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Abstract
Research question Does complete resection of endometriosis improve embryo quality as assessed by morphokinetic param-
eters using time-lapse microscopy?
Design For this retrospective study we analysed 237 fertilised, cultured and transferred embryos from 128 fresh IVF and/ or 
ICSI transfer cycles. Endometriosis was confirmed or excluded by laparoscopy. Patients were stimulated with recombinant 
FSH using GnRH agonist and antagonist protocols. After fertilisation, a time-lapse incubation system was used for observa-
tion. Embryo quality was assessed using the KIDScore™ D3 and D5 implantation data algorithm.
Results The analysis showed a median KIDScore™ D5 of 2.6 (on a scale of 1 to 9.9) for embryos from patients with endome-
triosis without complete resection. The control group without endometriosis achieved a score of 6.8 (p = 0.003). The median 
score for embryos from endometriosis patients with complete resection was 7.2, which was a significant increase compared 
to embryos from patients without complete resection (p = 0.002). We observed an effect size of r = 0.4 for complete resection 
versus no resection of endometriosis using the KIDScore™ D5. There were no differences in KIDScore™ D3 between the 
three patient groups. Pregnancy and miscarriage rates showed the same clinical trends. In three of our four case series of 
patients who underwent IVF/ ICSI cycles before and after complete resection, we found a marked improvement in embryo 
quality after complete resection.
Conclusions Complete resection of endometriosis could significantly improve the otherwise poor embryo quality of patients 
undergoing IVF-procedures. The data, therefore, strongly support recommending surgery to patients with endometriosis 
prior to assisted reproduction.
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What does this study add to the clinical work 

In this study we analysed embryos from patients 
with and without endometriosis undergoing IVF/
ICSI using time-lapse imaging. Our data showed 
that complete resection of endometriosis has a posi-
tive effect on early embryo morphokinetic parame-
ters. Surgical intervention prior to IVF or ICSI may 
therefore be an appropriate way to treat endometrio-
sis patients suffering from infertility.
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Introduction

Endometriosis is one of the most common gynaecologi-
cal conditions. It is characterised by the presence of cells 
similar to those in the endometrium, but located outside 
the uterine cavity. Approximately 4–30% of women of 
childbearing age are affected by endometriosis [10, 38, 
41]. The prevalence is higher in women with infertility, 
ranging from 20 to 50% [11, 27].

As endometriosis is a heterogeneous chronic disease, 
there are a number of different presentations. Dysmen-
orrhea is the most common symptom. Endometriosis is 
further associated with infertility and miscarriage [34]. 
Monthly fertility is lower [20], as is the live-birth rate 
[9]. The causes of this disease affecting fertility are mul-
tifactorial. There are mechanical, molecular, genetic, and 
environmental aspects, but a definitive explanation is still 
controversial [25]. In vitro fertilisation (IVF) studies have 
shown that women with more advanced endometriosis 
have poor ovarian reserve, poor oocyte and embryo qual-
ity and poor implantation rates [8, 29]. Altered immune 
function and endocrine milieu can be found in patients 
with endometriosis [39, 44]. Mechanical disorders such as 
adhesions alter the pelvic anatomy. This is associated with 
impaired oocyte release and retrieval, myometrial contrac-
tion and embryo transport [19]. Luteal phase disruption 
leads to reduced endometrial receptivity [28]. Ovulation, 
oocyte production, fallopian tube function and sperm qual-
ity are negatively affected by increased levels of inflam-
matory cells and cytokines [28]. Inflammatory peritoneal 
fluid shows a toxic effect on embryos [28]. This may affect 
morphokinetic timing, but there is only limited data on 
morphokinetics and endometriosis [15, 36].

Treatment for endometriosis-related infertility varies 
depending on the stage of endometriosis, sperm factors 
and the patient’s age. Options include surgery, medical 
treatment and assisted reproductive technology (ART). 
Currently, IVF is considered to be the most effective treat-
ment for patients with endometriosis, low ovarian reserve 
and or patients who are older than 35 years [14]. Although 
IVF does not alter the biology of endometriosis, data show 
a similar birth/pregnancy rates in patients with and with-
out endometriosis undergoing IVF-ET (embryo transfer) 
[12]. In general, medical treatment should not be favoured 
in patients with endometriosis-related subfertility, as there 
is no convincing evidence to support the benefit of proges-
terone treatment before trying to conceive, but there are 
conflicting data for IVF. Luteal phase GnRHa (gonadotro-
pin-releasing hormone agonist) downregulation followed 
by IVF/ ICSI (intracytoplasmic sperm injection) results 
in similar pregnancy rates in women with endometriosis 

compared to women with tubal factor infertility [30]. Sur-
gery can restore the pelvic anatomy, remove endometriotic 
implants and should therefore be able to reduce the nega-
tive effects of endometriosis on embryonic development.

In view of the above, the question arises as to whether 
complete resection of the endometriotic tissue can improve 
embryo quality.

In recent years, time-lapse microscopy has become 
increasingly popular in embryo incubation. It allows undis-
turbed embryo culture and morphological assessment with-
out removing the embryos from the incubator. With con-
stant monitoring during cultivation, a time-lapse technology 
allows the identification and mapping of all embryo-related 
morphological events as they occur, known as morphokinet-
ics [13]. Time-lapse imaging has introduced a new era of 
scoring tools to help identify the best embryo for transfer. 
Several algorithms have been developed to correlate mor-
phokinetic variables with embryo implantation potential.

The implantation data algorithm KIDScore™ D3 is 
a model based on six annotations from more than 3300 
embryos shared by 24 centres [32] and is generally appli-
cable regardless of the culture conditions in different ART 
laboratories and the fertilisation method. It allows the iden-
tification of slow or fast-developing embryos, irregular 
cleavage and embryos that are not developing optimally. 
The KIDScore™ D5 is based on developmental information 
from approximately 5200 embryos with known implantation 
status at day 5 embryo transfer [42].

The aim of this study was to evaluate the quality of 
embryos transferred in different study groups, compar-
ing patients with endometriosis confirmed by endoscopy, 
patients with surgically removed endometriosis and patients 
with no evidence of endometriosis on diagnostic endoscopy.

