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1 Abstract 

1.1 In englischer Sprache 

Background:  

Endometriosis (EN) is the most common gynaecological disease, presented by the presence 

of endometrial-like tissue outside the uterine cavity. It is still poorly understood and not so 

widely investigated, although endometriosis was first described in 19th century. Till nowadays 

the etiology and the pathophysiology of EN is unclear and so far, there is no clear statement 

about the treatment of EN. One of the reasons is complex anatomical dissemination of the 

lesions. Endometriosis is categorized in three different phenotypes: ovarian endometrioma, 

superficial peritoneal endometriosis and deep infiltrating endometriosis (DIE). DIE is the most 

severe form of this disease with an estimated prevalence in 8–12% of women with EN and in 

1% of all women in reproductive age.  

Methodology: 

This study encloses seven-year data of the patients with DIE in their reproductive age, who 

underwent organ sparing surgery. These patients were divided in 3 different groups 

according to the anatomical manifestation of DIE. The first group of n=148 comprised 

patients with central (CPE) and lateral pelvic endometriosis (LPE) including n=41 cases of 

deep lateral pelvic endometriosis (dLPE) affecting sacral plexus. The second group enclosed 

n=34 patients with rectovaginal (RVE) and retrocervical endometriosis (RCE). N=54 patients 

were enrolled in the third group with complex DIE involving posterior compartment 

peritoneum (PCPE). The database was made based on clinical history, surgical technique, 

intra-operative findings, pre- and postoperative questionnaire and postoperative follow-up, 

enclosing EN-related symptoms, complications, fertility rate and recurrence rate. Final results 

were evaluated by visual analog scale (VAS), numerical rating scale (NRS) and statistical 

analysis Graph pad Prism 5.  

Results: 

In general, all three study groups demonstrated postoperatively improvement of EN-

complaints, fertility rate and low rate of complications. The intensity of the symptoms was 

analysed by VAS score (pain scale system from 0-10). First group of patients with dLPE 

demonstrated median VAS score drop for EN-related symptoms from 5-8 to zero and only 

n=3 recurrences postoperatively. Second group with RVE and RCE endometriosis reported 
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completely symptom free status in n=18 patients (53%), zero recurrence and n=12 

postoperative pregnancies (from n=17 patients with primary or secondary infertility 

preoperatively). Third group, with complex DIE accompanied by posterior compartment 

peritoneum EN showed also complete absence of EN-related symptoms postoperatively in 

n=36(67%) patients. N=28 women seeking fertility had a high rate of postoperative fertility, 

reporting n=12(43%) successful pregnancies. 

Conclusion: 

Proper clinical diagnosis could limit disease development and prevent the delay in time of 

diagnosis. But for patients with already existing DIE, choosing an appropriate treatment 

strategy including surgical technique is crucial to avoid further EN progression and improve 

their quality of life.  
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1.2 In deutscher Sprache 

Einführung: 

Endometriose (EN) ist die am häufigsten auftretende gynäkologische Erkrankung, welche 

sich durch die Präsens von Endometrium-artigen Geweben außerhalb der 

Gebährmutterhöhle manifestiert. Die Erkrankung wird bis heute noch schwer erkannt und 

wenig erforscht, obwohl die erste Beschreibung der Endometriose bereits im neunzehnten 

Jahrhundert erfolgte. Die Etiologie und Pathophysiologie der EN sind bis heute unklar, und 

bisher ist die Behandlung der EN nicht klar definiert. Einer der Gründe dafür ist die komplexe 

Verteilung der Lesionen. Die EN wird in drei Phänotypen kategorisiert: die EN des Ovars, die 

oberflächlige EN des Beckenperitoneums und die tiefinfiltrierende EN(TIE). Letztere stellt die 

schwerste Form der EN mit einer geschätzten Prävalenz von 8 bis 12% der von EN 

betroffenen Frauen dar und 1% von allen Frauen im reproduktiven Alter. 

Methodik: 

Diese Studie umfasst 7 Jahren Daten von Frauen im reproduktiven Alter, die 

organerhaltende Eingriffe erhielten. Die Patientinnen wurden entsprechend der 

anatomischen Manifestationen der EN in drei Gruppen eingeteilt. Die erste Gruppe mit 

n=148 bestand aus Patientinnen mit zentraler(CPE) und lateraler Becken-EN(LPE), 

einschlißlich n=41 Fälle von tiefer lateraler EN(dLPE), welche auch den Plexus sacralis 

betrafen. Die zweite Gruppe umfasste n=34 Patientinnen mit rektovaginaler(RVE) und 

rektozervikaler EN(RCE). In die dritte Gruppe wurden n=54 Patientinnen mit TIE 

aufgenommen,  welche auch das posterior Peritoneumkompartment(PCPE) beinhalten. Die 

Datenbank wurde basierend auf der Anamnese, der opertivenTechnik, den intraoperativen 

Befunde, den prä- und postoperativen Patientenfragebogen und dem postoperativen Follow-

up angefertigt und enthält EN-bezogene Symptome, Komplikationen, Fertilitätsrate und 

Rezidivrate. Die Resultate wurden mittels der visuellen Analogskala(VAS), der Numerische 

Rating-Skala(NRS) und einer statischen Analyse mit GraphPad PRISM 5 präsentiert. 

Resultate: 

Im Allgemeinen wiesen alle drei Gruppen postperativ eine Verbesserung der EN-bezogenen 

Beschwerden, der Fertilitätsrate und eine niedrige Rate an Komplikationen auf. Die Intensität 

der Symptome wurde mit der VAS auf einer Schmerzskala von Null bis zehn dargestellt, 

dabei fiel dieser Wert in der ersten Gruppe mit dLPE postoperativ von fünf bis acht auf Null, 

außerdem lag die Rezidivrate hier bei n=3. In der zweiten Gruppe mit RVE und RCE waren 

n=18(53%) Patientinnen komplett symptomfrei, die Rezidivrate lag bei Null und es zeigten 

sich n=12 postoperative Schwangerschaften (von n=17 Patientinnen, welche preoperativ 
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primär oder sekundär unfruchtbar waren). In der dritten Gruppe mit PCPE berichteten n=36 

(67%) Patientinnen postoperativ keine EN-bezogenen Symptome. N=28 Frauen mit 

Kinderwunsch hatten eine hohe postoperative Fertilitätsrate mit n=12(43%) erfolgreichen 

Schwangerschaften. 

