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Abstract 

Background  Endometriosis frequently results in pain and infertility. While conservative surgery offers some relief, 
it often falls short of ensuring satisfactory pregnancy outcomes. Adjuvant GnRH-a is administered post-surgery 
to mitigate recurrence; however, its impact on pregnancy outcomes remains debated. This study endeavors to assess 
the efficacy of adjuvant GnRH-a in enhancing pregnancy outcomes post-conservative surgery in endometriosis 
patients.

Methods  Databases including PubMed, Embase, the Cochrane Library, Medline (Ovid), Web of Science, and Sco-
pus were rigorously searched up to 02 August 2023, without linguistic constraints. Identified articles were screened 
using strict inclusion and exclusion criteria. Evaluated outcomes encompassed pregnancy rate, live birth rate, miscar-
riage rate, ectopic pregnancy rate, multiple pregnancy rate, mean postoperative pregnancy interval, recurrence rate, 
and adverse reaction rate. The Cochrane risk of bias tool and the Jadad score evaluated the included studies’ quality. 
Subgroup and sensitivity analysis were implemented to analyze the pooled results. A meta-analysis model expressed 
results as standardized mean difference (SMD) and Risk ratio (RR).

Results  A total of 17 studies about 2485 patients were assimilated. Meta-analysis revealed that post-surgery, 
the GnRH-a cohort experienced a marginally elevated pregnancy rate (RR = 1.20, 95% CI = 1.02–1.41; P = 0.03) 
and a reduced mean time to conceive (RR = -1.17, 95% CI = -1.70- -0.64; P < 0.0001). Contrarily, other evaluated out-
comes did not exhibit notable statistical differences.
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Conclusions  Incorporating adjuvant GnRH-a following conservative surgery may be deemed beneficial for women 
with endometriosis, especially before Assisted Reproductive Technology (ART). Nonetheless, owing to pronounced 
heterogeneity, subsequent research is warranted to substantiate these potential advantages conclusively.

Registration number  CRD42023448280.
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Background
Endometriosis is a chronic, inflammatory, and estrogen-
dependent condition characterized by stroma and/or 
endometrial-like epithelium outside the endometrium 
and myometrium [1–3]. It manifests predominantly as 
persistent pelvic pain, dysmenorrhea, sexual difficul-
ties, and notably, infertility [4, 5]. The etiology of endo-
metriosis remains elusive with several theories proposed 
including retrograde menstruation, coelomic metaplasia, 
lymphatic and vascular metastases, and stem cell theory, 
among others [6–10]. Estimating the precise prevalence 
of endometriosis is challenging due to its varied presen-
tations; however, it’s estimated to affect approximately 
10% of reproductive-aged women globally, roughly 
190  million women [11]. This prevalence can surge to 
33% among those with Chronic Pelvic Pain and up to 
50% in those facing infertility [12]. Such high prevalence 
underscores its significant toll on the quality of life and 
its strain on healthcare resources [13, 14].

Given the heterogeneity of endometriosis [15], its diag-
nosis primarily relies on surgical visualization [16], and 
pregnancy outcomes are also complicated. A cohort 
study based on the Nurses’ Health Study II investigates 
the association between laparoscopically confirmed 
endometriosis and adverse pregnancy outcomes and 
shows a positive association, particularly with ectopic 
pregnancy, spontaneous abortion, hypertensive disor-
ders of pregnancy, and gestational diabetes mellitus [17]. 
Researchers have proposed a multitude of mechanistic 
hypotheses, such as endometrial resistance to proges-
terone affects oocyte quality and alters the uterine envi-
ronment, resulting in poor embryo development and 
implantation; placental insufficiency and inadequate 
uterine contractility affect embryo implantation and 
fetal growth; and the inflammatory hypothesis is widely 
accepted [18]. Inflammatory and immune dysregula-
tion mechanisms have been shown to impair endome-
trial tolerance and embryonic competence at the site of 
implantation [19]. The chronic inflammatory response of 
the ectopic endometrium exacerbates cell-mediated and 
humoral immune dysfunction in women with endome-
triosis, with higher levels of proinflammatory cytokines 
such as interleukin-1, -6, -8 and  -10, tumor necrosis 
factor-α, and vascular endothelial growth factor, in the 
peritoneal fluid of infertile women with endometriosis. 

