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Abstract

Original Article

IntroductIon

Endometriosis is a common disease that occurs in 5%–10% 
of reproductive-age women. It is defined as the presence of 
endometrial tissue outside the uterus, predominantly within the 
peritoneal cavity, and causes symptoms such as pelvic pain, 
dysmenorrhea, dyspareunia, and infertility.[1] Endometriosis 
is detected in 25%–40% of women with infertility, and 
up to 50% of women with endometriosis are infertile.[2-4] 

Nevertheless, it remains controversial as to which assisted 
reproductive technology (ART), or surgical intervention should 
be primarily used for women diagnosed with endometriosis 
who wish to conceive. Alternatively, for patients diagnosed 
with endometriosis (e.g., ovarian endometrioma), conservative 
laparoscopic surgery to correct the anatomical position of the 
uterus, ovaries, and fallopian tubes to improve immunological 
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abnormalities in the pelvis may positively affect postoperative 
pregnancy outcomes.[5-8] Furthermore, surgical treatment may 
improve the symptoms experienced due to endometriosis.[9] 
However, some studies have reported a reduction in ovarian 
reserve due to cystectomy for endometrioma.[10-13]

The European Society of Human Reproduction and 
Embryology (ESHRE) guideline recommends hormonal 
therapy or surgical intervention for endometriosis patients who 
experience pain.[9] Furthermore, the ESHRE guideline states 
that irrespective of surgical intervention, moderate-to-severe 
endometriosis negatively affects ART outcomes. [14-16] 
Conversely, very recently, the first meta-analysis of the 
effect of surgical interventions for endometriosis, especially 
deep endometriosis (DE), was published and this revealed 
a significant benefit of surgery for DE before undergoing 
ART.[17] In essence, postoperative fertility outcomes might 
be greatly influenced by surgical procedures, which should 
be systematic and standardized. However, surgery performed 
for endometriosis varies greatly and depends on the severity 
of endometriosis in each patient, the range of excision in 
each facility, and/or the skill of the performing surgeon. 
Accordingly, it is difficult to precisely evaluate the benefits 
of the surgical procedures.

In this study, we aimed to evaluate the postoperative 
pregnancy rate following a routine surgical procedure 
performed at a single facility to determine the efficacy 
of surgical interventions in severe endometriosis patients 
experiencing pain and/or infertility due to endometriosis. 
Herein, we reported the postoperative pregnancy outcomes 
after conservative laparoscopic surgery for the revised 
American Society for Reproductive Medicine (r-ASRM)[18] 
stage III/IV endometriosis combined with endometrioma 
cystectomy and DE excision performed by a surgical team 
at our facility.

MaterIals and Methods

Ethics
This study was reviewed and approved by the Institutional 
Review Board of our hospital (approval no. ERB-C-1915; 
approval date: January 7, 2021). Informed consent was 
obtained through an opt-out method on our hospital’s website. 
Patients who declined participation were excluded. The study 
was conducted in accordance with the Declaration of Helsinki 
of 1975, as revised in 2013.[19]

Study design
Medical records of 256 consecutive women with the American 
Society for Reproductive Medicine (ASRM) stage III/IV 
endometriosis who underwent conservative laparoscopic 
surgery between January 2010 and December 2018 at 
our hospital were retrospectively reviewed [Figure 1]. To 

accurately reflect our institution’s postoperative pregnancy 
results, this study included patients with common benign 
comorbidities (e.g., hypertension, autoimmune disease, and 
thyroid function disorders) and malignant cancers (e.g., 
breast cancer) before and after laparoscopic surgery. We 
evaluated the pregnancy rate in all patients who wished to 
conceive. We excluded three women aged ≥40 years and 
eight women whose male partners were infertile, defined as 
sperm abnormalities based on seminal analysis according 
to the World Health Organization (Geneva) criteria.[20] In 
addition, we excluded 12 patients who had adenomyosis or a 
history of adenomyosis excision as it might be an independent 
factor associated with infertility.[21,22] As a subsequent 
analysis, we evaluated postoperative pregnancy outcomes 
only in patients who were diagnosed with infertility before 
surgery [Figure 2]. We defined patients who failed to achieve 
a pregnancy after 12 months or more of regular unprotected 
sexual intercourse as infertile. Furthermore, at the time of 
surgery, we evaluated age, body mass index (BMI), gravidity 
and parity, and surgical findings, including the r-ASRM 
score, endometriosis fertility index (EFI), size of the ovarian 
endometrioma, existence of bilateral ovarian endometriomas, 
cul‑de‑sac obliteration (CDSO), and DE. We simultaneously 
evaluated our surgical intervention based on DE excision. 
DE excision was defined as follows: complete opening of the 
cul‑de‑sac, excision of the thickened parts of the uterosacral 
ligament (USL), detachment of all adhesions due to DE, 
excision of all visible DE lesions, and visualization of the 
hinge of a uterine manipulator. Cases that did not meet the 
criteria mentioned above were defined as cases of residual DE.