Fazit: 

Eine angemessene klinische Diagnostik hat das Potential, den Krankheitsverlauf zu 

begrenzen und Verzögerungen im Diagnoseverlauf zu verhindern. Allerdings ist bei 

Patientinnen mit bereits bestehender TIE die passende Behandlungswahl einschließlich 

chirurgischer Eingriffe entscheidend um weitere EN-Progression zu vermeiden sowie ihre 

Lebensqualität zu verbessern. 
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2 Introduction 

Endometriosis (EN) affects 10-20 % of women within their reproductive age (Giudice, 2010), 

impacting their physical, mental, and social well-being. Endometriosis is still not fully 

understood, affecting women, therefore underestimated, and not so widely investigated. 

Another issue is a delay of the diagnosis (Hudelist et al., 2012, Arruda et al., 2003). The 

median time between onset of first symptoms and exact diagnosis/treatment is approximately 

7 years (Husby et al., 2003). The absolute number of diagnosed and unknown endometriosis 

cases of German women lay in between 1.77- 3.54 million (Ulrich et al., 2014) and worldwide 

176 million (G. David Adamson, 2010). Endometriosis is a challenging and frequently 

frustrating clinical problem for the gynecologist. The population of women being studied has 

a significant effect on the prevalence estimates of endometriosis. Another main problem is 

recurrence, which for example in Germany appears in 50-80% of Endometriosis patients 

after surgical treatment (Schweppe and Ring, 2002). Since the first characterization of 

endometriosis by John Sampson in 1921, various groups of researchers tried to reach a 

consensus regarding the pathogenesis, mechanism of morbidity, and management of this 

condition. The complexity of this disease and the short comings in our knowledge base 

conspire to make our approach to the patient more difficult. Endometriosis is an estrogen 

dependent chronic inflammatory disease, generally located in, but also outside, the pelvis 

where it can interfere anatomic, hormonal, immunologic environment, and neurogenic 

environment (Kim and Adamson, 1999, Mechsner et al., 2010, Mechsner et al., 2009) 

(Chiantera et al., 2018). Endometriosis is very current clinical issue since it often causes 

pain, dysmenorrhea, dyspareunia, non-cyclical pelvic pain, infertility, and bleeding disorders. 

As a chronic disease, it importantly affects quality of life, sexual and psychological health 

(Moradi et al., 2014). In 70% of women affected by Endometriosis, the diagnosis starts with 

the clinical history and is often confirmed by a pelvic examination, transvaginal ultrasound, 

and sometimes by Magnetic resonance imaging (MRI). Within society most women think that 

during the menstruation phase the appearance of pain shortly before and during the 

secretory phase is a rather normal thing. However, the use of painkillers and 2-3 days per 

month spent in bed is already a hint towards a malfunction, which is rarely identified by most 

of the gynecologists. Typically, EN is diagnosed in patients at age between 25 and 35 years 

louis (Buck Louis et al., 2011), but endometriosis occurring in premenarchal girls (Dessole et 

al., 2012) and postmenopausal women (de Almeida Asencio et al., 2019) has been reported 

as well. 

Nowadays, from the three different types of endometriosis (superficial peritoneal, ovarian and 

deep infiltrating EN) the most severe form is deep infiltrated endometriosis (DIE), described 

as > 5mm infiltration of the peritoneum (Koninckx and Martin, 1992). Interestingly, at the 
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beginning DIE was defined as a adenomyosis externa (Cornillie et al., 1990). 10% of women 

diagnosed with this Endometriosis have the deep infiltrating form (Seracchioli et al., 2007). 

This type of endometriosis is very complex and therefore requires thorough anatomical 

knowledge of the pelvic floor and 

specific technical experience. This 

process could involve several 

anatomical structures at the same time 

(Fig.1): the uterus (Endometriosis 

lesions inside of uterus muscular tissue, 

this condition is the main reason of 

sterility), pelvic wall, bladder, cervix, 

rectum and sigma with infiltration of 

muscular tissue, lumbo-sacral nerves, 

and diaphragm (Vercellini et al., 2004), 

is usually associated with severe 

symptoms and constitutes a complex 

treatment (Carmona et al., 2012). As of today, surgery is acknowledged worldwide as the 

gold standard treatment for DIE (Arcoverde et al., 2019). However, the main question is 

which surgical technique is more appropriate? This study focused on the application of new, 

minimally invasive surgical techniques combined with hormonal therapy and postoperative 

outcome of the patients with DIE, as the data regarding this topic remains poorly 

investigated. 

3 Materials and Methods 

The main aim of this research was to observe and analyse preoperative findings, surgical 

technique, and postoperative outcome in three different groups of patients with various 

expressions of deep infiltrated endometriosis. The mean age for these patients was 34 years 

(± 5.4), the women with DIE in their reproductive age, undergoing mainly organ-sparing 

surgery in our department between 2010 and 2018.  , three study groups were formed 

according to disease localization: a) n=148 patients with central pelvic endometriosis (CPE) 

and lateral pelvic endometriosis (LPE), in this group mainly focusing on n=41 women with 

deep LPE (dLPE), b) n=34 patients with rectovaginal/rectocervical (RVE/RCE) and c) n=54 

patients with complex DIE affecting posterior compartment peritoneum (PCP) as well (Fig.2). 

