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A study was undertaken comparing the outcomes of 30 women with infertility due to 
untreated severe (grade IV) pelvic endometriosis with a comparable series of 28 women 
whose infertility was caused solely by irreversible tubal disease. There were no significant 
differences in either the follicular phase or luteal phase hormonal profiles of estradiol and 
progesterone, but there was a significantly reduced pregnancy rate in those women with 
severe endometriosis. In part, this was due to the recovery of fewer oocytes from the 
endometriosis patients (P < 0.001) despite the fact that the peak estradiol levels and 
ovarian accessibility were similar in the two groups. However, there were no significant 
differences in the proportion of oocytes that fertilized or the number that demonstrated 
normal embryo growth and high-grade embryo quality. There also appears to be an 
implantation inhibitory factor in patients with severe endometriosis as the pregnancy 
rate/embryo transferred and number of gestational sacs identified/embryo transferred 
were significantly reduced (P < 0.05). Fertil Steril50:308, 1988 

Among couples where the female partner has 
pelvic endometriosis, other factors are often 
present that may contribute to their infertility .1 

However, the role of endometriosis as a cause of 
infertility is implied as specific treatments directed 
to the condition are usually successful.2 Nonethe
less, in the absence of any structural damage to the 
fallopian tubes, the mechanism by which endome
triosis causes infertility remains unknown. 

In an attempt to explain the infertility associated 
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with endometriosis, several reports3- 16 have identi
fied differences between infertile women with and 
without the condition. Firstly, hormonal anomalies 
have been identified in the pattern of the luteiniz
ing hormone (LH) surge3 and hormonal profiles 
during the luteal phase, some of which imply de
layed luteolysis.3-s Secondly, there may be ovarian 
anomalies inhibiting follicular rupture and subse
quent release of the oocyte.5•7 Thirdly, peritoneal 
factors have been reported with increased volumes 
of peritoneal fluid,8•9 increased numbers of perito
neal macrophages, 9•10 and the presence of an em
bryotoxic factor in the peritoneal fluid.U Finally, 
differences in the immune status of women with 
endometriosis have been suggested, with an in
creased concentration of complement component 
in serum and peritoneal fluid, together with an an
tigen in endometrial homogenates that reacts with 
the serum of women with endometriosis.12 More 
recently, studies have identified CA-125, a cell sur
face antigen in the serum of women with severe 
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untreated endometriosis, indicating at least a sec
ondary immunologic response.13 

After the successful use of in vitro fertilization 
and embryo transfer (IVF-ET) for women with ir
reparable fallopian tube disease, the technique was 
applied in a range of cases of nontubal infertility, 
often with good results. However, treatment of 
women with severe endometriosis by IVF-ET often 
results in poor pregnancy rates, 14•15 although the 
mechanism remains unclear. The present study 
aims at further analyzing the performance of 
women with severe endometriosis in an IVF pro
gram by examining (1) serum hormonal profiles 
during both the follicular phase and luteal phase of 
the treatment cycle and (2) the development and 
quality of embryos obtained following fertilization 
in vitro. 

MATERIALS AND METHODS 

This study draws on a previous report that 
looked at a total of 96 women with untreated pelvic 
endometriosis managed by IVF-ET.15 The study 
examines 30 women with grade IV pelvic endome
triosis as defined by the American Fertility Soci
ety16 and compares them with a control series of 28 
women who had infertility associated with tubal 
damage alone. All male partners were normosper
mic, with semen samples containing ~12 X 106 mo
tile spermatozoa/mi. The women with endome
triosis recruited into this study had IVF-ET as a 
primary treatment mode with no preliminary sur
gical treatment or hormonal therapy. 