All pregnant patients were classified into two groups based 
on the treatment type: non-ART group, which included those 
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Figure 1: Flow chart of the study
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who had natural pregnancy and/or intrauterine insemination, 
and ART group, which included cases in which standard 
techniques of in vitro fertilization and intracytoplasmic sperm 
injection followed by fresh or frozen-thawed embryo-transfer 
were performed. None of the patients used donated gametes.

Surgical indication policy
We proposed conservative laparoscopic surgery for patients 
with pain symptoms (e.g., dysmenorrhea, chronic pelvic pain, 
and dyspareunia) due to endometriosis (endometrioma). In 
addition, we suggested surgical interventions to patients who 
had an endometrioma that appeared to be enlarging in size. 
For patients with endometriomas not associated with pain who 
wished to conceive, we recommended non-ART treatment 
for 6 months before suggesting surgery or ART treatment; 
if a patient did not conceive through non-ART treatment in 
6 months, we subsequently recommended surgery or ART 
treatment. The above policy was applied to women in their 
20s and 30s, but we recommended ART treatment immediately 
for women in their forties, except for those who refused ART 
treatment.

Surgical procedures
Before study initiation, the following standard procedures 
of conservative laparoscopic surgery for endometriosis 
were prepared [Figure 3 and Supplementary Video 1]. All 
surgeries were performed using the standard operative 
method for excision of endometriosis lesions, including 
DE. First, all laparoscopic findings were evaluated and 
recorded preoperatively [Figure 3a]. Chromotubation using 
indigo carmine was performed to evaluate tubal patency. 
The adhesions between the posterior surface of the ovary, 
posterior surface of the broad ligament of the uterus, and pelvic 
organs were completely detached [Figure 3b]. Afterward, the 
retroperitoneum at the ovarian fossa was opened, the ureter 
and hypogastric nerves in the broad ligament of the uterus 
were separated from the lesions and fibrotic tissues to avoid 
damaging them, and the pararectal space between the USL and 
rectum was opened [Figure 3c]. Subsequently, we proceeded to 
the caudal side and opened the rectovaginal space [Figure 3d]. 

The thickened DE of the rectovaginal septum and USL was 
excised [Figure 3e]. Furthermore, the DE was excised to 
expose the hinge of the uterine manipulator that served as an 
indicator of the posterior vaginal fornix [Figure 3f-h]. With this 
method, the posterior cervical region and USL were separated 
from the rectum [Figure 3h], CDSO was completely and safely 
opened, and DE was excised firmly, thus avoiding ureteral 
and hypogastric nerve damage [Figure 3i]. In addition, DE 
lesions in other organs, such as the intestinal bowel, bladder, 
and ureter, were excised. Severe DE lesions that caused ileus, 
hydronephrosis, and ureteral obstruction were also noted. 
However, DE resection was not performed in cases with 
invasion of other organs requiring bowel resection or urinary 
tract alteration. In this study, all surgeries were performed 
by a single surgical team that followed the same procedure 
described above at a single facility.

