated that patients who underwent conservative surgery experienced fewer instances
of constipation and frequent bowel movements than those who had segmental resection.
However, when examining the low anterior resection syndrome (LARS) score (77), no
clear benefit was found for conservative treatment (76, 78-80). Currently, there is only
one randomized controlled trial that has directly compared both techniques within a
selected population of patients (specially those with rectal endometriosis up to 15 cm
from the anal verge, nodules larger than 20 mm in length, and less than 50%
circumference). This study revealed no differences in functional outcomes related to the
type of surgery performed (75).

There is a current debate regarding the optimal approach to resecting bowel
endometriosis. Limited full-thickness disc excision, whether performed laparoscopically
or transanally, entails the selective excision of the bowel endometriosis lesion

accompanied by the opening and subsequent closure of the bowel wall (52). In contrast,
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full-thickness resection of an entire bowel segment is advised for advanced colorectal

DIE, as limited resection techniques may present significant challenges in such cases (72).

A literature review conducted by Meuleman et al. (52) revealed that conservative surgery
Is associated with fewer postoperative complications, notably reduced rates of pelvic
abscess and rectovaginal fistula, in comparison to radical surgery. These findings align
somewhat with a case-control study by Fanfani et al. (81), which indicated that segmental
resection was linked to a higher incidence of postoperative fever, while discoid resection

was more frequently associated with severe rectal bleeding.

Afors et al. (82) noted that the rate of major postoperative complications for discoid

resections and for segmental resections was equal (6,6%) in both groups.

In a retrospective study, discoid resection was associated with a shorter operating time
and reduced hospital stay, while maintaining a complication rate comparable to that of
segmental resection. However, the segmental resection (SR) group did experience a

higher rate of voiding dysfunction (83).

Another retrospective study by Roman et al. aimed to evaluate long-term digestive
outcomes in 77 women treated with either rectal shaving or colorectal resection for deep
endometriosis infiltrating the rectum (84). Patients who underwent rectal shaving
demonstrated significantly improved Gastrointestinal Quality of Life Index scores,
experienced fewer postoperative constipation symptoms, and exhibited better anal
continence. Nonetheless, there were no significant differences in postoperative pelvic
pain between the two groups. Rectal recurrence was observed in 8.7% of patients treated
conservatively, with 4.3% requiring secondary colorectal resection and an additional
4.3% undergoing rectal shaving. These findings suggest that colorectal resection does not
enhance long-term functional outcomes compared to rectal shaving in the management

of rectal endometriosis (84).

These results are consistent with the prospective cohort study conducted by Hudelist,
which assessed the surgical outcomes of segmental resection and disk resection in relation
to fertility, pain symptoms, and quality of life for women suffering from colorectal deep
infiltrating endometriosis (72). The study revealed no significant differences between the
two surgical techniques in pain alleviation, fertility, or functional outcomes. Long-term
follow-up was performed on 112 women (83.6%), with both groups reporting significant
improvements in pain symptoms and quality of life scores. Among the 61 infertile

women, 42.6% achieved spontaneous pregnancies, while 21.3% conceived via in vitro
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fertilization, resulting in an overall pregnancy rate of 63.4%. The overall complication
rate (Clavien-Dindo I11-1V) was recorded at 5.9%, with no significant difference between
the groups. Both conservative disk resection and nerve- and vessel-sparing segmental
resection were found to effectively reduce pain symptoms and improve fertility,
exhibiting similar morbidity rates (72).

To better understand the long-term therapeutic effects of surgical treatment, the outcomes
were re-evaluated, with a median follow-up period of 35.4 months at visit 1 and 86
months at visit 2 (66). This analysis focused on segmental resection (SR) and disc
resection (DR), emphasizing pain symptoms, quality of life (QoL), and gastrointestinal
symptoms reflected by low anterior resection syndrome (LARS) scores. QoL, assessed
on a scale from 0 (worst) to 10 (optimal), and gastrointestinal outcomes measured by
lower anterior resection syndrome (LARS), demonstrated significant improvements
compared to pre-surgical values in both the SR and DR cohorts. Pain scores for
dysmenorrhea (SR p <0.001; DR p < 0.001), dyspareunia (SR p <0.001; DR p = 0.003),
and dyschezia (SR p < 0.001; DR p < 0.001) showed a significant decrease following the
surgery and remained stable throughout the follow-up period. Minor and major LARS
was observed in 6.5% and 8.1% of the SR group 13.3% and 6.7% of the DR group at visit
1, and in 3.2% and 3.2% of the SR group and 0% in both categories for the DR group at
visit 2, with no significant differences between the two groups (66). The conclusion drawn
from this study is that colorectal surgery for deep endometriosis, whether performed by
DR or SR, offers long-term, stable pain relief with low rates of permanent gastrointestinal
function impairment (66).

Over the past two decades, laparoscopic colorectal surgery has proven to be as effective
as open surgery for treating both benign and malignant colorectal conditions. However,
it presents notable advantages, including fewer postoperative complications and shorter
hospital stays (85).

Laparoscopic surgery is the most widely accepted surgical approach for cases presenting
bowel involvement (86-89), although the optimal type of resection remains a subject of
ongoing debate (64, 67, 72, 75).

Standard colorectal resection, commonly performed for rectal or sigmoid colon cancer,
involves mobilizing the rectosigmoid region as part of total mesorectal excision surgery

(72). This procedure necessitates the removal of a significant length of the bowel
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surrounding the lesion, along with the adjacent tissue, extending to the plane between the

mesorectum and the presacral fascia (72).

Segmental resection is considered the most radical approach and is typically
recommended for symptomatic patients with deep endometriosis (DE) lesions exceeding
3 cm in diameter or exhibiting multifocal disease (90). The nerve-sparing technique,
which aims to prevent potential damage to the inferior hypogastric plexus by carefully
dissecting and lateralizing nerve bundles, was first described by Heald et al. (91) in 1982

in a large series study involving colorectal cancer patients (92).

This technique was subsequently adapted for colorectal DE with segmental resection (64,
87). It involves the limited resection of a bowel segment while preserving adjacent
structures, particularly the autonomic pelvic nerve plexus and blood vessels. The
preservation of these structures is believed to enhance optimal wound healing, resulting
in lower rates of severe complications such as anastomotic leakage and fistula formation.
Furthermore, some researchers advocate for the preservation of the rectal artery supply
by retaining the inferior mesenteric and rectal arteries, suggesting that this approach may
benefit the perfusion of the anastomosis (72, 79, 92, 93).

Several lines of evidence indicate that segmental resection (SR) may result in higher
complication rates, including anastomotic leakage and fistula formation, when compared
to rectal shaving (73, 94). The grade I1l complications following SR are comparable to
those observed with disc resection (DR) (94, 95). Additionally, long-term effects of full-
thickness colorectal resection can include low anterior resection syndrome (LARS),
which has been observed after both techniques, with no significant benefits associated
with either approach (79, 95). Interestingly, SR may also be associated with a greater
occurrence of new bowel symptoms, such as constipation (66, 96).

Surgical specimen removal following a segmental bowel resection can be performed
either through a mini-laparotomy or by using the natural orifice extraction technique (6,
90, 93, 97).

The conventional method raises concerns regarding the potential disruption of the
integrity of the abdominal wall. Furthermore, extraction site laparotomy is associated
with higher postoperative pain scores. The occurrence of specific complications, such as
incisional hernias and wound infections, is also increased when compared to conventional

laparoscopic procedures (93).
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To improve outcomes following laparoscopic colorectal surgery, a primary focus has
been on minimizing access trauma, leading to the emergence of natural orifice specimen
extraction (NOSE) as a promising method (85). Redwine and Sharpe (87) were the first
to report a segmental bowel resection for a sigmoid colon endometriosis nodule, which

was removed transanally (98).

The NOSE technique involves extracting the specimen through a natural orifice, while
the anastomosis is performed intracorporeally. Various methods are available for
specimen extraction and creation of bowel anastomosis (93). Currently, specimens can be
removed via transcolonically, transrectally, transanally, or transvaginally. Each of these
NOSE techniques presents unique challenges in terms of surgical technique and

implementation.

Concerns related to the NOSE technique include the risk of bacterial contamination of
the peritoneal cavity, an increased postoperative inflammatory response, longer operative
times, elevated procedural costs, and a negative impact on postoperative outcomes,
including pain, as well as functional and oncological results (85). Intraperitoneal bacterial
contamination may occur; however, it does not appear to lead to a higher incidence of
infectious morbidity (99).

Conversely, previously published systematic reviews and meta-analyses indicate that the
natural orifice specimen extraction (NOSE) procedure is safe, may significantly shorten
hospital stays, enhance postoperative recovery, improve cosmetic outcomes, and reduce

both postoperative pain and complication rates (85, 100, 101).

A meta-analysis conducted by Liu et al. (102) revealed that NOSE was associated with
reduced incidence of surgical site infections and overall perioperative complications;
however, it required significantly more operative time compared to conventional
laparoscopy. No significant differences were observed between the two groups in terms
of anastomotic leakage, blood loss, or intra-abdominal abscess. In contrast, Bokor et al.
(93) reported that NOSE was linked to a shorter operative time and hospital stay, with no
significant difference in the occurrence of major postoperative complications.

In the retrospective observational study conducted by Grigoriadis et al., a total of 45
NOSE procedures were performed laparoscopically, and five procedures were carried out
robotically (98). The specimen extraction occurred vaginally in 29 cases and transanally
in 21 cases. In the early postoperative period, 5 patients required reoperation due to
complications: 1 case of anastomotic leak, 1 case of postoperative bowel obstruction, 1
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case of hemorrhage, and 2 cases of pelvic collection. The overall complication rate was

comparable to that of the conventional (minilaparotomy) surgical approach (98).

Several studies have evaluated the oncological and surgical safety of the laparoscopic
NOSE technique, confirming that it offers a level of safety comparable to that of
conventional laparoscopy for patients with sigmoid and rectal cancer.

A prospective randomized trial involving 276 patients with upper rectal or sigmoid colon
cancer revealed that the incidence of postoperative complications was significantly lower
in the NOSE group (103). This group also experienced longer operation times, less blood
loss, and a lower postoperative visual analog scale score than the non-NOSE group.
Additionally, the recovery time for intestinal function (ventilation) and the duration of
hospital stay were significantly longer in the non-NOSE group (103). These findings align
with the results from Xu's study (101).

Although this technique initially gained limited popularity, there has been a rising interest
in it in recent years (98).

1.7. Assessment of quality of life after bowel resection surgeries
Health-related quality of life (HRQoL) is a multidimensional concept encompassing the
physical, psychological, and social dimensions associated with a disease or its treatment
(104). Nevertheless, only a limited number of studies have specifically focused on
HRQoL in patients with endometriosis (2, 105-107). The absence of a consensus on the
most effective methods for evaluating quality of life in this context has led to the use of
a diverse range of assessment scales. This varied approach presents clinicians with the
ongoing challenge of determining the most effective way to assess HRQoL in individuals
affected by endometriosis. Conducting routine evaluations of HRQoL in women with
endometriosis is essential in clinical practice, offering benefits to both healthcare
providers and patients alike.

Endometriosis is a benign chronic condition that primarily affects young women. It is
frequently associated with significant pain and has a profound impact on fertility.
Furthermore, women experiencing endometriosis often encounter various nonclinical
challenges, including depression, feelings of isolation, fatigue, and low energy levels
(108). This condition is known to adversely affect physical, mental, and social well-being,
as well as overall health-related quality of life (HRQoL) (109). It is noteworthy that a
positive correlation exists between the severity of anxiety symptoms and the intensity of
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pain (22). Additionally, effective pain management has been associated with a reduction
in depression (110-112).

Endometriosis is typically diagnosed 3.9 to 10.4 years after its initial onset (25, 113, 114),
and this considerable diagnostic delay negatively impacts health-related quality of life
(HRQoL) (115).

Considering the possible complications that may arise during and after surgery, it is
essential to assess patients' quality of life both before and after the procedure. While
objective measures, such as the length of hospital stays, provide valuable information,
there is a growing emphasis on utilizing patient-reported questionnaires to capture their

personal experiences and perspectives.

Numerous studies have demonstrated a significant reduction in pain scores and an
improvement in sexual functioning among women after the surgical resection of
colorectal endometriosis; however, long-term, prospectively collected data on
gastrointestinal well-being following segmental bowel resection for deep endometriosis
in a large cohort of patients are sparse (72, 78, 79, 116, 117).

1.7.1 Questionnaires

Conducting a comprehensive assessment of postoperative functional status and quality of
life is crucial for optimizing surgical techniques. Several validated questionnaires serve
as suitable tools for this purpose. However, the interpretability of the results from such
studies is often compromised by factors such as overly homogeneous patient populations,
small sample sizes, low response rates, and the absence of objective measurement tools.
In this context, | would like to present a selection of questionnaires utilized in the
international literature to asses quality of life, particularly concerning endometriosis-
related quality of life and gastrointestinal function.
1.7.1.1 The 36-Item Short Form Health Survey (SF-36)

The 36-Item Short Form Health Survey (SF-36) is a widely used instrument for assessing
Health-Related Quality of Life (HRQoL). A search on PubMed for the term “SF-36 health
survey” yielded 9,722 results. The SF-36 evaluates eight scales: physical functioning
(PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social
functioning (SF), role emotional (RE), and mental health (MH). Component Analyses
have revealed two distinct dimensions: the physical dimension represented by the

Physical Component Summary (PCS) and the mental dimension summarized by the
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Mental Component Summary (MCS) (118). Each scale contributes to the PCS and MCS
scores in varying degrees. Higher scores on the SF-36 indicate improved outcomes (118).

1.7.1.2. The Short Form 12 (SF-12)
The Short Form 12 (SF-12) is a multipurpose and validated generic health status

measurement tool, designed as a more concise alternative to the SF-36. It includes 12
items, each derived from one or two questions across eight health scales featured in SF36:
physical functioning, role limitations due to physical health, bodily pain, general health,
vitality (energy/fatigue), social functioning, role limitations due to emotional problems,
and mental health (psychological distress or well-being) (119). Responses are scored and
analyzed through a statistical algorithm to generate two summary scores: the Physical
Component Summary (PCS) and the Mental Component Summary (MCS). These scores

can be compared over time to assess changes in health status (119).

A total of 750 patients were analyzed across 12 studies utilizing the SF-36 along with one
study that employed the SF-12. The pooled results demonstrated significant
improvements in HRQOL following surgical treatment for bowel endometriosis across
all eight domains of the SF-36 and SF-12, as well as in the MCS, PCS, and overall score.
The greatest improvement was observed in the Bodily Pain domain (1.39; 95% CI,
0.79-1.98) (63, 75, 120-129). Touboul et al. (127) revisited Darai et al.’s (121) original
cohort with a follow-up period extending beyond four years, reporting sustained
improvements, with no significant differences between short- and long-term follow-ups
(118).
1.7.1.3. The Visual Analog Scale (VAS)

Self-reported pain is considered the gold standard for pain assessment, requiring the use
of scales to enhance accuracy and minimize subjectivity. The Visual Analogue Scale
(VAS) is the most commonly employed tool for this purpose. It consists of a 10-cm line
with endpoints labeled "no pain™ and "worst pain imaginable™ (130). Patients indicate
their pain level by marking a point on the line, corresponding to a score between 0 and
10 cm based on the distance from the endpoints. Numerous researchers classify

endometriosis-related pain as severe when the VAS score is >7 cm (130).
1.7.1.4. The European Quality of Life (EQ-5D)
The European Quality of Life (EuroQOL) EQ-5D is a tool designed to evaluate health

status across five dimensions: mobility, self-care, usual activities, pain/discomfort, and

anxiety/depression. Each dimension features three levels of severity: no problem, some
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problem, or extreme problem (119). Analyzing survey results from a sample of 3,000
individuals, a numerical health status value can be derived for each patient.
In addition to these dimensions, the EQ-5D includes a visual scale resembling a
thermometer. This scale allows respondents to assess their overall health status, scoring
100 for the "best imaginable health" and O for the "worst imaginable health." This
validated questionnaire effectively captures variations in health status across key
population subgroups (119).
The study of Bailly et al. assessed the EQ-5D questionnaire in 41 patients with bowel
endometriosis, demonstrating significant improvement in EQ-5D scores following
surgery (131).

1.7.1.5. The Bowel Endometriosis Symptoms (BENS)
The Bowel Endometriosis Symptoms BENS score was developed and validated through
a cohort of 525 women undergoing medical or surgical treatment for bowel endometriosis
at Aarhus and Copenhagen University Hospitals in Denmark (132). This score includes
six key factors: pelvic pain, use of analgesics, dyschezia, straining to urinate, fecal
urgency, and satisfaction with sexual life. The BENS score ranges from 0 to 28 and is
categorized into three levels: 0-8 (no BENS), 9-16 (minor BENS), and 17-28 (major
BENS). It represents the first classification system for endometriosis based on the patient-
reported symptoms (132).

1.7.1.6. The Low Anterior Resection Syndrome (LARS)
Low Anterior Resection Syndrome (LARS) is a common complication following
colorectal surgery. The LARS score is a simple, self-administered questionnaire designed
to assess bowel dysfunction after rectal surgery. It includes questions about incontinence,
emptying difficulties, urgency, and frequency (133). The calculated score ranges from 0
to 42, with a score of 0-20 representing no LARS, 21-29 representing minor LARS, and
30-42 representing major LARS (77).
Developed by Emmertsen and Laurberg in 2012, the LARS score has been validated in
29 languages. It allows colorectal surgeons worldwide to monitor their patients
consistently and report outcomes in a standardized manner. This score has demonstrated
particular efficacy in evaluating symptoms originating from a single organ system,

specifically the gastrointestinal tract (132).
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1.7.1.7. The Endometriosis Health Profile 30 (EHP-30)

The Endometriosis Health Profile 30 consists of five scales: pain, control and
powerlessness, emotional well-being, social support, and self-image, totaling 30 items
(133). Research has shown that the EHP-30 is more reliable than generic questionnaires.
Users can apply six supplementary modules, which can be selected in any combination

to evaluate additional areas of health status (104, 134).

The second part of the assessment includes 23 questions related to various aspects of life,
such as sexual intercourse, work, relationships with children, perceptions of medical
professionals, treatment experiences, and infertility concerns.
1.7.1.8. The Gastrointestinal Quality of Life Index (GIQLI)

The Gastrointestinal Quality of Life Index is a 36-item, patient self-reported instrument
specifically designed to assess gastrointestinal-related health quality of life in individuals
with gastrointestinal disorders. It encompasses five domains: Gl symptoms, emaotion,
physical function, social function, and medical treatment (133). Subscores range from 0
to 4, resulting in a total score range between 0 and 144, with higher scores indicating
better GI health-related quality of life (135, 136).

Four studies (137-140) evaluated HRQOL using the Gastrointestinal Quality of Life
Index, all reporting significant improvements in gastrointestinal HRQOL following

surgical treatment for bowel endometriosis (118).

1.7.2. Results of quality of life assessments after conventional

segmental bowel resection

Numerous studies have demonstrated that conventional segmental bowel resection for
bowel endometriosis is an effective therapeutic approach for alleviating symptoms.
Results of quality-of-life assessments after the traditional segmental bowel resection
surgical method significantly enhance quality of life (63, 105, 126, 129, 141). However,
assessing outcomes remains challenging due to the limited availability of large-scale
prospective studies (n > 150) in the literature (63, 126, 141). Nevertheless, all completed
studies have reported positive outcomes.

In a systematic review conducted by de Cicco, 34 studies were analyzed, which included
a total of 1,889 cases of segmental bowel resection for deep endometriosis. Although pain
relief was not assessed prospectively, the postoperative outcomes indicated that between
71.4% and 93.6% of women were pain-free at one year of follow-up. The recurrence of

symptoms over a follow-up period of 2 to 5 years varied from 4% to 54%, likely due to
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inconsistencies in how recurrence was defined (64). The rate of pain recurrence requiring
additional surgical intervention ranged from 0% to 34%, while confirmed recurrence of

bowel endometriosis was reported in 0% to 25% of cases (64).

It is essential to emphasize that bowel resection can alleviate dysmenorrhoea, non-cyclic
pain, and various gastrointestinal symptoms.

The previously indicated results align with the findings of the study conducted by Darai
et al. Notably, all gynecologic symptoms showed significant improvement following
laparoscopic segmental colorectal surgery, including dysmenorrhea (P < .0001),
nonmenstrual pelvic pain (P =.001), and dyspareunia (P = .0001) (89). Furthermore, the
severity of pain experienced during defecation significantly decreased postoperatively (P
< .0005). Interestingly, although there was a reduction in pain intensity during bowel
movements, the change was not statistically significant, likely due to the occurrence of
new-onset constipation and diarrhea. While asthenia showed a tendency to improve,

lower back pain remained unchanged (89).