Materials and methods

Study design

237 embryos (endometriosis group: n = 126; non-endometri-
osis control group: n = 111) undergoing infertility treatment 
at our clinic from 2014 until 2017 were included in this ret-
rospective study. The time interval was chosen as the same 
core teams for performing the surgery and the assisted repro-
ductive therapies were responsible in this period. Inclusion 
criteria were female patients aged between 18 and 45 years 
undergoing IVF and/ or ICSI treatment. The endometrio-
sis group was divided into two subgroups. It was differen-
tiated between embryos from patients with endometriosis 
that underwent complete resection (d3 n = 37; d5 n = 36) 
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and embryos from patients with endometriosis that did not 
underwent complete resection (d3 n = 15; d5 n = 20). If this 
information was missing, we excluded these embryos.

Endometriosis was confirmed laparoscopically with 
histological examination of a biopsy. When patients were 
scheduled for complete resection of their endometriosis the 
surgery could be performed laparoscopically in all cases. 
The primary trocar was inserted subumbilically after insuf-
flating the abdominal cavity with  CO2 via a Veress needle. 
Further 5 mm-trocars were placed in the lower belly appro-
priate for reaching the individually observed endometriotic 
lesions. After systematic evaluation of the whole abdomi-
nal situs a stage was determined. “Complete resection” was 
defined as the complete removal of every endoscopically 
visible endometriotic lesion but did not include systematic 
excision of an eventual adenomyosis uteri. Describing the 
stage of endometriosis rASRM (reversed American Society 
for Reproductive Medicine) score was used [5]. This score 
was developed by the reversed American Society for Repro-
ductive Medicine. A common score for endometriosis. The 
rASRM is a scoring system. The score is using points cor-
responding the size of peritoneal and ovarian endometriosis. 
The points are also assigned for adhesions. The sum of the 
points results in a score of four grades.

The in vitro culture was performed in a closed time-lapse 
incubator  (EmbryoScope®, Vitrolife) up to day 3 or up to 
day 5.

In addition, we provide a small case series of four 
patients. They underwent IVF/ ICSI before and after com-
plete endometriosis resection.

Ethical approval was obtained from the Ethics Committee 
of Würzburg University (file number 20191007 01).

Controlled ovarian stimulation oocyte retrieval, 
fertilization, embryo analysis, embryo transfer, 
pregnancy assessment and endometriosis surgery

Ovarian hyperstimulation was performed according to the 
agonist or antagonist protocol as previously described e. g. 
by Diedrich et al. [17]. Oocytes were aspirated by transvagi-
nal follicle aspiration 36 h after an ovulation induction with 
5000 or 10,000 IU human chorionic gonadotropin (HCG, 
 Predalon® MSD). Aspiration was performed by experienced 
surgeons specialised in reproduction. In case of endometrio-
sis the aspirate did not have any contact to endometrioma. If 
necessary, aspiration system was changed. Cumulus-oocyte 
complexes were collected in SynVitro Flush media (Cooper 
Surgical, Ref. 15,760,125) at 37 °C and then transferred 
into Continous Single Culture medium (CSC-C, Irvine Sci-
entific, Ref. 90,165) at 37 °C and 6.8%  CO2. The embryo 
cultures were covered with oil for embryo culture (Irvine 
Scientific, Ref. 9305). For IVF oocytes were inseminated 

with a progressively motile sperm concentration ranging 
between 0.1 and 0.5 ×  106/ml in CSC. Prior to the ICSI pro-
cedure cumulus cells were removed from the oocytes with 
hyaluronidase enzyme  (Cumulase®, Cooper Surgical, Ref. 
16,125,000) and denuding pipettes with appropriate lumen 
sizes (175–135 µm, Vitromed, Jena, Germany, Ref. V-Den-
135, − 150, − 175). Introcytoplasmatic sperm injection was 
performed in multipurpose handling medium (MHM, Irvine 
Scientific, Ref. 90,166) and polyvinylpyrolidone (PVP, 
Cooper Surgical, Ref. 10,905,000). After ICSI the oocytes 
were cultured in CSC-C medium in an Embryo Slide culture 
dish (Vitrolife, Ref. FR-S-ES-D) for 3 to 5 days without 
media change. In the case of IVF, fertilized oocytes were 
transferred to the Embryo Slide culture dishes on day 1 after 
fertilization check. Embryos were cultured in an Embryo-
Scope (Vitrolife) at 6.8%  CO2 and 5%  O2 at 37 °C. During 
embryo culture embryo evaluation was constantly performed 
according to Instanbul consensus [4]. Briefly, embryo qual-
ity was calculated in terms of number of blastomeres, cell 
fragmentation and symmetry. For the evaluation of KID-
Score™ D3 and D5 only the best embryos, which were 
choosen for transfer or cryopreservation, according to the 
embryologist’s view were annotated on D3 or D5, depend-
ing on the day of embryo transfer. KIDScore analysis was 
performed using the Embryoviewer software (Vitrolife) and 
evaluated by applying KIDScore™ D3 (continuous scale 
from 1 to 5) or KIDScore™ D5 (continuous scale running 
from 1 to 9.9) according to the day of embryo transfer. Using 
the morphokinetic KIDScore™ D3 the model assigns a low 
score to those with the statistically lowest probability of 
implantation and a higher score to those with a statistically 
higher probability of implantation. KIDScore™ D5 consid-
ers morphology and morphokinetic traits. The higher the 
score the higher the chance of implantation.

KIDScore™ D3 is based on six annotations: the num-
ber of pronuclei equals 2 (2PN), time from insemination 
to pronuclei fading(tPNf), time from insemination to the 
2-cell stage (t2), time from insemination to the 3-cell stage 
(t3), time from insemination to the 5-cell stage (t5), time 
from insemination to the 8-cell stage (t8). KIDScore™ D5 
is based on 8 annotations: 2PN, t2, t3, t4, t5, timing of full 
blastocyst (tB), quality of Inner Cell Mass (ICM) (a, b, c) 
and the quality of the Trophectoderm (a, b, c).

