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Objective: To investigate the IVF outcome for patients with endometriosis.
Design: Meta-analysis.
Setting: Academic research center.

Patient(s): A MEDLINE search and review of the literature were performed. Patients were classified by level
of endometriosis, and controls were classified according to the indication for IVF.

Intervention(s): Bivariate analysis and multivariate logistic regression was used to estimate overall effect
and control for confounding.

Main Outcome Measure(s): Pregnancy rates, fertilization rate, implantation rates, and numbers of oocytes
retrieved.

Result(s): Twenty-two published studies were included in the overall analysis. The chance of achieving
pregnancy was significantly lower for endometriosis patients (odds ratio, 0.56; 95% confidence interval,
0.44—-0.70) when compared with tubal factor controls. Multivariate analysis also demonstrated a decrease in
fertilization and implantation rates, and a significant decrease in the number of oocytes retrieved for
endometriosis patients. Pregnancy rates for women with severe endometriosis were significantly lower than
for women with mild disease (odds ratio, 0.60; 95% confidence interval, 0.42—0.87).

Conclusion(s): Patients with endometriosis-associated infertility undergoing IVF respond with significantly
decreased levels of al markers of reproductive process, resulting in a pregnancy rate that is aimost one half
that of women with other indications for IVF. These data suggest that the effect of endometriosis is not
exclusively on the receptivity of the endometrium but also on the development of the oocyte and embryo.
(Fertil Steril® 2002;77:1148-55. ©2002 by American Society for Reproductive Medicine.)

Key Words: Endometriosis, infertility, fertilization in vitro, meta-anaysis

Endometriosis is a condition characterized
by endometrial tissue located outside of the
uterus, most commonly on the ovary and peri-
toneum. It affects approximately 10% of
women in the United States and 20%—40% of
women seeking infertility evaluation (1-3). En-
dometriosis is associated with dysmenorrhea,
chronic pelvic pain, and infertility. The mech-
anisms by which endometriosis impairs fertil-
ity have not been completely determined but
are likely varied. Severe endometriosisis asso-
ciated with pelvic adhesions and a distortion of
pelvic anatomy leading to a possible mechanic
or anatomic disturbance of fertility. However,

plantation. Postulated mediating factors in-
clude local paracrine action of interleukins or
other cytokines, ateration in inflammatory re-
sponse, or autoimmune factors (4—8).

Although both surgical and medical man-
agement of endometriosis have been associated
with a reduction in symptoms, both have re-
sulted in only aminimal increase in fertility (9,
10). In vitro fertilization offers the highest
pregnancy rates of assisted reproductive tech-
nologies and is often used to treat women with
infertility associated with endometriosis. The
question of whether the presence of endome-
triosis affects the outcome of women undergo-
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it is probable that endometriosis, evenin amild
stage, may have a direct negative effect on
oocyte development, embryogenesis, or im-

ing IVF has not been resolved, with some au-
thors noting negative associations and others
noting no association (11-14). The importance



of the investigation into this association is magnified because
the evaluation of patients undergoing IVF alows the study
of surrogate markers of reproductive success, such as peak
E, levels, number of oocytes retrieved, fertilization, implan-
tation, as well as pregnancy rates. If endometriosis is asso-
ciated with poor IVF outcome, by evaluating each compo-
nent, it may be possible to determine the specific effects of
endometriosis on reproductive outcome.

In this manuscript, we present the results of a meta-
analysis of the published literature on endometriosisand IVF
outcome. Meta-analysis is a statistical overview method by
which the results of many studies can be combined to in-
crease statistical power. This is a method most often em-
ployed with the results of clinical trials but that has been and
can be applied to observationa studies (15, 16). Meta-anal-
ysisis best used to clarify conflicting results, as exist for this
important clinical and scientific question.

METHODS

Selection of Studies

We conducted aMEDLINE search (January 1980 through
May 1999) using combinations of the following keywords:
infertility, endometriosis, embryo transfer, fertilization in
vitro, and reproduction techniques. All pertinent peer-re-
viewed, English language articles were retrieved. A manual
search of references was then conducted for additional arti-
cles. Articles selected included only those with origina data
comparing the outcome of IVF for patients with endometri-
osis with that of women undergoing IVF for other indica-
tions, or those comparing IVF outcome for women with
different stages of endometriosis. We did not include articles
evauating other assisted reproductive techniques such as
ovulation induction or GIFT.

