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Abstract
Introduction: The aim of this study was to analyze the available literature by con-
ducting a systematic review to assess the possible effects of nerve- sparing segmental 
resection and conventional bowel resection on postoperative complications for the 
treatment of colorectal endometriosis.
Material and methods: Pubmed, Clinical Trials.gov, Cochrane Library, and Web of 
Science were comprehensively searched from 1997 to 2021 in order to perform a 
systematic review. Studies including patients undergoing segmental resection for 
colorectal endometriosis including adequate follow- up, data on postoperative com-
plications and postoperative sequelae were enrolled in this review. Selected articles 
were evaluated and divided in two groups: Nerve- sparing resection (NSR), and con-
ventional segmental resection not otherwise specified (SRNOS). Within the NSRs, 
studies mentioning preservation of the rectal artery supply (artery and nerve- sparing 
SR –  ANSR) and not reporting preservation of the artery supply (NSR not otherwise 
specified –  NSRNOS) were further analyzed. PROSPERO ID: CRD42021250974.
Results: A total of 7549 patients from 63 studies were included in the data analysis. 
Forty- three of these publications did not mention the preservation or the removal 
of the hypogastric nerve plexus, or main rectal artery supply and were summarized 
as SRNOS. The remaining 22 studies were listed under the NSR group. The mean 
size of the resected deep endometriosis lesions and patients’ body mass index were 
comparable between SRNOS and NSR. A mean of 3.6% (0– 16.6) and 2.3% (0– 10.5%) 
of rectovaginal fistula development was reported in patients who underwent SRNOS 
and NSR, respectively. Anastomotic leakage rates varied from 0% to 8.6% (mean 
1.7 ± 2%) in SRNOS compared with 0% to 8% (mean 1.7 ± 2%) in patients undergoing 
NSR. Urinary retention (4.5% and 4.9%) and long- term bladder catheterization (4.9% 
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1  |  INTRODUC TION

Intestinal involvement is estimated to affect 3.8%– 37% of the pa-
tients diagnosed with endometriosis.1 Treatment of colorectal en-
dometriosis is very challenging and commonly preferred methods 
include medical therapy and surgical interventions. Medical thera-
pies offer a valuable therapeutic option in some cases but are not 
curative.2 Bowel resection for deep endometriosis (DE) provides a 
treatment that is associated with improved quality of life by reduc-
tion of pain symptoms and may enhance fertility.3– 5 However, surgi-
cal management of bowel endometriosis is also a point of clinical 
controversy and there are various approaches including rectal shav-
ing, disc resection and segmental resection techniques;6 however, 
there are no universal guidelines as to which excision technique is 
optimal,7,8

Segmental resection appears as the most radical approach 
and is usually chosen for DE lesions exceeding 3 cm in diameter 
or multifocal disease.8,9 Compared with rectal shaving, segmental 
resection and disc resection have been associated with a higher 
risk of rectovaginal fistula development and bowel leakage.7,10 
After the first reports on colorectal resection for the treatment 
of endometriosis more than a century ago,11 the nerve- sparing 
technique avoiding possible damage of the inferior hypogastric 
plexus by dissection and lateralization of nerve bundles was first 
described in a large series of colorectal cancer patients by Heald 
et al.12 in 1982 and was further adopted for the treatment of col-
orectal DE with segmental resection.13,14 This technique involves 
the limited resection of a bowel segment with preservation of all 
adjacent structures, mainly the autonomic pelvic nerve plexus and 
vessel supply. On may expect that preservation of these structures 
contributes to optimized wound healing and therefore lower se-
vere complication rates such as anastomotic leakage and fistula 
formation.4 Furthermore, some authors advocate additional pres-
ervation of the rectal artery supply by preserving the mesenteric 
inferior and rectal arteries, suggesting a possible benefit regard-
ing the perfusion of the anastomosis.4,15,16 However, the relation 
between these variations of segmental resection techniques and 
subsequent surgical outcomes have not been systematically eval-
uated to date. The present systematic review aims to search the 
literature for surgical outcomes of different segmental resection 
techniques for bowel endometriosis and to evaluate the associated 
perioperative morbidity, postoperative early- late complications 
and recurrence rates.

2  |  MATERIAL AND METHODS

2.1  |  Study design

A systematic review was conducted in accordance with the 
Preferred Reported Items for Systematic Reviews and Meta- 
analyses guidelines (PRISMA) guidelines (Figure 1)17 and registered 
with the International Prospective Register of Systematic Reviews 
(PROSPERO ID: CRD42021250974).

2.2  |  Search strategy and selection criteria

Publications on segmental resection for colorectal endometrio-
sis published between 1997 and 2021 were comprehensively 
reviewed. The following databases were used to search for rel-
evant keywords: PubMed, Clinical Trials.gov, Cochrane Library, 
and Web of Science. The MESH (Medical Subject Headings) terms 
“bowel endometriosis”, “colorectal endometriosis” combined with 
“segmental resection”, “colorectal resection”, “radical surgery” 
and “treatment”, “outcomes”, “complications” were utilized, com-
bining terms with the search functions “AND” and “OR”. An inde-
pendent investigator (ED) screened titles, keywords and abstracts 
for relevant indicators. The selected data by the author (ED) were 
then checked by the remaining authors (GH, AB, EO, BD). A sec-
ond, full- text screening of all identified studies and the included 
manuscripts was subsequently performed for the qualifying en-
tries according to the criteria below. To be included, studies had 
to concern patients undergoing segmental resection for colorec-
tal endometriosis and an contain an adequate follow- up phase 
describing data on at least one of the following terms: early and 
late postoperative complications including anastomotic leakage, 

and 5.6%) were frequently reported in SRNOS and NSR. There was insufficient infor-
mation about pain or the recurrence rates for women undergoing SRNOS and NSR.
Conclusions: Current data describe the outcomes of different segmental resection 
techniques. However, the data are inhomogeneous and not sufficient to reach a con-
clusion regarding a possible advantage of one technique over the other.