The results from Bassi indicated that laparoscopic segmental resection of the
rectosigmoid effectively achieves its primary goal of treating endometriosis with bowel
involvement (126). This procedure significantly enhances patients' quality of life, as
evidenced by a notable improvement (p < .001) in all pain-related symptoms.
Additionally, there was a significant increase (p < .001) in scores across all SF-36

domains, reflecting improved overall physical and mental health components (126).

In the study conducted by Seracchioli, noncyclic pelvic pain scores demonstrated
significant reductions at both 6 and 12 months (P < 0.05). However, a high recurrence
rate was observed, as 4 out of 12 women reported improvements. Symptoms such as
constipation, diarrhea, and rectal bleeding showed consistent improvement in all affected
women during the follow-up period. After three years, dysmenorrhea either resolved or
improved in 18 of the 21 women, while three remained unchanged. Dyspareunia was
either resolved or improved in 14 out of 18 women, with four reporting no change. Pain
during defecation remained unchanged in two women, and one woman continued to
experience lower back pain (53).

In Bertocchi’s study, EQ-5D-5L scores revealed a significant decline at the time of
discharge, followed by an improvement at 4 to 6 weeks post-surgery when compared to
preoperative levels. The initial decrease in quality of life (QoL) immediately after surgery
may be linked to the multidisciplinary nature of the procedure, as many patients were
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discharged with either an urinary catheter or a protective ileostomy. By the 4 to 6 weeks
post-surgery (T2), the questionnaire indicated a significant improvement in QoL both to
the discharge (T1) and preoperative (TO) scores (142). In the short term, the surgery
appeared to be an effective treatment for endometriosis, particularly among women who

had not responded to prior medical therapies or those facing infertility (142).

To better understand the impact of laparoscopic segmental bowel resection on quality of
life and gastrointestinal function, it is essential to evaluate both mid- and long-term
outcomes in treating severely symptomatic women with deep infiltrating intestinal
endometriosis. This evaluation should utilize health-related QOL questionnaires as well
as endometriosis-specific assessments. Research confirms that notable improvements in

quality of life can be observed even several years following the surgical intervention.

In Dubernard’s study, the median follow-up period was 22.5 months, ranging from 2 to
55 months. The results indicated significant improvements in several symptoms,
including dysmenorrhea (P < 0.0001), dyspareunia (P < 0.0001), bowel movement pain
or cramping (P <0.0001), pain during defecation (P <0.0001), diarrhea (P < 0.016), lower
back pain (P < 0.0001), and asthenia (P < 0.0002) (129). However, no improvement was
noted in tenesmus, rectorrhagia, or constipation. Additionally, all components of the SF-
36 Health Status as well as overall quality of life scores demonstrated significant

improvement following colorectal resection for endometriosis (129).

A prospective observational cohort study was conducted to evaluate changes in quality
of life (QOL) using the SF-36 questionnaire over a one-year follow-up in patients
undergoing laparoscopic colorectal resection to treat deep endometriosis. The most
significant median increases were observed in the physical functioning, role physical,
social functioning, and role emotional domains throughout the study period (125). In
contrast, the pain, general health, vitality, and mental health domains exhibited moderate
improvements, although they did not increase as substantially as the previous group.
Overall, all SF-36 domains demonstrated significant improvements (p < 0.05), with
physical health-related QOL domains exhibiting more significant enhancement compared
to mental health domains (125).

The study conducted by Touboul aimed to evaluate the long-term outcomes regarding
symptoms, quality of life (QOL) using the SF-36 questionnaires, as in the previous study,
as well as fertility, in women who underwent either laparoscopically assisted or open

surgery for colorectal resection due to endometriosis (127). The findings revealed that
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improvements in both symptoms and QOL were sustained for over four years, with no

significant differences observed between the two surgical techniques (127).

Meuleman’s study evaluated 56 patients who underwent multidisciplinary surgery,
focusing on their quality of life and symptoms both before and after the procedure. The
patients completed the Oxford Endometriosis Quality of Life questionnaire, a sexual
activity questionnaire, and visual analog scales (VAS) to assess dysmenorrhea, chronic
pelvic pain, and deep dyspareunia. The median follow-up period after multidisciplinary
CO: laser surgery was 29 months with a range of 6 to 76 months. Postoperative VAS
scores for chronic pelvic pain, dysmenorrhea, and deep dyspareunia were significantly
lower than preoperative scores (P < 0.001) (105). Notably, 93% of patients experienced
improvement in chronic pelvic pain, 100% in dysmenorrhea, and 90% in deep
dyspareunia. Additionally, 86% (49 out of 57) of patients reported complete satisfaction

with the surgical outcome.

Significant enhancements were observed in general health (P < 0.0001), physical health
(P < 0.001), and mental health, including emotional well-being (P < 0.0001), sense of
control (P <0.0001), social support needs (P = 0.008), and self-image (P = 0.0007) (105).
Furthermore, anxiety-related fear and depression associated with infertility concerns
decreased significantly following the surgery (P = 0.0008). Moreover, sexual function
significantly improved, with increased pleasure (P < 0.0001), reduced discomfort (P <
0.0001), and a higher frequency of sexual intercourse (P = 0.0003). (105).

In Turco’s study, the interpretation of EHP-30 showed significant improvement in all
continuous variables, except fertility concerns. Overall gastrointestinal quality of life
(QoL) and most specific symptoms improved following surgery. Frequent bowel
movements were observed in 13% of cases but did not negatively impact general or
gastrointestinal QoL (143). Meanwhile, constipation remained unchanged. Patients
experiencing depressive moods who underwent laparoscopy derived the most significant
benefit from segmental resection (SR), whereas those with multinodular bowel

involvement experienced a more substantial reduction in abdominal pain (143).

Kdssi et al. conducted the first study to employ the 15D questionnaire in evaluating the
impact of surgical treatment for bowel endometriosis on various quality of life aspects
(58). One year after surgery, patients received a mailed questionnaire that evaluated
endometriosis-related symptoms, quality of life, and sexual function, using both the 15D

Questionnaire and the McCoy Female Sexuality Questionnaire.
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Health-related quality of life scores showed significant improvements in several domains,
including usual activities (P = 0.04), discomfort and symptoms (P < 0.001), distress (P <
0.001), vitality (P < 0.001), and sexual activity (P < 0.001) when compared to baseline
values. Additionally, the overall 15D score demonstrated a significant increase, rising
from 0.85 t0 0.91 (P < 0.001) (58).

Riiskjaer’s study evaluated urinary, sexual, and bowel function before and after
laparoscopic bowel resection for rectosigmoid endometriosis (78). The findings indicated
a significant and clinically relevant improvement in urinary and sexual function one year
post-surgery. Furthermore, a notable increase in defecation frequency was observed
postoperatively, likely attributed to reduced reservoir capacity. However, the mean
overall LARS (Low Anterior Resection Syndrome) score remained unchanged one year
following surgery. A majority of patients experienced either minor or major LARS both
before and after the procedure. At the one-year follow-up, 26.5% of patients reported no
LARS symptoms, 27.4% had minor LARS, and 46.2% experienced major LARS. These
results closely resemble those seen in rectal cancer patients who underwent low anterior
resection, where the respective rates were 29.0%, 25.1%, and 45.9%. Interestingly, the
presence of a nodule in the lower rectum or the implementation of a defunctioning stoma
did not increase the risk of worsened bowel function (78). Considering the significant
prevalence of bowel function impairment persisting one year after surgery, where 73.5%
of patients continued to experience minor or major LARS, it is evident that impaired
bowel function alone should not be the sole indication for recommending bowel surgery
(78).

Hudelist et al. conducted a study to examine changes in gastrointestinal (GI) function
before and after surgery, comparing a modified nerve and vessel-sparing segmental
resection (NVSSR) with full-thickness disc resection (FTDR) (80). In addition, the
researchers prospectively assessed health profiles, pain symptoms, fertility outcomes, and
major postsurgical complications.

The primary outcome focused on changes in GI function, measured by the prevalence of
low anterior resection syndrome (LARS) and the GI function-related quality of life
(GIQLI) score. Secondary outcomes included changes in pain levels—measured using
the visual analog scale (VAS) for dysmenorrhea, dyspareunia, dyschezia, and dysuria—
as well as Endometriosis Health Profile-30 (EHP-30) scores, postsurgical complication

rates (classified by Clavien-Dindo), and fertility outcomes which encompassed
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pregnancy rate, time to conception, miscarriage rate, preterm and term delivery rates, and
ongoing pregnancy rates (80).

The study demonstrated that both NVSSR and FTDR techniques for treating colorectal
deep endometriosis (DE) resulted in a notable impairment of GI function. This
improvement was reflected in a postoperative decrease in LARS-like symptoms, low rates
of new-onset LARS, and enhanced GIQLI scores. Both techniques significantly alleviated
pain, improved quality of life, and were associated with low incidences of severe
complications. Furthermore, total preoperative EHP-30 scores showed a significant
decrease following surgery, with notable improvements in subscale ratings related to
pain, control, and powerlessness, emotional well-being, social support, self-image, and
sexual life (80).

The objective of Roman's randomized study was to compare digestive and urinary
outcomes in patients with deep endometriosis infiltrating the rectum, treated either
through conservative rectal surgery (using techniques such as shaving or disc excision)
or with radical colorectal segmental resection (75). The primary endpoint was the
proportion of patients experiencing one or more of the following symptoms 24 months
postoperatively: constipation (defined as having fewer than one stool every 5 consecutive
days), frequent bowel movements (3 or more stools per day), defecation pain, anal
incontinence, dysuria, or bladder atony requiring self-catheterization. Secondary
endpoints included scores from the Visual Analog Scale (VAS), Knowles—Eccersley—
Scott-Symptom Questionnaire (KESS), Gastrointestinal Quality of Life Index (GIQLI),
Wexner scale, Urinary Symptom Profile (USP), and Short Form 36 Health Survey
(SF36).

The results of this trial did not show a statistically significant advantage of conservative
surgery over radical resection regarding mid-term functional digestive and urinary

outcomes in women with extensive rectal involvement (75).

An annual evaluation of gastrointestinal function and quality of life, using standardized
scoring systems, was conducted in Roman’s study to compare excision and radical rectal
(colorectal resection) surgery. The findings highlighted a rapid and significant
improvement in GIQLI and SF-36 scores for both groups, as well as an improvement in
the KESS score for the conservative surgery group (95). These improvements were
observed one year post-surgery and remained stable over five year period. No statistically

significant differences were observed between the two groups regarding GIQLI and SF-
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36 scores at the five-year follow-up, nor in the overall trends of improvement within each
group. Based on these results, both conservative and radical rectal surgery are
recommended as effective and long-lasting treatment options for patients suffering from

pain and digestive issues due to deep infiltrating endometriosis of the rectum (95).

Bokor’s retrospective international multicenter cohort study aimed to compare two
surgical techniques—Iaparoscopic-transanal disk excision (LTADE) and nerve and
vessel-sparing segmental resection (NVSSR)—for full-thickness excision of rectal deep
endometriosis (DE) with an anastomotic height of <7 cm from the anal verge. The study
focused on the incidence of LARS, postoperative outcomes, and fertility results. The
incidence of LARS did not show a significant difference between the LTADE (31.7%)
and NVSSR (37.9%) groups (P = .4) (79).

The findings from Darici’s study confirm that colorectal surgery for deep endometriosis
(DE), whether performed through segmental resection (SR) or disc resection (DR), results
in significant and lasting pain relief, along with improved QoL for at least two years

postoperatively, with stable benefits for up to seven years (66).

Quality of life (QoL) scores demonstrated a significant increase, while symptom scores
for dysmenorrhea, dyspareunia, and dyschezia significantly decreased after surgery
during the initial follow-up visit and remained stable throughout the follow-up period
during the second visit for both the segmental resection (SR) and disc resection (DR)
groups (66).

Notably, dysuria decreased at the first postsurgical visit in the SR group, but increased by
the second visit, while in the DR group, there was no significant reduction at either
follow-up point. Furthermore, no significant differences were observed in LARS scores
between the two groups over the follow-up period (p = 0.45 and p = 0.79, respectively).

Additionally, the long-term prevalence of digestive complaints, as measured by LARS
scores, remained low, with minor and major LARS rates reported at 8.1% and 3.2% in
the SR group and 6.7% and 0% in the DR group, respectively (66).

Among patients eligible for long-term follow-up, 80% of those in the DR group and 96%
in the SR group stated that they would choose to undergo the surgery again despite its

consequences (66).
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1.7.3. Quality of life assessment following Natural Orifice Specimen

Extraction (NOSE) colectomy

Traditional large tissue resections often necessitate extended skin incisions to facilitate
effective specimen removal. In contrast, NOSE employs the use of natural body orifices,
such as the anus, for tissue extraction. This approach offers several advantages, including
faster recovery times and a decreased risk of postoperative hernias. Although there are
concerns related to contamination risks and anastomosis integrity during bowel surgery,
emerging research supports NOSE as a viable alternative to conventional mini-
laparotomy (144). While this technique represents a significant advancement, it also
introduces new challenges, such as apprehensions about fistula formation and infection,

particularly among general surgeons (85, 144).

The systematic review and meta-analysis conducted by Kar et al. encompassed six studies
with a total of 372 patients. It examined the efficiency, safety, and technical challenges
associated with NOSE compared to mini-laparotomy for bowel resection due to
endometriosis. The findings suggest that NOSE may represent a valuable alternative,
offering the benefit of a shorter hospital stay without significantly increasing
intraoperative blood loss or prolonging operative time.

The duration of surgery showed no significant difference between NOSE and mini-
laparotomy, which is consistent with recent studies indicating comparable times across
NOSE and traditional approaches. This reflects a broader trend toward minimally
invasive techniques that maintain surgical efficiency(144).

However, it is worth noting that only a limited number of multidisciplinary centers

currently utilize this approach for the surgical treatment of bowel endometriosis.
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2. Objectives
2.1. Primary objectives

The primary objective of our single-center, randomized, open-label, two-arm, parallel-
group controlled trial was to report the short- and medium-term outcomes of bowel
function reflected by the Low Anterior Resection Syndrome score after NOSE versus
conventional nerve- and vessel sparing-colectomy for colorectal endometriosis (77).
Our second study compared two surgical approaches: laparoscopic-transanal disc
excision and nerve- and vessel-sparing segmental resection (LTADE, NVSSR) for the
full-thickness excision of rectal DE. The analysis considered cases with an anastomotic
height of <7 cm from the anal verge regarding the incidence of LARS, postoperative

outcomes, and fertility results (79).

2.2. Secondary outcomes

Our secondary outcomes of the randomized study assessed Visual Analog Scale scores,
Gastrointestinal Quality of Life Index (135, 136), Endometriosis Health Profile 30 (104,
134), rate of complications, length of hospital stay, and recovery after NOSE versus

conventional nerve- and vessel sparing—colectomy for colorectal endometriosis.
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3. Methods
3.1. Data collection

This prospective randomized study was designed in accordance with the Declaration of
Helsinki and approved by the Institutional Ethical and Review Board of the University
for the protection of human subjects (no.:58723-4/2016/EKU) on December 8, 2016
(133).

In our retrospective, international, multicenter cohort analysis, data were retrospectively
collected from a prospectively maintained electronic database used across all three
participating centers. Patient baseline characteristics, intraoperative findings, surgical
procedures, and follow-up information were systematically recorded in the North-West
Inter Regional Female Cohort for Patients with Endometriosis (CIRENDO, 17 January
2019) database (NCT02294825) at RUH. For SU, data were retrieved from the
NOSERES database (NCT04109378), while HSGWH used the TIE database. All
databases and the study received approval from the local institutional ethics and review
boards at RUH and SU to ensure the protection of human subjects (nos 58723-
4/2016/EKU [8 December 2016]; HSJIGWH No: WSP-1-GYN; Barmherzige Brlder
Ethikkommission [5 September 2017]) (79).

3.1.1. Patients participating in the study

We conducted a single-center, randomized, open-label, two-arm, parallel-group
controlled trial to assess functional outcomes and endometriosis-related pain changes in
women undergoing NOSE colectomy (NC) or conventional laparoscopic resection (CLR)
for the management of colorectal deep endometriosis (DE) between September 30, 2019,
and December 31, 2020, at University Hospital. The secondary outcomes included
complication rates and fertility outcomes. The mean follow-up time was 14+2.6 months
(133).

Our second study was conducted as a retrospective, international, multicenter cohort
analysis, involving all premenopausal women with deep endometriosis (DE) affecting the
lower rectum all of whom were scheduled for surgical treatment. The study encompassed
three tertiary referral centers: the Department of Obstetrics and Gynecology at Rouen
University Hospital in Rouen, France (RUH); the Department of Obstetrics and
Gynecology at Semmelweis University in Budapest, Hungary (SU); and the Center for
Endometriosis, Department of Gynecology, at St. John of God Hospital and Wilhelminen

39



Hospital in Vienna, Austria (HIGWH). The study period extended from October 2009 to
December 2018 (79).

3.1.1.1. Inclusion criteria
Inclusion criteria of our randomized trial were being clinically diagnosed (by at least one
imaging technique or via a previous surgery) as having intestinal deep infiltrating
endometriosis up to 15 cm from the anus, involving at least the muscular layer in depth,
and at least 50% of the recto-sigmoidal circumference in case of patients complaining of
pain and/or infertility, and age18 to 45 years(133).
The inclusion criteria for our second study were defined as follows: women aged 18 to
45 years (inclusive) presenting with endometriosis-related pain and/or infertility, with a
confirmed diagnosis of deep endometriosis (DE) that infiltrates at least the muscular layer
of the lower rectum, located within 7 cm of the anal verge. Eligible patients were those
managed surgically by either LTADE or NVSSR (79).

3.1.1.2. Exclusion criteria

Ongoing pregnancy and suspected malignancy were excluded. Written informed consent

was obtained from all patients before randomization (133).

Patients with a history of previous colorectal surgery or chronic inflammatory diseases of
the gastrointestinal tract were excluded from the retrospective, international, multicenter
cohort analysis, along with those who suffered from chronic defecation dysfunction due

to other factors, such as birth trauma (79).
3.1.2. Preoperative assessment

The process started with an initial consultation, where the patient's file was completed in
detail. All selected women underwent clinical examination by a gynecologist experienced
in colorectal surgery for endometriosis, as well as a transvaginal ultrasound examination.
Transvaginal sonography was performed to assess whether the rectum was involved and
estimate the depth of rectal wall infiltration according to the IDEA protocol (29). In case
of parametrial involvement, a pelvic MRI was also performed. If surgery was deemed
necessary, the patient was scheduled for elective hospitalization, which is the standard of
care (133). For patients who were eligible for the study, participation in the study was
offered at this stage. If the patient agreed, they completed the informed consent form and
study-related questionnaires. All the surgeries were performed by the same surgical team
(133).
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3.1.3. Postoperative assessment
Postoperative follow-up care was provided at several stages: Four weeks postoperatively,
the surgeons conducted a postoperative check-up, and the patient completed study-related
questionnaires, sent via email. A clinical examination was also performed at this time.
Six months after surgery, the patient had another postoperative check-up with one of the
members of the surgical team. By this time, the patient was asked to complete the study-
related questionnaires sent via email. During this visit, a clinical examination, an
assessment of pain and childbearing desires, and a gynecological ultrasound were
performed. Twelve months postoperatively, the patient returned for a one-year follow-up
visit. Study-related questionnaires were completed via email, and the surgeon performed
a clinical examination. This visit included an anamnesis concerning pain and any wishes

related to childbearing, as well as both a gynecological and an abdominal ultrasound.
3.1.4. Recruitment and consent

Women diagnosed with deep endometriosis that infiltrates at least the muscularis layer of
the rectum and who are planned for surgical laparoscopic treatment were eligible for the
study. Eligible participants were invited to join the study. Eligible women could enter the

study only after providing written informed consent.

This written informed consent was obtained from capable, eligible women after they were
thoroughly informed about the study. Each patient received a patient information letter
along with an informed consent form, both approved by the Ethics Committee. During

the informed consent process, all participants were encouraged to ask questions.