To be included in our anaysis, articles had to contain
information on number of cycles and at least one of the
outcomes studied. Articles could not be categorized as to
whether the endometriosis was medically or surgically
treated before initiation of 1VF, as this information was not
uniformly reported. A total of 24 articles were retrieved; 1
was excluded in favor of alater article that included the same
data, and 1 was excluded because it did not include infor-
mation on pregnancy rate, only live birth rate (17, 18).
Institutional review board approval was not sought because
only previously published data were used.

Data Abstraction

Data were abstracted by one author on two independent
occasions, and any discrepancies were solved by review of
the original publication. The data were then entered into a
spreadsheet. The outcome reported for each study varied,
with some studies reporting absolute pregnancy rate (detec-
tion of hCG); some, clinical pregnancy rate (ultrasound
detection of a gestational sac); and some, live birth rate. We
chose absolute pregnancy rate as the main outcome for our
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study because it was the only parameter comparable across
all studies. Actual number of pregnancies was available or
easily calculated from the raw data of each study. Miscar-
riage rates were not uniformly reported; therefore, they were
not considered as an outcome. Exposure was defined as the
presence or absence of endometriosis.

Subcoding of patients with endometriosis included the
stage of endometriosis and presence or absence of other
cause of infertility (tubal factor, male factor, ovulatory dys-
function). Patients without endometriosis were subcoded for
the other infertility factors (male factor, ovulatory dysfunc-
tion, unexplained infertility) or for tubal factor only. Infor-
mation was also collected on potential confounding factors
and on other markers of 1VF response, including fertilization
rate (number of embryos per number of oocytes retrieved),
implantation rate (number of gestational sacs visualized with
ultrasound examination per number transferred), number of
oocytes retrieved, and peak E, during stimulation.

Statistical Analysis

The main outcome measure was odds ratio for pregnancy
after IVF for those with endometriosis compared with those
without endometriosis. To pool information for logistic anal-
ysis, the actual number of pregnancies per cycles was re-
trieved from the original articles, and the data were expanded
in STATA (College Park, TX). All calculations assumed
two-tailed tests for statistical significance using univariate
analysis, stratified analysis, logistic regression, and condi-
tional logistic regression. All possible confounding variables
were entered, and a categorical variable was constructed to
reflect the changes in stimulation regime employed over
time. Three categories were used to represent the following
regimes: no stimulation regime, hMG only, and other (stud-
ies in which multiple stimulation regimes were used, includ-
ing combinations of hMG, Clomid, and FSH).

Descriptive statistics were used to compare patients with
and without endometriosis. Bivariate analysis using the Stu-
dent’s t test and x? analysis was undertaken for all potential
confounding variables. Stratified analysis was used to assess
for confounding and effect modification (of which there was
no evidence). Logistic regression model construction was
completed using a manua selection of confounding vari-
ables, with the criteria for inclusion being a 10% change in
the odds ratio for pregnancy (19). This resulted in a fina
model that included age, publication date (year), and stim-
ulation regime as confounding variables. The above steps
were then repeated for al subgroup analyses performed.
Heterogeneity between studies was examined, with stratified
analyses and logistic regression conditional on study.

RESULTS

Weincluded datafrom 22 studies, for atotal of 2,377 IVF
cycles of women with endometriosis cyclesand of 4,383 IVF
cycles of women without endometriosis. Table 1 summarizes
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Characteristics of 22 studies used in meta-analysis.