K E Y W O R D S
endometriosis, endoscopic surgery, laparoscopy, morbidity, surgical techniques

Key message

There is no proven difference in clinical outcomes of dif-
ferent segmental resection techniques including nerve- 
vessel sparing, nerve- sparing and classical colorectal 
segmental resection performed in patients with colorectal 
deep endometriosis.

http://trials.gov
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rectovaginal fistula, anastomotic stenosis and postoperative uro-
genital function.

A total of 5536 potential records were identified with the 
electronic- based search. After removing duplicates (n = 4137) in 
Endnote X9 (Clarivate Analytics, Philadelphia, PA, USA), 1399 re-
cords were screened by title and abstract. Full text screening for 
eligibility was done for the remaining 269 records and 63 records 
were included in the systematic review (Figure 1). Of these, 206 
articles were excluded because 23 had an unclear definition of 
the surgical management, 60 were case reports, reviews or in-
troduced a new surgical technique, 92 had missing data, 2 were 
video articles, 12 were in languages other than English (French, 
Chinese, German), 15 were QoL studies and 2 were retracted 
from the literature.

2.3  |  Data collection and analysis

Selected articles were divided into two groups, namely, conven-
tional segmental resection not otherwise specified (SRNOS) and 
nerve- sparing resection (NSR). Papers reporting on conventional 
segmental resection, ie segmental resection without dissection 
and neither preservation nor removal of the hypogastric nerves 
and/or not explicitly mentioning the nerve- sparing technique, 
remained and were classified as segmental resection not other-
wise classified (SRNOS). Papers containing a clear description of 
the surgical technique sparing the pelvic splanchnic nerves were 
listed under the NSR group. The papers included in the NSR group 

reporting to spare both pelvic splanchnic nerves and the superior 
and inferior hypogastric plexus with inferior mesenteric and mid-
dle and inferior rectal arteries to sustain an adequate blood flow 
during the dissection, were classified as a subgroup— artery and 
nerve- sparing segmental resection (ANSR)— for a further subgroup 
analysis in which we compared patients undergoing ANSR with 
women undergoing NSR not otherwise classified, ie not mention-
ing the preservation of the inferior mesenteric and/or rectal artery 
supply (NSR not otherwise specified [NSRNOS]), presuming a lack 
of preservation of these structures.

The following data were extracted: author, publication date, 
study type, number of the patients, mean size of the nodule (cm), 
operating time (min), surgery type (laparoscopic, laparotomic or 
robotic), length of the resected segment (cm), type of the anas-
tomosis, mean distance of anastomosis from anus (cm), low-  and 
ultra- low anterior resection rates, vaginal resection, diverting 
stoma, estimated blood loss (ml). Cochrane's formula was then 
used to calculate the combined mean of each parameter. Surgical 
complications included rectovaginal fistula, anastomotic leakage, 
pelvic abscess, bowel obstruction, late bowel perforation re-
quiring and non- requiring colostomy, intraoperative and delayed 
hemorrhage, urinary complications; urinary retention <30 days, 
long- term bladder catheterization, ureteral leakage, low anterior 
resection syndrome, anastomotic stenosis, Clavien– Dindo I– II, 
Clavien– Dindo III– IV, and recurrent rectal endometriosis rates. 
Complications were reported in all publications as a percentage 
of the cohort. These data were combined and presented as a per-
centage of the combined population.

F I G U R E  1  PRISMA flow diagram 
showing the study selection
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2.4  |  Risk of bias

The quality of included studies was assessed by the Study Quality 
Assessment Tools (https://www.nhlbi.nih.gov/healt h- topic s/study 
- quali ty- asses sment - tools). Studies were rated as “good” when at 
least 70% of 9, 12 or 14 assessment criteria were fulfilled, “fair” 
when at least 50% of the criteria were fulfilled and “poor” when less 
than 50% of the criteria were fulfilled. Conflicts regarding study 
quality were resolved by the authors.

2.5  |  Statistical analyses

Data were represented by descriptive statistics. Meta- analysis 
could not be performed due to inadequate numbers of high- quality 
publications comparing the different surgical techniques with each 
other (NSR vs SRNOS). Data were extracted from the included pub-
lications and Cochrane's formula was used to calculate the com-
bined mean of each parameter.18 Data are presented as mean ± SD. 
Analyses were performed using the SPSS system for Windows, ver-
sion 21 (SPSS, IBM, Armonk, NY, USA).

