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The objective of this prospective comparative study was 
to investigate the relationship of endometriosis to endo- 
metrial thickness and sonographic echo pattern prior to the 
administration of human chorionic gonadotrophin (HCG). 
Patients were matched by age and ovarian stimulation 
protocol. A total of 210 patients undergoing in-vitro 
fertilization (IVF) and embryo transfer at a university- 
related IVF centre were enlisted. Of these, 105 women 
with laparoscopic confirmation of endometriosis were 
compared to an equal number of patients with laparo- 
scopic confirmation of no endometriosis. Mean endo- 
metrial ‘thickness did not differ between the groups 
(12.7 + 2.9 versus 12.2 -+ 2.5 mm). The distribution of 
echo patterns was also the same, irrespective of diagnosis. 
Evaluation of clinical pregnancy rates showed no reduction 
in patients with endometriosis, regardless of stage, nor 
when comparing patients to controls. Endometriosis has 
no effect on the endometrial thickness or echo pattern 
measured by sonography prior to administration of HCG 
or the pregnancy rates following IVF and embryo transfer. 
Key words: endometrial thickness/endometriosis/IVF/sono- 
graphic echo pattem/sonography 

Introduction 
With the increased use of in-vitro fertilization (IVF) and 
embryo transfer as a treatment for infertile women with 
endometriosis, some studies have reported reduced pregnancy 
rates in patients with moderate to severe endometriosis follow- 
ing IVF and embryo transfer (Matson and Yovich, 1986; 
Wardle et al., 1986; Oehninger et al., 1988; Yovich et al., 
1988). Possible explanations for this reduction have been 
poorer oocyte quality (Oehninger et al., 1988), difficulties in 
oocyte retrieval using laparoscopic methods (Oehninger et al., 
1988; Yovich et al., 1988), an implantation inhibitory factor 
in women with severe endometriosis (Yovich et al., 1988) or 
a reduction in number of oocytes retrieved (Wardle et al., 1986). 
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The purpose of this study was to investigate the effect 
of endometriosis on the thickness and echo pattern of the 
endometrium as measured by transvaginal sonography on the 
day of human chorionic gonadotrophin (HCG) administration 
for IVF and embryo transfer. Since many reports (Smith et al., 
1984; Gonen et al., 1989, 1990; Check et al., 1991, 1993b,c; 
Kbalifa et al., 1992) have shown a reduced pregnancy rate 
following IVF and embryo transfer in cases with a thinner 
endometrium or in cases where the echo pattern was of the 
homogeneous hyperechogenic pattern on the day of HCG 
injection, it was postulated that endometriosis has a negative 
effect on the endometrium, inhibiting endometrial proliferation 
and implantation. 

To study this hypothesis, the sonographic endometrial 
characteristics of women with endometriosis were compared 
to those of a control group comprised of women with no 
endometriosis. 

Materials and methods 
A total of 105 IVF cycles performed between November 1991 
and July 1993 at the Cooper Center for IVF and embryo 
transfer, New Jersey, USA, in which the primary cause of 
infertility was endometriosis, were evaluated. All of these 
patients had a laparoscopy performed within 1 year of the IVF 
cycle to confirm diagnosis of endometriosis. Stage determina- 
tions were made using the American Fertility Society (AFS, 
1985) classification. 

Each patient with endometriosis was matched with a patient 
who had a diagnosis of no endometriosis based on laparoscopic 
screening; the matched pair both followed the same ovarian 
stimulation regimen and were within 2 years of age. Patients 
with endometriosis as the sole infertility factor were matched 
to patients with either tubal factor or unexplained infertility. 
Endometriosis patients with multiple infertility factors were 
matched with patients without endometriosis who had similar 
additional factors. 

