Endometriosis fertility index: the new, validated
endometriosis staging system
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Objective: To develop a clinical tool that predicts pregnancy rates (PRs) in patients with surgically documented
endometriosis who attempt non-IVF conception.

Design: Prospective data collection on 579 patients and comprehensive statistical analysis to derive a new staging
system—the endometriosis fertility index (EFI)—from data rather than a priori assumptions, followed by testing
the EFI prospectively on 222 additional patients for correlation of predicted and actual outcomes.

Setting: Private reproductive endocrinology practice.

Patient(s): A total of 801 consecutively diagnosed and treated infertile patients with endometriosis.
Intervention(s): Surgical diagnosis and treatment followed by non-IVF fertility management.

Main Outcome Measure(s): The EFI and life table PRs.

Result(s): A statistically significant variable used to create the EFI was the least function score (i.e., the sum of
those scores determined intraoperatively after surgical intervention that describe the function of the tube, fimbria,
and ovary on both sides). Sensitivity analysis showed that the EFI varies little, even with variation in the assignment
of functional scores, and predicted PRs.

Conclusion(s): The EFlis a simple, robust, and validated clinical tool that predicts PRs after endometriosis surgical
staging. Its use provides reassurance to those patients with good prognoses and avoids wasted time and treatment for
those with poor prognoses. (Fertil Steril® 2009;ll:ll-M. ©2009 by American Society for Reproductive
Medicine.)
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Endometriosis remains an enigmatic disease. Our continued frustra-
tion in staging its clinical presentation and impact on associated pain
and infertility reduces our ability to ameliorate its effect on millions
of women. There are important reasons to stage endometriosis, or
any other disease: to create a common language, to enable specific-
ity of diagnosis, to standardize comparisons, and to facilitate
research applications. This study presents a staging system that
meets most of these requirements and has been validated as clini-
cally useful for surgically confirmed patients with endometriosis
attempting non-IVF conception.

Sampson, Acosta et al., and many other investigators (1-4) devel-
oped staging systems that have all been criticized for multiple
reasons, including their inability to predict clinical outcomes, espe-
cially pregnancy rates (PRs) in infertile patients. In 1979, the Amer-
ican Fertility Society (AFS) (now the American Society for
Reproductive Medicine, or ASRM) first proposed a classification
system (5). This was extensively evaluated, modified in 1985, and
is still used today (6-9). Despite these revisions the currently used
revised AFS system has serious limitations, including not effectively
predicting the outcome of treatment (10-17). Because an endometri-
osis classification system that effectively predicts outcomes has
eluded scientists for decades, we chose a different approach: collect
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clinical data prospectively, assess infertility outcomes, and use com-
prehensive statistical analysis to derive a new staging system from
the data rather than from a priori assumptions. The new staging
system could then be validated prospectively and potentially be
modified.

The purpose of this study was to develop a clinical tool (endome-
triosis fertility index or EFI) that predicts PRs in patients—with
surgically documented endometriosis—who attempt non-IVF
conception.

MATERIALS AND METHODS

Study Design

Since 1984 data have been prospectively collected at the time of surgery on
a standardized form used in the clinical care of all our surgical patients. The
Western Institutional Review Board (IRB) determined that this research pro-
ject met the condition for exemption under 45 CFR 46.101(b)(4). The
prospectively collected detailed clinical and surgical data on 579 consecutive
infertile patients with endometriosis were used to create a database with 275
variables. The data were analyzed by sophisticated statistical methods, in-
cluding life table survival and Cox proportional hazards regression analysis,
to identify those factors most predictive of pregnancy. Patients were censored
from the study when they were lost to follow-up, became pregnant, had sub-
sequent surgery for endometriosis, took ovarian suppression medications, or
underwent assisted reproductive technologies (ART). Preliminary analyses
addressed the importance of groups of variables for predicting pregnancy
and then evaluated alternative ways of combining the variables within
groups. The main groups of variables were historical factors, results of hys-
teroscopy, and results of abdominal surgery. Subsequent analyses combined
the most predictive variables and established a simple scoring system, the
EFI. After development of the EFI, the same data were prospectively
collected on 222 additional consecutive patients, the EFI calculated on
each patient, and actual PRs compared with predicted rates.
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TABLE 1
Descriptions of least function terms.
Structure Dysfunction Description
Tube Mild Slight injury to serosa of the fallopian tube
Moderate Moderate injury to serosa or muscularis of the fallopian tube; moderate limitation in mobility
Severe Fallopian tube fibrosis or mild/moderate salpingitis isthmica nodosa; severe limitation in mobility
Nonfunctional Complete tubal obstruction, extensive fibrosis or salpingitis isthmica nodosa
Fimbria Mild Slight injury to fimbria with minimal scarring
Moderate Moderate injury to fimbria, with moderate scarring, moderate loss of fimbrial architecture and minimal
intrafimbrial fibrosis
Severe Severe injury to fimbria, with severe scarring, severe loss of fimbrial architecture and moderate
intrafimbrial fibrosis
Nonfunctional Severe injury to fimbria, with extensive scarring, complete loss of fimbrial architecture, complete tubal
occlusion or hydrosalpinx
Ovary Mild Normal or almost normal ovarian size; minimal or mild injury to ovarian serosa
Moderate Ovarian size reduced by one-third or more; moderate injury to ovarian surface
Severe Ovarian size reduced by two-thirds or more; severe injury to ovarian surface
Nonfunctional Ovary absent or completely encased in adhesions
Adamson. Endometriosis fertility index. Fertil Steril 2009.