3  |  RESULTS

3.1  |  Study characteristics

A total number of 63 publications were included in this comprehen-
sive review: 26 were prospective,4,19– 42 1 was a randomized controlled 
trial43 and 36 were retrospective studies.1,7,16,43– 75 A total of 7549 pa-
tients presented across the 63 studies underwent segmental resection 
applying different techniques for colorectal endometriosis. Details of 
the study characteristics, surgical details and intraoperative interven-
tions are outlined in Table 1. All included studies fulfilled more than 
70% of the criteria of the Study Quality Assessment Tools and were 
rated as good. There were no conflicts between the authors.

3.2  |  Surgical technique, patient characteristics and 
intraoperative findings

In total, 43 publications comprising 5006 patients did not men-
tion the preservation or removal of the hypogastric nerve plexus 
or main rectal artery supply (SRNOS). The remaining 22 studies 
comprised 2543 patients listed under the NSR group. Eight stud-
ies in the NSR group with 424 patients were reported under ANSR 
and 2119 patients were reported under the NSRNOS technique. 
Although two papers19,25 of the 63 compared both techniques 
(NSR and SRNOS), it was not possible to conduct a meta- analysis 
due to their non- randomized prospective design. Moreover the 
study group of the latter published paper25 was derived from the 
previously conducted study and therefore analyzed the same 
study group.19

3.3  |  Size of the resected nodule and body mass 
index (BMI)

The mean size of the resected nodules was 3.1 ± 0.8 (95% CI 2.7– 3.5) 
cm in the whole study population, 3.2 ± 0.8 cm (95% CI 2.7– 3.7) in 
SRNOS, 3 ± 0 cm in the NSR group, 3.4 ± 1.2 cm (95% CI 2– 34.9) in 
ANSR, and 2.7 ± 0.6 cm (95% CI 2.1– 3.3) in NSRNOS. Moreover, pa-
tients’ BMI were 24 ± 3 kg/m2 (95% CI 22– 25) in SRNOS, 23 ± 1 kg/
m2 (95% CI 21– 26) in NSR and 23 ± 1 kg/m2 and 22 ± 1 kg/m2 (95% CI 
21– 24) in ANSR and NSRNOS, respectively.

3.4  |  Size of the resected segment

The mean size of the resected segment was 18 ± 19 cm (95% CI 7– 30) 
in all patients. The conventional resection group exhibited a mean 
size of 19 ± 8 cm (95% CI 1– 38). The respective size in the NSR group 
was 18 ± 22 cm (95% CI 3– 34). The ANSR subgroup exhibited a mean 
size of 10 ± 3 cm (95% CI 4– 17) compared with 22 ± 26 cm (95% CI 
0– 46) in the NSRNOS subgroup.

3.5  |  Previous surgery for endometriosis and 
hospital stay

More than half (54.6%) of the patients, regardless of surgical tech-
nique, had a history of previous surgery for endometriosis. However, 
the length of hospital stay was comparable regardless of surgi-
cal technique: 6.9 ± 3 days (95% CI 5.4– 8.5) in SRNOS, 7.2 ± 1 days 
(95% CI 5.2– 9.3) in NSR; 7.2 ± 1 days (95% CI 5,2– 9.5) in ANSR and 
8 ± 1 days (95% CI 6.6– 9.4) in NSRNOS.

3.6  |  Intraoperative and delayed hemorrhage

Few publications reported data on the amount of intraoperative 
blood loss, which was comparable regardless of surgical technique. 
Intraoperative hemorrhage occurred in 0.9% (0– 8.4%) in SRNOS, 0.8% 
(0– 4.6%) in NSR, 1.4% (0– 2.4%) in ANSR and 0.5% (0– 4.6%) in NSRNOS. 
Delayed hemorrhage was reported as 3.9% (0– 16.6%) in SRNOS, 3.8% 
(0– 28%) in NSR, 4.6% (0– 10.8%) in ANSR and 3.6% (0– 28%) in NSRNOS. 
Intraoperative hemorrhage and delayed hemorrhage were frequently 
reported in patients undergoing artery and nerve- sparing techniques as 
compared with other surgical techniques. (Table 2).

3.7  |  Postoperative complications and sequelae

3.7.1  |  Rectovaginal fistula and anastomotic 
leakage rates

As listed in Table 2, rectovaginal fistula rates varied from 0% to 
16.6% (mean 3.6 ± 4%, 95% CI 2.3– 4.8) in SRNOS compared with 

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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TA B L E  2  Early and late complications

Author

Early complications, % Hemorrhage, % Urinary complications, %

Rectovaginal 
fistulas,%

Anastomotic 
leakage, %

Pelvic 
Abscess

Bowel 
obstruction

Late bowel 
perforation 
requiring 
colostomy

Late bowel 
perforation 
not requiring 
colostomy

Intraoperative 
hemorrhage

Delayed  
hemorrhage

Urinary retention 
<30 days

Long- term bladder 
catheterization

Ureteral 
leakage LARS, %

Anastomotic 
stenosis, %

Clavien– Dindo 
I– II (%)

Clavien– Dindo 
III– IV (%)

Recurrent rectal 
endometriosis, %

Nerve– sparing resection (NSR)