All of these cytokines decrease oocyte quality, alter 
embryo development, and impair embryo implanta-
tion. A prospective cohort study [20], comparing uterine 
artery Doppler pulse indices at the time of pregnancy 
in patients with and without moderate-to-severe endo-
metriosis, demonstrates the association between III-IV 
endometriosis and clinically measurable impaired late 
placental perfusion, and recommends further studies to 
be conducted to predict and prevent adverse pregnancy 
and perinatal outcomes caused by impaired late placental 
perfusion.

Current therapeutic approaches pivot on surgical exci-
sion of lesions and hormonal medications that suppress 
ovarian hormone production [21]. Hormonal medica-
tions can effectively alleviate pain symptoms [22], but 
their efficacy in treating infertility remains limited, often 
necessitating surgical interventions. Nevertheless, sur-
gery alone doesn’t always rectify fertility issues, espe-
cially in cases of moderate to severe endometriosis [23]. 
Thus, a combined approach of surgical and pharmaco-
logical interventions is frequently advocated [24]. Given 
the plethora of available adjuvant medications, clinicians 
must consider the stage of endometriosis, fertility goals, 
other infertility determinants, and when pertinent, resort 
to Assisted Reproductive Technology (ART) [25, 26].

Two prominent medications in this domain are dien-
ogest (DNG) and Gonadotropin-releasing hormone ago-
nists (GnRH-a). Dienogest, a fourth-generation selective 
progestin, is typically the first line of treatment, primarily 
for pain relief, recurrence prevention, and contraception 
[27, 28]. However, its long-term use can be financially 
burdensome and often presents side effects like Abnor-
mal Uterine Bleeding, which can impact quality of life 
and delay conception post-surgery [29]. GnRH-a, cur-
rently recognized as the most effective medicine used to 
treat endometriosis [30], although categorized as a sec-
ond-line treatment by overseas guidelines, is commonly 
prescribed for short durations (3–6 months) post-sur-
gery. In cases of low-estrogen symptoms, adjunct hormo-
nal therapy might be necessary [31–33].

While numerous studies affirm its efficacy in pain alle-
viation and recurrence prevention, its impact on post-
surgical pregnancy outcomes, when used as an adjuvant, 
remains contentious [34, 35]. Some studies extol its 
positive influence on clinical pregnancy rates [36], while 
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others contradict this finding [37–39]. Amidst these con-
flicting results, this meta-analysis seeks to elucidate the 
effect of adjuvant GnRH-a on pregnancy outcomes post-
conservative surgery in women with endometriosis.

Methods
Our systematic review and meta-analysis were conducted 
in adherence to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines [40]. We registered the protocol for our study on the 
PROSPERO website in July 2023 under the registration 
number CRD 42,023,448,280.

Search strategy
Authors Xuemei Qing and Lele He independently scoured 
the following electronic databases: PubMed, Embase, the 
Cochrane Library, Medline (Ovid), Web of Science, and 
Scopus, with the search spanning until 02 August 2023 
and encompassing articles of all languages. Our search 
strategy employed MeSH terms: “endometriosis”, “Surgi-
cal Procedures, Operative”, “GnRH-a”, and “pregnancy 
rate”. These terms were interconnected using the logi-
cal operator “AND”, while each term was also combined 
with its respective synonyms using the operator “OR”. 
Beyond this, we scrutinized the full texts and references 
of pertinent reviews. Any discrepancies in our findings 
were deliberated upon and resolved in consultation with 
a third author, Yong Zhang. Given that our study nei-
ther recruited patients nor gathered personal data, ethi-
cal clearance was not mandated. The search queries show 
more details in Additional file 1.

Study selection
Here we summarized the criteria for inclusion and exclu-
sion for the study.