Pregnancy was assessed using vaginal ultrasound. All 
patients with positive pregnancy test at home get an appoint-
ment for ultrasound in the 7th pregnancy week. Life birth 
rate is defined as number of deliveries per fresh embryo 
transfer. Pregnancy rate is defined as number of pregnancies 
per fresh embryo transfer. Abortion rate is defined as number 
of abortions out of all pregnancies.

The University medical Centre Würzburg is an endome-
triosis centre level III. Surgery is performed by specialized 
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surgeons. Patients obtained complete resection. Not all 
hospitals fulfil the qualifications for adequate treatment of 
endometriosis. Therefore, endometriosis centres were estab-
lished. In this process, the hospitals are audited and certi-
fied by an independent body, EuroEndoCert. This institution 
uses strict guidelines for certification. There are three stages 
of centres: endometriosis centre (level I), clinical endome-
triosis centre (level II), clinical and scientific endometriosis 
centre (level III) (all: [35]).

Statistical analysis

The data handling and the statistical operations were per-
formed using Microsoft Excel 2019 (Microsoft, USA) and 
SPSS 25 (IBM, USA). For non-parametric comparisons 
of the ordinally scaled KIDScore ™ measurements the 
Mann–Whitney U-test was used to check for statistical sig-
nificance. Fisher’s exact test was performed to determine 
the shown significance levels of the pregnancy rate com-
parisons. The Computation of the biological effect size “r” 
according to Cohen was performed as described by Fritz 
et al., 2012 the computed test statistic of the mentioned 
statistical test in SPSS and the respective case number. 
p-values < 0.05 were considered statistically significant 
(Fig. 1).

Results

Sample–description

In this study, we enrolled 84 patients, 43 with histologi-
cally proven endometriosis and 41 without endometriosis 
(control group, laparoscopically confirmed). In total we 
had data from 261 embryos. We analysed 237 cultured 
embryos, 126 from patients with endometriosis and 111 
from patients without endometriosis. A total of 128 sin-
gle or double embryo transfers were performed. For 97 
embryos we annotated a D3 score, and for 140 embryos 
we annotated a D5 score. The difference is statistically 
significant. The embryos were assigned to one of the four 
groups depending on the day of transfer and on the con-
firmation of endometriosis. Age, BMI, stimulation cycles, 
oocyte retrieval and transferred embryos per cycle of these 
four groups are displayed in Table 1.

We observed a significant difference concerning body 
mass index (BMI) of endometriosis group D5 and control 
group D5 (p = 0.005) (Table 1). In addition, significantly 
fewer oocytes were aspirated per cycle in endometriosis 
group D3 than in endometriosis group D5 and control 
group D5 (p = 0.001, p = 0.009, respectively) and fewer 
embryos were transferred per cycle than in endometriosis 
group D5 (p = 0.028). The rate of live births per performed 

Fig. 1  Flow chart of choos-
ing patients and embryos. 
237 embryos from 84 patients 
undergoing IVF/ ICSI were 
included. 43 patients with 126 
embryos had laparoscopically 
confirmed endometriosis. 41 
patients with 111 embryos 
did not have endometriosis. 
KIDScore™ D3 was used for 63 
embryos of the endometriosis 
group and for 34 embryos of 
the control group. KIDScore™ 
D5 was used für 63 embryos 
of the endometriosis group and 
for 77 of the control group. 128 
fresh embryo transfers were 
performed
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IVF/ICSI cycle showed no significant difference in the 
four groups (Table 1).

KIDScore™ day 3 and day 5–differences 
between patients with and without endometriosis

Figure 2 shows the distribution of KIDScore™ measured on 
day 3 and day 5 for embryos from patients with and without 
endometriosis (regardless of whether the endometriosis was 
completely resected or not). On day 3 the median for endo-
metriosis patients was 4 (on a scale from 1 to 5) as well as 
the median for non-endometriosis patients (control group). 
However, on day 5 a trend towards a lower embryo quality 
measured by time lapse monitoring was observed between 
the mentioned groups (p = 0.175): embryos from patients 
without endometriosis showed a higher KIDScore™ D5 
(median 6.8) (on a scale from 1 to 9.9) than embryos from 
patients with endometriosis (median 6.5).

KIDScore™ day 3 and day 5–impact of resection 
on embryo quality

Figure 3 also covers KIDScore™ day 3 and KIDScore™ 
day 5, but here the endometriosis group was divided into 
two subgroups. One consisted of embryos from patients with 
endometriosis who underwent complete resection of their 
endometric lesions. The other group contained only embryos 
from patients with histologically confirmed endometrio-
sis and not being treated by complete resection. Of note, 
for analyses of day 3 11 embryos had to be excluded from 

further computations as it was not clearly documented that 
the complete surgery was performed as described in material 
and methods; for day 5 10 embryos had to be excluded. For 
KIDScore™ day 3 no significant differences in the embryo 
quality could be observed. In contrast to that KIDScore™ 
D5 showed a statistical highly significant difference: the 
median KIDScore™ D5 of embryos from patients with-
out complete resection of their endometriosis was 2.6. In 
comparison to the control group which showed a median of 
6.8 a significant decrease in embryo quality was recorded 
(p = 0.003). When the endometriosis was completely 
removed surgically, a median score of 7.2 was achieved. This 
indicates a highly significant increase (p = 0.002) in embryo 
quality compared to the KIDScore™ D5 patients without 
complete removal and is not differing significantly from the 
not-endometriosis bearing control group (p = 0.911). Com-
putation of the biological effect size according to Cohen 
showed a moderate up to strong biological effect (r = 0.4) 
for endometriosis complete resection vs. no resection and a 
moderate biological effect (r = 0.3) for no endometriosis vs. 
endometriosis without resection.

Pregnancy rate and abortion rate

Interestingly, complete resection also had a small impact on 
pregnancy and abortion rate.