Passover et al.43 0 0 0 0 NR NR 0 0 0 0 0 0 NR NR NR NR

Landi et al.18 0 8 0 0 0 0 0 28 NR 4 0 NR 0 NR NR NR

Mereu et al.19 2.7 4.7 0.5 0.5 0.5 NR 0.8 2 NR 4.7 1.5 NR 2.6 10.4 26 NR

Ferrero et al.20 2.2 2.2 2.2 0 NR NR NR 10.8 NR 4.3 0 NR NR 17.3 19.5 NR

Minelli et al.21 3.9 1.1 0.8 0.6 NR 0.6 NR 10 11 9.5 0.6 NR 2 NR NR NR

Dousset et al.22 4 2 NR NR NR NR 0 2 NR 16 NR NR NR NR NR NR

Ruffo et al.23 3.2 2.1 NR NR NR NR NR 2.1 NR 9.5 0.9 NR 3.7 NR NR NR

Ceccaroni et al.24 3.3 0 0 0 0 0 4.6 NR NR NR 6.1 NR NR NR NR NR

Meuleman et al.1 0 0 NR NR NR NR 0 0 0 2.2 0 NR NR NR NR NR

Cassini et al.25 10.5 0 0 0 0 0 0 0 0 0 0 NR 0 NR 10.5 NR

Mangler et al.
26

NR NR NR NR NR NR 1.4 0 NR NR NR NR NR NR NR NR

Aklaidos et al.44 2.4 2.4 2.4 0 NR NR 2.4 4.8 9.7 0 2.4 NR NR 12.1 14.4 2.4

Malzoni et al.45 2.4 1.6 0 0 NR NR 0 0.4 0 0 0 NR NR NR 8 0

Jayot et al.46 0 3.2 6 0 NR NR NR NR 22 22 NR NR NR 29 10.3 NR

Erdem et al.47 1.5 0 1.5 0 0 0 0 0 3 1.9 1.5 NR 1.5 NR NR NR

Hudelist et al.4 0.98 1.9 0 0 NR NR NR 2.9 5.9 NR NR 7.4 1.2 8.8 6.9 NR

Raffaeli et al.27 1.6 1.6 0 0 NR NR 0 NR NR NR NR NR NR 96.8 3.2 NR

Roman et al.42 0 NR NR NR NR NR NR 3 9.1 3.6 NR NR NR 48.5 30.2 NR

Bokor et al.15 1.7 3.3 0 0 NR NR NR 1.7 3.3 NR 0 NR NR NR NR 1.7

0 0 0 0 NR NR NR 0 3 NR 0 NR NR NR NR 0

Abrao et al.48 0 0 NR 0 NR NR 1.6 NR 0 NR NR NR 0 9.9 4.2 NR

Bassi et al.49 0.7 0 0 0.25 0 0 0 1.4 0.5 NR 0.5 NR 1.4 2.7 3.4 NR

Bokor et al.16 3.6 1.4 2.1 0 NR NR NR NR 6.49 NR 0.7 31.6 0 11.5 9.3 NR

Segmental resection NOS (SRNOS)

Verspyck et al.50 16.6 0 0 0 0 0 0 0 0 NR 0 NR NR NR NR 0

Jerby et al.28 14.2 0 NR 14.2 NR NR NR NR NR NR 0 NR NR NR NR NR

Redwine and Wright 
et al.29

0 0 0 0 NR NR 0 0 0 0 0 NR NR NR NR NR

Duepree et al.51 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Darai et al.30 7.5 0 2.5 0 NR NR 0 15 NR 17.5 0 NR NR NR NR 0

Fleisch et al.52 0 4.3 0 0 NR NR NR 8.7 NR NR 0 NR NR NR NR NR

Keckstein and 
Wiesenger53

0 3 1 0 NR NR NR 0.5 NR NR 0 NR 3 NR NR NR

Mohr et al.54 0 2 0 0 0 0 0 2 2 0 2 NR NR 25 12.5 NR

Dubernard et al.31 10.3 0 1.7 0 NR NR NR 1.7 NR NR NR NR NR NR 15.5 NR

Jatan et al.55 0 0 0 NR 0 0 NR NR NR NR 0 NR 7.1 NR 0 NR

Landi et al.78 0 4.4 0 0 0 0 0 6.6 NR 6.6 0 NR 0 NR NR

Brouwer and 
Woods56

0 0.7 0 0.7 NR 0.7 0 2.1 NR 1.4 0 NR NR NR NR 3

Darai et al.32 8.4 0 4.2 0 NR NR 8.4 14.1 NR NR 0 NR NR NR 12.6 0

Seracchioli et al.33 0 4.5 0 0 NR 4.5 NR 4.5 9 13.6 0 NR NR NR NR 0

Ghezzi et al.34 0 0 NR NR NR NR NR NR 3 6 NR NR 0 NR NR NR

Kössi et al.35 3.2 3.2 0 0 0 0 0 0 NR NR 0 NR 0 19.2 6.4 NR

Juhasz- Böss57 0 0 0 0 0 0 0 16.6 0 0 0 NR 0 0 0 NR
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TA B L E  2  Early and late complications

Author

Early complications, % Hemorrhage, % Urinary complications, %

Rectovaginal 
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Anastomotic 
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Pelvic 
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obstruction

Late bowel 
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requiring 
colostomy

Late bowel 
perforation 
not requiring 
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Intraoperative 
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Urinary retention 
<30 days

Long- term bladder 
catheterization

Ureteral 
leakage LARS, %

Anastomotic 
stenosis, %

Clavien– Dindo 
I– II (%)

Clavien– Dindo 
III– IV (%)