Inclusion criteria

1.	 Patients had confirmed endometriosis through sur-
gery and were treated with conservative surgery.

2.	 The study evaluated the use of adjuvant GnRH-a post 
conservative surgery in women with endometriosis.

3.	 Outcomes were reported comparing GnRH-a usage 
with no GnRH-a or with alternative medications.

4.	 The average age of the patients in the study was 
under 35.

5.	 Studies could include conceptions achieved sponta-
neously or through assisted reproductive technology 
(ART).

6.	 For spontaneous conceptions, the following condi-
tions had to be met:

a. Anti-Müllerian hormone was at least 1.1 ng/ml.

b.  Follicle-stimulating hormone was below 12 
MIU/ml.
c. Antral follicle count on both sides was 5 or more.

7.	 For ART conceptions, uterine and fallopian tube fac-
tors, as well as male factors, were excluded.

8.	 The study design was either a randomized controlled 
trial (RCT) or a randomized clinical trial.

9.	 Full text of the article was accessible.

Exclusion criteria

1.	 Intervention trials without appropriate comparisons.
2.	 Studies lacking baseline comparability or where pri-

mary outcomes were not presented.
3.	 Non-English publications.
4.	 Non-original research articles.
5.	 Duplications of previously published studies.

For studies that were repeated, we opted for the pub-
lication with the most extensive sample size or the most 
recent publication date.

Initially, search results were scanned for duplicate pub-
lications using titles and abstracts. We then refined our 
selection by assessing articles according to the inclusion 
and exclusion criteria. We excluded articles that were 
reviews, meta-analyses, guidelines, conference sum-
maries, letters to the editor, animal studies, case reports 
or series, observational studies, non-RCTs, and those 
deemed irrelevant. Post initial screening, full texts were 
carefully reviewed for comprehensive qualitative and 
quantitative analysis. Specific reasons for exclusions after 
full-text review can be found in Additional file 2.

Quality assessment
All studies included in our review were either rand-
omized controlled trials (RCTs) or randomized clinical 
trials. Authors Xuemei Qing and Lele He independently 
assessed the quality of these studies using both the 
Cochrane Risk of Bias Assessment Tool and the Jadad 
score.

The Cochrane Risk of Bias tool evaluates several 
aspects:

1.	 Random sequence generation
2.	 Allocation concealment
3.	 Blinding of participants and personnel
4.	 Blinding of outcome data
5.	 Completeness of outcome data
6.	 Selective reporting
7.	 Potential other biases
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For each aspect, the risk is categorized as either low, 
unclear, or high. A study was deemed to be of high 
quality if there was no high risk of bias in any category. 
Fair quality was assigned to studies with one high risk 
or two unclear risks. Any study not meeting these crite-
ria was considered to be of poor quality.

The Jadad score assesses studies based on:

1.	 Randomization
2.	 Blinding
3.	 Loss of follow-up
4.	 Withdrawal

A score between 1 and 3 denotes low quality, while a 
score between 4 and 7 indicates high quality.

All quality evaluations are listed in Additional file 3.

Data extraction
Authors Xuemei Qing and Lele He were responsible for 
independently extracting pertinent information from 
each included study. In cases where disagreements 
arose, the points of contention were discussed, and if 
a consensus couldn’t be reached, the third author, Yong 
Zhang, was consulted.

The extracted data encompassed as follows:

	 1.	 First author’s name
	 2.	 Year of publication
	 3.	 Country where the study was conducted
	 4.	 Study design
	 5.	 Disease type
	 6.	 Drug regimens used in both the GnRH-a and con-

trol groups
	 7.	 Sample size
	 8.	 Duration of therapy
	 9.	 Follow-up period
	10.	 Outcomes reported
	11.	 Method of conception

Regarding the outcome indicators:

1.	 The primary outcome focused on the pregnancy rate.
2.	 Secondary outcomes delved into live birth rate, mis-

carriage rate, ectopic pregnancy rate, multiple preg-
nancy rate, and the mean postoperative pregnancy 
interval.

3.	 Additional outcomes covered rates of recurrence and 
adverse reactions.

The essential characteristics of included studies are 
cataloged in Additional file 4.