Statistical analysis
Statistical analyses were performed using JMP software 
version 7.0 (SAS Institute Inc., Cary, NC, USA). Categorical 
variables were compared using Student’s t-test and the χ2 test 
to determine the correlations between factors and infertility 
treatment outcomes. Cumulative pregnancy rate analyses 
were performed using Graphpad Prism software version 5.04 
for Windows (GraphPad Software, La Jolla California USA, 
www.graphpad.com) according to the Kaplan–Meier method. 
Multivariate analysis was performed using EZR, which is a 
graphical user interface for R software. More precisely, it is a 
modified version of R commander designed to add statistical 
functions that are frequently used in biostatistics, according 
to the cox proportional hazards analysis. A P < 0.05 was 
considered statistically significant.

results

Pregnancy rates and patterns
Of the 256 patients enrolled, 94 women wished to 
conceive [Figure 1]. Patients whose male partners had 
infertility issues (n = 8), those aged ≥40 years (n = 3), and 
those who had adenomyosis or a history of adenomyosis 
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Figure 2: Flow chart of infertile patients
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excision (n = 12) were excluded. Finally, 71 women were 
included in the analysis. The overall postoperative pregnancy 
rate for these 71 patients was 76.1% (n = 54). Of the 54 
pregnant patients, 49 (90.7%) conceived through non-ART 
interventions, whereas five (9.3%) conceived through ART 
treatment. Overall, 17 (23.9%) patients did not conceive, seven 
of whom underwent ART treatment. Ten patients who could 
not be followed up were regarded as not pregnant.

Characteristics and surgical findings of all patients
Patient characteristics are presented in Table 1. The mean age 
at surgery was 30.4 years and 31.5 years in the pregnant and 
nonpregnant groups, respectively. No significant differences in 
age, BMI, or pregnancy history were identified between the two 
groups. The EFI score was significantly higher in the pregnant 
group than in the nonpregnant group (P = 0.03). There were no 
significant differences in other operative findings (i.e., r-ASRM 
score, size of the ovarian endometrioma, existence of bilateral 
ovarian endometrioma, CDSO, DE, or residual DE) between 
the two groups. No severe complications such as intraopertie or 
postoperative massive bleeding that required blood transfusion 
and abscess formation that required re-operation were observed 
in any of the eligible cases.

Pregnancy patterns and surgical findings in all pregnant 
patients
Of the 54 pregnant patients, 49 (90.7%) conceived through 
non-ART interventions, whereas five patients (9.3%) conceived 

through ART treatment [Table 1]. The two groups did not 
significantly differ with respect to age, BMI, or pregnancy history. 
The EFI score and the surgical score of EFI were significantly 
higher in the non-ART group than in the ART group (P = 0.04 
and P = 0.02). There were no significant differences in the 
ASRM score, size of the ovarian endometrioma, existence 
of bilateral ovarian endometriomas, CDSO, or DE between 
the two groups. DE lesions were observed in 23/49 (46.9%) 
patients of the non-ART group and 4/5 (80.0%) patients of the 
ART group. There were seven (30.4%) residual DE cases in 
the non-ART group and four (100%) in the ART group, which 
was a significant difference (P = 0.008).

Pregnancy rates and patterns of infertile patients
Of the 71 patients, 40 (56.3%) women experienced 
infertility and the postoperative pregnancy rate was 
70.0% (n = 28) [Figure 2]. Of the 28 pregnant patients, 
24 (85.7%) conceived through non-ART interventions, 
whereas four (14.3%) conceived through ART treatment. 
Twelve (30.0%) patients did not conceive, five of whom 
underwent ART treatment. Seven patients who could not be 
followed up were regarded as not pregnant.

Characteristics and surgical findings of the infertile 
patients
Patient characteristics are presented in Table 2. The mean 
age at surgery was 32.3 and 32.6 years in the pregnant and 
nonpregnant groups, respectively. No significant differences 

Figure 3: Our conservative laparoscopic surgical procedure for endometriosis. (a) Observation and recording of surgical findings under a 
laparoscope. (b) Complete detachment of adhesion between the posterior surface of the ovary and the posterior broad ligament of the uterus/pelvic 
organs. (c) Opening of the retroperitoneum between the ligamentum infundibulum pelvicum and the USL and visual recognition of the ureter (arrow) 
and hypogastric nerve. (d) Opening of the retroperitoneum of the pararectal space (arrow) between the USL and the rectum. (e) Excision of the 
thickened DE of the rectovaginal septum (arrow) using a rectal probe to identify the contour of the rectum. (f) Excision of the thickened USL (arrow) 
with DE. (g) Additional DE excision to make the hinge of a uterine manipulator (arrow) visible as an indicator for the posterior vaginal fornix. (h) 
Complete opening of the CDSO (arrow). (i) Normalization of the anatomical positional relationship of the uterus, ovaries, and fallopian tubes. USL: 
Uterosacral ligament, DE: Deep endometriosis, CDSO: Cul‑de‑sac obliteration. http://www.apagemit.com/page/video/show.aspx?num=
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in age, BMI, pregnancy history, or preoperative infertility 
period were identified between the two groups. The EFI 
score and surgical score of EFI were significantly higher in 
the pregnant group than in the nonpregnant group (P = 0.018 
and P = 0.027, respectively). The Cox proportional hazards 
analysis of age, r-ASRM score, EFI score, and the existence of 
bilateral ovarian endometriomas presented in Table 3 showed 
that the only variable that achieved statistical significance 
was the EFI score (P = 0.012). Furthermore, there were no 
significant differences in the other operative findings (i.e., 
size of the ovarian endometrioma, CDSO, DE, or residual 
DE) between the two groups.

