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Abstract
Objective: To clarify if endometriosis, especially deep infiltrating 
endometriosis (DE), in our cohort is associated with increased risk of 
obstetric complications. 

Material and Methods: Single center, retrospective analysis of 
consecutive cases (endometriosis laparoscopically removed and child 
wish) vs. consecutive controls (endometriosis laparoscopically excluded 
and child wish), from 2009 until 2016. Calculation of pregnancy rate. 
Analysis of mode of delivery and complications using Clavien-Dindo-
classification. Analysis of DE using ENZIAN classification. Comparison 
also with controls from the literature. Statistical analysis: t-test (p < 0.050) 
and 95% Confidence Interval (CI).

Results: Inclusion of 501 out of 973 cases vs. 291 out of 789 controls. 
Pregnancy rate: cases 57.5% vs. controls 60.7%. Vaginal delivery: more 
in cases if natural conception (62% vs. 46.7% if ART, p=0.009). Cesarean 
section: if pregnancy by ART more secondary Cesarean section in cases 
(32% vs 20.8%; p=0.040). Miscarriage: more in controls (34.9% vs 27.6%; 
p=0.038). Complications: Clavien Dindo I and II more in cases (I: 43.3% 
vs. 32.5%, p=0.005; II: 29.7% vs. 21.0%, p=0.010). Clavien Dindo III and 
IV not increased. During pregnancy: more bleeding (p=0.005), early uterine 
contractions (p=0.012), cervical insufficiency (p=0.042), and tendency to 
more pre-eclampsia (p=0.080) in cases. During delivery: more bleeding 
(p=0.007), vaginal tear (p=0.009), pubic diastasis (p=0.022), prolonged 
labor (p=0.011), less episiotomy (p=0.002) in cases. During puerperium: 
more bleeding (p=0.022), infectious complications (p=0.007) in cases. 
DE: more cases of severe bleeding and abnormal cardiotocography leading 
to secondary caesarean section. Adenomyosis: slightly increased risk of 
secondary cesarean section (38.6% vs 27.7%, p=0.1). Cases vs control 
groups from the literature: more placenta praevia (p=0.042), placental 
abruption and miscarriage (p<0.001; relative risk 2.23 (1.84-2.70)), 
cesarean section (p<0.001). 

Conclusion: Endometriosis is associated with an increase in obstetric 
complications. DE does not increase risks additionally. Mode of delivery 
should not exclude vaginal delivery per se.
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Introduction
While symptoms of endometriosis often improve during pregnancy, there 

seems to be an increased risk of adverse pregnancy outcome [1-4]. Assisted 
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Reproductive Techniques (ART), which are often necessary 
because of endometriosis-associated infertility, constitute 
a risk factor for complications during pregnancy [5]. The 
aim of this study was to analyse the reproductive outcome 
of women with endometriosis who received treatment at our 
certified expert endometriosis center, compared to controls 
with surgically excluded endometriosis from the same 
period suffering from sterility. Additionally the outcome of 
our endometriosis cases was compared with data of healthy 
controls available from the literature. 

Material and Methods
All surgical endometriosis cases from our department 

from the period 2009 until 2016 were identified from patient 
records. As an internal control group, patients from the 
same period undergoing laparoscopy because of infertility 
during which endometriosis was excluded, were equally 
identified from patient records. Both groups received 
similar questionnaires by mail asking patients to report on 
any additional treatment regarding endometriosis as well 
as infertility, occurring pregnancies, mode of delivery and 
complications during pregnancy, delivery and puerperium. 
Those patients not responding to the questionnaires were 
offered a telephone interview if they gave their consent. The 
possible specific influence of deep infiltrating endometriosis 
(DE) rated using the ENZIAN classification [6,7] for better 
understanding of the severity of DE cases, on pregnancy and 
its outcome was analysed. The Clavien-Dindo-classification 
was used to describe the complications reported [8-10]. 