Statistical analysis
We conducted all data analyses using RevMan 5.4 soft-
ware. This meta-analysis evaluated multiple outcomes: 
For dichotomous outcomes, we calculated the Risk 
Ratio (RR) along with its 95% confidence intervals (CI); 
For continuous outcomes, the standardized mean dif-
ference (SMD) with 95% CI was computed. When the 
original data reported the median with range or inter-
quartile range, we estimated the mean and standard 
deviation.

Statistical significance was set at P < 0.05. Heteroge-
neity across studies was assessed using the Q-test and 
I2 index: I2 of 0–25% indicated low heterogeneity; I2 of 
25–50% denoted moderate heterogeneity; I2 of 50–75% 
represented substantial heterogeneity; and I2 above 
75% signified high heterogeneity.

A random-effects model was employed when the 
Q-test resulted in P < 0.1 or I2 value ≥ 50%. Otherwise, a 
fixed-effect model was utilized. Subgroup analyses were 
carried out based on variations in GnRH-a regimens, 
different control groups, the involvement of assisted 
reproductive technology (ART) and study quality in 
pregnancies. Notably, pooled analysis for subgroups 
was conducted only when at least two studies existed 
within a subgroup. Detailed subgroup statistical analy-
ses are available in Additional file 5.

To evaluate the robustness of our results, we con-
ducted a sensitivity analysis by omitting one study at a 
time. Publication bias was inspected using funnel plots.

Results
Selection of studies
A total of 403 articles were identified, duplicates were 
excluded (n = 99), then records marked as ineligible by 
automation tools were excluded (n = 119), which included 
review and meta-analysis (n = 96), conference or meet-
ing (n = 8), animal experiment (n = 1), case report or 
series (n = 3), letters to the editor (n = 5), guideline (n = 2), 
and non-English publication (n = 4). The remaining 185 
studies were further evaluated by reading the titles and 
abstracts, excluding irrelevant studies (n = 119) and other 
reasons (n = 36). Efforts were made to obtain the full text 
of the remaining 30 documents for re-screening. 1 arti-
cle of full text could not be obtained, and 1 study is not 
completed which is recruiting. we read further the 28 
full texts, and 11 of them were excluded again, due to 
the same study data (n = 3), no primary outcome (n = 1), 
observational studies (n = 2), non-surgical treatments 
(n = 2), and control measures are inconsistent (n = 3). 
Finally, 17 studies were included for meta-analysis. The 
flowchart of the study selection is shown in Fig. 1.
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Characteristics of the included studies and quality 
assessment
All of the studies are published in English. The publication 
year ranges from 1999 to 2022. Of the seventeen included 
trials, 1 was done in America [41], 8 in Europe [38, 42–48], 
8 in Asian [36, 37, 49–54]. Seventeen studies included two 
GnRH-a proposal groups: five long GnRH-a proposals [43, 
47, 48, 53, 54] and twelve short proposals [36–38, 41, 42, 
44–46, 49–52]. Twelve studies used a blank control [36–38, 
41, 42, 44–46, 49–52], and five studies used other drugs [43, 
47, 48, 53, 54]. It should be clarified that the control group 

varied and two studies included three comparison groups 
[37, 52], so we divided them into two comparison groups 
and analyzed them separately. Thus, we obtained 19 data 
sets for this analysis. Seven studies with ART [41, 44, 45, 
47, 49–51],three studies by spontaneous pregnancy [36, 
43, 46], and one of them [43] included conception both by 
spontaneously and ART. Because the proportion of ART 
pregnancies was very small, we classified it in the spontane-
ously group. Only one study [37] reported pregnancy out-
comes by stage of endometriosis, so subgroup analysis of 
stage couldn’t be conducted.

