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Objective: To evaluate the cumulative pregnancy rate (CPR) per patient after in vitro fertilization/intracytoplasmic sperm injection (IVF-ICSI) cycles in
patients with endometriomas and to evaluate the determinant factors of CPR per patient.
Design: Retrospective study from January 2007 to October 2008.
Setting: Tertiary care university hospital.
Patient(s): 103 patients who had undergone IVF treatment, comprising isolated endometriomas (n ¼ 30) and endometriomas with associated deep
infiltrating endometriosis (DIE) (n ¼ 73).
Intervention(s): None.
Main Outcome Measure(s): Clinical pregnancy rate after IVF-ICSI cycle.
Result(s): The total number of cycles was 162, and the median number of cycles per patient was 1 (1 to 5). Fifty-eight women (56.3%) became pregnant.
The total number of endometriomas and size of the largest endometrioma and bilateral endometriomas had no impact on the CPR per patient. Using
multivariable analysis, the associated DIE and antim€ullerian hormone serum level (%1 ng/mL) were independent factors associated with a decrease
in the pregnancy rate per patient. Overall, the CPR per patient was 73.7%, and it increased until the third cycle with no benefit for additional cycles.
The CPR per patient for women with isolated endometriomas and women with endometriomas and associated DIE was 82.5% and 69.4%, respectively.
Conclusion(s): Associated DIE has a negative impact on assisted reproduction results in patients with endometriomas. Moreover, our data show that
after three IVF-ICSI cycles the CPR per patient is not improved and that surgery should be considered. (Fertil Steril� 2012;97:367–72. �2012 by
American Society for Reproductive Medicine.)
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E
ndometriosis, awell-knowncause

of infertility, often requires assis-

ted reproductive therapy, mainly

based on in vitro fertilization (IVF) or

intracytoplasmic sperm injection (ICSI).

Three types of endometriosis locations

have been distinguished: peritoneal

endometriosis, ovarian endometriosis

(called endometrioma), and deep infil-

trating endometriosis (DIE). Fertility

results are often artificially analyzed

according to the location of the endome-

triosis, but in practice these locations are

often associated (1).

A meta-analysis has demonstrated

the positive impact of surgery on spon-

taneous fertility for patients with stages

I–II according to the American Society

of ReproductiveMedicine (ASRM) class-

ification of endometriosis (2). In con-

trast, a recent meta-analysis of patients

with isolated endometriomas demon-

strated the absence of a positive impact

on fertility outcomes of removing endo-

metrioma before a first IVF-ICSI cycle

but did not evaluate the cumulative

pregnancy rate (CPR) (3). Although ret-

rospective studies (4–6) have suggested

that removal of DIE enhances both

spontaneous and assisted reproductive

therapy (ART) pregnancy rates, some

debate remains as to the indication

for surgery in patients with infertility
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associated with DIE (7, 8). Finally, endometriomas are

often associated with DIE, which raises the issue of their

concomitant surgical treatment before ART (9).

Therefore, there is a need to evaluate the CPR of infertile

patients with endometriomas with and without DIE, not

just the fertility outcomes after first IVF-ICSI cycle. Our

retrospective study evaluated the CPR per patient after

IVF-ICSI cycles in patients with endometriomas with and

without DIE and determined the prognostic factors of the

fertility outcomes.

MATERIAL AND METHODS
Patients

From January 2007 to October 2008, 103 women who had

undergone IVF treatment were retrospectively identified. All

of them had been infertile for at least 1 year. The fertility

investigations included hysterosalpingography, cycle day-3

serum level measurements of estradiol (E2), follicle-

stimulating hormone (FSH), inhibin B, antim€ullerian hormone

(AMH), transvaginal sonography, and semen analysis for

the partner. Endometriosis identified based on physical

examination, transvaginal sonography, and magnetic

resonance imaging (MRI), using imaging criteria previously

published elsewhere (10, 11). All the patients gave informed

consent to participate in the study. The protocol was

approved by the ethics committee of the Coll�ege National

des Gyn�ecologues et Obst�etriciens Français (CNGOF).

The patients were divided into two groups. The endome-

trioma group (30 women) consisted of patients with isolated

endometriomas without DIE. The endometrioma and DIE

group (73 women) consisted of patients with the two types

of endometriotic lesions in association.