Cesarean sections were not considered a complication or 
surgical intervention in the sense of the Clavien-Dindo-
classification. There was no analysis of fetal or neonatal 
outcome performed in the study. 

Statistical Analysis
IBM SPSS Statistics version 25 (IBM Corporation, New 

York, NY, USA) was used and differences were calculated 
using the t-test. The reproductive outcome was calculated 
as relative risk for cases and controls using 95% Confidence 
Interval (CI). A value of p<0.050 was considered statistically 
noticeable for every statistical analysis.

Ethical approval
The local ethics committee “Ethikkommission der 

Ärztekammer Westfalen-Lippe und der Medizinischen 
Fakultät der Westfälischen Wilhelms-Universität”, approved 
of the study (Ethical approval number 2016-076-f-S, dated 
13 September 2016). Written informed consent was obtained 
from all participants. The study was performed in accordance 
with the Declaration of Helsinki.

Results
Cases and internal Controls

2.764 cases were identified. 973 out of those had a 
child wish. 501 patients could be reached by questionnaire 
or telephone (51.5%). 472 patients were lost to follow-up 
(48.5%). 414 women were included (Figure 1). 238 cases 
experienced 343 pregnancies.

 
Figure 1: Description of endometriosis cases.
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(1.5% vs 0%; p=0.022), scar infections (2.3% vs 0%; p 
=0.007), as well as fever (0.8% vs 0%; p=0.078) and total number 
of complications were increased. Complications according to 
Clavien-Dindo-classification are reported in Table 2.

Influence of deep infiltrating Endometriosis and 
Adenomyosis

Women with DE (ENZIAN A, B, C) were compared to 
patients without DE. 213 pregnancies in patients with DE 
were identified and compared to 81 pregnancies in patients 
without DE but suffering from endometriosis. While the 
probability of natural birth was similar (54.2% vs 53.57%), 
more women without DE were in need of a secondary 
caesarean section (39.3% vs. 23.7%; p=0.02). In half of 
these cases, this was due to multiple birth and obstructed 
or prolonged labour. Women with DE however were more 
likely to suffer from severe bleeding (16.1% vs 4.6%, p=0.07) 
resulting in a secondary caesarean. This was often associated 
with disorders affecting the placenta like placenta praevia, 
placental insufficiency or placental abruption, while women 
without DE in need of a secondary caesarean reported only 
one case of placental abruption (12.9% vs 4.55%, p=0.13). 
Primary caesarean sections were more frequently chosen as 
the mode of delivery for women with DE (20.61% vs 7.14%, 
p<0.01). Also abnormal cardiotocography was more likely 
in women with DE even if this difference was only a trend 
(12.4% vs 7.14%, p=0.12). Abnormal cardiotocography was 
statistically noticeably more often the reason for a secondary 
caesarean section (38.71% vs 13.64%, p=0.01) in patients 
with DE. 

789 controls were identified. 252 women could be reached 
by questionnaire or telephone (31.9%). 33 controls declined 
participation. 537 controls were lost to follow up (68.1%). 
219 women were included. 193 pregnancies were reported in 
131 controls. 

Pregnancy rate and outcome
Patient characteristics, pregnancy rate and pregnancy 

outcome are reported in table 1. Median age when giving birth 
and relative number of pregnancies were similar in cases and 
controls. Secondary caesarean sections were more frequent 
in cases achieving pregnancy by ART (p=0.04). Birth by 
primary caesarean section seemed to be more frequent in 
controls as well as generally in case of conception by ART but 
these differences were not statistically noticeable (p=0.202 / 
p=0.092). Natural birth was similar between groups but it 
was more frequent in cases with natural conception as well 
as controls with ART (p=0.009). Miscarriage rate was higher 
in patients from the control group (p=0.038), especially in the 
subgroup with natural conception (p=0.011). 