The surgical technique was divergent for each manifestation of EN. The criteria for the study 

group selection were clearly defined and it will be explained later. But the methods of 
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evaluation of clinical data including preoperative findings, intraoperative and postoperative 

findings were same for each groups, including: 

a) clinical history of patients collected in the outpatient clinic of the Endometriosis Centre

Charité including preoperative EN-related complaints, fertility, EN-recurrence, previous

treatments (conservative or operative).

b) preoperative questionnaire based on the VAS score, defining the intensity of EN-related

symptoms like dysmenorrhea (pain in the pelvis, before or during the menstrual

period.), dysuria (painful urination), dyschezia (painful defecation), dyspareunia (painful

sexual intercourse), chronic pelvic pain, cyclical pelvic pain, sciatica (pain affecting the

back, hip, and outer side of the leg, caused by compression of a spinal nerve root in the

lower back), and paraesthesia (an abnormal sensation, typically tingling or pricking ‘pins

and needles’, caused chiefly by pressure on or damage to peripheral nerves).

c) Preoperative diagnostic methods like common gynecological examination, ultrasound,

MRI and endosonography. 

d) Intraoperatively the anatomical localization and severity of EN was categorized with the

revised American society of reproductive medicine score (rASRM) and the classification

of Deep Infiltrating Endometriosis score (ENZIAN) (Tuttlies, F.,2015, Haas, D.,201ö3,

Johnson, N.P.,2017).

e) Surgical treatment was always individual to every group of the patients. DIE is complex,

involving many organs at the same time and the aim of each and every surgical tactic

was to remove as much of the endometriosis tissue as possible whilst preserving the

functionality of affected organs.

f) postoperative outcome including intraoperative complications, early postoperative

complications, and recurrence rate.

g) postoperative EN-related symptoms were evaluated by the interviewing study patients

in our outpatient clinic or by the phone-interview. The questionnaire was composed of

questions regarding symptoms related to dysmenorrhea, dyspareunia, dyschezia,

chronic pelvic pain and cyclic pelvic pain, and was later evaluated using the VAS and

Numerical rating scale (NRS).

h) postoperative pregnancies were recorded based on the medical history, as all the study

patients visited our outpatient clinic within 6 months for the control examination.

i) Moreover, the methods of fertilization were also captured: spontaneous pregnancy or

assisted fertilization and postoperative miscarriage as well.

j) The evaluation of the preoperative database, intraoperative status, postoperative

outcome, and efficacy of surgical procedures were summarized by the statistical
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analysis. Here we used Graph pad Prism 5 with p value test and t nonparametric test. 

As first research was a collaborative work, here was used SPSS Software 18 including 

the Pearson Chi-square exact test and Kruskall-Wallis test. Overall, data analysis 

included age, pre-operative and postoperative complaints, operative procedures, 

recurrence rate, complications, fertility rate. This analysed the divergence between pre- 

and postoperative findings. 

3.1 Study criteria and surgical technique 

The first group of patients 

n=148 with CPE and LPE 

enclosed n=41 women with 

dLPE/Tab.1). dLPE affected the 

area of parametrium, urether, 

hypogastric and sacral plexus, 

with or without plexus 

infiltration. This type of EN 

manifestation is quite common, 

but still not widely investigated. 

Nerve infiltration with EN can 

be overly complex, therefore 

not frequently operated on, as it 

needs experienced surgical 

team trained in 

neuropelveology. The idea of 

this investigation was to 

analyze the efficiency of 

Laparoscopic Neuro-Navigation 

(LANN) technique in patients 

with LPE and mostly with deep 

infiltration. The intention of this 

chosen treatment was to excise 

as much EN-lesions as possible, even on the terms of nerve infiltration not damaging the 

functionality of the organs innervated from this exact nerve fibers (like bladder, rectum, 

musculoskeletal system and etc.). This study was a part of collaborative research and we 

worked here together with the Italian group from University of Palermo. From n=148 patients 

Table. 1  CPE/LPE/  
n=148 

dLPE 
n=41 

Mean time of the follow-up, y (±SD)                      3 years 
(±1,3) 

3 years 
(±1,3) 

Mean age of the patients, yr (±SD)                       35 (±3) 35 (±3) 

Preoperative hormonal treatment, n (%) 40 (27.3%) * 

Pre-operative Infertility rate n (%) * *

Adenomyosis n (%)  30 (44%) * 

Previous surgery for endometriosis, n (%)       * * 

Procedures 

The mean time of the operation  4-3hours 4-3hours 

Retrocervical EN excision n (%)                              

Rectovaginal EN excision n (%)                            29 (70.7%) * 

Vaginal dissection of EN n (%) 28 (68.3%) * 

Cyst-excision n(%)                                                15 (10%) 15 (37%) 

Partial bowel resection n(%)                                  82(55%) 29 (70.7%) 

Protective ileostomy  11 (7%) 11 (27%) 

Partial bladder resection n(%)                               9 (6%) 9 (22.0%) 

Neurolysis n(%)                                                     73 (48%) 41 (100%) 

Ureterolysis n(%)                                                   92(62.2%) 37 (90.2%) 

Peritonectomy 116 (78%) 36 (87.8%) 

Adnexectomy  88 (59%) 13 (32%) 

Appendectomy  * * 

Diaphragm resection  * *

Lymphadenectomy  * *

Umbilicus partial resection  0 0 

Follow-up 

Symptom free status postoperatively n (%)           129(87%) 31(76%) 

Postoperative Pregnancy n=  * * 

Recurrence, n  13 (8,8%) 10 (24%) 

Complication (%)                                                   17(11%) 10(17%) 

°  SD - standard deviation  

* Not investigated  
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with both central and lateral EN focus was on the patients with dLPE. LANN technique is 

based on the laparoscopic exposure and nerve-sparing method (neurolysis). As dLPE was 

presented by the infiltration of lateral pelvic structures, the dissection started in pararectal 

space passing medially to the ureter and laterally to the internal iliac artery downwards to the 

level of the coccygeal bone following the sacral bone. This way it was easier to identify the 

pelvic nerves (hypogastric, sacral, splanchnic nerves), uncover the infiltration of the nerve 

roots with EN and spare them during radical excision of EN.  

In the second group of patients were 

enrolled n=19 patients with RVE 

and n=15 with RCE(Tab.2), together 

n=34 with. Till nowadays, there is no 

clear definition of RVE and RCE, as 

mostly both manifestations are 

considered and defined as RVE. 