Fig. 1  Flowchart of the study selection
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With a total of 2485 patients, 1200 cases in the 
GnRH-a group used different GnRH-a products: Trip-
torelin in 6 studies [37, 41–45], Leuprorelin in 2 stud-
ies [41, 46], Leuprodex in 1 studies [47], Leuprolide in 
2 studies [38, 48], Goserelin in 3 studies [36, 49, 50], 
the remaining studies didn’t indicate the drug name; 
different injection methods (IM. or IH.) and medica-
tion dose (3.75  mg or 3.6  mg); but there was no sig-
nificant difference on therapeutic effect. And 1285 
cases in the control group included the blank and 
other medications control (Letrozole [37], Dienogest 
[41], Medroxyprogesterone [51], GnRH-ant [52], 
Gestrinone/Mifepristone [44], and Chinese herbal 
medicine(CM) [53]). The GnRH-a and the control 
group met baseline comparability in the patient char-
acteristics. Most included studies were followed for 
more than one year, some longer than two years, and 
some studies were followed within six months. Due to 
different methods to report the age, infertility dura-
tion and type (i.e., mean with SD; median with range), 
we did’ t analysis the results across the studies in this 
meta-analysis. The characteristics of the included 
studies are listed in Table 1.

The quality of studies ranged from low to high, 
two studies [42, 47] were up to score 7, three studies 
[36, 45, 53] were as low as score 2. The overall level 
of research was at a moderate level with the median 
points of the Jadad score 4.5. The quality of each trial 
was evaluated by the Cochrane risk of bias tool shown 
in Figs. 2 and 3.

Primary outcome
We chose the random-effects model due to moderate 
heterogeneity for effects on pregnancy rate. The result 
showed that there was a slightly higher pregnancy rate 
between the GnRH-a and control groups after surgery 
(RR = 1.20, 95% CI = 1.02–1.41; P = 0.03, I2 = 55%) (Fig. 4).

Secondary outcomes
We chose the random-effects model due to moderate 
to high heterogeneity for effects on live birth rate, mul-
tiple pregnancy rate and the mean interval from surgery 
to pregnancy. There was no difference in live birth rate 
(RR = 1.35, 95% CI = 0.95–1.92; P = 0.10, I2 = 79%) (Fig. 5) 
and multiple pregnancy rate (RR = 0.67, 95% CI = 0.21–
2.11; P = 0.49, I2 = 56%) (Fig. 6). Mean postoperative preg-
nancy interval appeared shorter in the GnRH-a group 
compared with the control group (RR = -1.17, 95% CI = 
-1.70- -0.64; P < 0.0001, I2 = 85%) (Fig. 7).

Then we used the fixed-effects model due to low heter-
ogeneity for effects on miscarriage rate and ectopic preg-
nancy rate. However, there was no significant significance 
in terms of miscarriage rate (RR = 1.03, 95% CI = 0.64–
1.66; P = 0.92, I2 = 0%) (Fig. 8) and ectopic pregnancy rate 
(RR = 0.69, 95% CI = 0.26–1.85; P = 0.46, I2 = 0%) (Fig. 9).

Supplementary outcomes
We used the fixed-effects model due to low heteroge-
neity for effects on recurrence rate and the random-
effects model because of high heterogeneity for adverse 
reactions rate. Meta-analysis showed that there was 
no difference on the recurrence rate (RR = 0.78, 95% 
CI = 0.59–1.03; P = 0.08, I2 = 22%) (Fig.  10) and adverse 
reactions rate (RR = 0.94, 95% CI = 0.16–5.67; P = 0.95, 
I2 = 89%) (Fig. 11).

Subgroup analysis
The included studies in this meta-analysis were heteroge-
neous in terms of study protocol: different GnRH-a pro-
posals, control groups, whether with ART, and different 
study quality; and we conducted subgroup analysis based 
on these protocol differences. The results of the subgroup 
analysis are shown in Table 2.

Using the fixed-effects model, the pooled RR of preg-
nancy rate in the long and short GnRH-a proposals was 
1.02 (95%CI = 0.93–1.11; P = 0.70). By the same method, 

Fig. 2  Risk of bias graph
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Fig. 3  Risk of bias summary
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the results of other subgroup analyses were as follows: 
the pooled results of blank and other medications con-
trol groups were same with GnRH-a proposals. The 
pooled RR of conceive by ART and spontaneously was 

1.02 (95%CI = 0.91–1.14; P = 0.73). About study quality: 
the pooled results were (RR = 1.02, 95%CI = 0.93–1.11; 
P = 0.70).