Complications
In cases during pregnancy bleeding (15.2% vs 7.0%, p = 

0.005), early uterine contractions (9.5% vs 3.9%, p = 0.012) 
and cervical insufficiency (5.7% vs 2.3%, p = 0.042) were 
increased. In addition, there was a trend towards more pre-
eclampsia (3.8% vs 1.6%; p = 0.080). During labour the 
risk of vaginal tear (7.2% vs 2.3%, p = 0.009), bleeding 
(2.3% vs 0%, p = 0.007) and pubic diastasis (1.5% vs 0%,  
p = 0.022) was increased. During puerperium bleeding  

Parameter With endometriosis (n=414*) Without endometriosis (n=219**) p-value
Patients with pregnancies (n) 238 (57.5%) 133 (60.7%) 0.214

Total pregnancies (n) 343 193 0.34
Pregnancies per patient 1.44 1.45 /

Median age when giving birth (years) 34.4 34.8 0.562
Ongoing pregnancies 31 7

Primary caesarean section (n) 39 (11.4%) 25 (13.0%) 0.202
- natural conception (n) 12 (6.6%)§ 8 (8.7%)§ /

- ART (n) 27 (14.1%)§ 17 (16.8%)§ /
Secondary caesarean section (n) 69 (20.1%) 29 (15.0%) 0.111

-       natural conception (n) 29 (15.9%) 14 (15.2%) /
-       ART (n) 40 (20.8%) 15 (14.9%) 0.04

Natural birth (n) 124 (36.2%) 67 (34.7%) 0.34
-   Natural conception (n) 67 (36.8%)# 28 (30.4%)$ /

-       ART (n) 57 (29.7%)# 39 (38.6%)$ /
Interruption (n) 11 (3.2%) 3 (1.6%) 0.112

-       Natural conception (n) 5 (2.7%) 2 (2.2%) /
-       ART (n) 6 (3.1%) 1 (1.0%) /

Miscarriage (n) 100 (29.2%) 69 (35.8%) 0.038
-       Natural conception (n) 51 (28.0%) 41 (44.6%) 0.011

-       ART (n) 49 (25.5%) 28 (27.7%) /

Table 1: Patient characteristics, pregnancy rate and pregnancy outcome (*: total: n=414; natural conception: n=182; ART: n=192; **: total: n=219; natural 
conception: n=92, ART: n=101; §: ART both groups vs. natural conception both groups: p=0.092; #: cases natural conception vs. cases ART: p=0.009; $: 
controls natural conception vs. controls ART: p=0.009).
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There was a trend towards a higher rate of miscarriage 
in women with DE (29.1% vs 24.69%, p=0.22). There was 
no difference in rate of secondary caesarean section among 
patients with ENZIAN B vs. patients with ENZIAN A or C 
(20.6% vs. 23.7%, p = 0.357). The pregnancy outcomes of 
women with adenomyosis were compared to women with 
endometriosis at other locations. Age of women at birth (34.2 
vs 34.4 years; p=0.54), pregnancy duration (38.4 vs. 39.0 
weeks, p=0.212) and miscarriage rate (28.8% vs. 27.2%, p 
= 0.398) were similar. Secondary caesarean section occurred 
slightly more often (38.6% vs. 27.7%; p=0.1) in case of 
adenomyosis. Women with adenomyosis gave birth by vaginal 
delivery in only 40.9% of cases. Women with ENZIAN A 

and C (n=71) did not show more lacerations under delivery, 
nor were they more likely to suffer from perineal laceration 
(12.7% vs 12.8%; p = 0.488) nor labial tear (9.9% vs 10.3; p 
=0.463). 58 women with ENZIAN FB endometriosis of the 
bladder reported natural delivery in 33.3% (lowest between 
endometriosis groups) and birth by secondary caesarean 
section in 38.9% (highest between the groups). Miscarriage 
rate was similar to other endometriosis subgroups (27.6% vs 
28.0%; p =0.468).