The historical factors evaluated in preliminary analyses included age, du-
ration of infertility, and pregnancy history, which repeatedly have been
shown to be predictive of pregnancy (17). Many additional historical factors
were evaluated, including factors relating to the male partner, previous endo-
metriosis treatment, and results of diagnostic tests.

The variables documenting the results of hysteroscopy were investigated
using variable clustering and then Cox proportional hazards regression.
The hysteroscopy variables were assessed alone and as potential supplements
to historical factors. The results of abdominal surgery were recorded in sub-
stantial detail, allowing for the comparison of three prospective operative
coding systems: [1] revised American Fertility Society total, lesion, adhe-
sion, and cul-de-sac scores, [2] percentage of filmy and dense adhesions
on the ovaries and tubes bilaterally, and [3] intraoperative pretreatment and
post-treatment functional score. The functional score was determined by
the surgeon for each of the tube, fimbria, and ovary bilaterally where 0 = ab-
sent or nonfunctional; 1, 2, and 3 = severe, moderate, and mild dysfunction,
respectively; and 4 = normal with respect to the capacity of the organ/struc-
ture to effect its purpose in the reproductive process (Table 1). Thus, the func-
tional score measures the ability of the tube to move over the ovary, to be the
passage for the sperm from the uterus, to provide the early environment for
the egg and embryo, and to enable transport of the embryo to the uterus; the
ability of the fimbria to move over the ovary and to pick up an egg; and the
ability of the ovary to house eggs, develop follicles, ovulate eggs, and allow
them to be picked up by the fimbria. These three intraoperative scoring sys-
tems were considered supplements to the historical factors that predicted
PRs: age, duration of infertility, and pregnancy history.

Many combinations of the functional scores were evaluated systematically
by Cox proportional hazards regression. Scores for the tube, fimbria, and
ovary were combined by summing or taking the minimum, separately by
side and for both sides combined. The sides were combined by taking the
sum or the maximum. One such composite score was a “least function
score”: the sum of the lowest function score on each side from among the
fallopian tube, fimbria, and ovary. A score of 4 could be obtained on one
side only if the tube, fimbria, and ovary each were entirely normal; therefore,
each received the maximum functional score of 4. A score of 0 on one side
could be obtained if the tube was absent, obstructed proximally, completely
fibrotic, or completely encased in dense adhesions; if the fimbria was in-
volved in a hydrosalpinx, was completely fibrotic, or was separated from
the ovary by dense adhesions that had not been removed; or if the ovary
was surgically or otherwise absent, or completely encased in dense adhesions
such that an egg could not enter the fallopian tube. In the presence of any of
these conditions, the adnexa on that side of the patient would have essentially
no chance of creating a pregnancy. Because pregnancy requires the function-
ing of all three—tube, fimbria, and ovary—the lowest score of those three
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structures determines the ability of that side to function effectively. The total
least function score is obtained by adding the lowest score from the right side
to the lowest score from the left side to give a combined total of potential for
reproductive function in the pelvis. A completely normal pelvis would have
a score of 4 + 4 = 8 and have excellent reproductive potential. A completely
nonfunctional pelvis with no chance of reproductive potential would have
a score of 0 + 0 = 0. If the ovary is absent on one side, all the ovulations
will occur from the ovary on the other side. Therefore, in this situation, the
least functional score is obtained by determining the function score on the
side with the ovary and then doubling it.

The presence of an endometrioma would reduce the “AFS endometriosis
score” to 0 and also potentially reduce the least function score and the
“AFS total score”.

The postoperative treatments were based on the clinical situation of the pa-
tient. Generally, patients attempted on their own for 3-9 months, then had
clomiphene citrate (CC) 100 mg/d from day 3 through day 7 plus IUI for
2-6 cycles; a very few had gonadotropins plus IUI treatment for 1—4 cycles.
Younger patients tended to have longer intervals at each treatment level. The
final EFI life table curves are based on these generally accepted clinical treat-
ment paradigms, and therefore are the closest to actual clinical practice.