Recurrent rectal 
endometriosis, %

Nerve– sparing resection (NSR)

Passover et al.43 0 0 0 0 NR NR 0 0 0 0 0 0 NR NR NR NR

Landi et al.18 0 8 0 0 0 0 0 28 NR 4 0 NR 0 NR NR NR

Mereu et al.19 2.7 4.7 0.5 0.5 0.5 NR 0.8 2 NR 4.7 1.5 NR 2.6 10.4 26 NR

Ferrero et al.20 2.2 2.2 2.2 0 NR NR NR 10.8 NR 4.3 0 NR NR 17.3 19.5 NR

Minelli et al.21 3.9 1.1 0.8 0.6 NR 0.6 NR 10 11 9.5 0.6 NR 2 NR NR NR

Dousset et al.22 4 2 NR NR NR NR 0 2 NR 16 NR NR NR NR NR NR

Ruffo et al.23 3.2 2.1 NR NR NR NR NR 2.1 NR 9.5 0.9 NR 3.7 NR NR NR

Ceccaroni et al.24 3.3 0 0 0 0 0 4.6 NR NR NR 6.1 NR NR NR NR NR

Meuleman et al.1 0 0 NR NR NR NR 0 0 0 2.2 0 NR NR NR NR NR

Cassini et al.25 10.5 0 0 0 0 0 0 0 0 0 0 NR 0 NR 10.5 NR

Mangler et al.
26

NR NR NR NR NR NR 1.4 0 NR NR NR NR NR NR NR NR

Aklaidos et al.44 2.4 2.4 2.4 0 NR NR 2.4 4.8 9.7 0 2.4 NR NR 12.1 14.4 2.4

Malzoni et al.45 2.4 1.6 0 0 NR NR 0 0.4 0 0 0 NR NR NR 8 0

Jayot et al.46 0 3.2 6 0 NR NR NR NR 22 22 NR NR NR 29 10.3 NR

Erdem et al.47 1.5 0 1.5 0 0 0 0 0 3 1.9 1.5 NR 1.5 NR NR NR

Hudelist et al.4 0.98 1.9 0 0 NR NR NR 2.9 5.9 NR NR 7.4 1.2 8.8 6.9 NR

Raffaeli et al.27 1.6 1.6 0 0 NR NR 0 NR NR NR NR NR NR 96.8 3.2 NR

Roman et al.42 0 NR NR NR NR NR NR 3 9.1 3.6 NR NR NR 48.5 30.2 NR

Bokor et al.15 1.7 3.3 0 0 NR NR NR 1.7 3.3 NR 0 NR NR NR NR 1.7

0 0 0 0 NR NR NR 0 3 NR 0 NR NR NR NR 0

Abrao et al.48 0 0 NR 0 NR NR 1.6 NR 0 NR NR NR 0 9.9 4.2 NR

Bassi et al.49 0.7 0 0 0.25 0 0 0 1.4 0.5 NR 0.5 NR 1.4 2.7 3.4 NR

Bokor et al.16 3.6 1.4 2.1 0 NR NR NR NR 6.49 NR 0.7 31.6 0 11.5 9.3 NR

Segmental resection NOS (SRNOS)

Verspyck et al.50 16.6 0 0 0 0 0 0 0 0 NR 0 NR NR NR NR 0

Jerby et al.28 14.2 0 NR 14.2 NR NR NR NR NR NR 0 NR NR NR NR NR

Redwine and Wright 
et al.29

0 0 0 0 NR NR 0 0 0 0 0 NR NR NR NR NR

Duepree et al.51 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Darai et al.30 7.5 0 2.5 0 NR NR 0 15 NR 17.5 0 NR NR NR NR 0