The right of participants to decline participation without providing reasons were respected
under all circumstances. Furthermore, participants retained the legal right to withdraw
from the study at any time point, even after randomization and treatment without giving
reasons and without compromising their further treatment options.
3.2. Theory, calculation
3.2.1. Questionnaires

In our prospective randomized trial patients were asked to complete baseline
questionnaires including questions about pelvic organ function, pelvic pain, and quality
of life-related to endometriosis using the Visual Analog Scale (dysmenorrhea,
dyspareunia, dyschezia, dysuria, and chronic pelvic pain), Endometriosis Health Profile
30 (pain, control and powerlessness, emotional well-being, social support, self-image,
sexuality) (104, 134), the Gastrointestinal Quality of Life Index (GIQLI) (135, 136), and
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the Low Anterior Resection Syndrome (LARS) (77) score to assess bowel function
preoperatively (TO), and at 30 days (T1), six months (T2), and one year (T3) post-
operatively (133).

In our retrospective, international, multicenter cohort analysis, patients were asked to
present for a postoperative check-up 4 weeks and 6 months after surgery. The
postoperative evaluation of digestive function was assessed using the validated LARS at

least 12 months after surgery (79).
3.2.2. Infertility assessment

The Endometriosis Fertility Index (38) was calculated for each procedure, and the clinical

pregnancy rates were calculated during the first postoperative year (133).
3.2.3. Randomisation

Assigning patients to NOSE or conventional colorectal resection was based on a
randomization list using a simple randomization method. To determine the allocation
sequence, computer-based coin flipping (www.random.org) was carried out by a staff
member with no clinical involvement in the study. Randomization started after the patient
had completed all baseline assessments and provided written consent to be enrolled in the
trial. Patients were analyzed within the group to which they were allocated, irrespective
of whether they had experienced the intended intervention (intention-to-treat analysis).
Blinding in our study was not feasible (133).
3.2.4. Statistical analysis

The study data were evaluated using descriptive statistical methods such as average,
median, range, frequency, and distribution. Variables were tested for normality using the
Kolmogorov-Smirnov-Lilliefors and the Shapiro-Wilk tests; skewness and kurtosis were
also examined. Groups of values without a normal distribution were compared using the
Mann-Whitney U test, Kruskal-Wallis test, Fisher's exact test, or Wilcoxon signed-rank
test. Where the distribution allowed, an independent samples t-test was used for
continuous variables. The evolution of quality of life and digestive symptoms was tested

based on the records at 12 months.

All tests were two-sided, and P<.05 was accepted as a significant difference. Statistical
analyses were performed using IBM SPSS version 17 (IBM Corp., Armonk, NY, USA)
(133).
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3.2.5. Sample size calculations

Based on the results of our previously published (79) multicenter, retrospective study on
the data of 205 patients with low rectal endometriosis undergoing laparoscopic surgery,
we ascertained that in our center, the mean LARS scores were 29£12 in the CLR group
and 2119 in the NC group at one year postoperatively. In our present study, the
randomized case selection enabled us to build a cohort where at least 80% statistical
power was set as the target. LARS is the key characteristic/measure of a technique's
outcome, supporting the power calculation performed
(https://clincalc.com/Stats/SampleSize.aspx) using our previous data. To detect low
anterior resection syndrome using the LARS score as a continuous variable by assessing
two independent study groups with a mean of 29+12 for the CLR group and 21+9 for the
NC group, a sample size of 70 patients was required with 80% power at 0.05 alpha. Based
on our previous experience, we predicted a drop-out/loss to follow-up rate of 22%;
therefore, our final sample size was 91 patients (133).
3.3. Surgical procedures

The primary objective of surgery was to achieve a visibly complete elimination of all
endometriotic lesions, regardless of the technique used. The team included two
gynecological surgeons with extensive experience in endometriosis surgery. Nerve- and
vessel-sparing techniques were used to preserve the inferior hypogastric plexus,

hypogastric nerves, and splanchnic nerves on at least one side (Figure 1.) (133).
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Figure 1. Steps of laparoscopic conventional vs. NOSE colectomy (133)

All patients were placed in the modified dorsal lithotomy position. Pneumoperitoneum

was induced by inserting a Veress needle (Karl Storz, Tuttlingen, Germany) into the
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umbilicus. A 4-port approach was used. Subsequently, the patient was placed in the steep
Trendelenburg position. During the procedures, adhesiolysis was implemented for
mobilization of the rectum and sigmoid colon in cases of pelvic adhesions. Ureters were
dissected at the level of the uterine arteries. Limited tubular resection in a mesosparing
manner close to the bowel was used to preserve the branches of the inferior hypogastric
plexus (133).

During the complete intra-abdominal NOSE procedure, after skeletonization and isolation
of the affected rectum, the rectum was tied off laparoscopically proximally and distally
to the DE nodule with a nonabsorbable suture (Dafilon 0; B Braun AG, Meslungen,
Germany). A laparoscopic atraumatic temporary intestinal clamp (Aesculap, Tuttlingen,
Germany) was placed to decrease the chance of fecal spillage, cephalad to the resection
line. A transverse colostomy was performed in healthy tissue using a harmonic scalpel to
deliver the anvil from a circular stapler (Proximatew ILS CDH 29, Ethicon Endo-
Surgery), introduced through the anus using a sterile laparoscopic camera sleeve (folded
laparoscopic camera sleeve; 3M, St Paul, MN, USA). With the use of a camera sleeve for
anvil introduction into the abdominal cavity, the possibility of peritoneal cavity

contamination was reduced (93, 133).

A completely transected specimen was extracted transrectally through the camera sleeve
in a specimen retrieval bag. The proximal part of the anastomosis was created by suturing
the anvil in place with the purse string of a monofilament laparoscopic suture (PDS 2.0;
Ethicon, Inc., Cincinnati, OH, USA). The intestinal clamp was removed. The distal
rectum was closed by using an endoscopic linear stapler. End-to-end anastomosis was

performed by using a circular stapler (133).

With conventional segmental bowel resection, dissection was continued towards the
pelvic floor distally to the affected segment. The rectum was then skeletonized using a
vessel-sealing device (Harmonic Scalpel ACE; Ethicon Endo-Surgery, Cincinnati, OH)
laterally and anteriorly, entering the rectovaginal septum and preserving the posterior wall
of the vagina. The distal rectum was closed using an endoscopic linear stapler (Echelon
Flex Endopath, Ethicon Endo-Surgery). The mobilized rectum with the specimen was
retrieved through a small suprapubic incision. The anvil of a conventional circular stapler
was introduced into the proximal colon following the placement of a purse-string suture
(PDS 2.0; Ethicon, Inc., Cincinnati, OH, USA). Circular stapled colorectal end-to-end

anastomosis was then performed (Proximatew ILS CDH 29) (133).
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At the end of both procedures, extensive saline irrigation was performed, and the integrity
of the suture line at the distal rectum was verified using the Michelin test. A drain was
conventionally left in place in the pouch of Douglas (79, 93).

The perioperative care was similar in patients from both arms of the study, as the
participants received the same medication and nursing technique (133).

LTADE was performed using transanal staplers (semicircular staplers) or directly through
the vagina in cases of vaginal infiltration. The procedure began with rectal shaving. If the
anterior rectal wall at the shaved site remained infiltrated, it felt rigid and thickened during
palpation with a laparoscopic probe. In these instances, complete treatment was achieved
through full-thickness disk excision using a concomitant transanal approach. The
colorectal surgeon utilized the Contour Transtar (Ethicon Endo-Surgery) stapler when the
shaved area was located less than 7 cm above the anus. The thinner and softer the shaved
rectal wall, the larger the diameter of the rectal patch that could be excised with the

transanal stapler (79).
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4. Results
4.1. Demographic data

A total of 91 patients were enrolled in the study between September 30, 2019, and
December 31, 2020, at University Hospital, with 42 randomly assigned to the NC arm
and 49 assigned to the CLR arm. One patient was lost to follow-up (Figure 2) (133).

Assessed for eligibility:

sAge: 18 - 45 years (both inclusive)

*Complaining of infertility and/or pain a C 0 N S O R T
*Deep endometriosis infiltrating the rectum on at least one imaging technique or confirmed /

by previous surgery f TRANSPARENT REPORTING of TRIALS

suptol5 cm fromtheanus
slnvolving atleastthe muscularis layerindepth

Enrollment

Excluded:

* Suspected pelvic malignancy n=1
*Pregnancy

sPatients without bowel resection n=2

Informed consent

Randomization n=91

Allocation Conventional laparascopic bowel resection n=49 ‘ NOSE bowelresectionn=42 ‘
Follow-Up Follow-ups: 1,6, 12 months postoperatively Drop out: Follow-ups:1, 6, 12 manths postoperatively
unintended discresection n=2 Lost tofollow up n=1

Analysis ‘ Intention-to-trestanalysis n=49 ‘ ‘ Intention-to-treat analysis n=42 ‘

\/

‘ End of the study ‘

Figure 2. Flow diagram (CONSORT 2010) (145) for study of patients who underwent NOSE or conventional

laparoscopic segmental resection for rectal DE (133).

Demographic and clinical characteristics of the participants are shown in Table 1. The
mean age of the patients in the NC and CLR groups was 35+5 and 34+5 years,
respectively. All the patients had one or more pain or intestinal symptoms. Twenty-six
patients in the NC group (63.4%) and 35 patients in the CLR group (71.4%) had
undergone one or more previous surgeries for endometriosis, excluding colorectal

procedures (133).
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Table 1.:Demographic data. Data are n(%) and mean +SD (133)

Patients’ baseline characteristics NOSE (n=42) Conventional (n=49)
Age (years) 3515 3415
BMI (kg/m2) 21+3 2314
ASA score

l. 29 (70.7%) 32 (65.3%)

Il. 12 (29.3%) 17 (34.7%)
Infertility 14 (34.1%) 20 (40.8%)
Previous surgeries for endometriosis

NO surgery 15 (36.6%) 14 (28.6%)

1 surgery 17 (41.5%) 17 (34.7%)

2 or more surgeries 9 (21.9%) 18 (36.7%)
Type of previous surgeries

No of patients with previous surgeries 26 (63.4%) 35 (71.4%)

Previous laparoscopy 23 (56.1%) 32 (65.3%)

Previous laparotomy 7 (17.1%) 12 (24.4%)
Previous pregnancy/delivery

Pregnancy 12 (29.3%) 12 (24.4%)

Delivery 9 (21.9%) 5 (10.2%)

Between October 2009 and December 2018, a total of 1,494 patients (RUH, n = 831; SU,
n = 407; HIGWH, n = 256) underwent surgery for bowel endometriosis. Among these
patients, 211 were diagnosed with low colorectal deep infiltrating endometriosis (DE)
and underwent either NVSSR (n = 140) or LTADE (n = 71). Data from 205 consecutive
patients were available for final analysis, with a median follow-up period of 46 + 11
months. The prevalence of preoperative infertility was significantly higher in the NVSSR
group compared to those undergoing LTADE (P < .001). However, no differences were
observed in pain symptoms, except for dyspareunia. The mean age was 29.9 + 4.2 years
for LTADE and 32.6 + 4.9 years for NVSSR (76). The patients' characteristics are found
in Table 2 (79).
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Table 2.: Patient characteristics (79)
Mann-Whitney U and Pearson chi-squared tests were used.

LTADE NVSSR
n % n %
Characteristics 66 322 139 67.8 P value
Age (y), mean = SD 29.9+42 326+49 <.000
BMI (kg/m2), mean £ SD  23.3*46 24.1+39 42
Obstetrical history
Parity, mean £ SD 0.25+0.64 0.30 £ 0.58 51
Gravidity, mean + SD 0.53 +0.93 0.44 +0.83 .304
Previous gynecological surgeries
Laparotomies 3 4.5 19 13.7 .001
Laporoscopies
1 17 25.8 45 324 31

>2 10 15.2 23 16.5 .879
Preoperative subfertility 18 27.3 82 59.0 <.000
Preoperative cyclic symptoms
Dysmenorrhea 66 100 136 97.8 241
Intensity of dysmenorrhea 63 95.5 131 94.2 81
(VAS > 4)
Dyspareunia 63 95.4 110 79.1 .007
Intensity of dyspareunia 41 63.6 83 59.7 .34
(VAS > 4)
Dyschezia 51 77.2 84 60.4 .045
Intensity of dyschezia 36 54.5 71 51 .507
(VAS > 4)

4.2. Intraoperative findings
Table 3 presents intraoperative findings. The anatomical distribution of the DE lesion
sites was similar in both groups. There was no difference in the length of hospital stay
between the NC and CLR groups (5,3+3 days in the NC group versus 5,7+2 days in the
CLR group). All cases were confirmed by histological examination. The intraoperative
classification of endometriosis was performed according to the rASRM and ENZIAN

classification systems during all procedures (37, 146), see Tables 3 and 4 (133).
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Table 3.:Intraoperative findings. Data are n(%) and mean +SD (133)

_ Conventional p
NOSE (n=42) (n=49) value

Operative time (min) 139+97 147+76 0.7

Hospital stay (day) 5.3+3 5.7+2 0.2

Blood loss (ml) 22+16 24422 0.4

Localisation of deep nodules of the digestive tract

rectum 34 (82.9%) 42 (85.7%) 0.3
sigmoid/rectum junction 5 (12.2%) 7 (14.3%) 0.5
sigmoid 9 (21.9%) 7 (14.3%) 0.09
sigmoid and appendix 2 (4.8%) 2 (4.0%) 0.6
ileum 0 (0.0%) 6 (12.2%) 0.03
coecum 2 (4.8%) 6 (12.2%) 0.2

Segmental resection of ileum/coecum 2 (4.8%) 12 (24.4%) 0.7

Appendectomy 2 (4.8%) 2 (4.0%) 0.1

Omental/Mesorectal flap 3 (7.3%) 2 (4.0%) 0.9

Protective colostomy 0 (0.0%) 1 (2.0%) 0.6

Diameter of largest rectal nodule (mm) 27+3.8 29+2.5 0.5

Deepest infiltration of the rectum

mucosa 5 (12.2%) 2 (4.0%) 0.5

submucosa 8 (19.5%) 6 (12.2%) 0.9

muscularis 28 (68.3%) 41 (83.8%) 0.2
Height of the lowest nodule (from the anal verge)

below 7cm 19 (46.3%) 20 (40.8%) 0.8

above 7cm 22 (53.7%) 29 (59.2%) 0.6

Length of the removed bowel segment (mm) 67+2.7 83+3.8 0.06

ASRM score 51+24 47+17 0.8

Concomitant management of

ovarian endometrioma 12 (29.3%) 15 (30.6%) 0.5
bladder nodule 11 (26.8%) 10 (20.4%) 0.3
rectovaginal space DE 30 (73.2%) 43 (87.7%) 0.2
vaginal inflitration 14 (34.1%) 19(38.7%) 0.4
peritoneal disease 39(95.1%) 47 (95.9%) 0.3
ureteral DE 0 (0.0%) 7 (14.3%) 0.02
EFI score 4.8+2.1 5.2+1.8 0.3
Patency of Fallopian tubes
Unilateral occulusion 4 (9.8%) 15 (30.6%) 0.007
Bilateral occlusion 20 (48.7%) 18 (36.7%) 0.2
Patent 17 (41.5%) 16 (32.7%) 0.1

Table 4.:Intraoperative findings. Data are n(%6) (133)

ENZIAN NOSE (n=42) Conventional (n=49)  p value
Compartment A 30 (73.2%) 43 (87.7%) 0.1
Compartment B 15 (36.6%) 12 (24.4%) 0.9
Compartment C 42 (100%) 49 (100%) n.a
Compartment FA 27 (65.9%) 25 (51.0%) 0.8
Compartment FB 11 (26.8%) 10 (20.4%) 0.3
Compartment FU 0 (0.0%) 7 (14.3%) 0.02
Compartment FI 13 (31.7%) 21 (42.9%) 0.7
Compartment FO 1 (2.4%) 3 (6.1%) 0.9
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In our retrospective, international, multicenter cohort analysis, the anatomical distribution
of endometriotic DE lesion sites was similar in both groups. The length of the resected
bowel section ranged from 5 to 19 cm, with an average length of 8 cm (£6 cm) in the
NVSSR cases. Most patients had endometriosis present in areas outside the colorectal
region. The frequency of extra-colonic localization of endometriotic lesions was
comparable between both groups, with the most common sites being the rectovaginal

septum, pelvic peritoneum, bladder, ureters, and ovaries (79).

Inthe LTADE and NVSSR groups, 57 out of 66 patients (86%) and 111 out of 139 women
(79%), respectively, required vaginal resection due to vaginal involvement (P = .391).
There was no statistically significant difference in the duration of surgeries between the
LTADE group and the NVSSR group, with recorded times of 218 minutes (£71.4) and
225 minutes (£71.4), respectively (P = .58). The mean revised American Fertility Society
(rAFS) score was 53.4 +30.1 in the LTADE group and 67.2 +£37.8 in the NVSSR group
(79). See Table 5.
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Table 5.: Intraoperative findings (79)
Comparison between the two surgical techniques using the Fisher exact, Pearson chi-
squared and Mann-Whitney U tests.

LTADE NVSSR
n % n %
66 32.2 139 67.8 P value
Operative time (min), 218.6+ 714 225.5 + 96.1 58
mean + SD
Surgical approach
Laparotomy 0 0.0 4 2.9 .05
Laparoscopy 66 100 135 97.1 .673
Revised rAFS score,
mean + SD 53.4 £ 30.1 67.2+£37.8
rAFS stage | 0 0.0 1 0.7 49
rAFS stage Il 11 16.7 9 6.5 .022
rAFS stage Il 6 9.1 18 12.9 42
rAFS stage IV 49 74.2 111 79.9 .364
Rectal DE lesion size
10-29 mm 12 18.1 38 27.4 154
>30 mm 54 81.9 101 72.6
Rectovaginal 65 98.4 131 94.2 391
endometriosis
Ovarian endometriosis 41 62.1 103 74.1 137
Temporary diverting stoma
Ileostomy 2 3.0 4 29 .37
Colostomy 49 72.2 45 32.3 <.001
Additional surgical digestive procedures
Sigmoid colon resection 11 16.6 0 0 .000
Appendectomy 4 6.0 10 7.1 462
Vaginal . 57 86.3 111 79.8 37
opening/resection
Urinary tract procedures
Resection of bladder DE 8 12.1 22 15.8 54
Ureteral resectlo_n and 6 9.0 24 179 o071
reanastomosis
Ureteral neoimplantation 1 1.5 3 2.1 316

4.3. Postoperative scores
There was no statistically significant difference in the change in LARS, GIQLI, EHP30,
and VAS scores between the NOSE and conventional treatment groups 12 months after
surgery when compared to preoperative values (T3 minus baseline). See Table 6.
The results of follow-up assessments for each time point (TO, T1, T2, and T3) are depicted
in Table 7, 8, 9 (133).
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Table 6.:Clinical assessment 12 months after surgery. TO: preoperative, T3:12

months after surgery (133).
Mann-Whitney U test was used.

NOSE (n=42)  Conventional (n=49) value
LARS delta T3-TO -5,93+£10,58 -6,80+£11,50 0.923
Min-max -24-18 -34-16
GIQLI delta T3-TO 18,03+£19,51 15,07+20,75 0.654
Min-max -10-70 -27-70
EHP30 delta T3-TO
Pain -23,01£23,85 -21,21+£22,18 0.666
Min-max -70,45-25 -63,64-18,18
\',Evg;ftt:‘e’lnni]' -26,21+24,08 -23,00+24,97 0.356
Min-max -70,83-41,67 -75-29,17
pg\‘/’vgtrzglsan’;(is 34,35+26,79 207742789 0375
Min-max -91,67-25 -87,50-29,17
Sexuality -21,40+28,49 -29,90+31,75 0.900
Min-max -95-40 -90-60
Self Image -24,18+26,07 -18,75£26,77 0.311
Min-max -91,67-8,33 -90-60
Social support ~ -20,79+25,56 -22,02+23,17 0.865
Min-max -75-30 -70-10
VAS scores delta T3-TO Dysmenorrhea -2,41+3,94 -3,25+4,37 0.510
Min-max -9,65-6,78 -10-6,21
Chrog;‘;'npe""c 4,29+3,50 3,27+4,10 0.331
Min-max -10-3,36 -10-7,11
Dyspareunia -3,79+3,45 -3,42+£3,91 0.903
Min-max -10-17 -10-8,3
Dysuria -0,52+1,58 -0,16+2,04 0.270
Min-max -8-1,73 -6-8,08
Dyschezia -2,99+3,54 -3,60+4,27 0.281
Min-max -10-4,90 -10-7,75
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Table 7.:Pre- and postoperative assessment of functional and quality of life

outcomes in each timepoint after NOSE colectomy.
Mann-Whitney U test was used.