Extremely near anatomical exposer 

could be the reason for that. The 

objectives of this study were to a) 

demonstrate the difference between 

RVE and RCE, placing the exact 

anatomical boarders between them; 

b) choosing the appropriate surgical

method for each manifestation and 

lastly c) investigating the efficiency 

of chosen surgical techniques. As 

anatomical manifestation of RVE is 

considered as the infiltration of 

rectum, vagina, rectovaginal pouch 

and RV septum, consequently, here 

was performed vaginal-combined 

assisted laparoscopy in this group of patients. It started with the vaginal excision of the 

infiltrated area. The prepared area was then shifted on the rectum and the dissected part of 

vagina closed by suture. This was later followed by laparoscopical preparation of the EN-

nodules and excision of all lesions as the whole conglomerate. RCE is considered to be the 

infiltration of the retroperitoneal space and posterior vaginal fornix behind or beneath the 

cervix usually without rectal involvement. Therefore, on these anatomical terms we used 

Table. 2 RVE 
(n=19) 

RCE 
(n=15) 

Mean time of the follow-up, y (±SD) 3 years 
(±1,3) 

2years 
(±1,2) 

Mean age of the patients, yr (±SD) 34(±5,4) 31(±4,8) 

Preoperative hormonal treatment, n (%) 12 9 

Pre-operative Infertility rate n (%) 8(23, 5%) 9(26, 4%) 

Adenomyosis n (%)  14(41%) 12(35%) 

Previous surgery for endometriosis, n (%) 10(53%) 9(60%) 

Procedures 

The mean time of the operation 4-3hours 3,2 hours 

Retrocervical EN excision n (%) 0 15(100%) 

Rectovaginal EN excision n (%) 19(100%) 0 

Vaginal dissection of EN n (%) 10(29%) 0 

Cyst-excision n(%) 6 (31%) 8 (53%) 

Partial bowel resection n(%) 10 (57%) 10(66%) 

Protective ileostomy 2 (11%) 4 (27%) 

Partial bladder resection n(%) 4 (21%) 2 (13%) 

Neurolysis n(%) 14 (74%) 15(100%) 

Ureterolysis n(%) 13 (68%) 13 (86%) 

Peritonectomy 9 (47%) 12 (80%) 

Adnexectomy  3 (16%) 0 

Appendectomy  1 (5%) 1 (6%) 

Diaphragm resection  0 2 (13%) 

Lymphadenectomy  1 (5%) 0 

Umbilicus partial resection  1 (5%) 0 

Follow-up 

Symptom free status postoperatively n (%)        12(63%) 9(60%) 

Postoperative Pregnancy n=  7(87.5%) 5(56%) 

Recurrence, n  0 0 

Complication (%)                                                 1(2.9%) 1(2.9%) 

°  SD - standard deviation 
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single laparoscopy, as the excision of EN-lesions was completely possible form the 

abdominal area.          

The third group with DIE involved n=54 patients with PCPE (Tab.3.). As this was a pilot 

retrospective study, the PCPE was mostly a part of very complex endometriosis (majority 

rASRM Stage IV) and there was no control group involved. Surgical technique was based on 

removing complete posterior peritoneum 

(same as cytoreduction) together with 

deep infiltrated EN-lesions. Most of the 

surgeries were complex and surgical 

procedures included cyst-excision, 

partial bowel resection, partial bladder 

resection, neurolysis and ureterolysis 

(Tab.3). The main purpose of the 

research was to understand the 

efficiency of total pelvic posterior 

compartment peritonectomy regarding 

fertility rate, recurrence and severity of 

EN-related complaints. This surgical 

approach was based on the idea of 

peritoneal EN being a widespread 

neurogenic inflammatory process, 

infiltrating surrounding tissues as well. 

As, mostly microscopically inflamed 

Peritoneum is presented 

macroscopically without typical 

endometriotic lesions, this way complete 

posterior compartment peritonectomy 

enabled the entire removal of the EN process.                                                                                                                                         

 

4 Results 

At the time of surgery, the median age of study group was 35 years old (between 20-56y).  

65% of the patients were nulliparous. The majority of the patients from all three groups took 

hormonal treatment (HT) preoperatively. The overall data of the study patients is presented in 

table 1. Primary indication of surgical treatment was ongoing EN-related symptoms mostly not 

responsive to HT or other treatments, recurrence, and infertility. EN-related complaints were 

severe in all groups (Tab.4,5,6) reporting an overall median VAS-score of 8 (scale from 0 to 

Table. 3 DIE with PCPE 
(n=54) 

Mean time of the follow-up, y (±SD)                        2,5 years (±1,2) 

Mean age of the patients, yr (±SD)                             35 ± 7 

Preoperative hormonal treatment, n (%) 30 (56%) 

Pre-operative Infertility rate n (%) 28(%) 

Adenomyosis n (%)  37(68,5%) 

Previous surgery for endometriosis, n (%)                  34 (63%) 

Procedures  

The mean time of the operation  3 hours 

Retrocervical EN excision n (%)                                  13(24%) 

Rectovaginal EN excision n (%)                                  22(41%) 

Vaginal dissection of EN n (%) 7(13%) 

Cyst-excision n(%)                                                      13 (24%) 

Partial bowel resection n(%)                                        27(50%) 

Protective ileostomy  14 (26%) 

Partial bladder resection n(%)                                     7(12%) 

Neurolysis n(%)                                                           18 (33%) 

Ureterolysis n(%)                                                         32 (59%) 

Peritonectomy 54 (100%) 

Adnexectomy  5(9%) 

Appendectomy  0 

Diaphragm resection  0 

Lymphadenectomy  0 

Umbilicus partial resection  0 

Follow-up  

Symptom free status postoperatively n (%)                  36 (67%) 

Postoperative Pregnancy n=  13(46%) 

Recurrence, n  1(1.8%) 

Complication (%)                                                                       1(1.8%) 

°  SD - standard deviation 
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10). 56% patients from the second group and 62% from the third group were operated one or 

several times prior to our surgery. The location of endometriosis, width and depth of the 

infiltration was classified by the ENZIAN score and rASRM staging as mentioned above.  

4.1 Intraoperative evaluation: 

Intraoperative imaging demonstrated high complexity of the EN in most of the cases. According 

to the rASRM classification stage IV was reported in 73% patients from the first group, in 

51% from CPDIE group and in 54 % with DIE involving PCP. Presented Tables 4,5 and 6 

demonstrate preoperative EN-related symptoms for each group, in order to get a better 

understanding of the direct proportion between preoperative complaints and intraoperative 

findings (EN-localisation). 