Fleisch et al.52 0 4.3 0 0 NR NR NR 8.7 NR NR 0 NR NR NR NR NR

Keckstein and 
Wiesenger53

0 3 1 0 NR NR NR 0.5 NR NR 0 NR 3 NR NR NR

Mohr et al.54 0 2 0 0 0 0 0 2 2 0 2 NR NR 25 12.5 NR

Dubernard et al.31 10.3 0 1.7 0 NR NR NR 1.7 NR NR NR NR NR NR 15.5 NR

Jatan et al.55 0 0 0 NR 0 0 NR NR NR NR 0 NR 7.1 NR 0 NR

Landi et al.78 0 4.4 0 0 0 0 0 6.6 NR 6.6 0 NR 0 NR NR

Brouwer and 
Woods56

0 0.7 0 0.7 NR 0.7 0 2.1 NR 1.4 0 NR NR NR NR 3

Darai et al.32 8.4 0 4.2 0 NR NR 8.4 14.1 NR NR 0 NR NR NR 12.6 0

Seracchioli et al.33 0 4.5 0 0 NR 4.5 NR 4.5 9 13.6 0 NR NR NR NR 0

Ghezzi et al.34 0 0 NR NR NR NR NR NR 3 6 NR NR 0 NR NR NR

Kössi et al.35 3.2 3.2 0 0 0 0 0 0 NR NR 0 NR 0 19.2 6.4 NR

Juhasz- Böss57 0 0 0 0 0 0 0 16.6 0 0 0 NR 0 0 0 NR
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0% to 10.5% (mean 2 ± 2%, 95% CI 0.98– 3.1) in patients undergoing 
NSR. In the subgroup analysis of ANSR and NSRNOS cohorts, the 
rectovaginal fistula rate varied from 0% to 3.6% (mean 1.5 ± 1%, 
95% CI 0.32– 2.8) and 0% to 10.5% (mean 2.26 ± 3%, 95% CI 0.7– 
3.8), respectively. Anastomotic leakage rates varied from 0% to 
8.6% (mean 1.7 ± 2%, 95% CI 1– 2.5) in SRNOS compared with 0% to 
8% (mean 1.7 ± 2%, 95% CI 0.8– 2.6) in patients undergoing NSR. In 
contrast, anastomotic leakage rates in the ANSR and NSRNOS co-
horts varied from 0% to 3.2% (mean 1.8 ± 1%, 95% CI 0.9– 2.7) and 
0% to 8% (mean 1.6 ± 2%, 95% CI 0.3– 3), respectively.

3.7.2  |  Urinary retention and long- term bladder 
catheterization

Postoperative urinary retention rates varied from 0% to 20% (mean 
4.5 ± 6%, 95% CI 0.8– 8.4) in SRNOS compared with 0% to 22% (mean 
4.9 ± 6%, 95% CI 1.6– 8.3) in patients undergoing NSR. Furthermore, 
ANSR and NSRNOS cohorts were associated with postoperative 

urinary retention rates of 0% to 22% (mean 8.8 ± 8%, 95% CI – 1.3 
to 19) and 0% to 11% (mean 2.9 ± 4%, 95% CI 0.1– 5.9), respectively. 
Long- term bladder catheterization rates varied from 0% to 17.5% 
(mean 4.9 ± 6%, 95% CI 1.8– 8) in SRNOS compared with 0% to 22% 
(mean 5.6 ± 6%, 95% CI 1.7– 9.4) in patients undergoing NSR. In line 
with this, ANSR and NSRNOS cohorts showed long- term bladder 
catheterization rates varying from 0% to 22% (mean 8.8 ± 11%, 95% 
CI −20 to 37) and 0% to 16% (mean 4.7 ± 5%, 95% CI 1.3– 8.1), respec-
tively. Postoperative urinary retention and long- term bladder cath-
eterization were frequently reported in all groups.

3.7.3  |  Bowel obstruction and bowel perforation

Bowel obstruction rates varied from 0% to 14% (mean 0.7 ± 3%, 95% 
CI −0.59 to 1.9) in the SRNOS group as compared with 0% to 0.6% 
(mean 0.08 ± 0.2%, 95% CI −0.02 to 0.17) in the NSR group. Bowel 
obstruction was not reported in ANSR, but was reported to be 0% to 
0.6% (mean 0.1 ± 0.2%, 95% CI −0.03 to 0.27) in NSRNOS.

Author

Early complications, % Hemorrhage, % Urinary complications, %

Rectovaginal 
fistulas,%

Anastomotic 
leakage, %

Pelvic 
Abscess

Bowel 
obstruction

Late bowel 
perforation 
requiring 
colostomy

Late bowel 
perforation 
not requiring 
colostomy

Intraoperative 
hemorrhage

Delayed  
hemorrhage

Urinary retention 
<30 days

Long- term bladder 
catheterization

Ureteral 
leakage LARS, %

Anastomotic 
stenosis, %

Clavien– Dindo 
I– II (%)

Clavien– Dindo 
III– IV (%)

Recurrent rectal 
endometriosis, %

Tarjanne et al.58 1.9 0 NR NR NR NR NR 1.9 NR NR NR NR NR NR 3.7 NR

Fanfai et al.36 3.4 1.1 2.2 NR NR 1.1 NR 5.7 NR 14.7 1.1 NR NR NR NR NR

Kondo et al.59 8 4 0 0 NR NR NR NR NR NR NR NR NR 24 24 NR

Roman et al.60 0 6 0 0 NR NR NR NR 20 NR 0 NR NR NR NR NR

Ceccaroni et al. –  C24 7.7 0 0 0 0 0 3.3 NR NR NR 4.9 NR NR NR NR NR

Moawad et al.61 0 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Wolthuis et al.37 0 0 NR NR NR NR 0 0 0 0 0 NR NR NR NR NR

Ruffo et al.38 2 3 0.6 1 NR NR NR 0.5 NR NR 0.4 NR NR NR NR NR

Belghiti et al.39 4.5 3 NR NR NR NR NR 0 NR NR 0 NR NR NR NR NR

Kondo et al.62 3.4 0 0 0 0 0 0 1.6 0 0 0 NR NR 1.6 22 NR

Ruffo et al.63 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 0.2

Milone et al.40 0 2 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Afors et al.64 3.3 3.3 0 0 NR NR NR NR 6.7 NR NR NR NR 6.6 6.6 NR

Michalak et al.65 NR NR NR NR NR NR NR NR 9 9 NR NR NR 18 18 NR

Bourdel et al.66 4.3 8.6 12 NR NR NR NR NR NR NR 0 NR NR 30 26 0

Renner et al.67 4.4 0 0 0 0 0 0 8 NR NR 0 NR 0 15 15.9 NR

Roman et al.42 3.9 0.8 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Abo et al.68 5.8 NR 10 NR NR NR 0 0 NR 4.3 NR NR 5.8 NR 25.2 NR