Pregnancy patterns and surgical findings in infertile 
patients
Of the 28 pregnant patients, 24 (85.7%) conceived through 
non-ART treatment, whereas four (14.3%) conceived through 
ART treatment [Figure 2]. No significant differences in age, 
BMI, pregnancy history, or preoperative infertility period 
were identified between the two groups [Table 2]. The 
r-ASRM score in the ART group was significantly higher 
than that in the non-ART group (P = 0.044). Furthermore, the 
EFI score and surgical score of EFI were significantly higher 
in the non-ART group than in the ART group (P = 0.028 
and P = 0.005, respectively). The existence of bilateral 
ovarian endometriomas in the ART group was significantly 
higher than in the non-ART group (P = 0.047). There 
were no significant differences in the size of the ovarian 
endometrioma, existence of CDSO, DE, or residual DE 
between the two groups. The cumulative probability of 

conception in the 40 patients with infertility was 39% and 
46%, at 6 and 12 months, respectively [Figure 4], whereas 
the cumulative probability of 28 patients who were diagnosed 
with infertility and conceived through non-ART was 50% 
at 5 months.

dIscussIon

In this study, of 71 patients with ASRM stage III/IV 
endometriosis, 54 (76.1%) were conceived after our 
conservative laparoscopic surgery. When the analysis was 
limited to infertile patients, 28 (70.0%) conceived after our 
conservative laparoscopic surgery. The pregnancy rates after 
laparoscopic surgery for stage III/IV endometriosis have 
been previously reported, but these outcomes vary with each 
report. For example, Marrs found that the pregnancy rate was 
30%[23] and Beretta et al., 67%[24] after laparoscopic surgery 
for stage III/IV endometriosis. However, these pregnancy 
rates might be overestimated because of selection and 
publication bias, and those studies excluded patients who 
could not be followed up.[25] Furthermore, Leonardi et al. 
reported that laparoscopic surgery for endometriosis might 
improve overall pain levels but had little or no effect on 
fertility-related or adverse outcomes.[26] The postoperative 
pregnancy rate in the current study was 76.1%, although 
we included patients who could not be followed up as not 
pregnant. Even when the analysis was limited to infertile 
women, the postoperative pregnancy rate was 70.0%. This 
finding is quite compatible with pregnancy rates reported 
previously.[23-25] In addition, a study by Olive et al. indicated 
that women with stage III endometriosis had a pregnancy 

Table 1: Characteristics and surgical findings of the patients

Pregnant (n=54) Not pregnant 
(n=17)

P (pregnant vs. 
not pregnant)

P (non‑ART 
vs. ART)Total Non‑ART (n=49) ART (n=5)

Age at surgery (years) (n)* 30.4±4.3 30.3±4.4 32.2±2.7 31.5±4.3 0.18 0.18
<30 20 19 1 7 - -
30-35 25 21 4 5 - -
36-40 9 9 0 5 - -

BMI (kg/m2)* 21.5±3.7 21.6±3.8 20.0±2.2 20.3±2.3 0.12 0.19
Multigravida (n) 10 10 0 2 0.51 0.26
Multipara (n) 5 5 0 2 0.76 0.45
r-ASRM* 53.4±30.8 53.3±31.9 54.6±19.8 54.0±28.9 0.47 0.46
EFI (historical/surgical 
score)*

6.5±0.8 
(3.9±0.5/2.6±0.7)

6.7±0.7 
(3.9±0.5/2.7±0.6)

6.0±1.0 
(4.0±0/2.0±1.0)