The technical details of the IVF program have 
been described extensively elsewhere. All women in 
the study were stimulated with clomiphene citrate 
(CC, Clomid, Merrell-Dow Pharmaceuticals, Cin
cinnati, OH), human menopausal gonadotrophin 
(hMG, Pergonal, Serono, Rome, Italy) or a combi
nation of CC/hMG.15 The response to treatment 
was monitored daily from day 8 of the menstrual 
cycle by ultrasound, together with the measure
ment of serum progesterone (P), estradiol (E2), and 
LH (Diagnostic Products Corporation, Los An
geles, CA) by radioimmunoassay (RIA). Ovulation 
was triggered by the administration of 10,000 IU 
human chorionic gonadotrophin (hCG, Primo
gonyl, Schering AG, Berlin, FRG) or the detected 
occurrence of an endogenous LH surge and oocytes 
were collected at laparoscopy 32 to 36 hours later 
(day 0). Ovarian accessibility was graded as 0, 25%, 
50%, 75%, or 100% for each ovary at the time of 
follicle aspiration. 
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Semen was produced by masturbation, and mo
tile spermatozoa were prepared by an overlay tech
nique to a final concentration of 1 X 106 /ml. Oo
cytes were inseminated 4 to 6 hours after collec
tion, pronuclei were identified 16 to 20 hours later, 
and ET was carried out 44 to 48 hours after in semi
nation. Embryo quality was assessed before 
transfer with a dissecting microscope according to 
a previously reported scoring system.17 In addition, 
the proportion of embryos growing at the optimal 
rate was also noted.18 The two assessments were 
taken into account to score embryos out of a total 
of 4.0 (for 4-cell embryos with regular blastomeres 
and no fragmentation), and ! or 1 point was re
moved for moderate or severe fragmentation, for 
moderate or gross irregularity, for moderate or se
vere granularity/darkness within blastomeres, and 
for 2-cell or pronuclear stage, respectively. 

Blood samples were taken 3, 6, 9, 12, 15, and 18 
days after the oocyte collection for the analysis of 
P, E2 , and ,8-hCG. Pregnancies were diagnosed 16 
days after laparoscopy by a rising ,8-hC'G concen
tration in serum, and clinical pregnancies were 
distinguished by either the presence of an intra
uterine gestational sac with a fetal heart beat noted 
on routine ultrasound examination in the seventh 
week or pathologic confirmation from an ectopic 
gestation or spontaneous abortion. The outcomes 
of pregnancy in the study have been previously re
ported.15 

Hormone concentrations were compared by 
analysis of variance with Duncan's multiple range 
test for multiple comparisons on repeated mea
sures, while the pregnancy rates and the proportion 
of embryos with a normal rate of growth were ana
lyzed using the X2 test, applying Yates correction 
factor where indicated. The remaining parameters 
(i.e., female partner's age, ovarian accessibility per 
patient and per collection, number of oocytes col
lected and embryos transferred, and embryo qual
ity score) were compared using the nonparametric 
Mann-Whitney "U" test on ranked data. 

RESULTS 

The serum concentrations of E2 and P during the 
follicular phase of all treatment cycles are shown in 
Figure 1. There were no differences on any day 
between the women with tubal disease and grade 
IV endometriosis for either steroid. Significant 
rises in progesterone were seen for both groups of 
women on day -1, and this is attributable to the 
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Figure 1 Serum concentrations: Mean ± SEM of estradiol 
(closed symbols) and progesterone (open symbols) during the 
follicular phase of women with either tubal disease (D •; n = 28) 
or grade IV endometriosis (.6..6.; n = 30). 

LH surge/hCG injection that occurred between the 
sampling of blood on days -2 and -1. 

The concentrations of E2 and P during the luteal 
phase of women not becoming pregnant are given 
in Figure 2. No differences were seen for either 
steroid on any observation day between the two 
groups of women. 

Details of the treatment cycles are given in Table 
1. Although women in both groups were of a similar 
age at the time of treatment, there was a signifi
cantly reduced pregnancy rate (1.9% per treatment 
cycle) in women with grade IV endometriosis when 
compared with the tubal group (18.2%). In part, 
this was related to a significantly reduced oocyte 
recovery rate/collection cycle in the patients with 
endometriosis (P < 0.001) leading to fewer embryos 
available for transfer. Ovarian accessibility showed 
a median of 75% per ovary (range 0 to 100%) in the 
tubal group compared to 50% per ovary (range 0 to 
100%) in the endometriosis group, but the differ
ence was not significant on ranked data. The em
bryos that were generated appeared to be of similar 
quality in the two groups and had a comparable 
rate of growth. Proportionately, the number of 
pregnancy sacs that developed after the transfer of 
embryos (either total embryos or a ratio of the 
higher grade embryos) is significantly less (P 
< 0.05) in the endometriosis group (1.0%) when 
compared with the control series (9.7%). 