Byrne et al.41 1.1 2.2 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Mabrouk et al.69 1.6 0 0 0 NR NR NR 6.4 NR 3.2 NR NR 0 9.6 9.7 0

Bonin et al.70 5.9 0 1.1 0 NR NR NR 0 NR NR NR NR 13.8 37.9 5.7 NR

Gornes et al.71 NR NR NR NR NR NR NR NR NR NR NR NR NR 14 16 NR

Gutierrez et al.7 5.2 3.9 1.3 0 NR NR NR 2.6 NR 5.2 2.6 NR NR 23.5 7.8 NR

Braund et al.72 6 NR 6.8 NR NR NR NR NR NR 2.6 0.4 NR 8.6 NR NR NR

Roman et al.73 3.8 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Bafort et al.74 1.8 2.9 2.9 NR NR NR NR 2.2 5.3 1.2 0.6 NR 1.8 15.8 12.8 NR

Abbreviations: LARS, low anterior resection syndrome; NR, not reported.
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No patient in the SRNOS group had late bowel perforation re-
quiring colostomy. However, in the NSR group, there was a mean 
rate of 0.6% (0%– 4.5%, 95% CI −0.3 to 1.5) for late bowel perfo-
ration not requiring colostomy compared with a mean rate of 0.1% 
(0%– 0.5%, 95% CI −0.1 to 0.3) for late bowel perforation requiring 
colostomy and 0.1% (0– 0.6%, 95% CI −0.2 to 0.4) for late bowel per-
foration not requiring colostomy.

3.7.4  |  Low anterior resection syndrome (LARS) and 
anastomotic stenosis

There was no information regarding postoperative LARS rates in 
SRNOS, but LARS rates varied from 0% to 31.6% (mean 13 ± 16%, 
95% CI – 28 to 54) in NSR. Postoperative LARS rates varied from 
7.4% to 31.6% (mean 19.5 ± 17%, 95% CI −134 to 173) in ANSR. 
No information was available on this, for the NSRNOS group. 
Anastomotic stenosis rates varied from 0% to 13.8% (mean 
3.6 ± 4%, 95% CI 0.5– 6.8) in SRNOS compared with 0% to 3.7% 

(mean 1.2 ± 1%, 95% CI 0.3– 2.2) in patients undergoing NSR. 
Moreover, ANSR and NSRNOS cohorts had anastomotic stenosis 
rates that varied from 0% to 1.2% (mean 0.4 ± 0.7%, 95% CI −1.3 to 
2.1) and 0% to 3.7% (mean 1.6 ± 1%, 95% CI 0.4– 2.8), respectively. 
Although the mean follow- up time for most of the patients was 
above 30 months, there was not sufficient information about pain 
or the recurrence rates.

4  |  DISCUSSION

The present work is the first of its kind to systematically review the 
available literature on the postoperative outcomes of different tech-
niques applied for performing segmental bowel resection in patients 
with DE. We were unable to perform a meta- analysis due to a lack 
of high- quality data comparing different techniques head- to- head. 
Furthermore, we were unable to find prospective studies compar-
ing the variants of segmental resection techniques. The results of 
this systematic review pooling data from trials either reporting on 

Author

Early complications, % Hemorrhage, % Urinary complications, %

Rectovaginal 
fistulas,%

Anastomotic 
leakage, %

Pelvic 
Abscess

Bowel 
obstruction

Late bowel 
perforation 
requiring 
colostomy

Late bowel 
perforation 
not requiring 
colostomy

Intraoperative 
hemorrhage

Delayed  
hemorrhage

Urinary retention 
<30 days

Long- term bladder 
catheterization

Ureteral 
leakage LARS, %

Anastomotic 
stenosis, %

Clavien– Dindo 
I– II (%)

Clavien– Dindo 
III– IV (%)

Recurrent rectal 
endometriosis, %

Tarjanne et al.58 1.9 0 NR NR NR NR NR 1.9 NR NR NR NR NR NR 3.7 NR

Fanfai et al.36 3.4 1.1 2.2 NR NR 1.1 NR 5.7 NR 14.7 1.1 NR NR NR NR NR

Kondo et al.59 8 4 0 0 NR NR NR NR NR NR NR NR NR 24 24 NR

Roman et al.60 0 6 0 0 NR NR NR NR 20 NR 0 NR NR NR NR NR

Ceccaroni et al. –  C24 7.7 0 0 0 0 0 3.3 NR NR NR 4.9 NR NR NR NR NR

Moawad et al.61 0 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Wolthuis et al.37 0 0 NR NR NR NR 0 0 0 0 0 NR NR NR NR NR

Ruffo et al.38 2 3 0.6 1 NR NR NR 0.5 NR NR 0.4 NR NR NR NR NR

Belghiti et al.39 4.5 3 NR NR NR NR NR 0 NR NR 0 NR NR NR NR NR

Kondo et al.62 3.4 0 0 0 0 0 0 1.6 0 0 0 NR NR 1.6 22 NR

Ruffo et al.63 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 0.2

Milone et al.40 0 2 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Afors et al.64 3.3 3.3 0 0 NR NR NR NR 6.7 NR NR NR NR 6.6 6.6 NR