5.9±1.5 
(3.8±0.5/2.2±1.0)

0.03 (0.28/0.09) 0.04 
(0.34/0.02)

Ovarian endometrioma 
(mm)*

53.5±18.3 53.7±18.4 52.0±19.9 62.7±40.8 0.09 0.42

Bilateral ovarian 
endometriomas, n (%)

22 (40.7) 19 (38.8) 3 (60.0) 6 (35.3) 0.68 0.35

CDSO, n (%) 19 (35.2) 17 (34.7) 2 (40.0) 7 (41.2) 0.65 0.81
DE, n (%) 27 (50.0) 23 (46.9) 4 (80.0) 11 (64.7) 0.28 0.15
Residual DE, n (%) 11/27 (40.7) 7/23 (30.4) 4/4 (100) 5/11 (45.5) 0.79 0.008
*Mean±SD. r-ASRM: Revised American Society for Reproductive Medicine, EFI: Endometriosis fertility index, CDSO: Cul‑de‑sac obliteration, DE: Deep 
endometriosis, SD: Standard deviation, ART: Assisted reproductive technology, BMI: Body mass index
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rate of only 25%, and no pregnancies occurred with stage 
IV endometriosis on expectant management without surgical 
intervention.[27] The discrepancy in pregnancy outcomes 
after surgical intervention in the previous studies could be 
caused by differences in the clinical parameters, surgical 
procedures, and intraoperative status.[25,28,29] Most of the 
original research on pregnancy outcomes after surgery for 
endometriosis has been reported more than 10 years ago. 
Recent advances in laparoscopic surgical equipment and 
techniques have made it possible to perform surgery not 
only merely for endometrioma but also for DE. A strength of 
this study was that all surgeries were performed by a single 
surgical team, following a routine protocol. Thus, we consider 
that our surgical intervention did not negatively influence 
the postoperative pregnancy outcomes and was helpful for 
patients experiencing pain due to endometriosis.

According to the ESHRE guidelines, there is no strong 
evidence to support surgical intervention to improve the 
spontaneous pregnancy rate in women with DE lesions. 

Furthermore, the guidelines state that ART should be 
performed irrespective of the severity of endometriosis, 

Table 3: Independent predictive factors of postoperative fertility (Cox’s model) in the patients with infertility

Risk factor Pregnant (n=28) Not pregnant (n=12) HR HR 95% CI P
Age at surgery (years)* (n) 32.3±3.1 32.6±4.4 2.33 1.00-2.32 0.051

<30 (n) 4 4 - - -
30-35 (n) 18 3 - - -
36-40 (n) 6 5 - - -

r-ASRM* 48.3±28.1 53.2±30.9 1.01 0.99-1.03 0.30
EFI* 7.29±1.0 7.08±1.1 2.07 1.17-3.65 0.012
Bilateral ovarian endometrioma, n (%) 9 (32.1) 5 (41.7) 0.51 0.17-1.51 0.22
*Mean±SD. r-ASRM: Revised American Society for Reproductive Medicine, EFI: Endometriosis fertility index, SD: Standard deviation, HR: Hazard ratio, 
CI: Confidence interval

Table 2: Characteristics and surgical findings of the infertile patients

Pregnant (n=28) Not pregnant 
(n=12)

P (pregnant vs. 
not pregnant)

P (non‑ART 
vs. ART)Total Non‑ART (n=24) ART (n=4)

Age at surgery (years) (n)* 32.3±3.1 32.2±3.2 33.0±2.4 32.6±4.4 0.39 0.32
<30 4 4 0 4 - -
30-35 18 14 4 3 - -
36-40 6 6 0 5 - -

BMI (kg/m2)* 20.9±2.9 21.2±3.0 19.4±2.1 20.6±2.1 0.37 0.14
Multigravida (n) 5 5 0 2 0.92 -
Multipara (n) 3 3 0 2 0.60 -
Preoperative infertility period 17.8±15.7 18.5±16.2 12.0±12.0 21.1±21.8 0.31 0.26
r-ASRM* 48.3±28.1 46.0±29.5 61.8±13.6 53.2±30.9 0.31 0.044
EFI (historical/surgical score)* 6.4±0.8 