Patients were stimulated using either the luteal phase 
leuprolide acetate/human menopausal gonadotrophin (HMG) 
protocol (Meldrum et al., 1989) the flare protocol (Garcia 
et al., 1990) or the clomiphene citrate/HMG protocol in 
which 100 mg/day of clomiphene citrate was given on days 
3-7 together with 75 IU of HMG on days 3-6. The HMG was 
increased to 150 or 225 IU/day until the day HCG was 
administered. The decision as to which protocol to use was 
based on past history of response to stimulation, age of patient 
and baseline follicular phase follicle stimulating hormone 
(FSH) concentrations. The dosage of HMG, FSH and/or 
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clomiphene citrate administered was noted to guarantee the 
effectiveness of the matching. 

Prior to the administration of HCG, careful endometrial 
sonographic measurements were made using an ATL Ultramark 
4 Unit (Advanced Technology Laboratories, Bothell, WA, 
USA) equipped with a 5 MHz vaginal transducer. Endometrial 
thickness was measured in millimeters by placing electronic 
calipers on the outer walls of the endometrium in the longitud- 
inal axis of the uterine body. The endometrial echo patterns 
visualized sonographically were graded A, B or C using the 
following criteria: pattern A presented as a triple-line pattern 
or a multi-layered endometrium in which hyperechogenic outer 
lines and a well-defined central echogenic line were visualized 
with hypo-echogenic or black areas seen between these lines; 
pattern B was an intermediate pattern in which the endometrium 
had the same echogenicity as the myometrium with a poorly 
defined central echogenic line; pattern C was an entirely 
homogeneous, echo-dense endometrium in comparison with 
the myometrium in which no central echogenic line could be 
visualized. 

On the day of the sonographic studies, serum hormone 
concentrations were measured for oestradiol and progesterone. 
The number of follicles 2 15 mm and the number of follicles 
2 i 8 mm were also noted. Other variables measured included 
number of oocytes retrieved, fertilization rate, number of 
embryos transferred and outcome. A clinical pregnancy was 
defined as a pregnancy in which an intra-uterine gestational 
sac was visualized sonographically. 

The endometrial thickness, serum hormone concentrations, 
number of follicles, number of oocytes retrieved, and number 
of embryos transferred were compared between the study 
(endometriosis) and control groups using paired t-tests. 
Variables were compared by stage of endometriosis using 
analysis of variance. The distribution of echo patterns was 
compared between the groups using 2” analysis. The pregnancy 
rates achieved by the endometriosis and control groups were 
compared using the McNemar test for paired samples. 
Pregnancy rates were compared by stage of endometriosis 
using x2 analysis. All significance tests were done at the 
P < 0.05 level. 

Power analysis demonstrated that this study had 80% power 
at the 5% significance level to detect a difference of at least 
0.5 mm between the endometrial thicknesses of the control 
group and the endometriosis group. It had 80% power to detect 
a difference of at least 1 mm between the groups classified by 
stage of endometriosis. Furthermore, this study had 80% power 
at the 5% significance level to detect a difference of at 
least 15% between the pregnancy rates of the control and 
endometriosis groups and to detect a difference of at least 
35% between the groups classified by stage of endometriosis. 

Results 

There were 105 patients in each group. The patients with 
endometriosis were an average (? SD) of 34.5 -C 3.5 years 
old; the patients without endometriosis were an average of 
34.6 + 3.3 years old. Of the 105 pairs of patients, 66 used 
the leuprolide acetate/HMG, 29 pairs used the flare and 10 
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Table I. Comparison of IVF parameters according to group. Data presented 
as mean -t SD. No significant differences were found between the means of 
each group using paired r-test. 

Study group: Study group: 
endometriosis no endometriosis 
(n = 105) (n = 105) 

Serum oestradiol (pglml) 1966.5 2 1230 1883.3 + 1312 
Serum progesterone (&ml) 0.8 t 0.4 0.9 2 0.1 
No. of follicles a15 mm 7.1 + 4.8 1.5 + 4.9 
No. of follicles 2 18 mm 3.7 2 3.1 3.2 t 2.4 
Mean no. of oocytes retrieved 12.6 t 8.7 11.8 2 6.8 
Mean percentage fertilization 63.9 2 25.6 66.2 -c 21.4 
Mean no. of embryos transferred 3.1 lr 1.2 4.1 t 1.2 