Patients that underwent complete resection showed 
a similar pregnancy rate (32.6%) compared to patients 
without endometriosis (32.8%), (p = 1.000). Patients with 

Table 1  Characteristics D3 & D5

Values are means (95% CI) or absolute values

Endometriosis D3 Control group D3 Endometriosis D5 Control group D5

Patients’ characteristics
 Age (years) 35.1 (34.1, 36.0) 35.6 (34.5, 36.6) 34.9 (33.7, 36.1) 33.8 (32.9, 34.8)
 BMI (kg/m2) 24.6 (23.4, 25.9) 24.9 (23.3, 26.6) 22.5 (21.8, 23.2) 25.1 (24.0, 26.1)

Clinical data
 Total number of cycles 37 20 31 40
 Retrieved oocytes per cycle 8.1 8.8 13.4 12.2
 Cultivated oocytes per cycle 3,1 3,1 4,7 4.0
 Transferred embryos per cycle 1.8 1.8 2.1 2.0
 Life birth rate per cycle 0.2 0.2 0.2 0.2
 Number of IVF/ICSI cycles 15/22 8/12 7/24 11/29
 Number of previous cycles with ovarian 

stimulation (IUI, IVF, ICSI)
107 104 106 0.93

 Agonist/Antagonist stimulation 17/20 8/12 12/19 15/25
 Tubal factor 9 8 8 7
 Endometriosis 37 0 31 0
 PCO 0 1 0 6
 Male factor in % 44 43 44 66
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p (EM vs. no EM) = 0.966

p (EM vs. no EM) = 0.175

Fig. 2  Effect of diagnosed endometriosis on KIDScore™. KID-
Score™ D3 (left), KIDScore™ D5 (right)—comparison of embryo 
quality between patients with endometriosis and without endometrio-
sis via boxplot. Median (prominent line), absolute minimum (lower 
end of the boxplot), absolute maximum (higher end of the boxplot) 
and number of embryos are included in the table below. Computa-
tion of the test statistic as given in the figure was performed using the 
Mann–Whitney U test

p (no EM vs. EM R) = 0.934
p (no EM vs. EM no R) = 0.717
p (EM R vs. EM no R) = 0.668

p (no EM vs. EM R) = 0.911
p (no EM vs. EM no R) = 0.003
p (EM R vs. EM no R) = 0.002

Fig. 3  Effect of complete resection of endometriosis on KIDScore™. 
Shown is the comparison of the embryo quality measured by KID-
Score D3 (left) and KIDScore d5 (right) between patients without 
endometriosis (“no endometriosis”), patients with resection of endo-
metriosis (“endometriosis: complete resection”) and without resec-
tion of endometriosis (“endometriosis: no resection”). The presented 
boxplots show the values for absolute Minimum—Quartil—Median 
(prominent line)- Quartil–absolute Maximum) for each patient group. 
The absolute KIDScore values for median, minimum (“min”), maxi-
mum (“max”) as well es the number of embryos (“n”) are enlisted 
in the table below each chart. Computation of the test statistic as 
given in the figure was performed using the Mann–Whitney U test. 
(*p < 0.05, **p < 0.01)
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endometriosis and no resection showed a trend towards a 
lower pregnancy rate (17.6%) compared to patients that 
underwent complete resection (p = 0.346) and also compared 
to patients without endometriosis (p = 0.370). Statistical dif-
ference was not observed.

After complete resection, the abortion rate was 44.4%. 
In contrast, in case of endometriosis without resection—
although only two patients met this criterion—the abor-
tion rate was 100%. The difference did not reach statistical 
significance (p = 0.455). The abortion rate in the group of 
women without endometriosis (42.9%) compared to women 
with non-resected endometriosis (p = 0.217) and compared 
to women with resected endometriosis (p = 1.000) did not 
differ significantly from each other.

All: (Fig. 4).

Case report—KIDScore™ day 3 and day 5 – impact 
of surgery on embryo quality

Figure 5 shows a small case series of four patients suffering 
from endometriosis and undergoing IVF-treatment before 
and after the complete resection of their endometriosis.

p (no EM vs. EM no R) = 0.370
p (no EM vs. EM R) = 1.000
p (EM no R vs. EM R) = 0.346

p (no EM vs. EM) = 0.711

Fig. 4  Effect of complete resection of endometriosis on pregnancy 
(A) and abortion (B) rate Shown is a comparison of pregnancy rate 
(A) and abortion rate (B) between patients without endometriosis and 
ones with endometriosis (left), respectively, patients without endo-
metriosis, with resection of endometriosis and without resection of 
endometriosis (right). The given p-value was computed using the 
Fisher-Exact-test

Fig. 5    Case series–KIDScore™ in four patients undergoing IVF–
surgery-IVF-treatment. All patients had IVF-treatments before and 
after a complete resection of their endometriosis. Forpatient 1 (blue), 
patient 2 (orange), patient 3 (grey), patient 4 (yellow) the respective 
KIDScores™ from each transferred embryo are depicted as colored 
dot before (left) and after (right) complete resection of endometrio-
sis. The particular values for KIDScores™ D3 are inserted in light 
blue resp., for KIDScore™ D5 in purple for each embryo/dot. Addi-
tionally, a linear trendline illustrating the course of the KIDScores™ 
from before to after resection of the endometriosis is depicted in the 
diagram for each patient in matching colors (dotted line)
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Patient 1 was 41 years old when she underwent her first 
ICSI treatment. Her BMI was 21.3 kg/m2. She had her first 
ICSI in March 2014 and was stimulated under protection of 
a GnRH analogon. Seven oocytes were retrieved, and two 
embryos were transferred. KIDScore™ day 3 was 4 and 5. 
There was no pregnancy achieved in this cycle. She started 
her next cycle in August 2014 with the same protocol. 11 
oocytes were aspirated, two embryos were transferred. KID-
Score™ day 5 was 8.2 and 2.6. ß-HCG was negative again. 
In November 2014 she underwent laparoscopy. Endometrio-
sis rASRM II was diagnosed. Lesions were resected com-
pletely. Afterwards she had another ICSI in October 2015 
stimulated with GnRH antagonist protocol. 5 oocytes were 
aspirated, 2 embryos were transferred. KIDScore™ day 3 
was 5 and 2. Unfortunately, ß-HCG was negative again.