Michalak et al.65 NR NR NR NR NR NR NR NR 9 9 NR NR NR 18 18 NR

Bourdel et al.66 4.3 8.6 12 NR NR NR NR NR NR NR 0 NR NR 30 26 0

Renner et al.67 4.4 0 0 0 0 0 0 8 NR NR 0 NR 0 15 15.9 NR

Roman et al.42 3.9 0.8 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Abo et al.68 5.8 NR 10 NR NR NR 0 0 NR 4.3 NR NR 5.8 NR 25.2 NR

Byrne et al.41 1.1 2.2 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Mabrouk et al.69 1.6 0 0 0 NR NR NR 6.4 NR 3.2 NR NR 0 9.6 9.7 0

Bonin et al.70 5.9 0 1.1 0 NR NR NR 0 NR NR NR NR 13.8 37.9 5.7 NR

Gornes et al.71 NR NR NR NR NR NR NR NR NR NR NR NR NR 14 16 NR

Gutierrez et al.7 5.2 3.9 1.3 0 NR NR NR 2.6 NR 5.2 2.6 NR NR 23.5 7.8 NR

Braund et al.72 6 NR 6.8 NR NR NR NR NR NR 2.6 0.4 NR 8.6 NR NR NR

Roman et al.73 3.8 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Bafort et al.74 1.8 2.9 2.9 NR NR NR NR 2.2 5.3 1.2 0.6 NR 1.8 15.8 12.8 NR

Abbreviations: LARS, low anterior resection syndrome; NR, not reported.
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various patient cohorts undergoing different techniques for bowel 
resection, ie shaving and discoid resection, or segmental resection 
demonstrate that there is no obvious difference in intraoperative or 
postoperative complications when applying conventional SRNOS or 
NSR. Mean rates of rectovaginal fistula were lower in NSR groups 
(ANSR 1.5%, NSRNOS 2.3%) than in the SRNOS group (3.6%). 
In addition, similar leakage rates were observed in both groups. 
Furthermore, postoperative voiding dysfunction and bowel func-
tion reflected by LARS scores were similar in patients managed with 
nerve- sparing techniques and the conventional method (SRNOS).

When compared with segmental resection, conservative resec-
tion techniques for colorectal DE such as rectal shaving or discoid 
resection were advocated by several authors based on lower compli-
cation rates regarding anastomotic leakage and postoperative bowel 
stenosis.10,76 Segmental resection is the recommended treatment 
method in extensive, multifocal diseases where conservative ap-
proaches are technically difficult to perform.5,8 However, the only 
prospective randomized trial comparing segmental resection with 
conservative, full- thickness discoid resection was unable to demon-
strate significant advantages of omitting segmental resection, al-
though it did demonstrate a higher risk for bowel stenosis leading to 
repeated surgical interventions in the segmental resection group.43 
To decrease the morbidity of segmental resection regarding autono-
mous nerve function and risk of anastomotic leakage, nerve- sparing 
techniques and vessel- sparing variants have been suggested by sev-
eral authors.4,19,25

The results of the present systematic review do not suggest a 
relevant advantage of these approaches over the conventional 
method. However, our results have to be interpreted with caution 
because of the heterogeneity of the studies included, the human 
factor of surgical experience and possible effects of volume activity 
and caseloads.77

Furthermore, large prospective randomized controlled trials and 
comparative observational studies are lacking. The only available 
literature comparing SRNOS and NSR derive from non- randomized 
retrospective cohort studies from the same group19,25 and do not 
allow sufficient conclusions. In addition, there are several known 
additional factors with a proven influence on leakage rates and rec-
tovaginal fistula development: the length of the resected segment, 
height of the surgical anastomosis, vaginal opening and presurgical 
morbidity of the patient.16,78,79 As a consequence, the ideal study 
setting would comprise patients undergoing different segmental re-
section techniques with DE lesions situated at the same anatomical 
height and similar rates of concomitant vaginal involvement. Finally, 
nerve- sparing techniques are sometimes difficult to apply in surgi-
cal reality due to extension of DE into parametrial tissues, applica-
tion of traction and thermal damage causing nerval damage despite 
formal use of so- called nerve- sparing approaches. It also has to be 
stated that we cannot fully exclude that those papers reporting on 
segmental resection which lacked otherwise specified information 
on dissection procedures of nerval structures and vessels included 
in the SRNOS group, did indeed spare autonomous nerve plexuses 
during resection of DE.

The strength of this work is that we utilized an extensive search 
strategy including four databases and that this is the first systematic 
review on the subject of differences in outcomes of various tech-
niques for segmental resection. The results do not suggest a relevant 
difference of one approach over the other; however, based on the 
available literature, a possible advantage of NSR techniques cannot 
be excluded in light of the limitations of the quality of evidence re-
viewed. In the ideal scenario, future prospective trials are would be 
needed to increase the level of evidence for or against nerve- sparing 
resection methods for segmental resection in women with colorec-
tal DE. These studies would need to include patients with similar 
baseline surgical risk factors (height of lesion from the anal verge, 
vaginal opening, parametrial involvement, length of resected seg-
ment, etc.) and would also have to take into account surgical experi-
ence with adequate patient numbers. This could only be achieved in 
a standardized multicenter setting with strict inclusion and exclusion 
criteria.

5  |  CONCLUSION

Current data describe the outcomes of different segmental resec-
tion techniques. However, the data are inhomogeneous and are not 
sufficient to reach a conclusion regarding a possible advantage of 
one technique over the other.
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