Procedure

Patients were stimulated either by a long gonadotropin-

releasing hormone agonist, a short agonist, or an antagonist

protocol. Ovarian stimulation was begun once pituitary

desensitization (E2 level <50 pg/mL) had been achieved

with doses of recombinant FSH ranging between 75 and

450 IU/day, depending on the patient’s body mass index

(BMI) and age, the size and number of the follicles, and

the E2 levels. Transvaginal oocyte retrieval was scheduled

35 to 36 hours after the human chorionic gonadotropin

(hCG) injection, and embryo transfer was performed 2 to 3

days later. On day 2, individually cultured embryos were

evaluated on the basis of the number of blastomeres, blasto-

mere size, fragmentation rate, and presence of multinucle-

ated blastomeres (12). Embryos with four regular

blastomeres and <20% fragmentation were defined as top-

quality embryos. The luteal phase was supported by vaginal

administration of micronized progesterone (400 mg/day)

from the day of ovarian puncture to the day of the

pregnancy test. Pregnancies were diagnosed by an increas-

ing concentration of serum b-hCG, which was tested

14 days after ET. Clinical pregnancies were confirmed by

the presence of a gestational sac on vaginal ultrasound

examination during the fifth week.

Statistical Analysis

To compare patients who became pregnant with those who

did not, univariable analysis was performed by using

Student’s t-test or the Wilcoxon test for continuous variables

and chi-square test or Fisher’s exact test for qualitative

variables. All variables that were statistically significant at

univariable analysis were tested in a multivariable analysis

for association with pregnancy rate per patient. From the

log-rank test and Kaplan-Meier curves, cumulative-

incidence methods were used to estimate the CPR per patient.

All reported P values were two-sided, P< .05 was considered

statistically significant. All analyses were performed using

the R package with the Verification, Design, Hmisc, Diagno-

sisMed, ROCR, and Presence Absence libraries (available at

http://lib.stat.cmu.edu/R/CRAN).

RESULTS
Epidemiologic Characteristics of the Population

The study included 103 women with endometriomas and

proven infertility who had undergone ICSI or IVF cycles,

including 73 patients with DIE. The epidemiologic character-

istics of the whole population are summarized in Table 1. The

median age of the population study was 33 years, and the

median BMI was 22.4 kg/m2. The median duration of infertil-

ity was 4 years. All the patients, including those with a prior

cystectomy, had had at least one endometrioma before

starting the IVF-ICSI protocols.

Endometriomas were unilateral in 54.4% and bilateral in

45.6% of cases. The median number of endometriomas was

two, and the median size of largest endometrioma was

33 mm. Before the IVF-ICSI cycle, the AMH serum level was

4 ng/mL for an endometrioma of diameter size under 3 cm

or between 3 and 5 cm, and 3 ng/mL for a diameter size above

5 cm. No difference in AMH serum levels was found according

TABLE 1

Epidemiologic characteristics of 103 patients with endometrioma
with and without deep infiltrating endometriosis (DIE).

Characteristics Patients (n [ 103)

Age (y), median (range) 33 (24–42)
Body mass index (kg/m2), median (range) 22.4 (17.3–36.7)
Parity (n), median (range) 0 (0–1)
Smoking, n (%) 21 (20.4)
Duration of prior infertility

(y), median (range)
4 (1–12)

Associated male infertility, n (%) 41 (39.8)
Associated tubal infertility, n (%) 54 (52.4)
No. endometriomas (n), median (range) 2 (1–6)
Laterality of endometriomas, n (%)

Unilateral 56 (54.4)
Bilateral 47 (45.6)

Size of the largest endometrioma
(mm), median (range)

33 (10–100)

Patients with associated DIE, n (%) 73 (70.9)
Uterosacral ligaments 57 (55.3)
Colorectal endometriosis 43 (41.7)
Bladder endometriosis 9 (8.7)

Patients with prior surgery for
endometriosis, n (%)

73 (70.9)
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to the size of the endometrioma. The AMH serum level in

patients with and without prior surgery for endometriomas

was 2.7 ng/mL and 3.9 ng/mL, respectively (P¼ .2). The

AMH serum levels in patients with and without prior surgery

for DIE was 2.9 and 3 ng/mL, respectively (P¼ .9).

Comparison of Patients with and without
Associated DIE

The epidemiologic characteristics of the patients with endo-

metriomas with and without DIE are summarized in Table 2.