DISCUSSION 

In accordance with Brosens et al, 7 no differences 
were seen in the serum concentrations of P or E2 
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during the follicular phase. A defective develop
ment of follicles has been suggested by Wardle et 
al.19 as evidenced by a reduced fertilization rate of 
oocytes for women with minor endometriosis dur
ing IVF-ET treatment cycles. However, the results 
of the present cohort of patients15 and from else
where14 would argue against such a disorder since 
fertilization rates equivalent to the tubal group can 
be achieved among normospermic couples where 
the female partner has mild, moderate, or severe 
endometriosis. 

The hormonal data in the luteal phase were re
stricted to those women not conceiving because 
differences in serum P concentrations had been 
observed previously between IVF conception and 

' I 
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DAY (wtth reepect to eeplr8tlon •0) 

DAY (with reapect to •aplretton • 0) 

Figure 2 Serum concentrations: Mean ± SEM of estradiol 
(closed symbols) and progesterone (open symbols) during the 
luteal phase of women with either tubal disease (D •; n = 33 
cycles) or grade IV endometriosis (.6..6.; n = 56 cycles). 
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Table 1 Details of IVF-ET Treatment Cycles in Women With Tubal Disease or Grade IV Endometriosis 

Parameter 

No. couples 
Age of femalea 
No. collection cycles 
Access (median %/ovary) 
No. oocytes collected (range) 
Oocyte recovery rate/collection cycle 
Fertilization rate 
Embryos with normal growth 
Average embryo qualityb 
No. transfers 
Total embryos transferred 
High-grade embryos transferred 
Pregnant/transfer: 

No/couple 
No/transfer 

Pregnancy sacs/embryo transferred 
Pregnancy sacs/high-grade embryo 

a Median years (range). 
b Scored 0.5 to 4.0, high grade ;:;, 2.0. 

28 
33 
40 
75% 

110 
4.28 

132/174 
110/132 

2.8 
40 

110 
93 

7/28 
7/40 
9/110 
9/93 

Tubal 

nonconception cycles immediately after the oocyte 
collection20 and in the second half of the luteal 
phase when luteal regression begins in the absence 
of pregnancy. No significant differences were seen 
between the matched tubal group of patients and 
those with grade IV endometriosis (Fig. 2), which is 
in agreement with the details reported by Chillik et 
al.14 This is also in agreement with findings of other 
workers who could not demonstrate any luteal 
phase defect in women with endometriosis with 
endometrial biopsy21 or timed midluteal P determi
nations in serum.22 However, the results disagree 
with the findings of Hargrove and Abraham,4 who 
showed increased E2 and decreased P concentra
tions in midluteal blood samples from women with 
endometriosis although the studies are different in 
that our cases received ovarian stimulation. Other 
reports3•5 have also shown a luteal phase anomaly 
in women with endometriosis, whereby there is a 
delayed rise in the output of urinary pregnanediol-
3-glucuronide, the main urinary metabolite of P. 
That observation, together with the presence of 
two LH surges 3 days apart, may reflect a lack of 
response to the first peak of LH rather than a re
tarded response of the corpus luteum. Standardiza
tion of the cycles around the first ineffective LH 
peak would therefore show an apparent delay in 
luteinization. Brosens et al. 7 had also demonstrated 
the lack of a rise in serum P on the first day after 
the LH peak in women with endometriosis, al
though they described only a single LH peak. How
ever, this was not the case in the present study 
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(24-39) 

(1-7) 

(75.9%) 
(83.3%) 

(25.0%) 
(17.5%) 
(8.2%) 
(9.7%) 

Etiology 

30 
32 
57 
50% 

116 
3.12 

136/163 
116/136 

2.6 
52 

116 
96 

1130 
1152 
11116 
1196 

c NS, nonsignificant. 