Publication Study No. of No. of
Reference date dates Patient type cycles Control type cycles
Mahadevan et al. (41) 1983 1981-1982 Endo, al stages, +/— tubal factor 14 Tubal factor 261
Chillik et al. (23) 1985 1981-1984 Endo treated, separated by stage 39 None 0

11 and 1111V
Wardle et al. (40) 1985 Endo, al stages 17 Tubal factor 47
Matson and Y ovitch (10) 1986 Endo, 1-1V by stage 154 Tubal factor 40
Devroey et al. (42) 1987 1986 Endo, 1111 16 None 0
Frydman and Belaisch-Allart (39) 1987 1986 Endo, all stages 53 Tubal factor 933
Tummon et al. (43) 1991 1984-1988 Endo, I-1V by stage 240 None 0
Inoue et a. (36) 1992 1988 Endo, al stages 309 All other infertility 372
Mills et al. (38) 1992 1988-1990 Endo, all stages 62 Tubal factor 122
Simon et al. (11) 1994 1990-1993 Endo, all stages 96 Tubal factor 96
Dmowski et al. (12) 1995 1991-1993 Endo, al stages + other infertility 119 All other infertility 118
factors

Gerber et al. (35) 1995 1988-'91 Endo, al stages 129 Tubal factor 1,139
Olivennes et al. (13) 1995 198892 Endo, all stages 236 Tubal factor 160
Tanbo et al. (37) 1995 1986— 94 Endo, | 265 Tubal factor 331
Avrici et a. (22) 1996 1988-'94 Endo, I1-1 and Endo I1I-1V 89 Tubal factor 147
Cahill et a. (20)2 1996 Endo, al stages 22 Tubal factor 48
Padigas et al. (14) 1996 19901994 Endo, 111 37 Tubal factor 414
Huang et d. (33) 1997 1993 Endo, |-l and 111V 75 Tubal factor 60
Issacs et al. (44) 1997 1993-1997 Endo, al stages and I11-1V 147 None 0
Bergendal et d. (34) 1998 19941997 Endo, al stages 65 Tubal factor 98
Pal et a. (21) 1998 1994-1997 Endo, I1-1 and 11—V 85 None 0
Y anushpolsky et al. (24) 1998 1994-1995 Endo, 111V 37 N/A

Endo = endometriosis;, N/A = not available.
@ Excludes medroxyprogesterone acetate study group.

Barnhart. IVF in endometriosis-associated infertility. Fertil Steril 2002.

the characteristics of the studies included in the meta-anal-
ysis. Our initial analysis was to compare al subjects with
endometriosis at the indication for IVF with women with any
other indication for IVF. In this analysis, cases were defined
as any women diagnosed with endometriosis (at any stage),
including those in one study that allowed a patient to be
classified as having endometriosis coincident with other in-
dications for IVF (12).

Table 2 presents the results of bivariate analysis of pos-
sible confounding factors, all of which were significantly
different, with the exception of the use of luteal support,
which was not statistically different for endometriosis vs.
control, primarily because of the lack of reporting of this
parameter. Although these factors were significantly differ-
ent when tested in the logistic regression model as confound-
ing variables, most did not affect the odds ratio and were
therefore not included in the final model, with the exception
of age, publication date, and stimulation regime. Additional
data that were obtained but could not be controlled for in our
analysis because of incomplete information included infor-
mation on the method of embryo transfer (12, 20, 21), the
use of luteal phase GnRH-a (11, 13, 14, 20, 22), and the use
of a medroxyprogesterone acetate regimen (23). Basdline
FSH was only noted in three studies (13, 20, 23), and
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information on the maturity and quality of oocytes retrieved
was noted in only four (11, 20, 21, 24). These data, where
noted, were similar in women with endometriosis and con-
trols.

The forest plot (Fig. 1) presents the results of the unad-
justed analysis comparing the odds for pregnancy among
patients with endometriosis with the odds in tubal factor
patients across 15 studies. The combination of these 15
studies results in much greater precision of our measure of
association and a narrow 95% confidence interval.

The comparison of the pregnancy rate, fertilization rate,
implantation rate, number of oocytes retrieved, and peak E,
concentration for women with endometriosis undergoing
IVF compared with those without endometriosis is demon-
strated in Table 3. These data are derived from pooling the
raw data from all included studies. The crude (unadjusted)
analysis demonstrates a 19% decrease in the chance of
achieving a pregnancy for women with endometriosis com-
pared with women undergoing IVF for different indications
(odds ratio [OR], 0.81; 95% confidence interval [Cl], 0.79—
0.91). The calculated ORs for fertilization rate, implantation
rate, and peak E, concentrations are also significantly lower
in women with endometriosis compared with in those with-
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Results of bivariate analysis of study variables comparing all patients with endometriosis (including other infertility factors)

and all controls (including tubal and other infertility factors).