No difference in age, BMI, smoking rate, duration of prior in-

fertility, associated tubal infertility, or associated male infer-

tility were found. The rate of prior surgery for endometriosis

was higher in the group of patients with endometrioma and

DIE (P¼ .02). Among patients with isolated endometriomas,

13 (43.3%) had had prior surgery for endometrioma including

cystectomy or cyst drainage/coagulation in 10 and 1 cases,

respectively (data not available in two cases). Among patients

with associated endometriosis, 41 (56.1%) had had prior

surgery for endometrioma, including cystectomy or cyst

drainage/coagulation in 31 and 8 cases, respectively (data

not available in two cases).

The AMH serum levels in patients with endometriomas

with and without DIE were 3 and 2.8 ng/mL, respectively

(P¼ .56). We found that DIE was associated with an increased

antral follicle count (P¼ .02) and a lower number of top day-2

embryos transferred (P¼ .001). No difference was found

between the groups in the inhibin B or E2 serum levels, the

rate of ICSI or IVF procedures, types of ovarian stimulation,

total dose of gonadotropin used, number of mature follicles

>14 mm, total number of oocytes retrieved, total number of

day-2 embryos, number of top day-2 embryos, thickness of

endometrium, or number of embryos cryopreserved.

Determinant Factors of Pregnancy Rate per Patient

Comparison of the epidemiologic characteristics of the

patients who became pregnant and those who did not is

provided in Table 3. Using univariable analysis, we found

that the rate of patients with associated DIE was higher in

the group of patients who did not become pregnant (P¼ .01).

Age (P¼ .03), number of IVF-ICSI cycles (P¼ .01), and AMH

serum level <1 ng/mL (P¼ .008) were associated with a lower

pregnancy rate. The total number of endometriomas, prior

surgery for endometrioma and type of surgery, the size of

the largest endometrioma, bilateral endometriomas, or ana-

tomic locations of DIE had no impact on the pregnancy rate.

Using multivariable analysis, associated DIE (odds ratio [OR]

0.2; 95% CI, 0.06–0.6; P¼ .008) and an AMH serum level%

1 ng/mL (OR 3.9; 95% CI, 1.1–13.5; P¼ .03) were independent

factors associated with a lower pregnancy rate.

Cumulative Pregnancy Rate per Patient

For the CPR per patient analysis, the total number of cycles

was 162, and the median number of cycles per patient was

one (1 to 5). In the whole population, the CPR per patient after

one, two, three, four, and five IVF-ICSI cycles was 41.7%,

57.9%, 68.4%, 73.7%, and 73.7%, respectively (Fig. 1).

The CPR after IVF-ICSI cycles for patients with endome-

triomas and patients with endometriomas and associated DIE

was 82.5% and 69.4%, respectively (P¼ .009) (Supplemental

Fig. 1). For patients with isolated endometriomas, the CPR

per patient increased until the second cycle with no benefit

of additional cycles. For patients with associated DIE, the

CPR per patient increased after each IVF-ICSI cycle.

Determinant Factors of CPR per Patient in Women
with Endometriomas with and without DIE

In addition to DIE, in the whole population, a patient’s age

above 35 years (P¼ .0005) and AMH serum level under

1 ng/mL (P¼ .009) were determinant factors of CPR per

patient. Bilateralism of endometriomas and the presence of

multiple endometriomas as well as the type of infertility

(primary vs. secondary), type of ART (ICSI vs. IVF), and prior

surgery for endometriosis were not determinant factors of

CPR per patient.

In patients with endometrioma without DIE, patient age

was a determinant factor of CPR per patient (P¼ .03). For

patients older than 35 years, the CPR per patient was 42.9%

with no increase after the first IVF-ICSI cycle. For patients

%35 years, the CPR per patient was 94.5% after two

IVF-ICSI cycles with no increase for additional cycles

(Supplemental Fig. 2).

In patients with endometrioma and DIE, patient age was

a determinant factor of CPR per patient (P¼ .003). For patients

older than 35 years, the CPR per patient was 25.9% with no

increase after the second IVF-ICSI cycle. For patients %35

years, the CPR per patient was 100% (Supplemental Fig. 3).

TABLE 2

Comparison of epidemiological characteristics of patients with endometriomas with and without deep infiltrating endometriosis (DIE).