To create the EFI the statistically significant variables were assigned
a whole number of points. For continuous variables, alternative cutoffs
were systematically evaluated to maximize the explanatory power of the in-
dex while maintaining simplicity and clinical relevance. Once a tentative EFI
was developed, omitted variables (including alternative forms of variables
included in the EFI) were tested to determine whether they had additional
statistically significant explanatory power.

Once the data were analyzed to determine the validity of the EFI in predict-
ing PRs prospectively in the 222 patients, the final PRs were subsequently
derived using life table methods from the total of 801 patients.

Statistical Analysis

Statistical analyses were performed using SAS (SAS Institute, Inc., Cary,
NC) and BMDP (BMDP Statistical Software, Inc., Los Angeles, CA). Vari-
able clustering was performed using the VARCLUS procedure in SAS. Cox
proportional hazard regression was performed using BMDP2L and life tables
using BMDP1L. Two-tailed P values less than .05 were considered statisti-
cally significant.

RESULTS

Characteristics of the 579 patients used to develop the index can be
found elsewhere (17). The evaluation of historical factors showed
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FIGURE 1

Endometriosis fertility index surgery form.

ENDOMETRIOSIS FERTILITY INDEX (EFI)
SURGERY FORM

LEAST FUNCTION (LF) SCORE AT CONCLUSION OF SURGERY

Score Description Left Right
4 = Normal Fallopian Tube |:| |:|
3 = Mild Dysfunction
2 = Moderate Dysfunction Fimbria |:| |:|
1 = Severe Dysfunction
0 = Absent or Nonfunctional Ovary |:| |:|
To calculate the LF score, add together the lowest score for )
the left side and the lowest score for the right side. If an ovary Lowest Score |:| + |:| = |
is absent on one side, the LF score is obtained by doubling the
lowest score on the side with the ovary. Left Right LF Score
ENDOMETRIOSIS FERTILITY INDEX (EFI)
Historical Factors Surgical Factors
Factor Description Points Factor D_e5§r1ption Points
| |
Age LF Score . ____!
If age is < 35 years 2 If LF Score = 7 to 8 (high score) 3
If age is 36 to 39 years 1 If LF Score = 4 to 6 (moderate score) 2
If age is > 40 years 0 If LF Score = 1 to 3 (low score) 0
Years Infertile AFS Endometriosis Score
If years infertile is < 3 2 If AFS Endometriosis Lesion Score is < 16 1
If years infertile is > 3 0 If AFS Endometriosis Lesion Score is > 16 0
Prior Pregnancy AFS Total Score
If there is a history of a prior pregnancy 1 If AFS total score is < 71 1
If there is no history of prior pregnancy 0 If AFS total score is > 71 0
Total Historical Factors | Total Surgical Factors I
EFI = TOTAL HISTORICAL FACTORS + TOTAL SURGICAL FACTORS: + | =
Historical Surgical EFI Score

ESTIMATED PERCENT PREGNANT BY EFI SCORE

100% 1

80% 1

9-10

7-8
60%

40%

20%

0-3

0%
L] 6 12 18 24 30 36 Months
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Distribution of endometriosis fertility index scores.
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Endometriosis Fertility Index Scores

FIGURE 2

|_BValidation|

that age, years infertile, and various alternative measures of
pregnancy history were all statistically significant predictors of
pregnancy. Among the measures of pregnancy history, total
pregnancies, at least one pregnancy, and pregnancy with current
partner were all predictive. For years infertile, a dichotomization
at 3 years of infertility encompassed most of the explanatory power.

Variable clustering and Cox proportional hazards regression of
the hysteroscopic findings revealed that only 1 of 9 (11%) patients
with a large uterus became pregnant, compared with 4 of 13
(31%) with a small uterus, and 169 of 348 (49%) with a normal-
sized uterus. The poor prognosis associated with a large uterus
may be artifactual but remained statistically significant, even after
controlling for other factors.

Evaluation of the abdominal surgery variables included variable
clustering. Regardless of whether the uterus was normal or abnormal
at laparoscopy, there was essentially no correlation between laparo-
scopic and hysteroscopic findings. Adhesions and lesions were
highly correlated with AFS total score. After controlling for AFS to-
tal score and years infertile, none of the laparoscopic cluster scores
were associated with fertility.

Unlike the cluster scores from the surgical variables as a whole,
the least function score determined intraoperatively after surgical in-
tervention was a statistically significant predictor of fertility, even
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after controlling for AFS total score and years infertile. The predic-
tive power of the least function score after controlling for the AFS
total score and years infertile demonstrates that the least function
score measures something different than the AFS total score, pre-
sumably the postoperative functionality of the reproductive organs.
There was high correlation between both dense adhesions, espe-
cially tubal adhesions, and the least function score. There was
moderate correlation between filmy adhesions alone and the least
function score.