Fig. 4  Forest plot of the effect of GnRH-a on pregnancy rate

Fig. 5  Forest plot of the effect of GnRH-a on live birth rate

Fig. 6  Forest plot of the effect of GnRH-a on multiple pregnancy rate
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The fixed model produced the similar result on live 
birth rate. By the same method, the pooled results in 
the long and short GnRH-a proposals were (RR = 1.02, 
95%CI = 0.90–1.17; P = 0.72); the pooled RR in blank 
and other medications control groups were same with 
GnRH-a proposals. Conceive by ART and spontaneously, 
the pooled results were (RR = 0.99, 95%CI = 0.82–1.18; 
P = 0.87). About study quality: the pooled RR was 1.02 
(95%CI = 0.90–1.17; P = 0.72).

The analysis confirmed the source of heterogene-
ity, however, we couldn’t rule out them. Furthermore, 
only one study in some subgroups on the live birth rate 
which made the results of this subgroup analysis poten-
tially unstable. We did not conduct subgroup analysis in 

effects of other terms, because miscarriage rate, ectopic 
pregnancy rate and recurrence rate are low heterogene-
ous, and less than two studies were in each subgroup on 
the effect of multiple pregnancy rate, mean interval from 
surgery to pregnancy and adverse reactions rate.

Sensitivity analysis and publication bias
Sensitivity analyses were used to assess the stability of 
meta-analyses. When either study was removed, there 
was no change in overall statistical significance between 
pregnancy rate with RR from 1.022(95%CI = 1.03–1.44) 
to 1.25(95%CI = 1.07–1.46), indicating relatively sta-
ble results from this meta-analysis (Table  3). The 
results showed no significant bias in pregnancy rate 

Fig. 7  Forest plot of the effect of GnRH-a on the mean interval from surgery to pregnancy

Fig. 8  Forest plot of the effect of GnRH-a on miscarriage rate

Fig. 9  Forest plot of the effect of GnRH-a on ectopic pregnancy rate
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(Fig.  12). Egger’s test P = 0.969 (> 0.05) and Begg’s test 
P = 0.834(> 0.05), both confirming insignificant bias. 
As fewer than ten included studies, we did not perform 
sensitivity analyses and publication bias assessments for 
other outcomes.

Discussion
Our meta-analysis results indicate that the use of 
adjuvant GnRH-a following conservative surgery in 
women with endometriosis appears to enhance the 
pregnancy rate, especially within long GnRH-a proto-
cols. However, the outcomes related to live birth rates 
were not statistically significant [12]. The established 
relationship between endometriosis and infertility 
points towards several factors, including inflammation, 
immune disturbances, decreased ovarian reserve, sur-
gical complications, and a significant recurrence rate 
[55]. While surgical interventions might offer benefits 
in terms of pregnancy [56, 57], they often fail to secure 
optimal outcomes. Skilled surgeons are crucial, as inex-
perienced hands can negatively influence IVF cycle 

cancellation rates [58]. Disturbingly, recurrence rates 
post-surgery can reach up to 50% within five years [26].

Gonadotropin-releasing hormone (GnRH) plays an 
instrumental role in reproductive regulation [59]. The 
synthesized version, GnRH-a, exhibits a biological effect 
immensely higher than natural GnRH [60]. Its mode of 
action involves inhibiting gonadotropin secretion in the 
pituitary, essentially putting the ovary in a dormant state, 
which subsequently leads to menopausal-level estrogen 
concentrations [61].

Contrastingly, ESHRE guidelines are hesitant to recom-
mend GnRH-a as a fertility-enhancing agent. However, in 
real-world clinical scenarios, its combination with con-
servative surgery is commonly observed, particularly to 
address pain and recurrence in endometriosis patients. 
Several studies present a mixed picture regarding its 
impact on pregnancy rates, with some indicating no sig-
nificant benefits [38, 43, 47], while others suggest possi-
ble advantages [36, 46].