Ovarian stimulation: 
LA/HMG (n = 66) 40.7 ? 1.0 40.9 2 9.0 
Mean no. of ampoules HMG 

Flare (n = 29) 
Mean no. of ampoules HMG 15.7 2 6.11 4.5 2 5.4 
Mean no. of ampoules FSH 13.4 t 9.11 2.9 5 8.4 

CCQIMG (n = 10) 
Mean no. of ampoules HMG 15.9 2 7.0 15.0 2 4.2 

LA = leuprolide acetate, HMG = human menopausal gonadotrophin, 
CC = clomiphene citrate. 
-TC dosage = 100 mg, days 3-7. 

Table II. Endometrial characteristics by stage of endometriosiP 

Stage I Stage II Stage III Stage IV 
(n = 20) (n = 37) (n = 26) (n = 22) 

Endometrial thickness (mm) 
Mean ? SD 12.2 + 2.6 13.3 2 32.0 12.9 2 3.3 12.2 -c 2.1 
Median (mm) 12.0 13.0 12.5 12.0 
No. (%) <IO mm 1 (5) 6 (5.4) 2 (7.7) 4 (18.2) 

No. with echo pattern (%) 
A 13 (65) I7 (45.9) 13 (50) 13 (59.1) 
B 6 (30) 17 (45.9) 13 (50) 8 (36.4) . . 
C 1 (5) 3 (8.1) 0 1 (4.5) 

No. of pregnancies (%) 
Clinical 5 (25) 6 (16.2) 7 (26.9) 7 (31.8) 
Ongoing/delivered 5 (25) 6 (16.2) 6 (23.1) 7 (31.8) 

aNo statistically significant differences found by stage. 

used the clomiphene citrateMMG. The average number of 
ampoules of ovulation-inducing medication was the same in 
both groups (see Table I). 

On the day of HCG administration there was no difference 
in the mean serum oestradiol concentrations, progesterone 
concentrations, number of follicles 3 15 mm or number of 
follicles 218 mm (see Table I) between the two groups. An 
average of 12.6 2 8.7 oocytes were retrieved in the endo- 
metriosis group and 11.8 t 6.8 oocytes in the control group 
(paired t-test, not significant). There was no difference in the 
fertilization rate or average number of embryos transferred in 
the two groups (Table I). 

The average endometrial thickness in the endometriosis 
group was 12.7 2 2.9 mm as compared to 12.2 f 2.5 mm 
in the control group (paired t-test, not significant). Median 
endometrial thickness was 12 mm in both groups. 

Thin endometrium (< 10 mm) was observed in 12.4% of 
the endomettiosis group and 10.5% of the control group. 
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Table III. Pregnancy rates and endometrial characteristics by infertility facto? 

Endometriosis only 
(n = 50) 

Endometriosis and at 
least one other factor 
(n = 55) 

Tubal factor only Unexplained infertility 
(n = 25) (n = 46) 

Other 
(n = 34) 

Endometrial thickness (mm) 
Mean 2 SD 
Median 
No. <IO mm (%) 

No. with echo pattern (%) 
A 
B 
C 

No. of pregnancies (%) 
Clinical 
Ongoing/delivered 

12.7 + 2.4 
12 
6 (12) 

25 (50) 
23 (46) 
2 (4.0) 

14 (28.0) 
13 (26.0) 

12.8 +- 3.4 
12 
4 (7.3) 

31 (56.4) 
21 (38.2) 

3 (5.4) 

11.8 t 2.6 12.6 5 2.6 
12 12 
5 (25) 2 (4.3) 

16 (64.0) 17 (37.0) 
7 (28 0) 23 (50) 
2 (8.0) 6 (13.0) 

10 (40.0) 12 (26.1) 
8 (32.0) 11 (23.9) 

12.1 2 2.3 
12 
4 (11.8) 

19 (55.9) 
14 (41.2) 

1 (3.4) 

14 (41.2) 
11 (32.3) 

aN~ significant differences were found by infertility factor. 