In the first group endometriosis manifestation 

was exposed macroscopically in 

vagina/cervix n=67 (44%) cases, in rectum 

n=82 (55.4%), in bladder n=19 (12.8%), in 

uterosacral ligaments n=82 (55.4%), in uterus 

n=56 (38%), in ovaries n=88 (60%), in 

parametrium n=112 (76%), in ureters n=92 

(62 %), in hypogastric plexus n=32 (22%) and 

in sacral plexus n=41 (28%). 

In the second group with CPDIE 

endometriosis infiltration involved 

rectosigmoid junction in        n=21 (62 %) 

cases, fallopian tubes in n=4(12%), bladder 

in n=4(12%), nerves in n=16 (44%), 

appendix in n=2 (6%), lymph nodes in n=1 

(3%), umbilicus in n=1(3%), diaphragm in 

n=2 (6%).  

Table 4 

Preoperative Symptoms 

for LPE 

Percentage 

Dysmenorrhoea 100 % 

Cyclic pelvic pain 56% 

Chronic pelvic pain 73% 

Dyschezia 55% 

Dysuria 13% 

Dyspareunia 44% 

Sciatica 6% 

Paraesthesia 1,3% 

Table 5 

Preoperative Symptoms for 

CPDIE 

Percentage 

Dysmenorrhoea 85% 

Cyclic pelvic pain 79% 

Chronic pelvic pain 52% 

Dyschezia 94% 

Dysuria 17% 

Dyspareunia 82% 

Sciatica 18% 

Paraesthesia 3% 
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In the third group of patients with PCPE endometriosis 

was demonstrated on posterior peritoneum n=54 (100%), 

in ovaries n=13(24%), uterus n=37(69%), rectum 

n=27(50%), bladder n=7(12%), nerves n=18(33%), ureter 

n=32(59%). Postoperatively, in all cases endometriosis 

was histologically confirmed. As mentioned above, 

surgical procedures were complex and requiring 

multistage surgical resections to remove completely the 

EN-lesions. The list of procedures is demonstrated in 

table 3. Compared to overly complex multivisceral 

surgeries we had a low percentage of complications.  

 

 

4.2 Complication rate: 
 

First study reported one intraoperative complication enclosing common iliac vein injury and it 

was treated successfully during the same surgical procedure. Overall, early postoperative 

complications were demonstrated only in 12% (Tab.1.) of the patients from this group, including 

vesico-/ureterovaginal fistula, sepsis prolonged urinary catheterization, and postoperative 

ileum. 

Second group reported not intraoperative, but two cases of early postoperative complication 

(Tab.2). In both cases revision surgery was immediately required. In the first case (patient 

with RVE) during the re-operation was not impossible to detect the problem area. Finally, on 

the third postoperative day the CT urography confirmed a urinary tract leakage, which was 

treated by the insertion of the urethral stent. In the second case (patient with RCE) revision 

surgery demonstrated the vaginal fistula, a complication following anastomotic insufficiency. 

Here was performed laparotomy including the closure of the vagina, ureter re-anastomoses 

and application of the colostomy (Hartmann situation) closed later after 1 year.  

In the third group, only a single early-postoperative complication was recorded (Tab.3). It 

was urinary leakage on the left side, which required re-laparoscopy, intraoperative Double-J 

(DJ) ureteral stenting and inserting a pelvic drainage. Later, the patient was discharged from 

the clinic in the subjective wellbeing. The stent was removed 6 months later, but the patient 

was admitted in the hospital several times in between, due to the fever episodes, 

Table 6 

Preoperative Symptoms for 

PCPE 

 

Percentage 

Dysmenorrhoea 93% 

Cyclic pelvic pain 81% 

Chronic pelvic pain 59% 

Dyschezia 56% 

Dysuria 20% 

Dyspareunia 72% 

Sciatica  17% 

Paraesthesia 4% 
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pyelonephritis and pancreatitis. Finally, this patient underwent an antibiotic therapy before 

stent removal.  

 

4.3 Postoperative Outcome: 

Our strategy was conceptual, therefore postoperatively most of the patients received 

supportive adjuvant therapy with hormonal treatment (HT). Mainly the women seeking fertility 

underwent therapy with GnRH-analogs only for three months (during the wound healing 

process) before IVF. The rest of the women received HT including dienogest, combined 

hormonal contraceptives, gonadotropin-releasing hormone agonist nd hormonal Intrauterine 

devices. 

Overall, early and long-term follow-up in all three groups reported a significant decrease in 

both EN-related complaints and the intensity of the symptoms.  

Postoperatively, the study reported noticeable pain relief in the first group. The median VAS-

Score for dysmenorrhea fell from 8 to 0 and for dyspareunia from a median of 5 to 0.  In the 

first study, chronic pelvic pain was considered as a main predictor of dLPE and postoperatively 

none of the patients reported the same symptom. The long-term follow-up recurrence was 

recorded in only 12% dLPE and altogether in 8.8% of the patients.  

The second group of patients with RVE and RCE demonstrated overall 62% symptom free 

status postoperatively, including 57% RVEP and 43% RCEP. Postoperatively the pain intensity 

decreased moderately. In RVEP the mean VAS score for dysmenorrhea dropped form level 5 

to 4 and in RCEP from 8 to 6.  In general, EN-related symptom intensity for both groups 

dropped from level 7 to 4. Dyspareunia, one of the main symptoms of CPE, was reported 

postoperatively in only 2 RVEP patients, the rate of occurrence decreasing from 91% to 6%.  

The number of patients with dyschezia and dysuria dropped significantly postoperatively in 

both groups as well: in RVEP from 53% to 12% and in RCEP 29% to 11%. The final statistical 

analysis demonstrated no significant difference in postoperative outcome, between RCEPs 

and RVEPs. 