Discussion 
According to this study, endometriosis was not associated 

with increased caesarean section rates overall compared to 

Clavien-Dindo-Grade Endometriosis (n=374) Controls (n=200) p-value
I 162 (43.3%) 65 (32.5%) 0.005
II 111 (29.7%) 42 (21%) 0.01
III 53 (14.2%) 39 (19.5%) n.s.n.

IV 0 0 /

V 0 0 /

During pregnancy    

Vaginal bleeding 40 (15.2%) 9 (7%) 0.005
Early uterine contractions 25 (9.5%) 5 (3.9%) 0.012

Cervical insufficiency 15 (5.7%) 3 (2.3%) 0.042
Diabetes 12 (4.6%) 7 (5.4%) n.s.n.

Pre-eclampsia 10 (3.8%) 2 (1.6%) n.s.n.

Rupture of amniotic membrane 8 (3%) 6 (4.7%) n.s.n.

Placenta praevia 8 (3%) 1 (0.8%) n.s.n.

Hypertension 6 (2.3%) 3 (2.3%) n.s.n.

Placental insufficiency 4 (1.5%) 1 (0.8%) n.s.n.

During labour    

Pathological cardiotocography 25 (9.5%) 9 (7%) n.s.n.

Vaginal tear 19 (7.2%) 3 (2.3%) 0.009
Green amniotic fluid 14 (5.3%) 5 (3.9%) n.s.n.

Perineal rupture of unknown degree 14 (5.3%) 8 (6.2%) n.s.n.

Perineal rupture II° 8 (3%) 10 (7.8%) n.s.n.

Bleeding 6 (2.3%) 0 (0%) 0.007
Prolonged labour 5 (1.9%) 9 (7%) 0.011
Perineal rupture III° 4 (1.5%) 2 (1.6%) n.s.n.

Breech presentation 4 (1.5%) 4 (3.1%) n.s.n.

Pubic diastasis 4 (1.5%) 0 (0%) 0.022
Occipito posterior presentation 1 (0.4%) 5 (3.9%) n.s.n.

Episiotomy 1 (0.4%) 9 (7%) 0.002
During puerperium    

Scar infection 6 (2.3%) 1 (0.8%) 0.007
Curettage 4 (1.5%) 5 (3.9%) n.s.n.

Bleeding 4 (1.5%) 0 (0%) 0.022

Table 2: Complications according to Clavien-Dindo-classification and details on complications (n>3; nsn: not statistically noticeable).
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internal controls, a group made up of patients with infertility 
and surgically excluded endometriosis. In subgroup analyses, 
there was a trend in favour of internal controls who conceived 
by ART regarding primary caesarean sections, as well as a 
statistically noticeable difference in favour of cases who 
conceived by ART regarding secondary caesarean sections. 
This group also had a statistically noticeable decrease in 
probability of natural delivery. Miscarriages occurred more 
frequently in internal controls. Further subgroup analysis 
showed that this effect might be mainly due to controls 
conceiving naturally. This group would typically include 
patients suffering from habitual abortions. Endometriosis was 
associated with increased risks during pregnancy, delivery 
and puerperium. Complications were mainly Clavien Dindo I 
or II categories in case of endometriosis. Clavien Dindo IV 
and V complications did not occur. DE in general was not 
associated with an increased risk of miscarriage, delivery by 
secondary caesarean section or obstetric complications when 
compared to other types of endometriosis. Adenomyosis and 
bladder endometriosis were associated with a slightly 
increased risk of secondary caesarean section compared to 
other types of endometriosis.  The return rate for the 
questionnaire was good in the endometriosis group (51.5 %) 
and acceptable in the control group (31.9 %). Compliance 
might have been higher in the endometriosis group because 
this study was performed at a tertiary referral center for 
endometriosis. All cases were diagnosed, treated and 
classified by a specialist, which is a strong point of this study. 
The answers given by the patients however could not always 
be verified by analysing original medical documents. 
Especially symptoms like pain, nausea and even bleeding 
might be underreported as these were considered common 
symptoms in pregnancies by some and were therefore not 
always understood to be noteworthy. Pregnancy rate was 
similar in patients with endometriosis and controls. While 
Sharma et al found this similarity only in patients with 
endometriosis under the age of 35, in this study all age groups 
showed pregnancy rates comparable to controls [11]. Lin et al 
[12] showed an increased risk of placenta praevia in pregnant 
women with endometriosis, which is also reflected in our 
study`s endometriosis group. While placental abruption was 
not associated with endometriosis in the Chinese study, our 
survey reported 2 women with endometriosis with placental 
abruption, while none of the control group were affected. 
However, the numbers were too small for statistical analysis. 
As the control group of this study is a selected population 
group of patients suffering from infertility without 
endometriosis which therefore does not represent healthy 
controls, we also compared the results of cases to healthy 
control groups available from the literature which can be seen 
as representative of the general population. In this study 
miscarriage rate was highest in internal controls who 
conceived naturally. A possible explanation might be the 
occurrence of habitual abortions within this group. 