Patient 2 was 32 years old when she underwent her first 
ART treatment. Her BMI was 20.9 kg/m2. She already had 
her first diagnostic surgery because of endometriosis in 
2004. From 2012 to 2014 she underwent many cycles of 
IVF and ICSI. The first ART in which the embryos were 
evaluated with time-lapse monitoring was in April 2014. 
She was stimulated with GnRH agonist protocol, 15 oocytes 
were aspirated, and 2 embryos transferred. KIDScore™ day 
3 was 2 and 4. ß-HCG was negative. In September 2014 she 
underwent complete resection of endometriosis rASRM II. 
Two months later she went for another ICSI cycle, stimu-
lated with GnRH antagonist protocol. 8 oocytes were aspi-
rated, and 2 embryos transferred. KIDScore™ day 5 was 8.4 
and 7.7. ß-HCG was positive, and she delivered one child.

Patient 3 was 31 years old when she started ART at our 
hospital. She already has been pregnant but interrupted the 
pregnancy because of a trisomia. Her BMI was 25.3 kg/m2. 
She did not lose weight through the years of treatment. She 
underwent diagnostic surgery because of endometriosis in 
March 2014. In May 2014 she had an ICSI, stimulated with 
GnRH agonist protocol. 12 oocytes were retrieved, and 2 
embryos transferred. KIDScore™ day 5 was 7.2 and 6.8. 
ß-HCG was positive. Unfortunately, she had a spontaneous 
abortion. In November 2014 she started her next ICSI with 
the same stimulation protocol. 14 oocytes were aspirated, 
2 embryos transferred, KIDScore™ day 5 was 1.6 for both 
embryos but ß-HCG was negative. The following ICSI-
treatment was in February 2015. With the use of the same 
protocol for stimulation again 14 oocytes were retrieved, and 
2 embryos transferred. KIDScore™ day 5 was 1.7 and 1.6, 
ß-HCG was negative again. In July 2015 she had another 
ICSI. With GnRH agonist protocol 9 oocytes were retrieved, 
and 2 embryos transferred. KIDScore™ day 5 was 1.7 and 
6.5. ß-HCG was positive, but pregnancy ended in a sponta-
neous abortion. In September 2015 she underwent complete 
resection of deep infiltrating endometriosis ENZIAN A3 B2 
C1. Shortly afterwards she started a new cycle of ICSI, but 
unfortunately we do not have the KIDScore™ of the two 

transferred embryos. The following ICSI treatment was in 
September 2016. 7 oocytes were retrieved, 2 embryos trans-
ferred, KIDScore™ day 3 was 4 for both embryos. ß-HCG 
was negative. She had another ICSI in December 2017. 8 
oocytes were aspirated, 2 embryos transferred, KIDScore™ 
day 5 was 7.2 and 1.7 and ß-HCG negative.

Patient 4 was 39 years old when she started her first 
ICSI treatment. Her BMI was 24.2 kg/m2. In August 2014 
she was stimulated with GnRH agonist protocol, only 
5 oocytes were retrieved, KIDScore™ day 3 was 4 and 
ß-HCG was negative. In October 2014 she underwent com-
plete resection of endometriosis rASRM II. Afterwards she 
was stimulated with the ultralong protocol in January 2015. 
Again only 5 oocytes were retrieved, KIDScore™ day 3 was 
5 and ß-HCG was negative.

Patient 2, 3 and 4 showed an increasing KID-
Score™/ increasing embryo quality after complete resection, 
whereas patient 1 showed a decreasing KIDScore™/ embryo 
quality after complete resection (Fig. 5).

Discussion

In this study we analysed the effect of complete resection of 
endometriosis on embryo quality as measured by the KID-
Score™ D3 and D5 algorithms. For some of the embryos 
from patients with endometriosis who underwent complete 
resection, we showed a statistically significant improvement 
in quality compared to embryos from patients with endome-
triosis and no resection using the D5 algorithm. The quality 
of embryos from patients with endometriosis who underwent 
complete resection was comparable to that of embryos from 
patients without endometriosis. A moderate to strong bio-
logical effect could be achieved by complete resection of 
endometriosis.

Interestingly, no study has compared the effect of com-
plete endometriosis resection on embryo quality using the 
KIDScore™ D3 or D5 algorithm. Most studies on the effect 
of endometriosis resection on fertility only include implanta-
tion rate or live-birth rate, but do not include morphokinetic 
effects.

Since endometriosis has a profound effect on oocyte 
and embryo quality, selecting the embryo with potential 
for implantation is of great interest. In the past, there have 
been several scoring systems for early human development, 
all aimed at identifying the best embryo. The older scoring 
criteria [18, 37, 45] typically assessed static developmental 
time points using conventional microscopy. The introduction 
of time-lapse microscopy gave the opportunity to monitor 
developmental and morphokinetic changes of the embryo in 
real time. Using this technique, many predictive algorithms 
have been developed by many different laboratories, all with 
relatively small databases. The development of KIDScore™ 
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D3 has given a universal algorithm that we can use to objec-
tively analyse our data.

Although it is still controversial whether surgery improves 
fertility in endometriosis patients, there is evidence to sup-
port the use of laparoscopic surgery to improve fertility [6, 
40]. The aim of surgery is to completely remove endometri-
otic lesions, divide periovarial and peritubular adhesions and 
restore physiological anatomy. Data from a meta-analysis 
showed an improvement in fertility and live-birth rate after 
laparoscopic surgery. This benefit has been demonstrated 
mainly in patients with minimal to mild endometriosis (all: 
[21]). Adamson and Pasta showed a higher pregnancy rate in 
patients with minimal endometriosis after laparoscopy and 
laparotomy than after medical treatment of subfertility [1]. 
A 10–25% increase in pregnancy rate has been observed in 
endometriosis patients following surgery [24].

The explanation for the improvement in subfertility in 
endometriosis with surgery may be multifactorial, depending 
on the pathogenesis. In addition to anatomical advantages, 
complete resection of endometriosis may minimize the 
inflammatory environment. This may explain the increase 
in embryo quality/KIDScore™ as inflammatory cytokines 
are toxic to embryos [28]. Unfortunately, there is a lack 
of data on moderate to severe endometriosis. In addition, 
randomised controlled trials are missing to determine the 
efficacy of surgical treatment of moderate to severe endo-
metriosis regarding infertility.