Postoperatively, in the third group the study demonstrated 67% patients with symptom-free 

status and therefore rapid improvement in quality of life. Severity of EN-related complaints 

was decreased significantly from median VAS score level 7 to 1. Interestingly for complaints, 

such as cyclic pelvic pain and dyspareunia the postoperative VAS score dropped to zero. In 

this group 5-year follow-up data reported only one case of recurrence. Re-operative treatment 

confirmed re-manifestation of endometriosis histologically. Here the endometriosis infiltration 

progressed from rASRM stage I to stage II. Respectively, the surgery included hysterectomy, 

neurolysis and total parametrectomy. 
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4.4 Postoperative fertility outcome 

was investigated in the second and third study. In both groups, there was a group of patients 

with a history of fertility problems. The second group with RVE and RVC reported preoperative 

n=8 RVEP and n=9 RCEP seeking fertility (Tab.2). Of these patients, 82% had a history of 

primary sterility (n=7 RVEP and n=7 RCE). In the mean follow-up time of 6 months 

postoperatively n=7 RVEP and n=5 RCEP achieved pregnancies, reporting 70.5% 

spontaneous pregnancies overall.     

The third group with PCPE had a higher percentage 50%(n=28) of preoperative infertility, 

including 75% primary and 25% secondary infertility. The period of infertility varied from 1 to 

10 years. Following-up after a mean time of 6 months demonstrated n=13 (46%) postoperative 

pregnancies. Moreover, most of the pregnancies 54% were achieved spontaneously.  

All pregnancies from both study groups were followed by live birth and healthy infants. 

5 Discussion 

Endometriosis affects many essential areas of a woman’s life beginning with her self-esteem 

as a woman and leading to an impact on her relationships, including family planning, with 

behavioural, sexual (Norinho et al., 2020), or emotional consequences. Moreover, 50 % of 

endometriosis patients receive long-term medical treatment, due to ongoing complaints (Hoo 

et al., 2017). As mentioned above, there are more than 3 million diagnosed and unknown 

endometriosis cases in Germany (Juhasz-Boss et al., 2014, Ulrich et al., 2014), meaning 

almost 20% of women in Germany have problems having normal quality of life. Besides 

severe physical limitations caused by the pain, the major problem is a high recurrence rate of 

50-80% (Meuleman et al., 2014, Seracchioli et al., 2007)even after surgical and hormonal

treatment.  The most severe form of endometriosis is DIE and occurs in approximately 10% 

of patients with EN (Seracchioli et al., 2007). The aim of our study was to investigate the 

efficacy of specific surgical approach for each type of DIE. DIE is characterized (Koninckx et 

al., 1991, Chapron et al., 2003) by a variable anatomic manifestation, presented as an 

isolated nodule on the pelvic peritoneum or as a complete and diffuse infiltration of pelvic 

organs (Martin et al., 1989, Vercellini et al., 2004). Therefore, surgical treatment of DIE is 

extraordinarily complex and challenging. But why surgical therapy?! Until today, surgery is 

considered the best way to treat DIE (Redwine, 1992) (Angioni et al., 2015b). Although some 

studies determine surgery to be too radical or similarly effective as HT for DIE (Vercellini et 
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al., 2006, Vercellini et al., 2009, Ferrero et al., 2015), single hormonal treatment is only 

suppressive and frequently ineffective in the management of severe endometriosis and 

cannot be an option for patients trying to conceive (Abrao et al., 2015) (Angioni et al., 2015a) 

(Thomassin et al., 2004).  In our study, the majority of patients 63% from all three groups 

took hormonal (conservative) treatment for many years prior to surgery without a significant 

improvement in EN-related complaints. Therefore, the surgical treatment has to be discussed 

as one of the important component in the DIE treatment. However, which surgical method is 

more acceptable in order to have better results and outcomes in future?  The main source of 

real data could be the evaluation of preoperative data, intraoperative findings, surgical 

technique, and postoperative follow-up in patients with DIE, considering postoperative 

outcome, recurrence, and fertility rate. This data could provide a better understanding of 

Endometriosis mechanism as a whole. Taking the patient’s history can be time-consuming, 

but anamnesis plays a key role for understanding DIE. Moreover, it is a good basis for the 

right diagnosis. It focuses not only on the location of the pain, but also on the history of the 

pain, its transmission, causes and characteristics. Furthermore, a proper clinical examination 

is of utmost importance for patients with DIE, as standard gynaecological examination might 

not be sufficient to achieve the right diagnosis (Chiantera et al., 2018), due to its complexity. 

For instance, DIE with bowel involvement is hard to determine preoperatively, as a routine 

gynaecological examination does not involve rectovaginal palpation and bimanual 

examination alone may not be fully accurate (Hudelist et al., 2011). Preoperatively, all 

patients from our study were examined rectovaginally, then followed by transvaginal 

ultrasound (TVS) imaging (Piketty et al., 2009). Most of the bowel infiltration cases were 

already diagnosed in our outpatient clinic prior to surgery. Here was also used additional 

means of investigation like Endosonography and MRI, as they provide further possibility in 

detecting EN lesions (Bazot et al., 2004, Roseau et al., 2000). A thorough inspection of the 

infiltrated area is crucial, as it enables the formation of a potential diagnosis, which can be 

underestimated during the ordinary clinical examination. Additionally, roper clinical diagnosis 

helps in planning the appropriate surgical technique. However, full detection of EN-lesions is 

still very demanding, as DIE also includes nerve involvement and the pain intensity does not 

always correlate with the stage of the disease (Chiantera et al., 2017, dell'Endometriosi, 

2001, Fedele et al., 1992). Especially during the sacral plexus involvement, EN-lesions are 

difficult to access and very less is known until nowadays. In the first group, we investigated 

patients with sacral plexus und hypogastric nerve involvement, and chronic pelvic pain was a 

main predictor for dLPE. On the other hand, these patients also had complaints characteristic 

of CPE or other pelvic neuropathic pain syndromes, such as pudendal pain, gluteal pain, 

lower abdominal pain, sciatic pain, vulvar or coccygeal pain. Usual radiological imaging or 

gynaecological examination are not capable of determinining the exact diagnosis in the terms 
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of dLPE and require further knowledge of pelvic neurofunctional anatomy. In 2014 Prof. 