Miscarriage rate was noticeably lower for women with 
endometriosis compared to internal controls in this study. 
Compared to the equivalent age group of pregnant women in 
Denmark between 1978-1992 the risk of miscarriage in this 
study was noticeably higher for women suffering from 
endometriosis (12.4% vs. 27.6%, p<0.001) [13]. The relative 
risk was calculated at 2.23 (1.84-2.70). A Japanese cohort 
study suggests a much lower relative risk of 1.24 (1.20-1.29, 
95% CI) [1]. This might be due to cases originating from a 
tertiary referral center which could mean that more severe 
cases were included. The rate of secondary caesarean sections 
in internal controls who conceived by ART showed a trend 
towards being lower than in the endometriosis group overall. 
This is probably not due to fewer complications, but rather 
the consequence of the trend towards a higher rate of primary 
caesarean sections due to increased expectancy of 
complications, as meta-analyses show an increased risk for 
obstetric and perinatal complications in this group [14]. The 
risk for a secondary caesarean section seems to be noticeably 
higher in patients with endometriosis than in the average 
population in Germany (29.7% vs 15.9% p<0,001) [15], 
while there was no statistically noticeable difference in the 
number of planned caesarean sections (16.8% vs 15.4%, 
p=0.283). This contradicts a Swedish survey stating that the 
adjusted odds ratio (OR) of pre-labour caesarean sections is 
1.64 (1.54-1.75, 95% CI), whereas the OR for emergency 
caesarean sections was only 1.18 (1.10-1.27, CI 95%) [16]. 
However, the rate of emergency caesarean sections in Sweden 
is only 8.6 % and therefore the lowest out of the 31 European 
countries analysed in the study by Macfarlane et al, while the 
rate is at 15.9% in Germany [17]. This suggests that a 
caesarean section is indicated much faster in Germany than in 
Sweden, the patient characteristics differ between the 
countries or guidelines lead to a different kind of management. 
The higher rate of emergency caesarean sections may indicate 
that there were more unforeseen complications in this group. 
This supports recent data according to which adverse 
pregnancy outcomes and obstetrical complications are more 
common in women suffering from endometriosis [18,19]. 
While, statistically, women with endometriosis were more 
likely to suffer from Clavien-Dindo I and II complications, 
more severe complications, which needed surgical, 
endoscopic or radiological intervention (Clavien-Dindo III), 
were not increased. This might be due to the fact that more 
severe complications were too rare to be detected in this 
study. DE classified using the ENZIAN classification was 
analysed separately from other forms of endometriosis. 
Miscarriage rate was slightly increased in DE compared to 
other forms of endometriosis and occurred more frequently 
than in the general population. In case of DE miscarriage rate 
in this study was 29.1% compared to 19.7% in the general 
population [24]. More obstetrical complications were 
reported in women with DE, especially severe bleeding 
associated with disorders of the placenta like placenta praevia, 
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placental insufficiency or placental abruption, while women 
without DE only rarely reported placental anomalies. As a 
consequence abnormal cardiotocography as the reason for a 
secondary caesarean section was more frequent in cases with 
DE. This might also explain the increased probability of 
primary caesarean sections in patients with DE. In contrast to 
the results of a study conducted by Allerstorfer et al., which 
showed a higher rate of caesarean sections for women with 
ENZIAN A or C endometriosis compared to ENZIAN B 
[19], we found no differences between these groups. There 
may be many reasons for this finding. One of them might be 
that breech presentation (3.6%) and obstructed labour (4.7%) 
only occurred in women without DE in our study. Other 
studies suggest that the incidence of obstructed labour in the 
general population is even higher than stated by the women 
without DE in this study (8.9% vs 4.7%) [20]. This might also 
be due to underreporting in the study because of the study 
design. Miscarriage rate for patients with adenomyosis was 
similar to that of patients with DE but higher than in the 
general population (28.8% / 29.1% vs 19.7%) [24]. Secondary 
caesarean section was necessary more often in patients with 
adenomyosis. Women with adenomyosis had a significantly 
decreased probability of vaginal spontaneous delivery as 
opposed to the average German population as reported in the 
literature (40.9% vs 70.4%, p-value <0.01) [23]. Leyendecker 
et al [21] suggest that adenomyosis is a result of a dysfunction 
of the endometrial-subendometrial unit. As this disease can 
affect all myometrial uterine muscle layers this may increase 
the risk for obstructed labour. While prolonged labour 
occurred in 4.4% (n=2) of the cases of adenomyosis and only 
1.5% (n=3) of the cases with endometriosis in other locations 
the numbers are too small to draw definitive conclusions. As 
endometriosis of the uterus seems to increase the risk of 
complications during labour it may seem obvious that 
endometriosis of the rectovaginal space / vagina and the 
rectum may increase the risk of perineal laceration and bowel 
complications. However, women with endometriosis in these 
locations were not reported to suffer from lacerations more 
often than other women with endometriosis, suggesting that 
endometriosis does not generally weaken the tissue in this 
cohort. Patients with bladder involvement had the lowest rate 
of spontaneous delivery compared to other groups with DE. 
Reported reasons were mainly cardiotocographic anomalies 
and obstructed labour. Numbers for miscarriage were similar 
to the average woman with endometriosis. While bladder 
endometriosis did not seem to have a negative impact on 
early pregnancies, this might have changed with uterine 
growth leading to more direct contact with bladder 
endometriosis. Other studies show that pregnancy outcome is 
favourable after removal of bladder endometriosis [22].