Our data show the importance of complete resection in 
patients with endometriosis undergoing ICSI in terms of 
embryo quality as measured by KIDScore™ on day 5. This 
indicates that complete resection of endometriosis lesions 
may improve the quality of embryos from patients with 
endometriosis. We were not able to show an improvement 
in KIDScore for day 3 embryos. This finding is consist-
ent with another similar study. Sanchez et al. were unable 
to demonstrate an effect of endometriosis on the in vitro 
development of D3 embryos, but did observe a reduction in 
ongoing pregnancy rates with endometriosis [33]. They have 
suggested that this may be due to altered endometrial recep-
tivity, mainly due to inflammatory-related changes in gene 
expression, or a possible progesterone resistance in women 
with endometriosis [31].

The general morphokinetic algorithm for day 3 is based 
on six annotations and ranks the embryo into five groups, 
whereas the algorithm for day 5 is based on eight annota-
tions and provides a ranking between 1 and 9.9. Our hypoth-
esis is that the embryo quality assessment on day 3 is not 
as accurate as the embryo assessment on day 5. Some very 
important time-points, for embryo evaluation are only pos-
sible within an embryo culture of 5 days. This is consistent 
with other studies [22, 43] which suggest that significant 
differences in morphokinetic parameters in women with 
advanced age do not change before T8 (time to cleavage 

into 8 cells [43]. Another study [22] showed that tB (time 
to full blastocyst) is an important factor in assessing blasto-
cyst quality. These findings show that adverse effects, such 
as endometriosis or age, may affect later time points in the 
development of the early embryo.

Freis et al. were able to show altered embryo morphoki-
netics in patients with endometriosis compared to non-endo-
metriosis patients, resulting in poorer embryo quality [15, 
16]. Consistent with our data, they found that it was not the 
timing of the specific events during early embryo develop-
ment, but the relative kinetics of the embryo development 
that changed between the two study groups, with a negative 
effect for the endometriosis group.

Our case series showed a trend towards improvement 
in embryo quality within the case series. Three out of four 
patients showed an improvement in embryo quality after 
complete resection of endometriosis. When comparing the 
characteristics of the patients, there are two differences that 
may have affected the results. Patient 1 is the oldest, and it is 
established that the quality of oocytes and embryos declines 
with age [23, 34]. Another interesting difference is the 
time between complete resection and resumption of ART. 
Relapse cannot be excluded [7]. In line with this observation 
is another study [2], in which significantly higher ongoing 
pregnancy rates were observed in women with endometrio-
sis with a short interval between surgery and IVF treatment 
compared with women with a longer interval between sur-
gery and an IVF treatment cycle. Patient 1 had the long-
est interval without any reproductive treatment, as she had 
a break of 11 months after surgery. Patient 2 had a break 
of 2 months, patient 3 and patient 4 both had a break of 
3 months.

We would like to mention some limitations of our study 
that should be taken into account when evaluating its results. 
First, this was a retrospective study and retrospective studies 
are controversial [26]. As data already exist, the impact of 
missing data is low. Acquisition of the control group can also 
be considered critical as it is not a random selection and sta-
tistical bias can occur. Another limitation is the fact that we 
cannot correlate the KIDScore™ with the implantation rate 
when two embryos are transferred. After transfer, it is not 
possible to differentiate the fate of the transferred embryos 
in respect of implantation. The fact that we included 128 
cycles from 84 patients may also introduce bias. Better or 
worse embryo quality depends also on the patient/ couple 
themselves. The fact that only transferred embryos were 
scored with KIDScore™ may also be a limitation. It would 
have been interesting to know whether complete resection 
of endometriosis improves embryo quality in general or only 
in a subset of embryos.

A limitation is that the details of the algorithm of the 
KIDScore™ D5 have not been disclosed by the manu-
facturer, which prevents further endometriosis-specific 
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conclusions. It should also be noted that the KIDScore™ D3 
and D5 are designed to provide information on the implan-
tation potential of the embryo, not for the live-birth rate 
(LBR). Although the assessment of embryo quality by time-
lapse monitoring is considered an excellent tool that pro-
vides a lot of information about the embryos, the Cochrane 
review of time-lapse monitoring failed to find a clear dis-
tinction between LBR derived from embryos selected by 
time-lapse monitoring and conventional static morphologi-
cal assessment [3]. As there are no significant differences 
in LBR within our study groups, the role of morphokinetics 
alone in predicting embryo performance should be ques-
tioned. However, additional studies are needed to look more 
closely at morphokinetics, the implantation and the ongoing 
pregnancy in endometriosis patients.

As infertility is common in patients with endometriosis, 
affecting approximately 20% of women of reproductive 
age, improving the management of endometriosis in terms 
of fertility is of great interest. The pathogenesis of endome-
triosis and endometriosis-related infertility is multifactorial 
and still not fully understood. This makes causal treatment 
difficult. However, knowing that endometriotic lesions pro-
duce inflammatory cytokines that are toxic to oocytes and 
embryos, resection of the lesions to reduce inflammation 
seems a plausible approach. Restoring the anatomy may also 
be an advantage of resection.

Our study showed a significant improvement in embryo 
quality (KIDScore™ D5) in patients with endometriosis 
after complete resection compared to patients without resec-
tion. However, as this was the first study to compare embryo 
quality with the KIDScore™ in relation to endometriosis 
resection, further studies are needed to confirm these results.

Acknowledgements The authors would like to acknowledge Hedwig 
Blaut, Karin Tweraser-Schmitt and Sigrid Adam-Bonauer for excel-
lent technical assistance and all the members of the ZERM (Zentrum 
für Gynäkologische Endokrinologie und Reproduktionsmedizin) at the 
Wuerzburg University Woman´s Hospital for their excellent work. This 
research did not receive any specific grant from funding agencies in the 
public, commercial or not-for-profit sectors. Part of the present work 
was performed in partial fulfilment of the requirements for obtaining 
the degree “Dr. med.”.