Possover founded a discipline called neuropelveology, which investigates the connection 

between pelvic organ function and neuro-functional anatomy (Possover et al., 2017). The 

neuropelveological diagnostic approach to pelvic neuropathies includes common 

neurological principles during vaginal or rectal examination. In the first study sacral plexus 

involvement was discovered in n=41(100%) patients with dLPE at initial laparoscopy. Of 

those patients n=32 (78%) needed sacral nerve neurolysis. Moreover, hypogastric plexus 

infiltration was reported in n=29 (71%) of the dLPE patients, followed by hypogastric plexus 

resection in n=21 (72%) cases. Therefore, knowledge of the topographic anatomy and 

understanding of the landmarks seem to be the most important factors for surgeon in 

avoiding intraoperative nerve injuries, sparing the nerves and maintaining functionality whilst 

at the same time removing EN-nodules completely. For these neurosurgical procedures was 

used the Laparoscopic Neuro-Navigation - LANN-technique (Possover et al., 2004, Possover 

et al., 2005, Lemos et al., 2016). Exposing pelvic splanchnic nerves makes the borders 

between healthy and altered tissues accessible and the excision of the infiltrated area easier. 

In the case of DIE, the anatomy of the pelvic nerves can be changed due to diffuse 

manifestation of EN and intraoperative electrical neurostimulation tactic with bipolar forceps 

helps to identify nerve roots (Possover, 2004). Neurostimulation was used in every case 

where neurosurgery was performed to check further functionality of the nerve roots before 

and after performed neurolysis/dissection. This surgical approach may seem too radical and 

associated with some severe complications, but the follow-up was very promising, reporting 

only one intraoperative complication, overall, 12% postoperative complications, 8.8% 

postoperative recurrence, reduced intensity of EN-related symptoms and 87% of 

postoperative symptom free cases. This data demonstrated that the complete removal EN-

lesions, even in terms of nerve involvement, was beneficial for these patients.  

For the second group, the primary differentiation was made between RVE and RCE. 

Rectovaginal endometriosis is frequently used for both terms, although this subtype is 

considered as an infiltration of RV septum, with possible infiltration of vagina and rectum 

(Martin and Batt, 2001, Batt et al., 2014). Additionally, RCE is considered as an infiltration in 

the upper part of posterior vaginal wall behind the cervix (Batt et al., 2014), also presented 

with or without rectal involvement (Abesadze et al., 2020). As mentioned above, preoperative 

examination played a huge role in the determination of exact EN-lesions. Here, the 

preoperative examination involved inspection of the posterior vaginal fornix with a speculum, 

rectosigmoid palpation and TVS imaging. In terms of complex involvement and suspected 

rectal infiltration further diagnostic methods like MRI and Endosonography were used. 

Classification of the RVE and RCE was generally based on clinical examination, as EN-
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related symptoms for both groups were particularly similar (Tab. 3.). In this sequence we 

investigated n=19 RVEP and n=15 RCEP. The knowledge of the exact location provided the 

basis for selecting the right operative procedure, since the aim of these surgeries was 

complete excision of the DIE lesions for both terms. As in majority of RVEP n=16 (except 3 

cases) vaginal involvement was reaching the lower 1/3 of vagina, consequently a combined 

vaginal-laparoscopy made it possible to access EN-nodules in rectovaginal septum from both 

sides and allowed removal of the whole conglomerate as one en-bloc specimen without 

additional unnecessary resections. The area of vaginal resection was closed with suture from 

the side of vagina. In case of rectal resection (and in RVEP was performed n=10) this 

approach reduced the risk of typical complications like suture insufficiency, leakages or 

fistulas (Meuleman et al., 2014, Bouaziz and Soriano, 2017) as both sutures were presented 

from different sides (one from vagina and second from abdomen) and the possible friction 

between them was minimised. For RCEP was adopted a single laparoscopic approach. RCE 

is considered to involve the upper part of the posterior vaginal fornix  (Batt et al., 2014, 

Abesadze et al., 2020), therefore EN-nodules are mostly fully accessible from the abdominal 

side. However, both terms were overly complex, involving other organs like bladder, rectum, 

nerve fibres and peritoneum. Preoperatively, 56% of the women underwent one or more 

surgical treatments due to ongoing EN complaints. As this study involved women in their 

reproductive age, organ sparing surgery was the first method of choice. Patients who 

underwent hysterectomy were not enrolled in this study. To understand the complexity of the 

process, intraoperative classification is always necessary, like rASRM staging and Enzian 

score (Tuttlies et al., 2005, Haas et al., 2013). 42% of RVEP and 60% of RCEP were 

presented with rASRM stage IV. Enzian classification revealed 60% of cases with level C, 

from which 43% RVE and 52% RCE. The analysis of EN-nodules character, surgical 

technique and postoperative outcome has formatted our follow-up data.  This data 

demonstrated how delicate the process of complete excision of EN lesions was whilst 

retaining the functionality of the organs. Still both surgeries may seem too radical but fighting 

with entire process lowered the probability of postoperative recurrence, giving young women 

the chance for improved fertility and the quality of life. Moreover, some studies reported on 

the negative impact of delaying the surgical treatment on the ovarian reserve, disease 

progression and EN-related symptoms (Weintraub AY, (2014) , Ballard et al., 2006). Overall 

postoperative follow-up revealed elevated fertility rate in both groups. 50% of women from 

both groups were primarily operated due to fertility problems and in both groups the median 

duration of infertility was from 2-3years. 87,5 % of RVEP and 56% of RCEP with 

preoperative impaired fertility got pregnant postoperatively. Follow-up data reported 

significant EN-related pain relief in most of the patients as well: completely symptom free 

status in 63% of RVEP and 60% in RCEP, and in the rest of the patients a decrease of 
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preoperative VAS score mean level from 8 to 4.   Overall, this research proves that complete 

removal of EN lesions in terms of RVE and RCE can be beneficial for the patients suffering 

from severe EN for many years and gives hope to patients trying to conceive.  