There was no difference in ‘the distribution of sonographic 
echo patterns in the two groups (x2, not significant). In the 
endometriosis group, pattern A was observed 53.3% of the 
time, pattern B 41.9% and pattern C 4.8%. In the control 
group, A was observed 49.5%, B 41.9% and C 8.8% of the time. 

There were four abortions in this study, three in the control 
group (three of 33 pregnancies, 9.1%) and one in the endo- 
metriosis group (one of 25 pregnancies, 4%). Abortions were 
considered as failed clinical pregnancies, i.e. ultrasound 
evidence of a gestational sac. The patient who aborted in the 
endometriosis group had stage 3 endometriosis. Thus the 
abortion rates by stage were 0, 0, 14.3 (one of seven) and 0% 
respectively. 

Three of the aborters had pattern A, one had pattern B. 
Therefore, the abortion rates by pattern were 7.9% for pattern 
A, 5% for pattern B and 0% for pattern C. 

One of the aborters had endometrial thickness < 10 mm and 
three had thickness 210 mm. The abortion rates by thickness 
were 12.5% (one of eight) for those <lo mm and 6.0% (three 
of 50) for those 310 mm. 

In the endometriosis group, 25 clinical pregnancies (23.8%) 
were achieved, as compared to 33 (3 1.4%) in the control group 
(McNemar, not significant). The ongoing/delivered rates were 
22.9 versus 28.6% (McNemar, not significant). 

Comparisons of mean endometrial thickness, distribution 
of echo patterns and pregnancy rates were also made by 
stage of endometriosis (Table II). There were no statistic,ally 
significant differences in thickness, pattern or pregnancy rate 
by stage of endometriosis. Interestingly, pattern C was most 
associated with reduced pregnancy rates and rarely observed 
in patients with stage III and IV endometriosis. No reduction 
in pregnancy rate was observed as the stage of endorhetriosis 
became more severe. The clinical pregnancy rate per transfer 
was 25.0% for stage I, 16.2% for stage II, 26.9% for stage III 
and 31.8% for stage IV. 

There was no difference in the endometrial characteristics 
of patients with endometriosis as the sole infertility factor and 
those with endometriosis and other factors (Table III). 

When classifying the control group by infertility factor, the 
average endometrial thickness for patients with tubal factor 
was 11.8 t 2.6 mm as compared to 12.6 -t 2.5 mm for 
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unexplained infertility and 12.1 + 2.3 mm for other factors. 
The homogeneous hyperechogenic pattern C was observed in 
8% of the tubal patients, 13% of the patients with unexplained 
infertility and 3% of the patients with other infertility factors. 
The clinical pregnancy rates per transfer were 40% for tubal 
factor, 26.1% for unexplained anh 41.2% for other factors 
(Table III). 

Discussion 
Based on these data, there is no evidence of a negative effect 
of endometriosis on the thickness of the endometrium or on 
its echo pattern as measured on the day of HCG administration. 
These results are consistent with our findings for women with 
endometriosis who were followed sonographically in the cycle 
before and after laparoscopic treatment for endometriosis 
(Check et al., 1993a). In that study, the mean endometrial 
thickness was the same for patients with endometriosis and 
the control group both before and after surgical treatment for 
endometriosis. 

Several studies (Morcos et al., 1985; Prough et al., 1990; 
Abu-Musa et al., 1992a;b) have reported the presence of an 
embryotoxic factor in the peritoneal fluid of women with 
endometriosis; this finding suggested the possibility that toxic 
cytokines might interfere with implantation (and that this 
would be reflected by thin endometria or certain sonographic 
echo patterns). However, the data presented herein, showing 
no reduction in pregnancy rates or increase in spontaneous 
abortion rates following embryo transfer compared to controls, 
even in cases of severe endometriosis (stages 3 and 4), strongly 
suggest that if toxic cytokines are involved in the aetiology of 
reduced pregnancy rates, the mechanism does not involve 
impaired implantation. 
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