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were per-
formed by Saskia Herbert, Claudia Staib and Theresa Wallner. The first 
draft of the manuscript was written by Saskia Herbert, Claudia Staib 
and Sebastian Häusler and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.

Data availability The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval Ethical approval was waived by the local Ethics Com-
mittee of University of Wuerzburg in view of the retrospective nature 
of the study and all the procedures being performed were part of the 
routine care. (file no. 20191007 01).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Adamson GD, Pasta DJ (1994) Surgical treatment of endometri-
osis-associated infertility: meta-analysis compared with survival 
analysis. Am J Obstet Gynecol 171:1488–1505

 2. Alkudmani B, Gat I, Buell D, Salman J, Zohni K, Librach C, 
Sharma P (2018) In vitro fertilization success rates after surgically 
treated endometriosis and effect of time interval between surgery 
and in vitro fertilization. J Minim Invasive Gynecol 25:99–104

 3. Armstrong S, Bhide P, Jordan V, Pacey A, Marjoribanks J, Far-
quhar C (2019) Time-lapse systems for embryo incubation and 
assessment in assisted reproduction. Cochrane Database Syst Rev. 
https:// doi. org/ 10. 1002/ 14651 858. CD011 320. pub4

 4. Asirmaesigo E (2011) Alpha Scientists in Reproductive Medicine 
and ESHRE Special Interest Group of Embryology. The Istanbul 
consensus workshop on embryo assessment: proceedings of an 
expert meeting. Hum Reprod 22:1270–1283

 5. ASRM (1997) Revised American Society for Reproductive 
Medicine classification of endometriosis: 1996. Fertil Steril 
67:817–821

 6. Berlanda N, Vercellini P, Somigliana E, Frattaruolo MP, Buggio 
L, Gattei U (2013) Role of surgery in endometriosis-associated 
subfertility. Semin Reprod Med 31:133–143

 7. Bozdag G (2015) Recurrence of endometriosis: risk factors, mech-
anisms and biomarkers. Womens Health 11:693–699

 8. Brosens I (2004) Endometriosis and the outcome of in vitro fer-
tilization. Fertil Steril 81:1198–1200

 9. Bulletti C, Coccia ME, Battistoni S, Borini A (2010) Endometrio-
sis and infertility. J Assist Reprod Genet 27:441–447

 10. Bulun SE (2009) Endometriosis. N Engl J Med 360:268–279
 11. Burghaus S, Fehm T, Fasching PA, Blum S, Renner SK, Baier 

F, Brodkorb T, Fahlbusch C, Findeklee S, Häberle L, Heusinger 
K, Hildebrandt T, Lermann J, Strahl O, Tchartchian G, Bojahr 
B, Porn A, Fleisch M, Reicke S, Füger T, Hartung CP, Hackl J, 
Beckmann MW, Renner SP (2016) The International Endome-
triosis Evaluation Program (IEEP Study) - a systematic study 
for physicians, researchers and patients. Geburtshilfe Frauen-
heilkd 76:875–881

 12. Centers For Disease Control and Prevention A. S. F. R. M. & 
Society For Assisted Reproductive Technology. 2012. 2010 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/14651858.CD011320.pub4


597Archives of Gynecology and Obstetrics (2023) 308:587–597 

1 3

Assisted Reproductive Technology Fertility Clinic Success 
Rates Report.

 13. Ciray HN, Campbell A, Agerholm IE, Aguilar J, Chamayou 
S, Esbert M, Sayed S, Group FTT-LU (2014) Proposed guide-
lines on the nomenclature and annotation of dynamic human 
embryo monitoring by a time-lapse user group. Hum Reprod 
29:2650–2660

 14. de Ziegler D, Pirtea P, Carbonnel M, Poulain M, Cicinelli E, 
Bulletti C, Kostaras K, Kontopoulos G, Keefe D, Ayoubi JM 
(2019) Assisted reproduction in endometriosis. Best Pract Res 
Clin Endocrinol Metab 33:47–59

 15. Dietrich JE, Freis A, Beedgen F, von Horn K, Holschbach V, 
Liebscher J, Strowitzki T, Germeyer A (2020) Intraindividual 
Embryo Morphokinetics are not affected by a switch of the ovar-
ian stimulation protocol between GnRH agonist vs antagonist 
regimens in consecutive cycles. Front Endocrinol (Lausanne) 
11:246

 16. Freis A, Dietrich JE, Binder M, Holschbach V, Strowitzki T, 
Germeyer A (2018) Relative Morphokinetics assessed by time-
lapse imaging are altered in embryos from patients with endo-
metriosis. Reprod Sci 25:1279–1285

 17. Griesinger G (2020) Ovulationsinduktion und ovarielle Stimula-
tion. In: Diedrich K, Ludwig M, Griesinger G (eds) Reproduk-
tionsmedizin. Springer, Berlin Heidelberg, Berlin

 18. Hardarson T, Hanson C, Sjögren A, Lundin K (2001) Human 
embryos with unevenly sized blastomeres have lower pregnancy 
and implantation rates: indications for aneuploidy and multinu-
cleation. Hum Reprod 16:313–318

 19. Holoch KJ, Lessey BA (2010) Endometriosis and infertility. 
Clin Obstet Gynecol 53:429–438

 20. Hughes EG, Fedorkow DM, Collins JA (1993) A quantitative 
overview of controlled trials in endometriosis-associated infer-
tility. Fertil Steril 59:963–970

 21. Jin X, Ruiz Beguerie J (2014) Laparoscopic surgery for subfer-
tility related to endometriosis: a meta-analysis. Taiwan J Obstet 
Gynecol 53:303–308

 22. Kato K, Ueno S, Berntsen J, Ito M, Shimazaki K, Uchiyama K, 
Okimura T (2021) Comparing prediction of ongoing pregnancy 
and live birth outcomes in patients with advanced and younger 
maternal age patients using KIDScore™ day 5: a large-cohort 
retrospective study with single vitrified-warmed blastocyst 
transfer. Reprod Biol Endocrinol 19:1–11

 23. Keefe DL (1998) Reproductive aging is an evolutionarily pro-
grammed strategy that no longer provides adaptive value. Fertil 
Steril 70:204–206