Variable All endometriosis All control P
Age (y) 34.14 33.48 <0.001
Publication date (y) 93.45 92.27 <0.001
Study end date (y) 91.77 89.99 <0.001
Percentage of subjects using GnRH-a 27.08 49.90

Percentage of subjects for whom GnRH-a not used 14.48 8.54 <0.001
Percentage of subjects for whom hCG was administered by follicular size criteria 40.72 41.46 <0.001
Percentage of subjects for whom hCG was administered by date criteria 10.52 4.05 <0.001
Luteal support: none, % subjects 0.87 213 0.468
Luteal support: progesterone or hCG, % subjects 33.16 63.84 0.468
Transvagina retrieval, % subjects 46.17 30.24 <0.001
Laparoscopic retrieval, % subjects 9.63 13.96 <0.001
Stimulation regimen: none, % subjects 0.57 125 <0.001
Stimulation regimen: hMG, % subjects 21.40 51.35 <0.001
Stimulation regimen: other, % subjects 14.43 11.00 <0.001

Note: Student’st test or x> used for analysis.
Barnhart. 1VF in endometriosis-associated infertility. Fertil Steril 2002.

out. This unadjusted analysis also demonstrated that a sig-
nificantly greater number of oocytes is retrieved from
women with endometriosis (OR 1.06 [1.04-1.08]). Stratified

analysis based on study and logistic regression conditional
on study did not affect results. Therefore, data was pooled
for multivariate analysis.

Unadjusted meta-analysis of odds of pregnancy in endometriosis patients vs. tubal factor controls.

Odds ratio
Study (95% Cl) Percent weight
Mahadevan et al, ‘83 \ - 1.51(0.32,7.10) 0.6
Wardle et al, '85 : 0.52 (0.06,4.85) 0.7
Matson et al, '86 - : 0.36 (0.13,1.01) 2.8
Frydman et al, 87 S — 0.83 (0.39,1.80) 4.0
Inoue et al, '92 ,'.__._ 1.21 (0.87,1.69) 16.9
Mills et al, '92 — 0.94 (0.47,1.86) 4.6
Simon et al, '94 I — ; 0.26 (0.12,0.54) 8.0
Dmowski et al, '95 T 1.31(0.72,2.39) 5.0
Gerber et al, 95 __-_ 0.84 (0.58,1.20) 18.1
Olivennes et al, ‘95 0.93 (0.61,1.41) 12.0
Tanbo et al, '95 0.89 (0.60,1.32) 14.0
Arici et al, '96 — 0.49 (0.24,1.02) 6.0
Padigas et al, '96 S I 1.64 (0.82,3.30) 3.1
Huang et al, '97 - 0.68 (0.32,1.46) 4.3
Overall (95% Cl) <> 0.81(0.72,0.91)
[ I |
A 1 7
Odds ratio

Barnhart. IVF in endometriosis-associated infertility. Fertil Steril 2002.
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Results of bivariate analysis and multiple logistic regression analyses comparing endometriosis patients with controls.