Two past meta-analyses have explored the impact 
of GnRH-a regimens on reproductive outcomes, with 

Fig. 10  Forest plot of the effect of GnRH-a on recurrence rate

Fig. 11  Forest plot of the effect of GnRH-a on adverse reactions rate
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one emphasizing its benefits in advanced endome-
triosis stages during IVF treatments [62], However, 
both analyses had limitations in terms of their scope 
and included patient profiles [63]. Our meta-analy-
sis draws on data from recent RCTs and randomized 
clinical trials, with a primary focus on pregnancy rates 
post-conservative surgery combined with GnRH-a. 
We aggregated results from 2,485 patients (majority 
being infertile) across seventeen studies. Our findings 
lean towards the potential of post-surgery GnRH-a in 
elevating pregnancy rates and diminishing the aver-
age time from surgery to conception, although certain 
results weren’t statistically significant. The ultimate 
goal of endometriosis patients is to deliver a live-born 
baby, not just a clinical pregnancy. In our study, the 
pregnancy rate was the primary outcome, but the live 
birth rate was the secondary one, as more than half of 
the included studies didn’t report the live birth rate, 
perhaps due to its multifactorial and heterogeneous 
nature. As mentioned above, endometriosis increases 

the risk of adverse pregnancy outcomes and obstetric 
complications. Therefore, more high-quality studies 
are needed to clarify the situation of live birth rates in 
patients with endometriosis and to explore the under-
lying mechanisms.

In addition, the difference in pregnancy outcomes 
between ART and natural conception after surgery 
needs to be considered. A systematic review and meta-
analysis [64] including nine studies assessed the effect of 
ovarian endometriomas on ovarian responsiveness and 
IVF and found that ovarian endometriomas adversely 
affected extracted oocytes, MII oocytes and total 
formed embryos, but embryo quality and IVF outcomes 
were not adversely affected. Nevertheless, ablation of 
endometriosis with low thermal energy was found to be 
beneficial for ovarian reserve and postoperative preg-
nancy rates in a prospective cohort study evaluating the 
effect of CO2 fiber laser vaporization on subsequent 
controlled ovarian stimulation among 26 endome-
triosis patients [65], seeming optimistic about natural 

Table 2  Subgroup analysis of pregnancy rate and live birth rate

Subgroup No. of groups RR (95% CI) P Value P for heterogeneity I2 (%) P for between
Subgroup 
heterogeneity

Pregnancy rate 55%

GnRH-a group 0.90

  Long proposal 5 1.03(0.83–1.28) 0.76 0.67 0

  Short proposal 14 1.02(0.92–1.12) 0.74 1.00 0

Control group 0.56

  Blank 12 0.99(0.87–1.13) 0.87 0.98 0

  Other medications 7 1.05(0.93–1.18) 0.49 0.97 0

Whether ART​ 0.62

  ART​ 7 1.01(0.91–1.13) 0.83 0.88 0

  spontaneously 3 1.13(0.73–1.75) 0.73 0.96 0

Study quality 0.88

  High quality 14 1.02(0.92–1.11) 0.74 0.99 0

  Low quality 5 1.04(0.78–1.39) 0.79 0.93 0

live birth rate 79%

GnRH-a group 0.48

  Long proposal 1 1.23(0.73–2.06) 0.44 NA NA

  Short proposal 6 1.01(0.88–1.16) 0.87 0.76 0

Control group 0.30

  Blank 3 0.97(0.81–1.15) 0.71 0.54 7.6

  Other medications 3 1.12(0.90–1.39) 0.30 0.88 0

Whether ART​ 0.38

  ART​ 3 0.96(0.79–1.16) 0.65 0.55 0

  spontaneously 1 1.23(0.73–2.06) 0.44 NA NA

Study quality 0.48

  High quality 6 1.01(0.88–1.16) 0.87 0.78 0

  Low quality 1 1.23(0.73–2.06) 0.44 NA NA
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conception after surgery. To date, ART for conception 
is still controversial, due to so many factors need to be 
taken into account, such as age, the classification and 
stage of endometriosis, the endometriosis fertility index 
(EFI) score and other infertility factors [66].