NOSE (n=42)
Questionnaires TO T1 T2 T3
Mean SD Mean SD Mean SD Mean SD
LARS 22 117 26.36 9.09 17.79 9.66 16.33 14.18
GIQLI 96.17 16.07  99.88 19.28 111.44 1464 11213 168
EHP 30
Pain 317 26.3 17.95 16.48 8.31 13.88 6 9.2
Emoi‘)‘;‘;‘% well- - 34 234 19.79 15.35 19.00 20.09 174 158
Controland — ,o g 55 15.21 17.44 13.01 16.65 114  16.2
powerlessness
Self Image 37 26.5 26.46 23.86 16.67 21.41 126 15
Social support 243 246 19.48 24.43 7.16 12.28 51 91
Sexuality 36.1 349 13.33 18.39 17.42 26.07 123 205
VAS scores
Dysmenorrhea 4 1.9 3 2.8 2 2.8 3 2.1
Chronic pelvic 4 5.2 2 31 2 2.4 3 2.2
pain
Dyspareunia 6 4.2 1 1.9 1 2.6 3 3.1
Dysuria 3 5.8 2 2.4 1 1.2 1 1.7
Dyschezia 6 4.4 2 2.4 1 2.4 3 2.1
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Table 8.:Pre- and postoperative assessment of functional and quality of life

outcomes at each timepoint after conventional laparoscopic bowel resection.
Mann-Whitney U test was used.

Conventional (n=49)

Questionnaires TO T1 T2 T3
Mean SD Mean SD Mean SD Mean SD
LARS 2141 102  21.88 1130 1712 1145 179 11.18
GIQLI 9544 2311 102.06 19.77 11076 16.78 111.39 18.48
EHP 30
Pain 308 255 2152 1959  7.88 1483 102 142
EmOtk')‘é?r?é well- 399 255 1658 1506 17.60 1829 166 17.7
Controland 14 519 1820 2100 1054 1630 122 165
powerlessness
Self Image 37 318 2296 2121 1480 2029 18 23.9
Social support  31.6 31 2264 2941 821 1728 6.9 14.4
Sexuality 439 345 1240 2001 17.78 2310 191 25.3
VAS scores
Dysmenorrhea 5 51 3 3.3 1 2.2 4 3.1
Chronicpelvic -, 54 3 3.0 2 2.7 2 23
pain
Dyspareunia 6 45 1 1.4 1 1.9 3 25
Dysuria 2 5.8 2 3.0 1 13 1 28
Dyschezia 5 47 2 3.3 1 27 2 17
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Table 9.:Pre- and postoperative assessment of functional and quality of life
outcomes at each timepoint after conventional laparoscopic bowel resection and
NOSE colectomy

NOSE vs Conventional

Questionnaires TOvs TO Tlvs Tl T2vs T2 T3vsT3
p value p value p value p value
LARS 0.799 0.051 0.826 0.339
GlQLl 0.914 0.776 0.960 0.473
EHP 30
Pain 0.678 0.575 0.398 0.150
EmOtt')‘;?r?; well- 0.389 0.286 0.803 0.925
pg\?\/’;gg;g;is 0.552 0.771 0.384 0.767
Self Image 0.763 0.487 0.519 0.845
Social support 0.431 0.924 0.952 0.971
Sexuality 0.353 0.547 0.590 0.195
VAS scores
Dysmenorrhea 0.455 0.471 0.374 0.777
Chronic pelvic pain 0.791 0.702 0.912 0.286
Dyspareunia 0.851 0.188 0.766 0.612
Dysuria 0.700 0.950 0.964 0.443
Dyschezia 0.167 0.466 0.607 0.473
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4.3.1. LARS
The LARS scores (see Table 10, 12) did not reveal significant differences 12 months after
the operation compared to the baseline values in both groups (NC: T0=22.2+11.7,
T3=16.33+£14.18, p=0.87; CLR: T0=21.41+10.2, T3=17.90+11.1, p=0.934) (133).
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Figure 3. presents pre-, and postoperative GIQLI and LARS scores. Blue column: Conventional surgery, green
column: NOSE surgery (133).

Table 10.: Preoperative and postoperative assessment of digestive function and

quality of life after NOSE surgery (133).
TO: preoperative, T3: 12 months after surgery. Mann-Whitney U test was used.

i . NOSE (n=42)
Questionnaires To T3 o value
Mean SD Mean SD
LARS 22.2 11.7 16.33 14.18 0.87
GIQLI 96.17 16.07 112.13 16.8 0.001
EHP 30
Pain 317 26.3 6 9.2 0.001
Emotional well- 43.4 23.4 17.4 15.8 0.001
being
Control and 45.9 26.5 11.4 16.2 0.016
powerlessness
Self Image 37 26.5 12.6 15 0.001
Social support 24.3 24.6 51 9.1 0.000
Sexuality 36.1 34.9 12.3 20.5 0.043
VAS scores
Dysmenorrhea 4 1.9 3 2.1 0.03
Chronic pelvic 6 5.2 3 2.2 0.004
pain
Dyspareunia 6 4.2 3 3.1 0.0001
Dysuria 3 5.8 1 1.7 0.04
Dyschezia 6 4.4 3 2.1 0.0003
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In our retrospective multicenter cohort study, there was no statistically significant
difference in the incidence of LARS between patients undergoing LTADE and those
treated with NVSSR, with rates of 31.7% and 37.9%, respectively (P = 0.4). The
prevalence of major LARS in the LTADE group was recorded at 16.7%, which is
comparable to the 12.2% observed in the NVSSR group (P = 0.6). Furthermore, the
occurrence of major LARS was positively associated with the use of protective colostomy
(P =0.02) (79). See Table 11.

Table 11.: Bowel function after laparoscopic-transanal disk excision and nerve-

and vessel-sparing segmental resection (79)

Comparison between the two surgical techniques using the Fisher's exact and Pearson chi-
squared tests.

LARS score, range 0-42: 0-20, no LARS; 21-29, minor LARS; 30-42, major LARS.

LTADE NVSSR

n % n %

66 32.2 139 67.8 P value
Do you ever have occasions when you cannot control your flatus (wind)?
No, never 26 39.3 72 52.2 .056
Yes, less than once per week 18 27.2 30 215
Yes, at least once per week 22 33.3 37 26.6
Do you ever have any accidental leakage of liquid stool?
No, never 55 83.3 122 87.7 118
Yes, less than once per week 8 12.1 12 8.6
Yes, at least once per week 3 4.6 5 3.7
How often do you open your bowels?
More than 7 times per day (24 h) 1 15 5 35 23
4-7 times per day (24 h) 2 3 20 14.3
1-3 times per day (24 h) 31 46.9 67 48.2
Less than once per day (24 h) 32 48.4 47 33.8

Do you ever have to open your bowels again within 1 h of the last
bowel opening?

No, never 30 45.4 39 28 071
Yes, less than once per week 16 24.2 54 38.8
Yes, at least once per week 20 304 46 33.1

Do you ever have such a strong urge to open your bowels that you
have to rush to the toilet?

No, never 33 50 57 41 .068
Yes, less than once per week 22 33.3 56 40.2
Yes, at least once per week 11 16.6 26 18.7
LARS score
No LARS 41 62.1 95 68.3 .6
Minor LARS 14 21.2 27 19.4
Major LARS 11 16.7 17 12.2
LARS score, median 19 20
4.3.2. EHP30

The EHP30 scores (see Tables 10 and 12) significantly improved 12 months after the

operation compared to the preoperative values in both groups. The overall GIQLI,
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EHP30, and LARS scores did not reveal significant differences between the two arms 12

months after surgery (133).
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4.3.3. GIQLI
GIQLI (see Table 10, 12) significantly improved 12 months after the operation compared
with the baseline values in both groups NC: T0=96.17+16.07, T3=112.13+16.8, p=0.001,
and CLR: T0=95.44+23.1, T3=111.39+£18.4, p=0.002 (133).

Table 12.:Preoperative and postoperative assessment of digestive function and
quality of life after conventional surgery (133).

TO: preoperative, T3: 12 months after surgery. Mann-Whitney U test was used.

Conventional (n=49)

Questionnaires

TO T3 p value
Mean SD Mean SD
LARS 21.41 10.2 179 11.18 0.934
GIQLl 95.44 23.11 111.39 18.48 0.002
EHP 30
Pain 30.8 255 10.2 14.2 0.001
Emotional well- 38.9 255 16.6 17.7 0.01
being
Control and 41.1 31.9 12.2 16.5 0.014
powerlessness
Self Image 37 31.8 18 23.9 0.000
Social support 31.6 31 6.9 14.4 0.000
Sexuality 43.9 345 19.1 25.3 0.003
VAS scores
Dysmenorrhea 5 51 4 3.1 0.24
Chronic pelvic 7 33 2 23 0.0001
pain
Dyspareunia 6 4.5 3 25 0.0001
Dysuria 2 5.8 1 2.8 0.27
Dyschezia 5 4.7 2 1.7 0.0001
4.3.4. VAS

Regarding pain symptoms, the chronic pelvic pain, dyspareunia, and dyschezia VAS
scores were significantly improved in both groups compared with the baseline scores one
year after surgery (chronic pelvic pain: NC T0=6+5.2, T3=3%2.2, p=0.004; CLR:
T0=7+3.3, T3=2+2.3, p=0.0001; dyspareunia: NC T0=6+4.2, T3=3+3.1; p=0.0001; CLR:
T0=6+4.5, T3=3+2.5, p=0.0001; dyschezia: NC T0=6+4.4, T3=3+2.1, p=0.0003; CLR:
T0=5+4.7, T3=2+1.7, p=0.0001). We found statistically significant decreases in the
intensity of dysmenorrhea (T0=4+1.9, T3=3+2.1, p=0.03) and dysuria (T0=3%5.8,
T3=1+1.7, p=0.04) after one year of follow-up in the NC group (133). See Tables 10 and
12.

4.4. Infertility assessment

During the 14+2.6 months of follow-up, 22 patients with active child wishes achieved
pregnancy in the NC arm (21%) and 14 in the CLR arm (29%) (p=0.867). Two (4%) and
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two (5%) conceived spontaneously. Seven (NC group, 18%) and seven (CLR group, 14%)
live births were reported in both groups (133).

4.5. Postoperative complications

When comparing the NC and CLR groups concerning the rates of grade I and 1l
postoperative complications, no statistically significant difference was found. According
to the Clavien-Dindo classification, we observed two severe (grade Il or higher)
complications (2.27%): one anastomotic leakage in the NC group and one rectovaginal
fistula in the CLR group (146). These were managed with a covering ileostoma repair.
Intestinal continuity was restored within three months (133). The postoperative

complications are depicted in Table 13.

Table 13.:Postoperative surgical complications (133).
Data are n(%o). Fisher exact test has been executed.

Conventional

o ) . . NOSE (n=42) _ p value
Complications according to Clavien-Dindo (n=49)
classification
1. Bladder atony (max 7 days) 5 (11.9%) 4 (8.1%) 0.739
Fever 4 (9.52%) 3 (6.1%) 0.705
Clostridium difficile infection 4 (9.52%) 3 (6.1%) 0.705
1. Rectal bleeding 2 (4.76%) 2 (4.1%) n.a
lleus 0 (0.0%) 1 (2.0%) n.a
I1. Anastomotic leakage 1 (2.38%) 0 (0.0%) n.a
Rectovaginal fistula 0 (0.0%) 1 (2.0%) n.a
V. 0 (0.0%) 0 (0.0%) n.a.

In our multicenter cohort study, according to the Clavien-Dindo classification, we
observed an overall severe complication rate (grade I11b or higher) of 28.6% among 205
patients. Anastomotic leakage was noted in 2 out of 139 (1.4%) patients in the NVSSR
group, while none occurred in the LTADE group (P = 0.3) (79). However, there was a
significantly higher incidence of rectovaginal fistulae in the LTADE group (10.6%)
compared to the NVSSR group (3.6%, P = 0.04). When comparing the LTADE and
NVSSR groups regarding the rates of grade | postoperative complications, we found no
statistically significant difference (P =0.55). Additionally, a case of bowel stenosis was
reported in the LTADE group following a concomitant segmental sigmoid resection at
the level of the anastomosis of the sigmoid colon, which was not associated with the large

rectal disk excision (79). Data are shown in Table 14.
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Table 14.: Postoperative complications according to Clavien-Dindo (79)

Comparison between the two surgical technigues using the Fisher exact test

LTADE NVSSR
n % n %
Clavien-Dindo complications 66 32.2 139 67.8 P value
Grade | 3 4.5 7 5.03 .098
Grade 11
Bladder atony after 7 d requiring 11 16.7 9 6.49 .001
self-catheterization
Grade I1I-1V
Rectovaginal fistula 7 10.6 5 3.6 .04
Stenosis of rectal lumen, 1 1.5 0 0 14
requiring additional procedure
Anastomosis leakage 0 0 2 1.4 3
Pelvic abscess 6 9 3 2.1 .007
Pyosalpinx 0 0 1 0.7 .5
Stenosis of the ureteral 0 0 1 0.7 5
anastomosis
Ureteral fistula 0 0 1 0.7 5
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5. Discussion

To the best of our knowledge, this is the first prospective randomized study on bowel
function, quality of life, and pain outcomes of two different specimen extraction

techniques for the surgical treatment of recto-sigmoidal DE (133).

We observed no statistically significant difference in the occurrence of LARS and GIQLI
scores in our cohort of patients who underwent either the NOSE technique or the
conventional nerve- and vessel-sparing bowel resection after one year of follow-up. We
found no evidence confirming the superiority of the NOSE technique over conventional

laparoscopic segmental resection in terms of bowel function and quality of life (133).

The complex of symptoms consisting of incontinence due to flatus and/or feces,
constipation, and frequent bowel movements is referred to as LARS. However, little is
known about the exact cause of LARS. Several studies have addressed the symptoms of
LARS, but significant variability exists in the reporting of outcomes after anterior
resection (133, 147).

Riiskjaer et al., in their prospective observational study (78), reported a significant
increase in the frequency of defecation one year after surgery, probably as a result of
decreased reservoir capacity. The mean overall LARS score was not significantly
different 1 year after surgery. Most patients had minor/major LARS, both before and after
surgery. Our study assessed the occurrence of LARS both pre- and postoperatively and
found no statistical difference between the extent of LARS before and after surgery in the

investigated cohort of women (133).

In the prospective cohort trial by Hudelist et al. comparing segmental and disc resection,
they did not observe significant differences in long-term functional outcomes regarding
minor or major LARS (p=0.48 and p=0.66, respectively) (72). These findings are in line
with those previously reported by our group (79). In agreement with recent findings (75,
78), we would like to emphasize that impaired bowel function alone should not be an
indication for bowel surgery (133).

In the present study, GIQLI scores were comparable in both groups and showed a
statistically significant improvement over time from the baseline values until 1 year after
surgery in the NC group (p=0.001) and CLR group (p=0.002). This is consistent with
Roman et al. (75), who observed improved and comparable GIQLI-scores one year after

anterior segmental resection compared to disc excision.
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Similar to previously published data (47, 72, 75, 79, 148), our results confirm that radical
excision of colorectal DE improves the quality of life and lowers pain scores (133).

As secondary outcomes, we assessed the occurrence of major surgical complications,
time to recovery, and length of hospitalization. Our data correlate with previously
reported data (93, 148); however, we could not confirm the shorter hospital stay and lower

postoperative pain scores after NOSE colectomy in our cohort of patients (133).

Recently, a meta-analysis by Liu et al. reported that the incidence of anastomotic leakage
for the NOSE group was 3.6% compared to 5% in the conventional laparoscopic group
(102). Another meta-analysis by Ma et al. showed that laparoscopic resection with NOSE
resulted in fewer postoperative complications (100). From the pooled data of the two
meta-analyses, the incidence of anastomotic leakage was not significantly different
between the two groups. Thus, we conclude that laparoscopic colorectal surgery with
NOSE is as safe as conventional laparoscopic surgery. Previous studies have reported
faster gastrointestinal recovery, less post-operative pain, and shorter hospital stays
following laparoscopic colorectal surgery with NOSE (85, 93, 98). The results of two
recently published meta-analyses also suggested that the NOSE group had less post-
operative pain and shorter hospital stays than the conventional laparoscopic anterior
resection group (100-102). In the aforementioned meta-analyses, the use of the NOSE
technique was clearly associated with a shorter hospital stay, less postoperative pain, and

fewer perioperative complications, although this was not confirmed in our study (133).

In agreement with recent findings(75, 78), we would like to underline the fact that
impaired bowel function alone should not be an indication for bowel surgery since we
noted the presence of different degrees of LARS in the majority of our patients

preoperatively and the LARS scores did not significantly change after surgery (133).

Keane et al. recently defined LARS using a robust methodology that includes multiple
stakeholders. This innovative approach suggested that both symptoms and consequences
are important priorities in LARS (149). These important priorities may lead to better
identification of patients who experience bowel dysfunction and offer a better perception
of LARS in the future. Moreover, further research is needed to elucidate the underlying

mechanism of the presence of LARS before colorectal resection (133).

In the present study, the difference between specimen extraction techniques after
colorectal resection for DE had no effect on the functional/surgical outcome or quality of
life.
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The wider implication of our study is that NOSE colectomy offers the same benefits
regarding bowel function, amelioration of pain symptoms, and quality of life as
conventional laparoscopic anterior resection. Furthermore, after both procedures, the
occurrence of LARS was lower than that previously reported (78, 116), and was similar

to our recently published multicentric data (79, 133).

As all surgeries were performed by the same surgical team, it is less likely that unbalanced
patient enrollment significantly affected the outcomes.

An obvious study limitation was our lack of blinding; however, this was not feasible
because of the clinical nature of our study. The simple randomization method used in our

study represents another limitation because it resulted in unequal study groups.

We report no imprecision in patient selection or detection, but a potential source of
attrition bias in our data occurred in one case (loss to follow-up) exclusively in the NOSE
group (133).

In our retrospective multicenter cohort analysis, we presented the first study
comparing the outcomes of two surgical approaches for treating endometriosis (DE)
infiltrating the low rectum (within 7 cm of the anal verge). While different rates of
rectovaginal fistula development were observed, the techniques appear comparable in
terms of other major complications and the occurrence of Low Anterior Resection
Syndrome (LARS). In addition to the established benefits of surgical intervention for DE
with associated colorectal involvement—such as alleviation of pain symptoms and
improved pregnancy rates (65) for both spontaneous and assisted reproductive
techniques—there is a risk of significant complications. Therefore, understanding the
potential risk factors that may exacerbate surgery-related complications is critical, given
that endometriosis is a benign, non-life-threatening condition, in contrast to cancer
surgery. Consequently, various studies have sought to assess the pros and cons of
conservative techniques, such as rectal shaving and discoid resection, alongside more
radical options like segmental bowel resection, which is typically performed in a more

extensive manner for rectal cancer (79).

It should be noted that there is currently no consensus or evidence regarding the optimal
approach for performing segmental resection for rectal deep endometriosis. Various
adaptations, including autonomic nerve preservation and the maintenance of nerves,

mesorectal fat, and vessels, have been described and may provide benefits related to both
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short- and long-term complications associated with bowel surgery. Our observations
highlight the significant risk of major complications within this patient population, with
an overall complication rate of 28.6%. This statistic must be taken into consideration
when deciding on surgical treatment for low-lying rectovaginal deep endometriosis (DE).
Although we found no differences in the occurrence of anastomotic leakage, patients who
underwent LTADE demonstrated significantly higher rates of rectovaginal fistulae
compared to those who had NVSSR (10.6% vs. 3.6%), despite a similar incidence of
concomitant vaginal resection in both groups (79).

Nonetheless, due to the non-randomized and retrospective design of this study, caution
should be exercised in interpreting these differences. Additionally, patients undergoing
LTADE typically present with large rectal lesions (greater than 3 cm) and anastomotic
heights between 4 and 5 cm, which may further elevate the risk of fistula formation.
Importantly, we found no significant difference in the occurrence of LARS between
patients who underwent LTADE and those who underwent NVSSR. One might speculate
that the preservational effects of LTADE and NVSSR on autonomic nerve supply and
large and small vessel perfusion could be comparable. When considering LARS, it is
essential to acknowledge that digestive complaints may also be present before surgery in
women with extensive rectal DE (78). Furthermore, large DE lesions affecting the
parametrium can impact both bladder and rectal function by irritating the inferior
hypogastric plexus. According to Riiskjaer et al., a significant proportion (73.5%) of
patients reported experiencing symptoms consistent with minor or major LARS post-
surgery; however, this was also evident prior to the surgical intervention (78).