Outcome Endometriosis Control Crude OR (95% ClI) Adjusted OR? (95% ClI)
All patients® (n = 2,909)
Pregnancy rate 25.42 29.52 0.81 (0.72-0.91) 0.63(0.51-0.77)
Fertilization rate 59.69 65.94 0.95 (0.94-0.95) 0.87 (0.85-0.88)
Implantation rate 12.72 18.08 0.86 (0.85-0.87) 0.86° (0.85-0.88)
Mean no. of oocytes 7.81 7.30 1.06 (1.04-1.08) 0.92 (0.85-0.99)
Peak E, 3545.04 4399.93 N/A N/A
Endometriosis only vs. tubal
factor only® (n = 2,893)
Pregnancy rate 25.38 27.71 0.88 (0.79-1.00) 0.56 (0.44-0.70)
Fertilization rate 59.50 66.09 0.95 (0.94-0.95) 0.81(0.79-0.83)
Implantation rate 12.72 18.08 0.86 (0.85-0.88) 0.86° (0.85-0.88)
Mean no. of oocytes 7.79 7.30 1.06 (1.04-1.08) 0.82 (0.75-0.90)
Peak E, 3545.04 4399.93 N/A N/A
Stage I-11° (n = 2,602)
Pregnancy rate 2111 27.71 0.70 (0.56-0.87) 0.79 (0.60-1.03)
Fertilization rate 58.38 66.09 0.93 (0.92-0.94) 0.94 (0.93-0.96)
Implantation rate 11.31 18.08 0.80 (0.78-0.82) 0.88 (0.85-0.90)
Mean no. of oocytes 8.19 7.30 1.11(1.06-1.14) 0.56 (0.49-0.65)
Peak E, 5813.38 4399.93 N/A N/A
Stage 111-1V' (n = 2,575)
Pregnancy rate 13.84 27.71 0.42 (0.31-0.57) 0.46 (0.28-0.74)
Fertilization rate 74.47 66.09 1.08 (1.06-1.10) 1.54 (1.39-1.70)
Implantation rate 10.23 18.08 0.75 (0.72-0.79) not interpretable
Mean no. of oocytes 6.70 7.30 0.94 (0.91-0.98) not interpretable
Peak E, 1447.74 4399.93 N/A N/A

Note: P<<.001 comparing endometriosis with control group in every outcome category. N/A = not applicable.
2 Adjusted for stimulation regime, publication date, and age except where noted.
P Includes endometriosis patients with other concurrent infertility factors; controls include all factors except endometriosis.

¢ Adjusted for publication date and age.

9 1ncludes only endometriosis patients (all stages) with no other infertility factors, controls are tubal factor only.

€ Compares stages |- endometriosis patients with tubal factor contrals.
T Compares stages 111-1V endometriosis patients with tubal factor controls.

Barnhart. 1VF in endometriosis-associated infertility. Fertil Steril 2002.

Table 3 also presents the results of the analysis after
adjusting for confounding variables. We see a greater nega-
tive association with endometriosis and IVF outcomes with
a 35% reduction in the change of achieving pregnancy with
IVF in women with endometriosis compared with women
without it (OR, 0.63; CI, 0.51-0.77). After adjustment for
confounding variables, there was a reduction in the OR for
al outcomes evaluated, with the exception of implantation
rate, which remained unchanged. The difference in all out-
comes remained statistically significant. Of note was that the
adjusted analysis demonstrated that a significantly fewer
number of oocytes were retrieved from women with endo-
metriosis (OR, 0.92; Cl, 0.85-0.99), areversal of the unad-
justed finding.

The results of the crude and adjusted comparisons be-
tween women with endometriosis only (no other indication
for IVF) and tubal factor controls are also reported in Table
3. All outcomes (pregnancy rate, fertilization rate, implan-
tation, mean number of oocytes retrieved, and peak E, con-
centration) are statistically significantly lower in women

1152 Barnhart et al. IVF in endometriosis-associated infertility

with endometriosis compared with women with tubal factor.
Thereversal of association of number of oocytesretrieved in
women with endometriosis is again noted after adjustment
for confounding factors.

We then separately compared women with stages -1
endometriosis and those with stages |11V disease with
women with tubal factor infertility. The crude and adjusted
results of both of these comparisons are presented in Table 3.
Findings regarding the comparison of mild endometriosis to
patients with tubal factor included significant differences in
al crude comparisons and adjusted comparisons with the
exception of pregnancy rate, where the strength of associa-
tion was similar to other comparisons, but results did not
achieve statistical significance (OR, 0.79; CI, 0.60-1.03).
The comparison of women with severe endometriosis (stage
11 or 1V) to women with tubal infertility demonstrates a
large reduction of pregnancy rate, with an OR of 0.46 (ClI,
0.28-0.74). Fertilization rate was higher in women with
severe endometriosis compared with women with tubal fac-
tor (adjusted OR, 1.54; CI, 1.39-1.70).