Nowadays, the most common theory for the aetiology of endometriosis is retrograde 

menstruation, meaning an outflow of menstrual blood/endometrial cells through the fallopian 

tubes and infiltration of the pelvic cavity during menstruation (Sampson, 1927). Most of the 

lesions are considered to disseminate on the pelvic peritoneum and largely on the posterior 

compartment (Mahmood and Templeton, 1991), initiating cell structure remodelling and 

infiltration of the peritoneal surface (Khan et al., 2004, Dunselman et al., 2001). The 

presence of immunological factors like macrophages, increased number of pro-inflammatory 

cytokines and growth factors (Young et al., 2014, Hogg et al., 2020, Young et al., 2017, 

Monsanto et al., 2016) in EN-lesions confirms the inflammatory process in infiltrated 

peritoneum (Young et al., 2013, Berbic et al., 2009). Moreover, demonstrating nerve fibres 

and nerve growth factors (NGF) in EN-lesions confirms its neurogenic character (Tokushige 

et al., 2006, Tran et al., 2009) (Mechsner et al., 2009) (Liang et al., 2018) and points on the 

neuroinflammatory response. Consequently, the peritoneum can be considered as a main 

source of pain development and generation in EN patients (Arnold et al., 2013, Chiantera et 

al., 2017, Liang et al., 2018). Furthermore, the evidence of EN, nerve fibres and NGF 

(Barcena de Arellano and Mechsner, 2014) in a macroscopically healthy peritoneum 

(Balasch et al., 1996) proves that alteration of the tissues expends the visually infiltrated area 

and involves the surrounding tissues as well. Until today, the best way for imaging the 

peritoneal endometriosis is a laparoscopy (Brosens et al., 2004, Duckelmann et al., 2021). 

There are no clear predictors regarding EN-related symptoms for patients with PE (peritoneal 

endometriosis). Ongoing cyclic and acyclic pelvic pain, high recurrence rate in patients, who 

had already undergone surgical treatment, could be considered as the main signs of PE. In 

the first study group of patients with DIE 63% of women were already operated on due to EN 

and 56% took suppressive HT, but these patients still had ongoing complaints.  It was 

obvious that there was further reason for ongoing complaints. During the surgical procedures 

was clear that DIE was often accompanied by peritoneal infiltration with visible inflammation. 

This evidence guided us to form a concept for the treatment of patients with PCPE, starting 

to perform complete posterior compartment peritonectomy as part of the major surgery and 

then analysing its impact on the postoperative outcome.  Nowadays surgeons remove DIE 

completely, however small EN lesions are frequently left behind. Usually, visible peritoneal 

EN infiltrations are excised or coagulated (Pundir et al., 2017, Comptour et al., 2020), as they 

are not considered as sources of recurrence or as generators of the pain. Of the patients 

operated prior to our surgery, 29% had undergone single diagnostic laparoscopy, 59% 
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excision of visible EN-lesions and the remaining 12% laparoscopic coagulation of EN lesions. 

It means the inflammatory process was still present and postoperative single HT was 

insufficient. As mentioned above, PE can be presented beyond macroscopically visible EN 

typical lesions (red, white or brown pigmented lesions)(Stegmann et al., 2009).  The results 

of immunobiological examination of a macroscopically normal peritoneum is relevant for 

understanding the pathogenesis of endometriosis. In this study histological examination 

confirmed PE in all peritoneal specimens. Although some studies criticize the popularity of 

surgical treatment and believe in the efficacy of single HT in these patients (Vercellini et al., 

2018), a total posterior compartment peritonectomy seems to be effective in eliminating the 

wide inflammatory process, avoiding further EN development or recurrence.  Postoperatively, 

our study reported 67% of symptom free cases and one recurrence. As mentioned above, in 

this study peritoneal EN was a part of complex DIE process, so this surgical method was a 

part of multimethod surgical approach. Therefore, the single efficiency of the posterior 

compartment peritonectomy can be doubtful, but on another hand removing wide 

inflammatory process could be a reason of decreased postoperative recurrence rate for 

example, as removing the whole process in one conglomerate could lower the chances of 

new EN-lesions development. To understand the accuracy of this method, later was 

conducted another research involving the patients only with peritoneal EN presentation (This 

research will be later attached to the files) (Duckelmann et al., 2021). However, our treatment 

involved additional supportive HT postoperatively, likewise in the second group of patients 

with RVE and RCE. Postoperative supportive HT was mostly a bridge between initial surgery 

and attempted pregnancy, giving the operated area time to recover and minimise further EN 

manifestation. 75% of patients with primary or secondary sterility took postoperative 

supportive HT in the period between 3 to 6 months, including dienogest, combined HT and 

GnRHa. Overall, 46% of the patients seeking fertility achieved postoperative pregnancies in 

the meantime of 6 months. Every pregnancy ended with a healthy childbirth. Positive results 

were reported regarding postoperative EN-related complaints and accordingly in quality of 

life. From the remaining 33% with persisting symptoms, preoperative mean VAS score level 

8 reduced postoperatively to level 1. Interestingly most of these women had severe 

adenomyosis (endometriosis of uterus). It could be a reason for persisting symptoms (Krentel 

2017) and possibly difficult to treat without hysterectomy. Finally, complete peritoneal 

excision led to a reduction in recurrence rate and an improvement in fertility rate. Till 

nowadays there was not any existing research regarding this exact topic, with the exception 

of one presentation from Trehan. There remains room for debate as our study did not include 

a control group and as a cohort retrospective study can be subject to question. Therefore, 

this study was followed by the next research investigating the patients only with 
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peritoneal EN and confirmed good complaint relief, improved fertility rate (63%) and low 

recurrence risk (Duckelmann et al., 2021).  

Still, future prospective randomized studies should contribute to the capability of this 

method. This study was designed to present not only divergent surgical methods, but also 

to understand the efficacy and advantages of these treatments, giving the patients with 

DIE a chance for better life, family planning and simply to finally beat this enigmatic 

disease. Statistical analysis was performed to understand the reliability of the collected data 

and the potential of given surgical methods. Very little is known about the impact of these 

surgical methods on fertility rate and recurrence rate, and this aspect was central to this 

study. Future investigations should improve the understanding of these topics and raise hope 

for patients with DIE. 
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