A recent study by Juul et al. (150) found that major LARS (scores >30) are prevalent in
the general population, affecting approximately 9.9% to 17.2% of individuals, including
women aged 20-45. Therefore, it is essential to consider normative data for LARS when
interpreting results from studies assessing bowel function following rectal surgery for
DE. One significant limitation of our study is the absence of preoperative assessments of
LARS within our cohort. Additionally, the retrospective design of our study poses a
challenge; however, this may be mitigated by prospectively established electronic
databases for data collection. While colonic adaptation over approximately 12 months
may improve bowel function, a recent meta-analysis confirms that a notable portion of
patients continue to experience ongoing issues in the mid and long term. According to
Croese et al., (151) the etiology of LARS is complex and likely multifactorial. Impaired

anal sphincter function has been observed in patients after low anterior resection, which
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may result from both direct injury to the anal sphincter and damage to its innervation.

Further research is necessary to investigate follow-up LARS (79).
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6. Conclusion

Our data demonstrated that both NOSE and conventional laparoscopic colectomy are safe
methods for the surgical treatment of colorectal DE. The occurrence of long-term bowel
dysfunction does not appear to be related to a specific surgical technique. The external
validity of our outcomes must be investigated in multicenter prospective randomized

trials in a larger cohort of patients (133).

The findings of this retrospective multicenter cohort study emphasize the importance of
being aware of the surgical risks and potential complications associated with low rectal
full-thickness resections, whether performed using conservative or segmental resection
techniques. These procedures should only be conducted in tertiary referral centers by
well-trained multidisciplinary teams with significant expertise in surgery for deep
endometriosis and in managing postoperative complications. Furthermore, long-term
bowel dysfunction does not appear to be associated with a specific surgical technique
(79).
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7. Summary

The conventional laparoscopic approach for the surgical management of deep
endometriosis (DE) infiltrating the rectum ensures improved digestive functional
outcomes and quality of life. The natural orifice specimen extraction (NOSE) technique
for treating colorectal DE can significantly accelerate postoperative recovery, reduce the
duration of hospital stay, and result in less postoperative pain and fewer complications
(133). However, short- and mid-term solid data on gastrointestinal function following
conventional laparoscopic segmental bowel resection (CLR) compared with NOSE-
colectomy (NC) for DE are sparse (133). There is increasing evidence that intermediate
and long-term bowel dysfunction may arise as a result of radical surgery for deep
endometriosis (DE) of the rectum. Numerous studies have indicated that functional
outcomes may be more favorable with conservative surgical approaches, specifically, the
excision of endometriotic tissue while preserving the luminal structure of the rectal wall,
compared to traditional segmental resection techniques for DE, particularly when
performed for low DE (79).

Our randomized, open-label, two-arm, parallel-group controlled trial indicates that no
significant differences were observed in the NC and CLR groups' postoperative LARS
scores, VAS, EHP30, and GIQLI. LARS scores did not reveal significant differences 12
months postoperatively compared to the preoperative values in both groups. GIQLI
scores, pain symptoms, and quality of life scores improved significantly 12 months after

the operation compared with baseline values in the CLR and NC groups (133).

We found no statistically significant difference between the incidence of LARS (31.7%
and 37.9%, respectively) among patients operated by LTADE when compared with
NVSSR (P = 0.4). A higher rate of severe complications was observed in women
undergoing LTADE (19.7%) when compared with patients with NVSSR (9.0%, P =
0.029) (79).

According to our results, NC is a feasible, effective, and safe surgical approach for
treating patients with rectal DE. Our study did not show a statistically significant
difference between CLR and NC techniques in mid-term digestive and pain outcomes
(133). The incidence of low anterior resection syndrome does not appear to be higher
following nerve- and vessel-sparing segmental resection compared to more conservative
surgical approaches, such as laparoscopic transanal disc excision, in patients undergoing

rectal surgery for low deep infiltrating endometriosis (79).
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Laparoscopic natural orifice specimen extraction
colectomy versus conventional laparoscopic
colorectal resection in patients with rectal

endometriosis: a randomized, controlled trial

Noémi Dobo, MD*, Gabriella Marki, PhD®, Gernot Hudelist, MD, MSc®, Noémi Csibi, MD, PhD?,
Réka Brubel, MD, PhD? Nandor Acs, MD, PhD?, Attila Bokor, MD, PhD, MSc*”

Background: The conventional laparoscopic approach for the surgical management of deep endometriosis (DE) infiltrating thh
rectum appears to ensure improved digestive functional outcomes. The natural orifice specimen extraction (NOSE) technique for the
treatment of colorectal DE can significantly accelerate postoperative recovery; however, data on gastrointestinal function following
conventional laparoscopic segmental bowel resection (CLR) compared with NOSE colectomy (NC) for DE are sparse.

Materials and methods: Between 30 September 2019 and 31 December 2020, a randomized, open-label, two-arm, parallel-
group controlled trial with women aged 18-45 years was conducted at University Hospital. Ninety-nine patients were randomized to
CLR or NC, with DE infiltrating at least the muscular layer, at least 50% of the circumference of the bowel, up to 15 cm from the anal
verge, exhibiting pain and bowel symptoms and/or infertility. The primary endpoint was bowel function, represented by low anterior
resection syndrome (LARS). Secondary parameters included the Endometriosis Health Profile 30 (EHP30), Gastrointestinal Quality of
Life Index (GIQLI), Visual Analog Scale (VAS) scores preoperatively and at set times (1 and 6 months, 1 year) following surgery.
Results: No significant differences were observed in the postoperative LARS scores, VAS, EHP30, and GIQLI between the NC and
CLR groups. LARS scores did not reveal significant differences 12 months postoperatively compared to the preoperative values in
both groups (CLR group P =0.93 versus NC group, P=0.87). GIQLI scores were significantly improved 12 months after the
operation compared with baseline values in the CLR group (P=0.002) and NC group (P = 0.001). Pain symptoms and quality of life
scores significantly improved 12 months postoperatively in both groups.

Conclusions: NCis afeasible surgical approach for treating patients with rectal DE. Our study did not show a statistically significant
difference between CLR and NC techniques in mid-term digestive and pain outcomes.

Keywords: colorectal endometriosis, endometriosis health profile 30, gastrointestinal quality of life index, low anterior resection
syndrome, natural orifice specimen extraction

Introduction
HIGHLIGHTS

e Both natural orifice specimen extraction colectomy and
conventional laparoscopic colorectal resection equally
improve the functional outcomes and the quality of life

aDepartment of Obstetrics and Gynecology, Semmelweis University, MedEnd Institute, of patients with deep infiltrating rectal endometriosis.

Budapest, Hungary and “Department of Gynecology, Center for Endometriosis, Hospital e Pain symptoms and quality of life were significantly

St. John of God, Rudolfinerhaus Private Clinic and Campus, Vienna, Austria improved 12 months postoperatively compared to the
preoperative values in both groups.

e Impaired bowel function alone should not be an indication
for the surgical treatment of colorectal endometriosis.

Colorectal endometriosis is observed in up to 3-37% of women
with a known diagnosis of endometriosis™*?!, and is most
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commonly located in the rectum or sigmoid colon!®!. Although
bowel endometriosis may be entirely asymptomatic, colorectal
deep endometriosis (DE) commonly affects health-related quality
of life*~71,

Laparoscopic surgery is the most widely accepted surgical
approach in cases of bowel involvement® % but the optimal
type of resection remains unresolved! =1,

Surgical specimen removal after segmental bowel resection can
either be accomplished by minilaparotomy or by the natural
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orifice extraction technique!™>~'8!, According to previously pub-
lished systematic reviews and meta-analyses, the natural orifice
specimen extraction (NOSE) procedure is safe, may significantly
reduce the duration of hospital stay, accelerate postoperative
recovery with a better cosmetic outcome, results in lower post-
operative pain, and complication rates"*~2!!, Several studies have
demonstrated a significant drop in pain scores and amelioration
of impaired sexual functioning in women following the surgical
resection of colorectal endometriosis; nevertheless, long-term,
prospectively collected data on gastrointestinal well-being after
segmental bowel resection for DE in a large cohort of patients are
sparsel 1122251,

The primary objective of this study was to report the
short-term and medium-term outcomes of bowel function as
reflected by the Low Anterior Resection Syndrome (LARS)
score2°],

Our secondary outcomes assessed Visual Analog Scale (VAS)
scores, Gastrointestinal Quality of Life Index (GIQLI)7-281,
Endometriosis Health Profile 30 (EHP30)**3% rate of compli-
cations, length of hospital stay, and recovery after NOSE versus
conventional nerve and vessel spearing — colectomy for colorectal
endometriosis.

Material and methods

This study was designed in accordance with the Declaration of
Helsinki and approved by the Institutional Ethical and Review
Board of the University for the protection of human subjects (no.:
58723-4/2016/EKU) on 8 December 2016.

We conducted a single-center, randomized, open-label,
two-arm, parallel-group controlled trial to assess functional
outcomes and endometriosis-related pain changes in women
undergoing NOSE colectomy (NC) or conventional laparo-
scopic resection (CLR) for the management of colorectal DE
between 30 September 2019 and 31 December 2020, at
University Hospital. The secondary outcomes included com-
plication rates and fertility outcomes. The mean follow-up
time was 14+2.6 months.

Inclusion criteria were being clinically diagnosed (by at least
one imaging technique or via a previous surgery) as having
intestinal deep infiltrating endometriosis up to 15 cm from the
anus, involving at least the muscular layer in depth, and at least
50% of the recto-sigmoideal circumference in case of patients
complaining of pain and/or infertility, and age 18-45 years.
Ongoing pregnancy and suspected malignancy were excluded.
Written informed consent was obtained from all patients before
randomization.

All selected women underwent clinical examination by a
gynecologist experienced in colorectal surgery for endometriosis,
as well as a transvaginal ultrasound examination. Transvaginal
sonography was performed to assess whether the rectum was
involved, and to estimate the depth of rectal wall infiltration
according to the IDEA protocol®!l. In case of parametrial
involvement a pelvic MRI was also performed. All the surgeries
were performed by the same surgical team.

This work has been reported in line with the Consolidated
Standards of Reporting Trials (CONSORT, Supplemental
Digital Content 1, http:/links.lww.com/JS9/A991) Guidelines
(Fig. 1)321,

Theory/calculation

Questionnaires

Patients were asked to complete baseline questionnaires including
questions about pelvic organ function, pelvic pain, and quality of
life related to endometriosis using the VAS (dysmenorrhea, dys-
pareunia, dyschezia, dysuria, and chronic pelvic pain), EHP30
(pain, control and powerlessness, emotional well-being, social
support, self-image, sexuality)?*3° the GIQLI?”?%!, and the
LARS® score to assess bowel function preoperatively (T0), and
at 30 days (T1), 6 months (T2), and 1 year (T3) postoperatively.

Infertility assessement

The endometriosis fertility index®3! was calculated for each
procedure. The clinical pregnancy rates were calculated during
the first postoperative year.

Randomization

Assigning patients to NOSE or conventional colorectal resection
was based on a randomization list using a simple randomization
method. To determine the allocation sequence, computer-based
coin flipping (http:/www.random.org) was carried out by a
staff member with no clinical involvement in the study.
Randomization started after the patient had completed all base-
line assessments and provided written consent to be enrolled in
the trial. Patients were analyzed within the group to which they
were allocated, irrespective of whether they had experienced the
intended intervention (intention-to-treat analysis).
Blinding in our study was not feasible.

Statistical analysis

The study data were evaluated using descriptive statistical
methods such as average, median, range frequency, and dis-
tribution. Variables were tested for normality using the
Kolmogorov—Smirnov-Lilliefors and the Shapiro-Wilk tests;
skewness and kurtosis were also examined. Groups of values
without a normal distribution were compared using the Mann—
Whitney U test, Kruskal-Wallis test, Fisher’s exact test, or
Wilcoxon signed-rank test. Where the distribution allowed, an
independent samples #-test was used for continuous variables.
The evolution of quality of life and digestive symptoms was tested
based on the records at 12 months.

All tests were two-sided, and P <0.05 was accepted as a sig-
nificant difference. Statistical analyses were performed using IBM
SPSS version 17 (IBM Corp.).

Sample size calculations

Based on the results of our previously published®!, multicenter,
retrospective study on the data of 205 patients with low rectal
endometriosis undergoing laparoscopic surgery, we ascertained
that in our center, the mean LARS scores were 29+ 12 in the CLR
group and 21+ 9 in the NC group at one year postoperatively. In
our present study, the randomized case selection enabled us to
build a cohort where at least 80% statistical power was set as the
target. LARS is the key characteristic/measure of a technique’s
outcome, supporting the power calculation performed (https://
clincalc.com/Stats/SampleSize.aspx) using our previous data. To
detect low anterior resection syndrome using the LARS score as a
continuous variable by assessing two independent study groups
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with a mean of 29+ 12 for the CLR group and 21+ 9 for the NC
group, a sample size of 70 patients was required with 80% power
at 0.05 alpha. Based on our previous experience, we predicted a
drop-out/loss to follow-up rate of 22%; therefore, our final
sample size was 91 patients.

Surgical procedures

The primary objective of surgery was to achieve visibly complete
elimination of all endometriotic lesions, regardless of the tech-
nique used. The team included two gynecological surgeons with
extensive experience in endometriosis surgery. Nerve-sparing and
vessel-sparing techniques were used to preserve the inferior
hypogastric plexus, hypogastric nerves, and splanchnic nerves on
at least one side.

All patients were placed in the modified dorsal lithotomy
position. Pneumoperitoneum was induced by inserting a Veress
needle (Karl Storz, Tuttlingen, Germany) into the umbilicus. A 4-
port approach was used. Subsequently, the patient was placed in
the steep Trendelenburg position. During the procedures, adhe-
siolysis was implemented for mobilization of the rectum and
sigmoid colon in cases of pelvic adhesions. The ureters were
dissected at the level of the uterine arteries. Limited tubular
resection in a mesosparing manner close to the bowel was used to
preserve the branches of the inferior hypogastric plexus.

During the complete intra-abdominal NOSE procedure, after
skeletonization and isolation of the affected rectum, the rectum
was tied off laparoscopically proximally and distally to the DE
nodule with a nonabsorbable suture (Dafilon 0; B Braun AG). A
laparoscopic atraumatic temporary intestinal clamp (Aesculap)
was placed to decrease the chance of fecal spillage, cephalad to
the resection line. A transverse colostomy was performed in
healthy tissue using a harmonic scalpel to deliver the anvil from a
circular stapler (Proximatew ILS CDH 29, Ethicon Endo-
Surgery) introduced through the anus using a sterile laparoscopic
camera sleeve (folded laparoscopic camera sleeve; 3M, St Paul).
With the use of a camera sleeve for anvil introduction into the
abdominal cavity, the possibility of peritoneal cavity con-
tamination was reduced!"®,

A completely transected specimen was extracted transrectally
through the camera sleeve in a specimen retrieval bag. The
proximal part of the anastomosis was created by suturing the
anvil in place with the purse-string of a monofilament laparo-
scopic suture (PDS 2.0; Ethicon, Inc.). The intestinal clamp was
removed. The distal rectum was closed by using an endoscopic
linear stapler. End-to-end anastomosis was performed by using a
circular stapler.

With conventional segmental bowel resection, dissection was
continued towards the pelvic floor distally to the affected seg-
ment. The rectum was then skeletonized using a vessel-sealing
device (Harmonic Scalpel ACE; Ethicon Endo-Surgery) laterally
and anteriorly, entering the rectovaginal septum and preserving
the posterior wall of the vagina. The distal rectum was closed
using an endoscopic linear stapler (Echelon Flex Endopath,
Ethicon Endo-Surgery). The mobilized rectum with the specimen
was retrieved through a small suprapubic incision. The anvil of a
conventional circular stapler was introduced into the proximal
colon following the placement of a purse-string suture (PDS 2.0;
Ethicon, Inc.). Circular stapled colorectal end-to-end anasto-
mosis was then performed (Proximatew ILS CDH 29).

International Journal of Surgery

At the end of both procedures, extensive saline irrigation was
performed, and the integrity of the suture line at the distal rectum
was verified using the Michelin test. A drain was conventionally
left in place in the pouch of Douglas!!822],

The perioperative care was similar in patients from both arms
of the study as the participants received the same medication and
nursing technique.

Outcomes

The primary outcome of our study was to test whether the NOSE
colectomy technique offered any advantage in terms of functional
outcomes and quality of life when compared to conventional
laparoscopic bowel resection. As secondary outcomes, the com-
plication rates, time to recovery, and impact on fertility of both
procedures were assessed.

Results

A total of 91 patients were enrolled in the study between 30
September 2019 and 31 December 2020, at the University
Hospital, with 42 randomly assigned to the NC arm and 49
assigned to the CLR arm. One patient was lost to follow-up
(Fig. 1).

The demographic and clinical characteristics of the partici-
pants are shown in Table 1. The mean age of the patients in the
NC and CLR groups was 35+ 5 and 34 + 5 years, respectively. All
the patients had one or more pain or intestinal symptoms.
Twenty-six patients in the NC group (63.4%) and 35 patients in
the CLR group (71.4%) had undergone one or more previous
surgeries for endometriosis, excluding colorectal procedures.

Tables 2 and 3 present intraoperative findings and post-
operative complications, respectively. The anatomical distribu-
tion of the endometriotic DE lesion sites was similar in both
groups. There was no difference in the length of hospital stay
between the NC and CLR groups (5,343 days in the NC group
versus 5,7+ 2 days in the CLR group). All cases were confirmed
by histological examination.

The intraoperative classification of endometriosis was per-
formed according to the rASRM and ENZIAN classification
systems during all procedures®*35 see Table 2.

When comparing the NC and CLR groups with regard to the
rates of grade [ and I postoperative complications, no statistically
significant difference was found. According to the Clavien-Dindo
classification, we observed two severe (grade III or higher) com-
plications (2.27%): one anastomotic leakage in the NC group
and one rectovaginal fistula in the CLR group!®®!. These were
managed with a covering ileostoma repair. Intestinal continuity
was restored within three months.

Table 4 shows preinterventional and postinterventional values
of GIQLI, EHP30, LARS, and VAS scores, which were compar-
able between the two arms. The LARS scores did not reveal sig-
nificant differences 12 months after the operation compared to
the baseline values in both groups (NC: T0=22.2+11.7,
T3=16.33+14.18, P=0.87; CLR: T0=21.41+£10.2,
T3=17.90+11.1, P=0.934). GIQLI significantly improved
12 months after the operation compared with the baseline values
in both groups NC: T0=96.17+16.07, T3=112.13+16.8,
P=0.001 and CLR: T0=95.44+23.1, T3=111.39£18.4,
P=0.002.
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Assessed for eligibility:
sAge:18 — 45 years (both inclusive)
sComplaining of infertility and/or pain

by previous surgery
sup to 15 cm fromthe anus

*Deep endometriosis infiltrating the rectum on at least one imaging technique or confirmed

sinvolving at least the muscularis layerindepth

Excluded:

* Suspected pelvicmalignancy n=1
*Pregnancy

*Patients without bowel resection n=2

r

Informed consent

k.

¥

—

Randomizationn=91 }—l

Conventional laparoscopic bowel resection n=49

i

Follow-ups: 1, 6, 12 months postoperatively

e

l Intention-to-treat analysis n=49 ‘

Allocation

Analysis

NOSE bowel resection n=42

e

Drop out: Follow-ups: 1, 6, 12 months postoperatively
unintended discresectionn=2 Lost to follow upn=1

\//

| Intention-to-treat analysis n=42 [

—_ ==

End of the study ‘

Figure 1. Flow diagram (CONSORT 2010) for study of patients, who underwent NOSE or conventional laparoscopic segmental resection for rectal DE.

The EHP30 scores significantly improved 12 months after the
operation compared to the preoperative values in both groups.
The overall GIQLI, EHP30, and LARS scores did not reveal
significant differences between the two arms 12 months after
surgery.

Demographic data.

Patients’ baseline characteristics NOSE (n=42) Conventional (n=49)
Age (years) 35+5 34+5
BMI (kg/m?) 21+3 23+4
ASA score

I 29 (70.7%) 32 (65.3%)

I 12 (29.3%) 17 (34.7%)
Infertility 14 (34.1%) 20 (40.8%)
Previous surgeries for endometriosis

NO surgery 15 (36.6%) 14 (28.6%)

1 surgery 17 (41.5%) 17 (34.7%)

2 or more surgeries 9 (21.9%) 18 (36.7%)
Type of previous surgeries

No of patients with previous surgeries 26 (63.4%) 35 (71.4%)

Previous laparoscopy 23 (56.1%) 32 (65.3%)

Previous laparotomy 7(17.1%) 12 (24.4%)
Previous pregnancy/delivery

Pregnancy 12 (29.3%) 12 (24.4%)

Delivery 9 (21.9%) 5 (10.2%)

Data are n (%) and mean + SD.
ASA, American Society of Anaesthesiologists score; NOSE, Natural Orifice Specimen Extraction.