Vol. 77, No. 6, June 2002



TABLE 4

Results of bivariate analysis and multiple logistic regression comparing endometriosis (Endo) patients with stage IlI-IV

disease with patients with stage |-l disease.

Outcome Endo IV Endo |1 P Crude OR (95% ClI) Adjusted OR? (95% ClI)
Pregnancy rate 13.84 21.12 <0.001 0.60 (.42—-.87) 0.64 (.35-1.17)
Fertilization rate 74.47 58.38 <0.001 1.11 (1.09-1.13) not interpretable
Implantation rate 10.23 11.31 0.003 0.93 (.89-.98) 0.21 (.15-.32)
Mean oocyte count 6.70 8.19 <0.001 0.83(.78-.87) 0.31 (.24-39)

Peak E, 1447.74 5813.38 <0.001 N/A N/A

Note: Total no. of observations: 669. N/A = not applicable.
2 Adjusted for publication date and age.

Barnhart. 1VF in endometriosis-associated infertility. Fertil Steril 2002.

To further investigate differential effects of IVF outcome
by stage of endometriosis, we a so directly compared women
with mild (stage | or Il) endometriosis with women with
severe (stage Il or IV) endometriosis. The results of this
analysis arereported in Table 4. Compared with women with
mild endometriosis, women with severe endometriosis have
astatistically significantly lower pregnancy rate and implan-
tation rate, have fewer oocytes obtained at retrieval, and
have alower peak E, concentration. There was no significant
difference in fertilization rate.

DISCUSSION

Endometriosis affects a significant number of women of
reproductive age and is a known cause of subfertility (9).
There has been some success in overcoming the effects of
endometriosis and increasing fecundity with surgical inter-
ventions and ovulation induction in conjunction with insem-
ination (18, 25-30); however, many women opt for IVF to
enhance their chance of achieving a pregnancy. When the
data from previoudy conflicting studies are pooled in this
meta-analysis, women with endometriosis have =54% re-
duction in pregnancy rate after IVF (OR, 0.46; Cl, 0.28—
0.74) compared with women with tubal factor infertility. The
finding of a negative association of endometriosis and a
lower pregnancy rate was consistent in al analyses. We
noted a statistically significant negative association in the
crude analysis and a stronger negative association after con-
trolling for confounding variables. Additionally, we demon-
strated a poorer successwith IVF with an increasein severity
of the disease. There isa 36% reduction in pregnancy rate for
those with severe endometriosis compared with those with
mild disease (OR, 0.64; Cl, 0.35-1.17).

These data demonstrate that all aspects of IVF are af-
fected by the presence of endometriosis including peak E,
concentration, number of oocytesretrieved, fertilization rate,
and implantation rate. These data therefore suggest that the
presence of endometriosis affects multiple aspects of the
reproductive cycle, including oocyte quality, embryogenesis,
and/or the receptivity of the endometrium. Specifically,

FERTILITY & STERILITY®

ovarian response is negatively affected, as noted by a de-
crease both in the peak E, concentration and in the number
of oocytes retrieved. Fertilization rate and implantation rates
were also statistically and clinically significantly decreased
when women with endometriosis were compared with those
with al other indications, or tubal-factor infertility only.
Thus, it is unlikely that the effect of endometriosis is due
solely to alterations of normal pelvic anatomy, and an effect
on the developing follicle, oocyte, and embryo is suggested.
Thisis consistent with results of a small study that evaluated
pregnancy rates of patients undergoing IVF with donated
oocytes, which showed that recipients who had endometri-
osis had results that were no different than those of patients
with other causes of infertility. However, when the results
were classified by donor factors, the eggs from women with
endometriosis led to a statistically significant decrease in
pregnancy rate regardless of recipient status (11). This is
indicative of a possible detrimental effect in oocyte devel-
opment even before the oocyte is released into the perito-
neum, where it may come in contact with the endometriosis
lesion or its secretory products.