(3.9±0.6/2.5±0.7)
6.6±0.7 

(3.8±0.6/2.8±0.5)
5.7±0.9 

(4.0±0/1.7±0.9)
5.4±1.5 

(3.8±0.6/1.8±0.9)
0.018 

(0.31/0.027)
0.028 

(0.31/0.005)
Ovarian endometrioma (mm)* 51.7±19.2 52.2±19.2 49.0±21.7 49.4±20.1 0.37 0.38
Bilateral ovarian 
endometrioma, n (%)

9 (32.1) 6 (25.0) 3 (75.0) 5 (41.7) 0.56 0.047

CDSO, n (%) 7 (25.0) 5 (17.9) 2 (50.0) 5 (23.8) 0.29 0.21
DE, n (%) 14 (50.0) 10 (41.7) 4 (100) 8 (66.7) 0.33 0.15
Residual DE, n (%) 8/14 (57.1) 4/10 (40.0) 4/4 (100) 3/8 (37.5) 0.38 0.11
*Mean±SD. r-ASRM: Revised American Society for Reproductive Medicine, EFI: endometriosis fertility index, CDSO: Cul‑de‑sac obliteration, DE: Deep 
endometriosis, SD: Standard deviation, ART: Assisted reproductive technology, BMI: Body mass index

Figure 4: The cumulative pregnancy rate of infertile women by KM 
analysis. The cumulative probability of conception in the 40 patients who 
were diagnosed with infertility before surgery was 39% and 46%, at 6 
and 12 months, respectively. KM: Kaplan–Meier
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specifically to shorten the delay in conception.[30-32] In 
contrast, some studies have reported that the excision of 
DE lesions was associated with a higher pregnancy rate 
after surgery.[17,28] Furthermore, other studies showed that 
DE lesions negatively influenced the artificial reproductive 
outcome in women with infertility.[29,33] In our study, DE 
excision was tried in 23/49 patients who conceived through 
non-ART treatment, but residual DE remained in seven 
patients (30.4%). Conversely, DE excision was tried in 
4/4 of patients who conceived through ART treatment, and 
residual DE remained in all four cases. These findings suggest 
that severe endometriosis patients might likely conceive 
without ART when there is no residual DE after surgery. In 
addition, infertile women who conceived without ART were 
pregnant after a median of 5 months following the surgical 
intervention. Therefore, when patients are unable to conceive 
early after surgery, it is necessary to consider the transition 
to ART. We also should promptly explain to the patients that 
DE lesions might remain.

Alternatively in the analysis limited to infertile patients, there 
were no significant differences in the r-ASRM score and 
existence of bilateral endometriomas between the pregnant 
and nonpregnant groups. Furthermore, we confirmed that EFI 
is a useful predictor of the establishment of a postoperative 
pregnancy, particularly in infertile women. Our operative 
principle is based on the careful dissection of endometriotic 
adhesions, normalization of the anatomic position of the 
fallopian tubes, the fimbria, and the ovary, and cystectomy 
to minimize the damage to the normal ovaries. These 
procedures contribute to maintaining a high surgical score 
of EFI. However, it has not been reported whether EFI is 
determined by the status of endometriosis itself or whether 
it differs depending on the surgical technique and surgeon. 
Future studies are needed to address the same. Residual DE 
seems to be a factor that might make postoperative pregnancy 
with non-ART difficult, leading to the requirement of ART. 
However, in this study, the ART group might have been 
too few in number to obtain a correct analysis, and further 
evaluation is need on a larger scale in the future.

This study’s limitation was the inclusion of a small sample 
size and single-center setting. In addition, the appropriate DE 
excision range was not examined. In this study, DE resection 
was not performed in cases with the invasion of other organs 
requiring bowel resection or urinary tract alteration. On the 
other hand, some studies have reported that the excision of 
endometriosis with bowel resection appeared to offer better 
results in terms of postoperative fertility.[29-35] Therefore, 
the appropriate range of DE excision, as the best surgical 
procedure, remains controversial; thus, further studies are 
needed to address this issue.

conclusIons

The pregnancy rate after our conservative surgical procedure 
for stage III/IV endometriosis patients was favorable and 
comparable to those reported by previous studies. EFI 
was a significant predictor of postoperative pregnancy, 
particularly in infertile women and our surgical approach 
to maintain a high surgical score of EFI might help treat 
endometriosis-associated infertility.
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