IV 

(24-40) 

(1-7) 

(83.4%) 
(85.3%) 

(3.3%) 
(1.9%) 
(0.9%) 
(l.O%) 

Significance 

NSC 

NS 

p < 0.001 
NS 
NS 
NS 
NS 
NS 
,NS 

p < 0.05 
p < 0.05 
p < 0.05 
p < 0.05 

where a significant rise in serum P was seen imme
diately after the LH surge/hCG injection, on the 
day before the oocyte collection (Table 1). This 
would imply that the follicles were responsive to 
the LH/hCG and that an LH receptor disorder, as 
found elsewhere23 was not present. Furthermore, 
the hormonal profiles in both the follicular phase 
and luteal phase of this subset of patients with 
severe endometriosis did not suggest any evidence 
to support the concept of delayed luteolysis6 as an 
underlying cause of reduced implantation in this 
study. 

The embryos transferred in the endometriosis 
group during the present study were of a similar 
quality to those of the tubal group in that they 
fertilized and cleaved at the same rate and had a 
similar morphology with no increase in the degree 
of fragmentation or granular cytoplasm. However, 
currently, the only true test of embryo quality is 
the ability to implant and generate a pregnancy, 
although the identification of a platelet-activating 
factor shows promise as a developing test.24 The 
data show a significant difference in the pregnancy 
rates for severe endometriosis when compared with 
the control series. They were <2% of treatment 
cycles and cases proceeding to transfer, compared 
with the control series of 17.5% for both criteria. 
This finding was further reinforced when the preg
nancy rate (gestational sacs identified) was consid
ered in reference to the total number of embryos 
transferred and the number of high grade embryos 
transferred. The proportion of high-grade embryos 
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implanting in the tubal series was slightly less than 
expected (12% to 15%)17 and may indicate nonop
timal laboratory factors operating during the 
course of the study. However, the two groups were 
managed concomitantly in the same time frame, 
and no bias was identified toward either group. 

The significant difference in the number of em
bryos transferred was a consequence of a reduced 
number of oocytes recovered from the women with 
endometriosis, rather than a reduced fertilization 
rate. The similarity between serum estradiol con
centrations in the follicular phase would suggest 
that a similar number of preovulatory follicles were 
present in each group, but the reduced aspiration 
rate of oocytes highlights the technical difficulties 
encountered with the severe endometriosis group, 
as noted elsewhere.14 Our previous report indicated 
normal rates of oocyte recovery when all grades of 
endometriosis were included.15 However, those pa
tients in the grade IV category have reduced uter
ine mobility due to extensive endometriotic scar
ring of the uterosacral ligaments, tethering of the 
rectum to the posterior uterine aspect with obliter
ation of the pouch of Douglas, and often the uterus 
is tethered and retroverted. In addition, the ovaries 
have reduced mobility due to endometriosis inva
sion and tethering of the ovaries to the posterior 
leaves of the broad ligament. Overall, these prob
lems create restricted access to the ovaries at lapa
roscopy, but a significant difference was not shown 
between the two groups in this study. There may be 
additional factors operating within endometriotic 
ovaries, causing a reduction in the expected rate of 
oocyte retrieval. Oocyte recovery may well be im
proved in such cases by the use of transvaginal 
ultrasound-directed techniques if the main limita
tion relates to periovarian adhesions and restricted 
mobility. The reduced number of embryos trans
ferred in the endometriosis group did contribute 
toward the reduced pregnancy rate/treatment 
cycle; however, the significant reduction in preg
nancy rate/embryo transferred implies that women 
with severe endometriosis also have an implanta
tion inhibitory factor which reduces the chance of 
achieving pregnancy when treated by IVF-ET. 

The similarity in hormonal profiles and apparent 
embryo quality suggests that other factors may be 
responsible for preventing implantation in the en
dometriosis group. One area that requires further 
investigation is the presence of· autoimmune fac
tors in women with endometriosis, 12•13•25 which may 
possibly act to disturb the endometrial environ
ment and reduce the chance of implantation. Also, 

312 Yovich et al. Severe endometriosis treated by IVF-ET 

the role of possible embryotoxic factors in the re
productive tract requires further investigation.11 

In summary, the present study has shown are
duced pregnancy rate in women with severe endo
metriosis after IVF-ET. A reduced number of em
bryos replaced into the uterine cavity was a partial 
factor, but a role is also suggested for a mechanism 
which inhibits implantation in women with severe, 
untreated endometriosis. 
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