Interestingly, the negative association between endome-
triosis and number of oocytes retrieved was only noted in the
adjusted analysis, after controlling for confounding vari-
ables. The reversal of the association between the presence
of endometriosis and the number of oocytes retrieved per
patient demonstrates that women identified as having endo-
metriosis were in aggregate more likely to have a high
number of oocytes secondary to factors other than the pres-
ence of endometriosis. Controlling for confounding factors,
which include age, stimulation regime, and publication date
(and therefore IVF technique) allows an independent assess-
ment of the impact of endometriosis on the number of
oocytesretrieved. This negative association would have been
missed without a multivariable analysis. These results differ
from those reported in the analysis of the Society for Repro-
ductive Technology (SART) registry because of the differ-
ences between the population of women undergoing IVF for
endometriosis and those with tubal factor infertility. The
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SART analysis is not adjusted for confounding as our anal-
ysis is. Controlling for confounding strengthened all of the
negative associations noted in this study with the exception
of implantation rate, which remained unchanged. One pos-
sible explanation for thisis that in aggregate, women under-
going IVF for the indication of endometriosis had better
prognosis for success in terms of other demographic factors
known to affect IVF outcome (see Table 1). The effect of
endometriosis on implantation may be independent of these
known factors.

We also conducted analyses to assess the differential
effect of mild and severe endometriosis compared with con-
trols and compared |VF outcome of women with mild and
severe endometriosis. There were significant negative asso-
ciationsin all parameters evaluated when women with either
severe or mild endometriosis were compared with controls,
including pregnancy rate. The stronger negative associations
consistently were noted in women with severe disease. When
directly compared, women with severe endometriosis were
noted to have a decrease in pregnancy rate, implantation rate,
a decrease in the mean number of oocytes retrieved per
cycle, and a lower peak E, concentration than women with
mild endometriosis. The only exception to this trend was
fertilization rate.

The fertilization rate in women with severe endometriosis
was higher than that in women with tubal factor infertility
(OR, 1.54; CI, 1.39-1.70) and higher in women with severe
endometriosis compared with women with mild endometri-
o0sis (OR, 1.11; Cl, 1.09-1.13). One possible reason for this
may be that lesions associated with severe endometriosis
often do not have active endometrial glands, but instead are
“burned-out” lesions resulting in pelvic adhesions. Thus, it
may be the secretory components of an active lesion that are
affecting oocyte quality and thus fertilization. This is con-
sistent with results of previous work showing an increase in
chemotactic activity in the peritoneal fluid of women with
active endometriosis lesions (1, 8, 31).

Limitations to this study include the limitations of the
studies reviewed. A meta-analysisis only as good as the data
summarized. None of the studies reviewed were randomized
controlled trials. Observationa studies may be affected by
bias and confounding. However, given the strength and
consistency of the results reported, it is unlikely that un-
known unbalanced factors could explain these results. One
important limitation to our analysis is that the summarized
studies did not consistently report which patients (if any)
enrolled were treated for endometriosis before initiation of
IVF. Therefore, we are unable to draw any conclusions as to
whether treatment of endometriosis will improve IVF out-
come. Similarly, we are unable to assess the impact of
endometriosis on the chance of obtaining a multiple birth
after IVF, or on the rate of miscarriage. We were also unable
to determine whether there was heterogeneity among tubal

1154 Barnhart et al.
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factor patients in terms of presence or absence of hydrosal-
pinx, a possible confounding factor.

It isimportant to note that although we have demonstrated
that the success with IVF is lower for women with endome-
triosis compared with women without it, the overall chance
of achieving a pregnancy with IVF (25%) in these 22 studies
was still very good. In addition, IVF success rates have risen
dramatically in recent years, with proportional increases in
success for women with endometriosis. Therefore, despite a
lower success rate compared with that of women undergoing
IVF for other indications, IVF is still the most successful
form of assisted reproduction that can be offered to an
infertile couple with endometriosis. It has already been dem-
onstrated that the presence of endometriosis decreases preg-
nancy rates for couples who attempt conception without
assisted reproductive technologies or with ovulation induc-
tion (14, 18, 26-30). On the basis of these findings, we
recommend that patients with endometriosis should be re-
ferred for early aggressive infertility treatment, including
IVF, to increase chances of conception.
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