Patients with endometrioma
and DIE (n [ 73)

Patients with endometrioma
without DIE (n [ 30) P value

Age (y), median (range) 33 (24–42) 33 (25–42) .7
Body mass index (kg/m2), median (range) 22.8 (17.2–36.7) 21.5 (17.9–29.9) .09
Patients smoking, n (%) 13 (17.8) 8 (26.7) .6
Failure of intrauterine insemination, n (%) 13 (17.8) 9 (30) .2
Duration of prior infertility (y), median (range) 3.5 (1–12) 3.5 (1–9) .8
Associated tubal infertility, n (%) 43 (58.9) 11 (36.7) .12
Associated male infertility, n (%) 27 (37) 13 (43.3) .5
Patients with prior surgery for endometriosis, n (%) 57 (78) 15 (50) .02
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DISCUSSION

Our study demonstrates that the presence of DIE in patients

with endometriomas requiring an IVF-ICSI procedure for

infertility has a negative impact on CPR per patient. In fact,

IVF-ICSI gave a cumulative pregnancy rate (CPR) per patient

of 73.7% with no benefit of additional IVF-ICSI cycles after

the third cycle. Using multivariable analysis, we determined

that the presence of endometriomas, even bilateral and mul-

tiple, had no impact on the CPR per patient in IVF-ICSI, and

the presence of DIE, the patient’s age, and the AMH serum

levels were associated with a decrease in CPR per patient.

These results are in agreement with those of the meta-

analysis of Benschop et al. (3), including four trials showing

no evidence of endometrioma removal on reproductive out-

comes after ART. However, three of these trials excluded

patients with causes of subfertility other than endometriomas

(13–16). Moreover, in three trials each patient underwent only

one cycle, but in the last cycle they underwent two cycles, so

the CPR per patient could not be determined.

In our study, we demonstrated that the CPR per patient in

the presence of endometriomas without DIE depended on the

patient’s age. For patients%35 years old, the CPR per patient

was 94.5% after the two IVF-ICSI cycles with no benefit of

additional cycles; the CPR per patient for patients older

than 35 years was only 42.9% with no benefit of additional

cycles after the first IVF-ICSI cycle. These results are in agree-

ment with a recent review on infertility associated with

endometriosis that supported that ART should be recommen-

ded as early as possible to optimize fertility results (17).

Finally, our results contribute to better patient information

about fertility results in IVF-ICSI, especially for patients older

than 35 years. Moreover, CPR may be a useful tool for

practitioners opting for an alternative therapeutic modality

such as surgery or oocyte donation in case of poor responders.

In our study, DIE was the major determinant factor of

fertility outcomes: a statistically significant decrease in CPR

TABLE 3

Characteristics of patients who became pregnant and those who did not.

Women who did not
become pregnant (n [ 45)

Women who became
pregnant (n [ 58) P value

Age (y), median (range) 34 (24–42) 33 (25–39) .03
Duration of prior infertility (y), median (range) 4 (1–12) 3 (1–9) .2
BMI (kg/m2), median (range) 22.6 (17.2–36.7) 22.2 (17.9–31.1) .7
Patients smoking, n (%) 8 (17.8) 13 (22.4) .7
Prior failure of intrauterine insemination, n (%) 9 (20) 15 (25.9) .6
Type of infertility, n (%) .7

Primary 35 (77.8) 48 (82.7)
Secondary 10 (12.2) 10 (17.3)

Associated tubal infertility, n (%) 24 (53.3) 30 (51.7) .9
No. of endometriomas, median (range) 1 (1–6) 2 (1–5) .7
Endometriomas, n (%) .2

Unilateral 25 (55.6) 28 (48.3)
Bilateral 20 (44.4) 30 (51.7)

Size of the largest endometrioma (mm), median (range) 33 (10–88) 32.7 (10–100) .9
Associated DIE, n (%) 38 (84.5) 35 (60.3) .01
Prior surgery, n (%)

Endometriosis 31 (68.9) 42 (72.4) .9
Endometrioma 22 (71) 32 (76.2) .6

No. of cycles, median (range) 1 (1–5) 1 (1–4) .01
AMH >1 (ng/mL), n (%) 28 (62.2) 48 (82.7) .008
Total AFC (n), median (range) 9 (2–50) 14 (2–60) .14

Note: AFC ¼ antral follicle count; AMH ¼ antim€ullerian hormone; BMI ¼ body mass index; DIE ¼ deep infiltrating endometriosis.
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per patient was observed in patients with endometriomas and

DIE compared with those who had isolated endometriomas.