 24. Kennedy S, Bergqvist A, Chapron C, Dhooghe T, Dunselman 
G, Greb R, Hummelshoj L, Prentice A, Saridogan E, Endome-
triosis OBOTESIGF, GROUP EGD (2005) ESHRE guideline 
for the diagnosis and treatment of endometriosis. Hum Reprod 
20:2698–2704

 25. Macer ML, Taylor HS (2012) Endometriosis and infertility: 
a review of the pathogenesis and treatment of endometriosis-
associated infertility. Obstet Gynecol Clin North Am 39:535–49

 26. Mantel N, Haenszel W (1959) Statistical aspects of the analysis 
of data from retrospective studies of disease. JNCI J Natl Cancer 
Inst 22:719–748

 27. Meuleman C, Vandenabeele B, Fieuws S, Spiessens C, Timmer-
man D, D’hooghe, T. (2009) High prevalence of endometriosis 
in infertile women with normal ovulation and normospermic 
partners. Fertil Steril 92:68–74

 28. Morcos RN, Gibbons WE, Findley WE (1985) Effect of perito-
neal fluid on in vitro cleavage of 2-cell mouse embryos: possible 
role in infertility associated with endometriosis. Fertil Steril 
44:678–683

 29. Olivennes F (2003) Results of IVF in women with endometrio-
sis. J Gynecol Obstet Biol Reprod (Paris) 32:S45–S47

 30. Opøien HK, Fedorcsak P, Omland AK, Abyholm T, Bjercke 
S, Ertzeid G, Oldereid N, Mellembakken JR, Tanbo T (2012) 
In vitro fertilization is a successful treatment in endometriosis-
associated infertility. Fertil Steril 97:912–8

 31. Patel BG, Rudnicki M, Yu J, Shu Y, Taylor RN (2017) Proges-
terone resistance in endometriosis: origins, consequences and 
interventions. Acta Obstetricia et Gynecologica Scandinavica 
96:623–632

 32. Petersen BM, Boel M, Montag M, Gardner DK (2016) Develop-
ment of a generally applicable morphokinetic algorithm capable 
of predicting the implantation potential of embryos transferred 
on Day 3. Human Reprod 31:2231–2244

 33. Sanchez AM, Pagliardini L, Cermisoni GC, Privitera L, Maki-
eva S, Alteri A, Corti L, Rabellotti E, Candiani M, Viganò P 
(2020) Does endometriosis influence the embryo quality and/
or development? insights from a large retrospective matched 
cohort study. Diagnostics 10:83

 34. Santulli P, Marcellin L, Menard S, Thubert T, Khoshnood B, 
Gayet V, Goffinet F, Ancel PY, Chapron C (2016) Increased rate 
of spontaneous miscarriages in endometriosis-affected women. 
Hum Reprod 31:1014–23

 35. Schäfer SD, Sillem M, Schweppe K-W, Burghaus S, Beckmann 
M (2021) Neues in der Zertifizierung von Endometriosezentren. 
Gynakologe 54:506–511

 36. Schenk M, Kröpfl JM, Hörmann-Kröpfl M, weiss, G. (2019) 
Endometriosis accelerates synchronization of early embryo cell 
divisions but does not change morphokinetic dynamics in endo-
metriosis patients. PLoS One 14:e0220529

 37. Scott L, Finn A, Oleary T, Mclellan S, Hill J (2007) Morpho-
logic parameters of early cleavage-stage embryos that correlate 
with fetal development and delivery: prospective and applied 
data for increased pregnancy rates. Hum Reprod 22:230–40

 38. Signorello LB, Harlow BL, Cramer DW, Spiegelman D, Hill 
JA (1997) Epidemiologic determinants of endometriosis: a 
hospital-based case-control study. Ann Epidemiol 7:267–741

 39. Tummon IS, Maclin VM, Radwanska E, Binor Z, Dmowski 
WP (1988) Occult ovulatory dysfunction in women with 
minimal endometriosis or unexplained infertility. Fertil Steril 
50:716–720

 40. Vercellini P, Somigliana E, Daguati R, Barbara G, Abbiati A, 
Fedele L (2009) The second time around: reproductive perfor-
mance after repetitive versus primary surgery for endometriosis. 
Fertil Steril 92:1253–1255

 41. Viganò P, Parazzini F, Somigliana E, Vercellini P (2004) Endo-
metriosis: epidemiology and aetiological factors. Best Pract Res 
Clin Obstet Gynaecol 18:177–200

 42. technote_kidscore-d5.3_v3_v2.pdf (2019) Technote - KIDScore 
D5 v.3 Decision Support Tool. Vitrolife v.2 INT

 43. Warshaviak M, Kalma Y, Carmon A, Samara N, Dviri M, Azem 
F, Ben-Yosef D (2019) The effect of advanced maternal age on 
embryo morphokinetics. Front Endocrinol 10:686

 44. Zhou W-J, Yang H-L, Shao J, Mei J, Chang K-K, Zhu R, Li M-Q 
(2019) Anti-inflammatory cytokines in endometriosis. Cell Mol 
Life Sci 76:2111–2132

 45. Ziebe S, Petersen K, Lindenberg S, Andersen AG, Gabrielsen 
A, Andersen AN (1997) Embryo morphology or cleavage stage: 
how to select the best embryos for transfer after in-vitro fertili-
zation. Hum Reprod 12:1545–1549

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Morphokinetic analysis of early human embryonic development and its relationship to endometriosis resection: a retrospective time-lapse study using the KIDScore™ D3 and D5 implantation data algorithm
	Abstract
	Research question 
	Design 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design
	Controlled ovarian stimulation oocyte retrieval, fertilization, embryo analysis, embryo transfer, pregnancy assessment and endometriosis surgery
	Statistical analysis

	Results
	Sample–description
	KIDScore™ day 3 and day 5–differences between patients with and without endometriosis
	KIDScore™ day 3 and day 5–impact of resection on embryo quality
	Pregnancy rate and abortion rate
	Case report—KIDScore™ day 3 and day 5 – impact of surgery on embryo quality

	Discussion
	Acknowledgements 
	References