Moderate to severe patients following conserva-
tive surgical treatment may require adjuvant drugs to 
prevent recurrence, such as dienogest and GnRH-a. 
Patients with fertility needs who have failed to con-
ceive naturally often seek ART. Milder patients often 
try to conceive naturally without adjuvant medication, 
and some moderate-to-severe patients have undergone 
ART directly after surgery. However, none were ana-
lyzed as they did not meet the inclusion criteria. These 
data may have contributed to the variation in concep-
tion outcomes.

The observed heterogeneity in outcomes, especially 
the pregnancy rate, can be traced back to variances in 
GnRH-a regimens, control groups, conception meth-
ods, and study quality. The intragroup heterogeneity of 
the subgroups analyzed is non-significant (I2 = 0), and 
the same is true for intergroup heterogeneity with P val-
ues > 0.05. However, the heterogeneity in pregnancy rate 
was moderate, and we couldn’t identify the possible fac-
tors of its origin as follows: in terms of climatological 
characteristics, it can be from the country/ethnicity, age 
group, etc.; and statistically, the measurements of the 
outcome indexes way. Additional high heterogeneity was 
observed in other outcomes due to the limited number 
of studies reporting on these aspects. Sensitivity analyses 
revealed stability in our results, and funnel plots didn’t 
indicate any noticeable publication bias for the primary 
outcomes.

In conclusion, while GnRH-a might offer some advan-
tages for women with endometriosis, it’s essential to 
weigh these benefits against potential risks, especially in 

Table 3  Sensitivity analysis of pregnancy rate

Excluded study pregnancy rate

RR 95%CI

None 1.20 1.02–1.41

Saeed Alborzi 2010 1.21 1.03–1.43

Saeed Alborzi 2010 1.21 1.02–1.42

Ibrahim Alkatout 2012 1.21 1.01–1.46

Piyush Bansal 2018 1.21 1.03–1.43

M.Busacca 2001 1.022 1.03–1.44

Marcello Ceccaroni 2021 1.19 1.01–1.41

W. Decleer 2016 1.22 1.03–1.44

Haiyan Guo 2022 1.21 1.01–1.45

Giuseppe Loverro 2006 1.21 1.03–1.43

Recai Pabuccu 2007 1.21 1.02–1.43

Dagmar Rickes 2002 1.18 0.99–1.41

Elisabet Rodr´ıguez-Tarrega 2020 1.25 1.07–1.46

Eric S. Surrey 2002 1.18 1.00-1.40

Paolo Vercellini 1999 1.23 1.05–1.44

Huiling Xue 2018 1.17 0.99–1.38

Huiling Xue 2018 1.15 0.99–1.33

Xin-hua Yang 2014 1.19 1.01–1.41

Yu Yang 2019 1.17 1.00-1.37

ZHAO Rui-hua 2012 1.23 1.04–1.45

Fig. 12  Funnel plot of the included studies in the meta-analysis of pregnancy rate
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long-term GnRH-a regimens [67, 68], it is advisable to 
consider the side effects and should individualize the pre-
scription. Exploring non-hormonal medication alterna-
tives might also prove valuable in evaluating both efficacy 
and safety [69].

However, this meta-analysis is not without its limita-
tions. Inherent heterogeneity across studies, different 
evaluation standards for pregnancy outcomes, and a 
modest number of included studies with varying quality 
levels may introduce biases. Furthermore, the inclusion 
of only English-published studies could also skew the 
results.

Conclusions
To summarize, current evidence, albeit limited, hints 
at the potential of adjuvant GnRH-a post-conservative 
surgery in improving pregnancy rates for women with 
endometriosis. Yet, this improvement is marginal and 
doesn’t extend to other clinical outcomes. The prevailing 
data is characterized by its scarcity and varying quality, 
emphasizing the need for more rigorous research. Future 
investigations should prioritize robust study designs and 
adequate sample sizes. Ultimately, to solidify the poten-
tial benefits of adjuvant GnRH-a following conservative 
surgery for endometriosis in relation to pregnancy out-
comes, we require an influx of well-structured, larger-
scale randomized controlled trials.
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