Despite these results, it is not possible to claim that surgery

for DIE should be recommended before IVF-ICSI. Stepniewska

et al. (6) suggested that removal of DIE enhanced both

spontaneous pregnancy as well as fertility results in IVF,

but no data on CPR per patient were available. Barri et al.

(4) also suggested that the combination of surgery and IVF

offered higher pregnancy rates than expectant management,

surgery alone, or IVF alone. However, comparison of fertility

results was exclusively based on first IVF cycles, thus was not

comparable with the CPR per patient. Moreover, our results

have demonstrated that all pregnancies were obtained after

the two first IVF-ICSI cycles in patients with isolated endome-

triomas with no benefit of additional cycle; also, an increase

in CPR per patient was observed in patients with endometrio-

mas and DIE. In patients with endometriomas and DIE, when

we stratified results according to patient age, no benefit

on CPR per patient was observed for patients older than

35 years.

These results are in keeping with those of previous studies

showing a decrease in fertility results according to the

patient’s age (4, 5). This parameter is particularly important,

suggesting that removal of DIE might be suggested in

infertile patients older than 35 years and after failure of two

IVF-ICSI cycles to potentially improve fertility results. In

addition, in accordance with the French law of the National

Health Insurance, only four cycles of IVF-ICSI are reimbursed.

In addition to DIE, an AMH serum level of less than 1 ng/

mL was a determinant factor of fertility outcome in IVF-ICSI.

These results are in agreement with those of Buyuk et al. (18),

who reported that patients with an elevated AMH serum level

(R0.6 ng/mL) had twice the number of oocytes retrieved,

a greater number of day-3 embryos, and a higher CPR

compared with patients with AMH serum levels below this

value. Moreover, a significant decrease in CPR per patient

was observed in the patients with an AMH serum level %1

ng/mL. The CPR per patient was 20.1% after the first

IVF-ICSI cycle in patients with an AMH serum level %1

with no benefit of a second or third cycle. These results

suggest that, in this subgroup of patients, initial surgery

should be performed and IVF-ICSI cycles introduced

afterward.

Some limitations of the present study have to be under-

lined. First, the retrospective nature of the study cannot

exclude all potential biases. Second, we did not take into

account patients’ symptoms that could be an indication for

surgery, representing potential bias as only patients with

poor symptoms may decide to undergo an ART. In our center,

the decision for ART or surgery is taken in accordance with

patient’s priorities. Hence, if the woman’s priority is to

become pregnant, ART is proposed first, even in symptomatic

patients and especially for patients with colorectal endometri-

osis. Moreover, 70.9% of our population had DIE, of whom

59% had colorectal endometriosis, which has been demon-

strated to be a source of altered quality of life (5). Third, no

crossover study was performed to evaluate the true impact

of DIE on fertility outcomes in IVF-ICSI. Finally, our study

took into account the CPR per patient, which we consider

to be an appropriate tool to evaluate pregnancy rates in

IVF-ICSI. Recently, Garrido et al. (19) suggested measuring

the success of IVF using a cumulative live-birth rate per

ovarian stimulation cycle to guide couples and practitioners.

Further studies are required to both evaluate our results and

Garrido’s parameter in external cohorts as well as to compare

their usefulness in routine practice.

Our data on CPR per patient in patients with endometrio-

mas with and without DIE confirms that endometriomas have

no negative impact on fertility results in IVF-ICSI but that

patient age is a prognostic factor in this subgroup and should

be taken into account in the therapeutic strategy. Moreover,

associated DIE appears also to be a major determinant of

fertility outcomes with a potential role of surgery in patients

over 35 years and after failure of two IVF-ICSI attempts.
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SUPPLEMENTAL FIGURE 1

Comparison of cumulative pregnancy rate (CPR) per patient in
patients with endometriomas with and without deep infiltrating
endometriosis.
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SUPPLEMENTAL FIGURE 2

Impact of age on cumulative pregnancy rate (CPR) per patient in
women with isolated endometriomas.
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SUPPLEMENTAL FIGURE 3

Impact of age on cumulative pregnancy rate (CPR) per patient in
women with endometriomas with deep infiltrating endometriosis.
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