Limitations of this study mainly are due to limited sample 
size, retrospective design of the study, data collection being 

dependent of patient participation, response rate, the internal 
control group suffering from infertility and possibly differing 
surgical techniques between the surgeons involved. 

Conclusion
This study shows that women with endometriosis and 

adenomyosis have a higher risk of miscarriage and caesarean 
section compared to published controls from the general 
population. This however varies depending on the location of 
endometriosis lesions. Especially women with adenomyosis, 
who also suffer from prolonged labour, are often in need of a 
caesarean section. The risk for placenta praevia and placental 
abruption seemed to be higher in case of endometriosis and 
even more so in DE than in the average population. The risk 
for bleeding during all stages of pregnancy and delivery was 
much higher for women suffering from endometriosis. Also 
early uterine contractions and cervical insufficiency occurred 
noticeably more often. According to the Clavien-Dindo 
classification severe complications did not occur more often 
during the pregnancy of women with endometriosis, however 
mild to moderate complications were more likely to happen. 
DE of the rectovaginal space, the vagina and the rectum did 
not seem to increase the risk of severe lacerations during 
vaginal delivery. Counselling of endometriosis patients with 
regard to pregnancy and delivery is recommended. Patients 
should have access to specialized centers of care also with 
regard to pregnancy and delivery as increased risks are 
reported. Recommendations regarding mode of delivery 
should not exclude vaginal delivery in case of DE.
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