Figure 2 presents preoperative, and postoperative EHP30
scores, GIQLI and LARS scores.

Regarding pain symptoms, the chronic pelvic pain, dyspar-
eunia, and dyschezia VAS scores were significantly improved in
both groups compared with the baseline scores 1 year after sur-
gery (chronic pelvic pain: NC T0=6+5.2, T3=3+£2.2,
P=0.004; CLR: T0O=7+3.3, T3=242.3, P=0.0001; dyspar-

eunia: NC TO0=6+4.2, T3=3+3.1; P=0.0001; CLR:
TO=6+4.5, T3=3+25, P=0.0001; dyschezia: NC
TO=6+4.4, T3=3+2.1, P=0.0003; CLR: TO=5+4.7,

T3=2+1.7, P=0.0001). We found statistically significant
decreases in the intensity of dysmenorrhea (TO=4+1.9,
T3=3+2.1, P=0.03) and dysuria (T0O=3%5.8, T3=1£1.7,
P=0.04) after 1 year of follow-up in the NC group.

There was no statistically significant difference in the change in
LARS, GIQLI, EHP30, and VAS scores between the NOSE and
conventional treatment groups 12 months after surgery when
compared to preoperative values (T3 minus baseline) see Table 5.

The results of follow-up assessments for each time point (TO0,
T1, T2, and T3) are depicted in Supplementary Table 1
(Supplemental Digital Content 2, http:/links.lww.com/JS9/
A992).

During the 14+2.6 months of follow-up, 22 patients with
active child wishes achieved pregnancy: 8 in the NC arm (21%)
and 14 in the CLR arm (29%) (P=0.867). Among them, two
(4%) and two (5%) conceived spontaneously. Seven (NC group,
18%) and seven (CLR group, 14%) live births were reported in
both groups.
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Intraoperative findings.

International Journal of Surgery

Postoperative surgical complications.

NOSE Conventional
(n=42) (n=49) P
Operative time (min) 139+97 147 + 76 0.7
Hospital stay (day) 53+3 57+2 0.2
Blood loss (ml) 22+16 2422 0.4
Localization of deep nodules of the digestive tract
rectum 34 (82.9%) 42 (85.7%) 0.3
sigmoid/rectum junction 5 (12.2%) 7 (14.3%) 0.5
sigmoid 9 (21.9%) 7 (14.3%) 0.09
sigmoid and appendix 2 (4.8%) 2 (4.0%) 0.6
ileum 0 (0.0%) 6 (12.2%) 0.03
coecum 2 (4.8%) 6 (12.2%) 0.2
Segmental resection of ileum/coecum 2 (4.8%) 12 (24.4%) 0.7
Appendectomy 2 (4.8%) 2 (4.0%) 0.1
Omental/Mesorectal flap 3 (7.3%) 2 (4.0%) 0.9
Protective colostomy 0 (0.0%) 1(2.0%) 0.6
Diameter of largest rectal nodule (mm) 27+3.8 29+25 0.5
Deepest infiltration of the rectum
mucosa 5 (12.2%) 2 (4.0%) 0.5
submucosa 8 (19.5%) 6 (12.2%) 0.9
muscularis 28 (68.3%) 41 (83.8%) 0.2
Height of the lowest nodule (from the anal verge)
below 7cm 19 (46.3%) 20 (40.8%) 0.8
above 7cm 22 (53.7%) 29 (59.2%) 0.6
Length of the removed bowel segment 67 +2.7 83+3.8 0.06
(mm)
ASRM score 51424 4717 0.8
ENZIAN
Compartment A 30 (73.2%) 43 (87.7%) 0.1
Compartment B 5 (36.6%) 2 (24.4%) 0.9
Compartment C 42 (100%) 49 (100%) n.a
Compartment FA 27 (65.9%) 25 (51.0%) 0.8
Compartment FB 1(26.8%) 0 (20.4%) 0.3
Compartment FU O (0.0%) 7 (14.3%) 0.02
Compartment FI 13 (31.7%) 21 (42.9%) 0.7
Compartment FO 1(2.4%) 3(6.1%) 0.9
Concomitant management of
ovarian endometrioma 2 (29.3%) 5 (30.6%) 0.5
bladder nodule 1(26.8%) 0 (20.4%) 0.3
rectovaginal space DE 30 (73.2%) 43 (87.7%) 0.2
vaginal infiltration 4 (34.1%) 9 (38.7%) 0.4
peritoneal disease 9 (95.1%) 7 (95.9%) 0.3
ureteral DE 0 (0.0%) 7 (14.3%) 0.02
EFI score 48+21 52+1.8 0.3
Patency of fallopian tubes
Unilateral occlusion 4 (9.8%) 15 (30.6%) 0.007
Bilateral occlusion 20 (48.7%) 18 (36.7%) 0.2

Patent 17 (41.5%) 16 (32.7%) 0.1

Data are n(%) and mean + SD.
ASRM, American Society of Reproductive Medicine; DE, deep endometriosis; EFI, Endometriosis
Fertility Index; NOSE, Natural Orifice Specimen Extraction.

Discussion

To the best of our knowledge, this is the first prospective ran-
domized study on bowel function, quality of life, and pain out-
comes of two different specimen extraction techniques for the
surgical treatment of recto-sigmoideal DE.

We observed no statistically significant difference in the occur-
rence of LARS and GIQLI scores in our cohort of patients who
underwent either the NOSE-technique or the conventional nerve
and vessel-sparing bowel resection after one year of follow-up.

NOSE (n=42) Conventional (1=49) P

Complications according to Clavien—Dindo classification
|

Bladder atony (max 7 days) 5 (11.9%) 4 (8.1%) 0.739

Fever 4 (9.52%) 3(6.1%) 0.705

Clostridium difficile infection 4 (9.52%) 3(6.1%) 0.705
I

Rectal bleeding 2 (4.76%) 2 (4.1%) n.a

lleus 0 (0.0%) 1 (2.0%) na
Il

Anastomotic leakage 1(2.38%) 0 (0.0%) n.a

Rectovaginal fistula 0 (0.0%) 1(2.0%) n.a
1% 0 (0.0%) 0 (0.0%) na.

Data are n(%).
NOSE, Natural Orifice Specimen Extraction.
Fisher Exact test has been executed.

We found no evidence confirming the superiority of the
NOSE-technique technique over conventional laparoscopic seg-
mental resection in terms of bowel function and quality of life.

The complex of symptoms consisting of incontinence due to
flatus and/or feces, constipation, and frequent bowel movements
is referred to as LARS. However, little is known about the exact
cause of LARS. Several studies have addressed the symptoms of
LARS, but significant variability exists in the reporting of out-
comes after anterior resection®”!,

Riiskjaer et al.®’!] in their prospective observational study,
reported a significant increase in the frequency of defecation one
year after surgery, probably as a result of decreased reservoir
capacity. The mean overall LARS score was not significantly
different 1 year after surgery. Most patients had minor/major
LARS, both before and after surgery. Our study assessed the
occurrence of LARS both preoperatively and postoperatively,
and found no statistical difference between the extent of LARS
before and after surgery in the investigated cohort of women.

In the prospective cohort trial by Hudelist et al.l''! comparing
segmental and disk resection, they did not observe significant
differences in long-term functional outcomes regarding minor or
major LARS (P=0.48 and P =0.66, respectively). These findings
are in line with those previously reported by our group'*?!. In
agreement with recent findings''>?%!, we would like to emphasize
that impaired bowel function alone should not be an indication
for bowel surgery.

In the present study, GIQLI scores were comparable in both
groups and showed a statistically significant improvement over
time from the baseline values until 1 year after surgery in the NC
group (P=0.001) and CLR group (P=0.002) groups. This is
consistent with Roman et al."?!, who observed improved and
comparable GIQLI scores one year after anterior segmental
resection compared to disk excision.

Similar to previously published data our results
confirm that radical excision of colorectal DE improves the
quality of life and lowers pain scores.

As secondary outcomes, we assessed the occurrence of major
surgical complications, time to recovery, and length of hospita-
lization. Our data correlate with previously reported datal'®3%);
however, we could not confirm the shorter hospital stay and

[11,13,22,38,39]
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Preoperative and postoperative assessment of digestive function and quality of life.

NOSE (n=42) Conventional (n=49)
T0 T3 T0 T3
Questionnaires Mean SD Mean SD P Mean SD Mean SD P
LARS 22.2 1.7 16.33 1418 0.87 21.41 10.2 17.9 11.18 0.934
GIQLI 96.17 16.07 11213 16.8 0.001 95.44 23.11 111.39 18.48 0.002
EHP30
Pain 317 26.3 6 9.2 0.001 30.8 25.5 10.2 14.2 0.001
Emotional well-being 43.4 23.4 17.4 15.8 0.001 38.9 25.5 16.6 17.7 0.01
Control and powerlessness 459 26.5 1.4 16.2 0.016 411 31.9 12.2 16.5 0.014
Self-Image 37 26.5 12.6 15 0.001 37 31.8 18 23.9 0.000
Social suppose 24.3 24.6 5.1 9.1 0.000 316 31 6.9 144 0.000
Sexuality 36.1 34.9 12.3 20.5 0.043 43.9 34.5 19.1 25.3 0.003
VAS scores
Dysmenorrhea 4 1.9 3 2.1 0.03 5 5.1 4 3.1 0.24
Chronic pelvic pain 6 52 3 2.2 0.004 7 3.3 2 2.3 0.0001
Dyspareunia 6 4.2 3 3.1 0.0001 6 4.5 3 2.5 0.0001
Dysuria 3 5.8 1 1.7 0.04 2 5.8 1 2.8 0.27
Dyschezia 6 4.4 3 2.1 0.0003 5 47 2 1.7 0.0001

EHP30, Endometriosis Health Profile 30; GIQLI, Gastrointestinal Quality of Life Index; LARS, Low Anterior Resection Syndrome; NOSE, Natural Orifice Specimen Extraction; TO, preoperative; T3, 12 months after

surgery; VAS, Visual Analogue Scale.
Mann—Whitney U test was used.

lower postoperative pain scores after NOSE colectomy in our
cohort of patients.

Recently, a meta-analysis by Liu et a reported the incidence
of anastomotic leakage for the NOSE group was 3.6 compared to
5% in the conventional laparoscopic group. Another meta-ana-
lysis by Ma et al.?”! showed that laparoscopic resection with
NOSE resulted in fewer postoperative complications. From
the pooled data of the two meta-analyses, the incidence of ana-
stomotic leakage was not significantly different between the two

l. [40]

groups. Thus, we conclude that laparoscopic colorectal surgery
with NOSE is as safe as conventional laparoscopic surgery.
Previous studies have reported faster gastrointestinal recovery,
less postoperative pain, and a shorter hospital stays following
laparoscopic colorectal surgery with NOSE'81%#1 The results of
two recently published meta-analyses also suggested that the
NOSE group had less postoperative pain and shorter hospital
stay than the conventional laparoscopic anterior resection
group?%?54% In the aforementioned meta-analyses, the use of
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Figure 2. Endometriosis Health Profile 30 scales (pain, emotional well-being, control and powerlessness-CP, self-image, social support, sexuality), LARS (Low
Anterior Resection Syndrome) score and GIQLI (Gastrointestinal Quality of life Index) score in conventional and NOSE surgery groups preoperatively, 1 month,

6 months, and 1 year after the surgery.
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Clinical assessment 12 months after surgery.

NOSE (n=42)  Conventional (n=49) P
LARS delta T3-T0 —-5.93+10.58 —-6.80+11.50 0.923
Min—max —24-18 —34-16
GIQLI delta T3-TO 18.03 +19.51 156.07 +20.75 0.654
Min—max -10-70 —27-70
EHP30 delta T3-T0
Pain —23.01+£23.85 —-21.21+£22.18 0.666
Min—max —70.45-25 —63.64-18.18
Emotional well-being —26.21+24.08 —23.00+24.97 0.356
Min—max —70.83-41.67 —75-29.17
Control and powerlessness ~ —34.35+26.79 —29.77+27.89 0.375
Min—max —91.67-25 —87.50-29.17
Sexuality —21.40+28.49 —29.90+£31.75 0.900
Min—max —95-40 —90-60
Self-Image —24.18+26.07 —18.75+£26.77 0.311
Min—max -91.67-8.33 —90-60
Social support —20.79+25.56 —22.02+2317 0.865
Min—max —75-30 —-70-10
VAS scores delta T3-T0
Dysmenorrhea —241+£3.94 —-3.25+4.37 0.510
Min—max —9.65-6.78 —10-6.21
Chronic pelvic pain —4.29 +3.50 —-3.27+4.10 0.331
Min—max -10-3.36 —-10-7.11
Dyspareunia —3.79+3.45 —3.42+391 0.903
Min—max -10-17 -10-8.3
Dysuria —-0.52+158 —-016+£2.04 0.270
Min—max -8-1.73 —6-8.08
Dyschezia —-2.99+3.54 -3.60+4.27 0.281
Min—max —10-4.90 —-10-7.75

EHP30, Endometriosis Health Profile 30; GIQLI, Gastrointestinal Quality of Life Index; LARS, Low
Anterior Resection Syndrome; NOSE, Natural Orifice Specimen Extraction; TO, preoperative; T3,
12 months after surgery; VAS, Visual Analog Scale.

Mann-Whitney U test was executed.

the NOSE-technique was clearly associated with a shorter hos-
pital stay, less postoperative pain, and fewer perioperative com-
plications, although this was not confirmed in our study.

In agreement with recent findings!'**"! we would like to under-
line the fact that impaired bowel function alone should not be an
indication for bowel surgery since we noted the presence of different
degrees of LARS in the majority of our patients preoperatively and
the LARS scores did not significantly change after surgery.

Keane et al. recently defined LARS using a robust metho-
dology that includes multiple stakeholders. This innovative
approach suggested that both symptoms and consequences are
important priorities in LARS!*?!, These important priorities
may lead to better identification of patients who experience
bowel dysfunction and offer a better perception of LARS in
the future. Moreover, further research is needed to elucidate
the underlying mechanism of the presence of LARS before
colorectal resection.

In the present study, the difference between specimen extrac-
tion techniques after colorectal resection for DE had no effect on
the functional/surgical outcome or quality of life.

The wider implication of our study is that NOSE colectomy
offers the same benefits regarding bowel function, amelioration of
pain symptoms, and quality of life as conventional laparoscopic
anterior resection. Furthermore, after both procedures, the
occurrence of LARS was lower than that previously reported 2%,
and was similar to our recently published multicentric data!®?.

International Journal of Surgery

As all surgeries were performed by the same surgical team, it is
less likely that unbalanced patient enrollment significantly
affected the outcomes.

An obvious study limitation was our lack of blinding; however,
this was not feasible because of the clinical nature of our study.
The simple randomization method used in our study represents
another limitation, because it resulted in unequal study groups.

We report no imprecision in patient selection or detection, but
a potential source of attrition bias in our data occurred in one case
(loss to follow-up) exclusively in the NOSE group.

Conclusion

Our data demonstrated that both NOSE and conventional
laparoscopic colectomy are safe methods for the surgical treat-
ment of colorectal DE. The occurrence of long-term bowel dys-
function does not appear to be related to a specific surgical
technique. The external validity of our outcomes must be inves-
tigated in multicenter prospective randomized trials in a larger
cohort of patients.
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Abstract

Introduction: There is increasing evidence that intermediate and long-term bowel
dysfunction may occur as a consequence of radical surgery for rectal deep endome-
triosis (DE). Typical symptoms include constipation, feeling of incomplete evacuation,
clustering of stools, and urgency. This is described in the colorectal surgical literature
as low anterior resection syndrome (LARS). Within this, several studies suggested
that differences regarding functional outcomes could be favorable to more conserva-
tive surgical approaches, that is, excision of endometriotic tissue with preservation
of the luminal structure of the rectal wall when compared with classical segmental
resection techniques for DE, especially when performed for low DE.

Material and methods: A total of 211 patients undergoing rectal surgery for low
DE (<7 cm from the anal verge) in three different tertiary referral centers between
October 2009 and December 2018 were retrospectively reviewed regarding major
complications and LARS. From the 211 eligible patients, six women were excluded
because of loss to follow-up. Finally, a total number of 205 patients were enrolled
for the statistical analysis; 139 with nerve- and vessel-sparing segmental resection
(NVSSR) and 66 operated for laparoscopic-transanal disk excision (LTADE) were
included. Gastrointestinal functional outcomes of the two procedures were com-
pared using the validated LARS questionnaire. The median follow-up time was
46 + 11 months. As a secondary outcome, the surgical sequelae were examined.
Results: We found no statistically significant difference between the incidence of
LARS (31.7% and 37.9%, respectively) among patients operated by LTADE when
compared with NVSSR (P = .4). The occurrence of LARS was positively associated
with the use of protective ileostomy or colostomy (P = .02). A higher rate of severe
complications was observed in women undergoing LTADE (19.7%) when compared
with patients with NVSSR (9.0%, P = .029).

Abbreviations: DE, deep infiltrating endometriosis; HJIGWH, Center for Endometriosis, Department of Gynecology, Hospital St. John of God and Wilhelminen Hospital; LARS, low
anterior resection syndrome; LTADE, laparoscopic-transanal disk excision; NVSSR, nerve- and vessel-sparing segmental resection; RUH, Department of Obstetrics and Gynecology,
Rouen University Hospital; SU, Department of Obstetrics and Gynecology, Semmelweis University,.
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1 | INTRODUCTION

Deep infiltrating endometriosis (DE) represents the most severe form
of endometriosis and is present in 20%-35% of all women suffering
from the disease.! It is defined as the involvement of endometrial-
like tissue with a depth of more than 5 mm.2 Within this, intestinal
lesions are observed in 3%-37% of patients with endometriosis.>* In
cases of colorectal DE, indications for surgical therapies may depend
on the depth of infiltration, the size of the lesion, and the woman's
quality of life.>® Moreover, according to recently published data, the
location of the lesion, that is, the distance from the anal verge, and
therefore associated risks of surgical interventions, appears to be
pivotal in planning the optimal surgical management.>®

Several surgical procedures for the treatment of bowel endome-
triosis have been suggested and are a matter of constant debate.
Conservative surgical techniques consist of shaving and disk resec-
tion procedures whereas disruption of the whole luminal structure
of the bowel is accomplished in segmental resection, which is usually
used for large and multifocal rectal DE.>’ Some authors suggest that
conservative surgical treatment should be preferred to segmental
resection, particularly for low rectal lesions, because of a possible
increase of potential complications and postoperative bowel dys-
function.® A conservative surgical approach involving a laparoscop-
ic-transrectal large full-thickness rectal disk excision employing a
semicircular stapler was introduced to remove large nodules of low/
mid rectum, the laparoscopic-transanal disk excision (LTADE) or
so-called Rouen-technique.9*10 However, a recent randomized con-
trolled trial by Roman et al, including patients undergoing surgery
for low, mid- and upper rectal DE lesions revealed no statistically
significant differences regarding overall outcomes between LTADE
and those who underwent anterior segmental resection.*®

Although low anterior rectal resection and reanastomosis has
been criticized for increasing the risk of complications when com-

pared with discoid excision,®*?

a variant involving limited resec-
tion of the bowel wall with preservation of all adjacent structures
(autonomic pelvic plexus, rectal vascular supply, and mesorectal
fat) described as nerve- and vessel-sparing limited segmental re-
section (NVSSR) may offer similar benefits regarding pain, fertility,
and functional outcomes when compared with more conservative
methods. 1?13

Bryant et al assessed postoperative function of the pelvic organs
after surgery for rectal cancer and defined the term low anterior

resection syndrome (LARS).** In particular, altered bowel function

Conclusions: LARS is not more frequent after NVSSR when compared with a more
conservative approach such as LTADE in patients undergoing rectal surgery for low
DE. To confirm our findings prospective studies are required.

colorectal endometriosis, deep infiltrating endometriosis, laparoscopic surgery, low anterior

resection syndrome, surgical complications

Key message

Low anterior resection syndrome is not more frequent
after nerve- and vessel-sparing segmental resection when
compared with a more conservative approach such as lapa-
roscopic transanal disk excision in patients undergoing rec-

tal surgery for low deep infiltrating endometriosis.

has been shown to be associated with a decrease in quality of life.}®
To assess these possible sequelae, the LARS score has been imple-
mented using a five-item scoring tool for measuring bowel function
after restorative rectal oncologic surgery. Since its publication in
2012,% the score has been validated,'” and used as an outcome mea-
sure in several scientific papers.*®?

In a recent meta-analysis'’ the prevalence of major LARS after
low rectum resection was as high as 41% among patients treated
for colorectal cancer. Although a lot is known about the incidence of
LARS after colorectal cancer surgery, evidence concerning the use
of LARS after colorectal resection for DE on the basis of symptoms
and quality of life is scarce, especially for a high-risk patient group
with low rectal resections resulting in anastomotic lines within 7 cm
from the anus.*¥2%?! Hence, the aim of the present work was to
compare two surgical approaches (LTADE and NVSSR) for full-thick-
ness excision of rectal DE with an anastomotic height <7 cm distance
from the anal verge with regards to the incidence of LARS, postoper-

ative outcomes, and fertility results.

2 | MATERIAL AND METHODS
2.1 | Patient selection and preoperative workup

This study was designed as a retrospective international multicen-
tric cohort study and contains all premenopausal women with DE
of the lower rectum who were scheduled for surgical treatment of
DE in three tertiary referral centers (Department of Obstetrics and
Gynecology at Rouen University Hospital, Rouen, France [RUH]J;
Department of Obstetrics and Gynecology, Semmelweis University,
Budapest, Hungary [SU], and Center for Endometriosis, Department
of Gynecology, Hospital St. John of God and Wilhelminen Hospital
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Vienna, Austria [HIGWH)]) between October 2009 and December
2018.

In patients managed in Rouen, prospective recording of data
concerning antecedents, clinical symptoms, findings of clinical and
imagery examinations, surgical procedures, and postoperative out-
comes was performed through the CIRENDO (North-West Inter
Regional Female Cohort for Patients with Endometriosis) database
(NCT02294825). This cohort serves as a basis of numerous projects
and has led to several publications, focusing on various strategies of
management and outcomes of ovarian colorectal endometriosis with
different end points.

A total of 211 patients were eligible, six were excluded because
of missing data or were lost to follow-up. In all, 205 patients were
enrolled for the statistical analysis: 139 with NVSSR from the RUH
(n=52), SU (n = 50), and HIGWH (n = 37) and 66 patients operated
at the RUH using the LTADE technique. Inclusion criteria were as
follows: women aged between 18 and 45 years (both inclusive) com-
plaining of endometriosis-related pain and/or infertility with DE infil-
trating at least the muscular layer of the low rectum, up to 7 cm from
the anal verge managed by either LTADE or NVSSR. Patients with di-
agnosed or suspected malignancy were excluded, as well as women
who had undergone previous colorectal surgery or had a history of
chronic inflammatory diseases of the gastrointestinal tract and/or
chronic defecation dysfunction related to other factors such as birth
trauma. Ongoing pregnancy was an exclusion criterion. Preoperative
workup included a physical examination, transvaginal sonography,
abdominal and pelvic MRI and in some cases at RUH, CT colonos-
copy. When performed, transvaginal sonography examinations were

carried out presurgically according to the IDEA protocol.??

2.2 | Surgical interventions and technique

Surgeries were all performed by a multidisciplinary team with the
participation of the same gynecological and colorectal surgeon in
each centre. Patients received antibiotic prophylaxis 30 minutes
pre-operatively (2 x 1.5 g cefuroxime intravenously and 2 x 500 mg
metronidazole intravenously) and a bowel preparation (two packs of
laxatives containing sodium picosulfate and magnesium citrate) the
day before surgery. Although mechanical bowel preparation is not
generally recommended for laparoscopic colorectal resection, we
administered bowel preparation to decrease the chance of anasto-
motic leakage and incisional surgical site infection.?®

The goal of the surgical treatment in all institutions was to elimi-
nate all macroscopically visible endometriotic foci and to preserve and/
or enhance fertility. All surgeries were performed laparoscopically in
a multidisciplinary set-up with the contribution of a gynecologist and
a colorectal surgeon, and with the assistance of a urologist if needed;
set-up was the same for all procedures. Patients were placed in a modi-
fied dorsal lithotomy position. The pneumoperitoneum was created by
inserting a Veress needle in the umbilicus. A four-port approach was
used: the first 10-mm port was inserted in the umbilicus. In cases of low

rectum (4-7 cm from the anal verge) and vaginal nodules, special care

was taken to preserve the branches of the inferior hypogastric plexus.
During the NVSSR procedures we used a nerve “avoiding” technique
with gentle pulling of the fibers laterally along with surgical instru-
ments possessing minor lateral thermal effects. Furthermore, a limited
tubular resection technique was performed in a meso-sparing manner
close to the bowel in order to preserve the branches of the inferior hy-
pogastric plexus, as described in detail previously as NVSSR.1218 The
distal rectum was closed using a 45/60-mm endoscopic linear stapler
(Echelon Flex Endopath Ethicon Endo-Surgery). End-to-end anastomo-
sis was made using the circular stapler (Proximate ILS CDH 29; Ethicon
Endo-Surgery). Air-leak testing was performed in all cases and a drain
was placed in the pouch of Douglas.

LTADE was performed using transanal staplers (semicircular
staplers) or directly through the vagina when opened to remove
vaginal infiltration.” The procedure started by performing a rectal
shaving. When the shaved area of the anterior rectal wall was still
infiltrated, it appeared rigid and thickened under palpation with
a laparoscopic probe. In these cases, a complete treatment was
achieved by full-thickness disk excision, employing a concomitant
transanal route.'® The colorectal surgeon used the Contour Transtar
(Ethicon Endo-Surgery) stapler when the shaved area was located
less than 7 cm above the anus. The thinner and softer the shaved
rectal wall was, the larger the diameter of the rectal patch that could
be removed using the transanal stapler. When multiple nodules were
revealed, the rectal nodule was managed using a conservative tech-
nique, whereas associated nodules of the colon, caecum or small
bowel were treated separately, by shaving, disk excision or segmen-
tal resection.?* Additional surgical procedures for non-colorectal
manifestations of the disease were performed during the same pro-
cedure, such as cystectomy of ovarian endometriomas, excision of
bladder DE nodules, ureterolysis or segmental ureteral resection/
ureteric neoimplantation, excision of parametrium, and excision
and/or ablation of peritoneal lesions. During the postoperative
course, according to the ERAS (Enhanced Recovery After Surgery)
protocols, we advised oral carbohydrate fluid intake on the first day
after surgery.25 On the second day we started a low-fiber diet, and
the time to resume a normal diet was 3 to a maximum of 4 days. The
criteria for hospital discharge in all cases were tolerance of a solid
diet and passage of flatus and stool. Patients were asked to present
for a postoperative check-up 4 weeks and 6 months after surgery.
Postoperative evaluation of digestive function was assessed using
the validated LARS at least 12 months after surgery. The analyzed
items were: incontinence for flatus, incontinence for liquid stools,
frequency, clustering, and urgency. The range (0-42) was divided
into 0-20 (no LARS), 21-29 (minor LARS), and 30-42 (major LARS).*
Early postoperative complications were recorded and categorized

according to the Clavien-Dindo classification.?

2.3 | Statistical analyses

The study data were evaluated by descriptive statistical methods,

such as average, median, range frequency, and distribution. Variables
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were tested for normality using the Kolmogorov-Smirnov-Lilliefors
and the Shapiro-Wilk tests; skewness and kurtosis were also exam-
ined. Groups of values without normal distribution were compared
using the Mann-Whitney U test, Kruskal-Wallis test, Fisher's exact
test, or Wilcoxon signed ranks test. Where the distribution allowed,
Pearson chi-squared test was used for categorical variables and an
independent samples t test regression model for continuous vari-
ables. All tests are two-sided and P < .05 was accepted as a signifi-
cant difference. Statistical analysis was undertaken using IBM SPSS
version 17 (IBM Corp., Armonk, NY, USA).

2.4 | Ethical approval

Data were retrieved retrospectively from a prospectively maintained
electronic database used in all three included centers. Patient baseline
characteristics, intraoperative findings, surgical procedures, and fol-
low up were prospectively recorded in the North-West Inter Regional
Female Cohort for Patients with Endometriosis (CIRENDO, 17 January
2019) database (NCT02294825) by a clinical research technician at
the RUH. In the case of SU, the NOSERES database (NCT04109378)
was used, and the TIE database was used in HSGWH. All databases
and the study were approved by the local institutional ethical and re-
view boards of RUH and SU for the protection of human subjects (nos
58723-4/2016/EKU [8 December 2016]; HSJGWH No:WSP-1-GYN
and Barmherzige Briider Ethikkommission [5 September 2017]).

3 | RESULTS
3.1 | Surgical findings and sequelae

From October 2009 until December 2018, a total of 1494 patients
(RUH n =831, SU n = 407, HJIGWH n = 256) underwent surgery for
bowel endometriosis. Out of the 1494 patients, 211 were diagnosed
with low colorectal DE and underwent either NVSSR (n = 140) or
LTADE (n = 71) and 205 consecutive patients had data available for
final analysis. The median follow-up time was 46 + 11 months. Further
patient characteristics are depicted in Table 1. The prevalence of pre-
operative infertility was higher in the NVSSR group when compared
with patients undergoing LTADE (P < .001), whereas no difference
was found with regards to pain symptoms, except for dyspareunia.
The average median and range of revised American Fertility
Society scores of the patients are shown in Table 2. As presented,
the anatomical distribution of endometriotic DE lesion sites was sim-
ilar in both groups. The length of the resected bowel section varied
from 5 to 19 cm with an average length of 8 cm (+6 cm) in NVSSR
cases. Endometriosis was present in areas other than the colorec-
tal region in most cases. As shown, the frequency of extra-colonic
localization of endometriotic lesions was similar in both groups.
Most commonly these were found in the rectovaginal septum, pel-
vic peritoneum, bladder, ureters, and ovaries (Table 2). In the LTADE
and NVSSR groups, respectively, 57/66 patients (86%) and 111/139

TABLE 1 Patient characteristics

LTADE NVSSR
n % n %
Characteristics 66 32.2 139 678 P value®
Age (y), mean + SD 299 +4.2 32.6 +4.9 <.000
BMI (kg/m?), mean +SD  23.3+4.6 241+ 39 42
Obstetrical history
Parity, mean + SD 0.25+0.64 0.30+0.58 .51
Gravidity, mean + SD 0.53+0.93 0.44 +0.83 .304
Previous gynecological surgeries
Laparotomies g 4.5 19 13.7 .001
Laparoscopies
1 17 258 45 324 .31
22 10 15.2 23 16.5 .879

Preoperative subfertility 18 27.3 82 59.0 <.000

Preoperative cyclic symptoms

Dysmenorrhea 66 100 136 97.8 241
Intensity of 63 95.5 131 94.2 .81
dysmenorrhea
(VAS > 4)
Dyspareunia 63 95.4 110 79.1 .007
Intensity of dyspareunia 41 63.6 83 59.7 .34
(VAS > 4)
Dyschezia 51 77.2 84 60.4 .045
Intensity of dyschezia 36 545 71 51 .507
(VAS > 4)

Abbreviations: BMI, body mass index; LTADE, laparoscopic-transanal
disk excision; NVSSR, nerve- and vessel-sparing segmental resection;
VAS, visual analog scale.

*Mann-Whitney U and Pearson chi-squared tests.

women (79%) required vaginal resection because of vaginal involve-
ment (P = .391). There was no statistically significant difference
between the duration of surgeries in the LTADE group when com-
pared with the NVSSR group: 218 minutes (+71.4) and 225 minutes
(+£71.4), respectively (P = .58).

According to the Clavien-Dindo classification, we observed a
severe (grade lllb or higher) overall complication rate of 28.6% in
205 patients. Anastomotic leakage occurred in 2 out of 139 (1.4%)
patients in the NVSSR and in none of the LTADE group (P = .3).
However, significantly more rectovaginal fistulae were observed
in the LTADE group (10.6%) compared with NVSSR (3.6%, P = .04).
When comparing the LTADE and NVSSR group with regards to rates
of grade | postoperative complications we found no statistically sig-
nificant difference (P = .55).

A case of bowel stenosis occurred in the group of patients oper-
ated using LTADE after a concomitant segmental sigmoid resection
at the level of the anastomosis of the sigmoid colon and was not
associated with the large rectal disk excision.

Further information is given in Table 3, and Table 4 shows post-

operative rates of LARS in the respective cohorts. As demonstrated,
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TABLE 2 Intraoperative findings
LTADE NVSSR
n % n %
66 32.2 139 67.8 P value®
Operative time (min), mean + SD 218.6 +71.4 225.5+96.1 .58
Surgical approach
Laparotomy 0 0.0 4 2.9 .05
Laparoscopy 66 100 135 97.1 673
Revised rAFS score, mean + SD 53.4 + 30.1 67.2 + 37.8
rAFS stage | 0 0.0 1 0.7 49
rAFS stage Il 11 16.7 9 6.5 .022
rAFS stage I 6 9.1 18 12.9 42
rAFS stage IV 49 74.2 111 79.9 .364
Rectal DE lesion size
10-29 mm 12 18.1 38 27.4 154
>30 mm 54 81.9 101 72.6
Rectovaginal endometriosis 65 98.4 131 94.2 .391
Ovarian endometriosis 41 62.1 103 74.1 137
Temporary diverting stoma
lleostomy 2 3.0 4 2.9 37
Colostomy 49 72.2 45 32.3 <.001
Additional surgical digestive procedures
Sigmoid colon resection 11 16.6 0 0 .000
Appendectomy 4 6.0 10 7.1 462
Vaginal opening/resection 57 86.3 111 79.8 .37
Urinary tract procedures
Resection of bladder DE 8 121 22 15.8 .54
Ureteral resection and 6 9.0 24 17.2 .071
reanastomosis
Ureteral neoimplantation 1 1.5 3 2.1 .316

Abbreviations: DE, deep endometriosis; LTADE, laparoscopic-transanal disk excision; NVSSR, nerve- and vessel-sparing segmental resection; rAFS,

revised American Fertility Society score.

2Comparison between the two surgical techniques using the Fisher exact, Pearson chi-squared and Mann-Whitney U tests.

no statistically significant difference between the incidence of the
LARS (31.7% and 37.9%) was observed among patients undergoing
LTADE when compared with women treated with NVSSR (P = .4).
The prevalence of major LARS in the LTADE group was 16.7% with
similar rates in NVSSR (12.2%, P = .6). The occurrence of major
LARS was positively associated with the use of protective colostomy
(P=.02).

4 | DISCUSSION

We report the first study comparing sequelae of two surgical ap-
proaches for treating DE infiltrating the low rectum (within 7 cm of
the anal verge). Although different rates of rectovaginal fistula de-

velopment were observed, the techniques appear to be comparable

regarding other major complications and the development of LARS.
In the light of the risk of rather high rates for major complications in
the whole study cohort, it is a matter of debate whether and how to
embark on surgical treatment in this special patient group exhibiting
low rectovaginal DE.

Besides the proven benefits of surgical therapy for DE with ad-
ditional colorectal involvement, such as reduction of pain symptoms
and increases in spontaneous and assisted reproductive technique
pregnancy rates,?’ it also confers the risk of major complications.
Within this, knowledge of potential risk factors enhancing sur-
gery-related complications is important, especially in light of the fact
that endometriosis is a benign, non-life-threatening disease, which
contrasts with cancer surgery. As a consequence, several studies
have tried to evaluate the advantages and disadvantages of conser-

vative, that is, rectal shaving and discoid resection techniques, as
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TABLE 3 Postoperative complications according to Clavien-Dindo

Clavien-Dindo complications
Grade |
Grade Il
Bladder atony after 7 d requiring self-catheterization
Grade lll-IV
Rectovaginal fistula
Stenosis of rectal lumen, requiring additional procedure
Anastomosis leakage
Pelvic abscess
Pyosalpinx
Stenosis of the ureteral anastomosis

Ureteral fistula

LTADE NVSSR

n % n %

66 32.2 139 67.8 P value?
3 4.5 7 5.03 .098

11 16.7 9 6.49 .001
7 10.6 5 3.6 .04
1 1.5 0 0 14
0 0 2 1.4 .3
6 9 3 2.1 .007
0 0 1 0.7 .5
0 0 1 0.7 .5
0 0 1 0.7 .5

Abbreviations: LTADE, laparoscopic-transanal disk excision; NVSSR, nerve- and vessel-sparing segmental resection.

dComparison between the two surgical techniques using the Fisher exact test.

well as more radical strategies like segmental bowel resection, which
is also carried out for rectal cancer in a more extensive fashion.

Donnez et al recently reviewed the current evidence of the
three surgical treatment options and suggested that conservative
approaches must, whenever possible, be preferred to segmental re-
section because of the possible decrease in major complication rates,
such as anastomotic leakage, rectovaginal fistula development, and
long-term bladder catheterization.® Within this, it should be noted
that there is no consensus, nor is there any evidence on how to ideally
perform segmental resection for rectal DE because adaptations such
as autonomic nerve preservation?® and the preservation of nerves,
mesorectal fat, and vessels'?'® have been described and may confer
benefits regarding short- and long-term problems related to bowel
surgery. As already mentioned, the only prospective randomized con-
trolled trial performed so far, by Roman et al X0 comparing full-thick-
ness discoid excision vs segmental resection in nodules infiltrating
the rectum did not reveal a significant difference in major postoper-
ative complications and occurrence of bowel dysfunction when as-
sessed using standardized questionnaires. As the trial protocol had
been written in 2009, the trial outcomes were not assessed using the
LARS score, which was reported in the literature 3 years later.%6

The results of the present work are in line with these findings
and tried to elucidate the role of LTADE and NVSSR in a selected
patient population prone to complications due to a low anastomotic
height. Our observations underline the risk of major complications
in this patient group with an overall complication rate of 28.6%,
which necessarily needs to be taken into account when embark-
ing on surgical treatment for low-lying rectovaginal DE. Although
we observed no differences in occurrence of anastomotic leakage,
patients undergoing LTADE exhibited significantly elevated rates of
rectovaginal fistulae compared with NVSSR (10.6% vs 3.6%) with

similar occurrence of concomitant vaginal resection in both groups.

Nevertheless, because of the non-randomized and retrospective na-
ture of this study, these differences must be interpreted with cau-
tion. Furthermore, patients undergoing LTADE usually exhibit large
rectal lesions (above 3 cm) and anastomotic heights between 4 and
5 cm, which may further increase risk of fistula formation. Finally,
we did not observe a difference in the occurrence of LARS between
LTADE and NVSSR patients. One might postulate that the preser-
vational effect of LTADE and NVSSR regarding autonomic nerve
supply and large- and small-vessel perfusion may be similar. When
looking at LARS, it generally needs to be taken into account that
digestive complaints may also be present presurgically in women

with extensive rectal DE.?°

Within this, large DE lesions affecting
the parametrium may affect bladder and rectal function, through
irritation of the inferior hypogastric plexus. According to Riiskjaer
et al, a high number (73.5%) of the patients experienced symptoms
equivalent to minor or major LARS after surgery; however, this was
also the case before surgery.?°

A recent study by Juul et al'® found that major LARS (scores
>30) were common (9.9%-17.2%) in the general population, even
in the 20-45 years age group of female patients. Hence, norma-
tive data for LARS should be taken into account when interpreting
LARS score results in studies evaluating bowel function after rec-
tal surgery for DE.

One of the major limitations of our study is the lack of preoper-
ative assessment of the LARS in our cohort. Ideally, the evaluation
of digestive complaints should have been recorded both pre- and
post-surgery, which was not accomplished for our study with LARS
scores being introduced 3 years after 2009.

The other obvious limitation is the retrospective nature of our
study, which may be balanced by the fact that the electronic data-
bases that served as a basis of data collection were prospectively
established.
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TABLE 4 Bowel function after laparoscopic-transanal disk
excision and nerve- and vessel-sparing segmental resection

LTADE NVSSR

n % n %

p
66 322 139 67.8 value®

Do you ever have occasions when you cannot control your flatus (wind)?
No, never 26 39.3 72 52.2 .056
Yes, less than once per week 18 27.2 30 215
Yes, at least once per week 22 33.3 37 26.6

Do you ever have any accidental leakage of liquid stool?

No, never 55 83.3 122 877 118
Yes, less than once per week 8 12.1 12 8.6
Yes, at least once per week 3 4.6 5 3.7

How often do you open your bowels?

More than 7 times per day 1 1.5 5 3.5 .23
(24 h)

4-7 times per day (24 h) 2 3 20 143

1-3 times per day (24 h) 31 46.9 67 48.2

Less than once per day (24 h) 32 48.4 47 33.8

Do you ever have to open your bowels again within 1 h of the last
bowel opening?

No, never 30 454 39 28 .071
Yes, less than once per week 16 24.2 54 38.8
Yes, at least once per week 20 30.4 46 331

Do you ever have such a strong urge to open your bowels that you
have to rush to the toilet?

No, never 33 50 57 41 .068
Yes, less than once per week 22 33.3 56 40.2
Yes, at least once per week 11 16.6 26 18.7

LARS score®

No LARS 41 621 95 683 .6
Minor LARS 14 212 27 194
Major LARS 1 167 17 122
LARS score, median 19 20

Abbreviations: LARS, low anterior resection syndrome; LTADE,
laparoscopic-transanal disk excision; NVSSR, nerve- and vessel-sparing
segmental resection.

2Comparison between the two surgical techniques using the Fisher's
exact and Pearson chi-squared tests.

5L ARS score, range 0-42: 0-20, no LARS; 21-29, minor LARS; 30-42,
major LARS.

Whether LARS is directly associated with the application of pro-
tective stoma use as shown in the present work remains an open
question. Changes in the intestinal microbiome in patients with endo-

metriosis have been described,?”3°

and they may also occur because

of the application of a diverting stoma. Whether this poses a risk for

chronic bowel dysfunction needs to be elucidated in future studies.
Although colonic adaptation over a period of about 12 months

may improve bowel function, a recent meta-analysis®! confirms that

a significant population of patients continue to suffer into the mid
and long term. According to Croese et al,®! the cause of LARS is
complex and likely multifactorial. Impaired anal sphincter function
has been identified in patients following low anterior resection, this
could be a result of both direct injury to the anal sphincter as well as
damage to its innervation. Further studies need to be conducted for
follow-up LARS.

Very recently, Keane et al*® had a first attempt to define LARS
using robust methodology that included multiple stakeholders,
including patients. This novel approach has identified that both
symptoms and consequences are important priorities in LARS.
Acknowledging this by transforming these important priorities into
a new tool to measure LARS may enable better identification of pa-
tients who experience bowel dysfunction and more precise assess-
ment of the severity of LARS in the future.

5 | CONCLUSION

Taken together, the results of the present work support the need for
awareness of surgical risks and related complications in women un-
dergoing low rectal full-thickness resections by either conservative
or segmental resection techniques. These procedures should only
be performed in tertiary referral centers by well-trained multidisci-
plinary teams with extensive experience in surgery for DE and the
management of postoperative complications. Occurrence of long-
term bowel dysfunction does not appear to be related to a specific

surgical technique.

CONFLICT OF INTEREST

None.

ORCID

Attila Bokor https://orcid.org/0000-0001-9416-2438
Gernot Hudelist https://orcid.org/0000-0002-9424-2208

Horace Roman https://orcid.org/0000-0002-9237-0628

REFERENCES

1. Meuleman C, Tomassetti C, D'Hoore A, et al. Clinical outcome after
CO, laser laparoscopic radical excision of endometriosis with col-
orectal wall invasion combined with laparoscopic segmental bowel
resection and reanastomosis. Hum Reprod. 2011;26:2336-2343.

2. Koninckx PR, Ussia A, Adamyan L, Wattiez A, Donnez J. Deep
endometriosis: definition, diagnosis, and treatment. Fertil Steril.
2012;98:564-571.

3. Meuleman C, Tomassetti C, Wolthuis A, et al. Clinical outcome after
radical excision of moderate-severe endometriosis with or without
bowel resection and reanastomosis: a prospective cohort study.
Ann Surg. 2014;259:522-531.

4. Meuleman C, Tomassetti C, D'Hoore A, et al. Surgical treatment of
deeply infiltrating endometriosis with colorectal involvement. Hum
Reprod Update. 2011;17:311-326.

5. Working Group of ESGE, ESHRE, and WES, Keckstein J, Becker
CM, et al. Recommendations for the surgical treatment of en-
dometriosis. Part 2: deep endometriosis. Hum Reprod Open.
2020;2020:h0aa002.

85U8017 SUOWILLIOD @A 181D 3|0l [dde 8Ly Aq peueob e Sajoie YO ‘8sh JO Sa|n 10} AIq1T8UlIUO AB]IM UO (SUORIPUOD-PUR-SWBIALI0D" AB | 1M Ae.ql 1 |Bu [UO//:SdNL) SUORIPUOD PUe SWid | 8u 89S *[5202/20/LT] Uo AriqiTauliuo A8|im ‘Aisieaiun sempwwes Aq ororT sBoe/TTTT 0T/10p/woo 8| im Alqieuljuo uABao//:sdny wo.y pepeojumod ‘s ‘TZ0Z ‘ZT70009T


https://orcid.org/0000-0001-9416-2438
https://orcid.org/0000-0001-9416-2438
https://orcid.org/0000-0002-9424-2208
https://orcid.org/0000-0002-9424-2208
https://orcid.org/0000-0002-9237-0628
https://orcid.org/0000-0002-9237-0628

BOKOR ET AL.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Abrao MS, Petraglia F, Falcone T, Keckstein J, Osuga Y, Chapron C.
Deep endometriosis infiltrating the recto-sigmoid: critical factors to
consider before management. Hum Reprod Update. 2015;21:329-339.
Minelli L, Fanfani F, Fagotti A, et al. Laparoscopic colorectal resec-
tion for bowel endometriosis: feasibility, complications, and clinical
outcome. Arch Surg. 2009;144:234-239.

Donnez O, Roman H. Choosing the right surgical technique for deep
endometriosis: shaving, disc excision, or bowel resection? Fertil
Steril. 2017;108:931-942.

Roman H, Darwish B, Bridoux V, et al. Functional outcomes after
disc excision in deep endometriosis of the rectum using tran-
sanal staplers: a series of 111 consecutive patients. Fertil Steril.
2017;107:977-986.

Roman H, Tuech J-J, Huet E, et al. Excision versus colorectal resec-
tion in deep endometriosis infiltrating the rectum: 5-year follow up
of patients enrolled in a randomized controlled trial. Hum Reprod.
2019;34:2362-2371.

De Cicco C, Corona R, Schonman R, Mailova K, Ussia A, Koninckx
P. Bowel resection for deep endometriosis: a systematic review.
BJOG. 2011;118:285-291.

Bokor A, Lukovich P, Csibi N, et al. Natural orifice specimen ex-
traction during laparoscopic bowel resection for colorectal en-
dometriosis: technique and outcome. J Minim Invasive Gynecol.
2018;25:1065-1074.

Hudelist G, Aas-Eng MK, Birsan T, et al. Pain and fertility outcomes
of nerve-sparing, full-thickness disk or segmental bowel resection
for deep infiltrating endometriosis - a prospective cohort study.
Acta Obstet Gynecol Scand. 2018;97:1438-1446.

Bryant CL, Lunniss PJ, Knowles CH, Thaha MA, Chan CL. Anterior
resection syndrome. Lancet Oncol. 2012;13:403-408.

Keane C, Fearnhead NS, Bordeianou L, et al. International consen-
sus definition of low anterior resection syndrome. Colorectal Dis.
2020;22:331-341.

Emmertsen JK, Laurberg JS. Low Anterior Resection Syndrome
Score: development and validation of a symptom-based scoring
system for bowel dysfunction after low anterior resection for rectal
cancer. Ann Surg. 2012;255:922-928.

Juul T, Ahlberg M, Biondo S, et al. International validation of the low
anterior resection syndrome score. Ann Surg. 2014;259:728-734.
Juul T, Elfeki H, Christensen P, Laurberg S, Emmertsen KJ, Bager P.
Normative Data for the Low Anterior Resection Syndrome Score
(LARS Score). Ann Surg. 2019;269:1124-1128.

Croese AD, Lonie JM, Trollope AF, Vangaveti VN, Ho Y-H. A me-
ta-analysis of the prevalence of Low Anterior Resection Syndrome
and systematic review of risk factors. Int J Surg. 2018;56:234-241.
Riiskjeer M, Egekvist AG, Hartwell D, Forman A, Seyer-Hansen M.
Pelvic organ function before and after laparoscopic bowel resec-
tion for rectosigmoid endometriosis: a prospective, observational
study. BJOG. 2016;123:1360-1367.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ip JCY, Chua TC, Wong SW, Krishnan S. Rectal disc resection
improves stool frequency in patients with deep infiltrating en-
dometriosis: a prospective study. Aust N Z J Obstet Gynaecol.
2020;60:454-458.

Guerriero S, Condous G, van den Bosch T, et al. Systematic ap-
proach to sonographic evaluation of the pelvis in women with
suspected endometriosis, including terms, definitions and mea-
surements: a consensus opinion from the International Deep
Endometriosis Analysis (IDEA) group. Ultrasound Obstet Gynecol.
2016;48:318-332.

Scarborough JE, Mantyh CR, Sun Z, Migaly J. Combined mechani-
cal and oral antibiotic bowel preparation reduces incisional surgical
site infection and anastomotic leak rates after elective colorectal
resection: an analysis of colectomy-targeted ACS NSQIP. Ann Surg.
2015;262:331-337.

Millochau J-C, Stochino-Loi E, Darwish B, et al. Multiple nodule
removal by disc excision and segmental resection in multifocal col-
orectal endometriosis. J Minim Invasive Gynecol. 2018;25:139-146.
Lassen K, Soop M, Nygren J, et al. Consensus review of opti-
mal perioperative care in colorectal surgery: Enhanced Recovery
After Surgery (ERAS) Group recommendations. Arch Surg.
2009;144:961-969.

Dindo D, Demartines N, Clavien PA. Classification of surgical com-
plications: a new proposal with evaluation in a cohort of 6336 pa-
tients and results of a survey. Ann Surg. 2004;240:205-213.
Iversen ML, Seyer-Hansen M, Forman A. Does surgery for deep
infiltrating bowel endometriosis improve fertility? A systematic re-
view. Acta Obstet Gynecol Scand. 2017;96:688-693.

Ceccaroni M, Clarizia R, Bruni F, et al. Nerve-sparing laparoscopic
eradication of deep endometriosis with segmental rectal and para-
metrial resection: the Negrar method. A single-center, prospective,
clinical trial. Surg Endosc. 2012;26:2029-2045.

Yuan M, Li D, Zhang Z, Sun H, An M, Wang G. Endometriosis induces
gut microbiota alterations in mice. Hum Reprod. 2018;33:607-616.
Yamamoto A, Harris HR, Vitonis AF, Chavarro JE, Missmer SA. A
prospective cohort study of meat and fish consumption and endo-
metriosis risk. Am J Obstet Gynecol. 2018;219:178.e1-178.e10.
Croese AD, Lonie JM, Trollope AF, et al. A meta-analysis of the
prevalence of Low Anterior Resection Syndrome and systematic
review of risk factors. Int J Surg. 2018;56:234-241.

How to cite this article: Bokor A, Hudelist G, Dobd N, et al.
Low anterior resection syndrome following different surgical
approaches for low rectal endometriosis: A retrospective
multicenter study. Acta Obstet Gynecol Scand. 2021;100:860-
867. https://doi.org/10.1111/a0gs.14046

85U8017 SUOWILLIOD @A 181D 3|0l [dde 8Ly Aq peueob e Sajoie YO ‘8sh JO Sa|n 10} AIq1T8UlIUO AB]IM UO (SUORIPUOD-PUR-SWBIALI0D" AB | 1M Ae.ql 1 |Bu [UO//:SdNL) SUORIPUOD PUe SWid | 8u 89S *[5202/20/LT] Uo AriqiTauliuo A8|im ‘Aisieaiun sempwwes Aq ororT sBoe/TTTT 0T/10p/woo 8| im Alqieuljuo uABao//:sdny wo.y pepeojumod ‘s ‘TZ0Z ‘ZT70009T


https://doi.org/10.1111/aogs.14046

2025. 05. 21. 11:53 RightsLink Printable License

JOHN WILEY AND SONS LICENSE
TERMS AND CONDITIONS

May 21, 2025

This Agreement between Dr. Noémi Dobd Semmelweis University ("You") and John
Wiley and Sons ("John Wiley and Sons") consists of your license details and the terms and
conditions provided by John Wiley and Sons and Copyright Clearance Center.

License Number 6033561112033

License date May 21, 2025

Licensed Content Publisher ~ John Wiley and Sons

Licensed Content Publication Acta Obstetricia et Gynecologica Scandinavica

Low anterior resection syndrome following different
Licensed Content Title surgical approaches for low rectal endometriosis: A
retrospective multicenter study

Licensed Content Author Horace Roman, Jean-Jacques Tuech, Réka Brubel, et al
Licensed Content Date Dec 19, 2020

Licensed Content Volume 100

Licensed Content Issue 5

Licensed Content Pages 8

Type of use Dissertation/Thesis

Requestor type Author of this Wiley article

Format Print and electronic

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=cdb8a63-aa06-4f79-926¢c-a2b3ae893¢c33 1/6



2025. 05. 21. 11:53

Portion

Will you be translating?

Title of new work

Institution name

Expected presentation date

The Requesting Person /
Organization to Appear on the
License

Requestor Location

RightsLink Printable License

Full article

No

Quality of life assessment after bowel resection performed
for deep infiltrating colorectal endometriosis

Semmelweis University Budapest, Hungary

Sep 2025

Dr. Noémi Dobd Semmelweis University

Dr. Noémi Dobo

Péapay u. 7.

Budapest, 1097

Hungary
Publisher Tax ID EU826007151
Total 0.00 EUR
Terms and Conditions
TERMS AND CONDITIONS

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc.
or one of its group companies (each a"Wiley Company") or handled on behalf of a society
with which a Wiley Company has exclusive publishing rights in relation to a particular
work (collectively "WILEY"). By clicking "accept" in connection with completing this
licensing transaction, you agree that the following terms and conditions apply to this
transaction (along with the billing and payment terms and conditions established by the
Copyright Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at
the time that you opened your RightsLink account (these are available at any time at
http://myaccount.copyright.com).

Terms and Conditions

e The materials you have requested permission to reproduce or reuse (the "Wiley
Materials") are protected by copyright.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=cdb8a63-aa06-4f79-926¢c-a2b3ae893¢c33

2/6


http://myaccount.copyright.com/

2025. 05. 21. 11:53 RightsLink Printable License

e You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand-
alone basis), non-transferable, worldwide, limited license to reproduce the Wiley
Materials for the purpose specified in the licensing process. This license, and any
CONTENT (PDF or image file) purchased as part of your order, is for a one-
time use only and limited to any maximum distribution number specified in the
license. The first instance of republication or reuse granted by this license must be
completed within two years of the date of the grant of this license (although copies
prepared before the end date may be distributed thereafter). The Wiley Materials
shall not be used in any other manner or for any other purpose, beyond what is
granted in the license. Permission is granted subject to an appropriate
acknowledgement given to the author, title of the material/book/journal and the
publisher. You shall also duplicate the copyright notice that appears in the Wiley
publication in your use of the Wiley Material. Permission is also granted on the
understanding that nowhere in the text is a previously published source
acknowledged for all or part of this Wiley Material. Any third party content is
expressly excluded from this permission.

e With respect to the Wiley Materials, all rights are reserved. Except as expressly
granted by the terms of the license, no part of the Wiley Materials may be copied,
modified, adapted (except for minor reformatting required by the new Publication),
translated, reproduced, transferred or distributed, in any form or by any means, and
no derivative works may be made based on the Wiley Materials without the prior
permission of the respective copyright owner.For STM Signatory Publishers
clearing permission under the terms of the STM Permissions Guidelines only,
the terms of the license are extended to include subsequent editions and for
editions in other languages, provided such editions are for the work as a whole
in situ and does not involve the separate exploitation of the permitted figures
or extracts, You may not alter, remove or suppress in any manner any copyright,
trademark or other notices displayed by the Wiley Materials. You may not license,
rent, sell, loan, lease, pledge, offer as security, transfer or assign the Wiley Materials
on a stand-alone basis, or any of the rights granted to you hereunder to any other
person.

e The Wiley Materials and all of the intellectual property rights therein shall at all
times remain the exclusive property of John Wiley & Sons Inc, the Wiley
Companies, or their respective licensors, and your interest therein is only that of
having possession of and the right to reproduce the Wiley Materials pursuant to
Section 2 herein during the continuance of this Agreement. You agree that you own
no right, title or interest in or to the Wiley Materials or any of the intellectual
property rights therein. You shall have no rights hereunder other than the license as
provided for above in Section 2. No right, license or interest to any trademark, trade
name, service mark or other branding ("Marks") of WILEY or its licensors is
granted hereunder, and you agree that you shall not assert any such right, license or
interest with respect thereto

e NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY,
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS
OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE
MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
BY YOU.

e WILEY shall have the right to terminate this Agreement immediately upon breach
of this Agreement by you.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=cdb8a63-aa06-4f79-926¢c-a2b3ae893¢c33 3/6


http://www.stm-assoc.org/copyright-legal-affairs/permissions/permissions-guidelines/

2025. 05. 21. 11:53 RightsLink Printable License

¢ You shall indemnify, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and against any actual or
threatened claims, demands, causes of action or proceedings arising from any
breach of this Agreement by you.

e IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,
WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT
LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE,
BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND
WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY
NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF ANY
LIMITED REMEDY PROVIDED HEREIN.

e Should any provision of this Agreement be held by a court of competent jurisdiction
to be illegal, invalid, or unenforceable, that provision shall be deemed amended to
achieve as nearly as possible the same economic effect as the original provision,
and the legality, validity and enforceability of the remaining provisions of this
Agreement shall not be affected or impaired thereby.

e The failure of either party to enforce any term or condition of this Agreement shall
not constitute a waiver of either party's right to enforce each and every term and
condition of this Agreement. No breach under this agreement shall be deemed
waived or excused by either party unless such waiver or consent is in writing signed
by the party granting such waiver or consent. The waiver by or consent of a party to
a breach of any provision of this Agreement shall not operate or be construed as a
waiver of or consent to any other or subsequent breach by such other party.

e This Agreement may not be assigned (including by operation of law or otherwise)
by you without WILEY's prior written consent.

e Any fee required for this permission shall be non-refundable after thirty (30) days
from receipt by the CCC.

e These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you
and WILEY concerning this licensing transaction and (in the absence of fraud)
supersedes all prior agreements and representations of the parties, oral or written.
This Agreement may not be amended except in writing signed by both parties. This
Agreement shall be binding upon and inure to the benefit of the parties' successors,
legal representatives, and authorized assigns.

¢ In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and
conditions, these terms and conditions shall prevail.

e WILEY expressly reserves all rights not specifically granted in the combination of
(1) the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=cdb8a63-aa06-4f79-926¢c-a2b3ae893¢c33 4/6



2025. 05. 21. 11:53 RightsLink Printable License

e This Agreement will be void if the Type of Use, Format, Circulation, or Requestor
Type was misrepresented during the licensing process.

e This Agreement shall be governed by and construed in accordance with the laws of
the State of New York, USA, without regards to such state's conflict of law rules.
Any legal action, suit or proceeding arising out of or relating to these Terms and
Conditions or the breach thereof shall be instituted in a court of competent
jurisdiction in New York County in the State of New York in the United States of
America and each party hereby consents and submits to the personal jurisdiction of
such court, waives any objection to venue in such court and consents to service of
process by registered or certified mail, return receipt requested, at the last known
address of such party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
open access articles under the terms of the Creative Commons Attribution (CC BY)
License only, the subscription journals and a few of the Open Access Journals offer a
choice of Creative Commons Licenses. The license type is clearly identified on the article.

The Creative Commons Attribution License

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-

Creative Commons Attribution Non-Commercial License

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

Creative Commons Attribution-Non-Commercial-NoDerivs License

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-
ND) permits use, distribution and reproduction in any medium, provided the original work
is properly cited, is not used for commercial purposes and no modifications or adaptations
are made. (see below)

Use by commercial "for-profit" organizations

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee.

Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895.html

Other Terms and Conditions:

v1.10 Last updated September 2015

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=cdb8a63-aa06-4f79-926¢c-a2b3ae893¢c33 5/6


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://olabout.wiley.com/WileyCDA/Section/id-410895.html

2025. 05. 21. 11:53 RightsLink Printable License

Questions? customercare@copyright.com.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=cdb8a63-aa06-4f79-926¢c-a2b3ae893¢c33 6/6


mailto:customercare@copyright.com