Cox proportional hazards analysis of all the historical, hystero-
scopy, and laparoscopy findings showed that the only variables
that achieved statistical significance were duration of infertility,
prior pregnancy with partner, least function score (all P<.01), and
uterine abnormality (P=.04). Because any prior pregnancy pre-
dicted about as well as prior pregnancy with partner, this factor
was selected because it was expected to be more broadly applicable.
These variables, together with alternative pregnancy history vari-
ables and various AFS scores, were considered for creation of a nu-
merically simple EFI. The final score uses age (in three categories),
years infertile (in two categories), prior pregnancy (whether or not
with the present partner), the least function score (in three categories),
the AFS endometriosis lesion score (in two categories), and the
AFS total score (in two categories). Details are given in Figure 1.
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TABLE 2

Estimated cumulative percent pregnant at 1, 2, and 3 years by EFI score overall and for the validation sample.

All patients (n = 801)

Life table estimated cumulative percent pregnant (+ SD)

EFl score 1 Year 2 Years 3 Years
0-3 9.9+ 6.7 9.9+ 6.7 9.9+6.7
4 152 £5.3 232+ 6.5 27.7+7.6
5 228 +4.9 38.8 + 6.7 422 +7.2
6 29.5+4.3 48.0+ 5.4 545+ 6.5
7 37.4+4.0 57.8 +4.7 69.4 +5.4
8 41.0+4.3 57.1+4.9 62.9+5.3
9-10 56.4 + 4.1 719+ 41 749 £ 4.2
Validation group (n = 222)

1 Year 2 Years 3 Years
0-3 11.1 £10.5 11.1 £10.5 11.1 £10.5
4 11.8 £ 11.1 11.8 £ 11.1 33.8 +£20.8
5) 23.3+7.3 47.4 +£15.6 47.4 + 15.6
6 253173 40.6 £9.2 49.1 £ 11.1
7 28.1 £ 8.1 53.1 £ 10.5 60.9 + 11.3
8 37.9+89 46.2 £ 10.9 58.2 + 13.5
9-10 584 +7.4 68.3 £ 7.5 68.3+7.5

EFI = endometriosis fertility index.

Adamson. Endometriosis fertility index. Fertil Steril 2009.

The EFI score ranges from 0-10, with O representing the poorest
prognosis and 10 the best prognosis. Half of the points come from
the historical factors and half from the surgical factors. Uterine
abnormality was not included in the score.

The prospective testing of the EFI on 222 additional patients
showed a good correlation of predicted and actual outcomes for
all stages of endometriosis. The distribution of the EFI score for
the original 579 and the validation sample of 222 are shown in
Figure 2.

The life table estimated cumulative percent pregnant by year end
by value of the EFI score for all 801 patients, and the 222 validation
patients are given in Table 2. A simplified figure showing the esti-
mated cumulative percent pregnant by 3-month interval by EFI
score, suitable for presentation to patients, is shown at the bottom
of Figure 1.

A sensitivity analysis was performed to assess the effect on the
EFI of potential differences in the assignment of the least function
scores by different surgeons. For each function score as coded, a re-
placement score was calculated according to a probability distribu-
tion. It was assumed that extreme scores (0 or 4) would be
reproduced 90% of the time and that the other 10% of the time scores
would be reproduced within 1 point of the original. Other scores
(1-3) were assumed to be reproduced 80% of the time, to be 1 point
lower 10% of the time, and to be 1 point higher 10% of the time.
Based on this simulation, the least function score itself changed
50% of the time (8% higher and 42% lower). The EFI, which changes
only when the least function score category changes, only changed
about 15% of the time: 4% of the time higher and 11% of the time
lower. The EFI changed by more than 1 point in only 5.4% of the
cases. In practice, changes in the EFI are material only for the middle
values, and, knowing that the index tends to change downward, and
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only slightly, with uncertainty in the least function scores allows this
variability to be taken into account clinically.

DISCUSSION

More than two decades of clinical data have been used to develop
a clinical tool that predicts an infertile endometriosis patient’s prob-
ability of pregnancy with standard, non-IVF treatment after surgical
staging. The EFI is useful only for infertility patients who have had
surgical staging of their disease. It is not intended to predict any as-
pect of endometriosis-associated pain. It is required that the male
and female gametes are sufficiently functional to enable attempts
at non-IVF conception. One factor found to predict pregnancy that
is not included in the EFI is uterine abnormality. Severe uterine ab-
normality that is clinically significant was omitted because it is so
uncommon in infertile patients with endometriosis. However,
when this condition is found, it does need to be taken into account
in predicting PRs. Deficiencies in the reproductive function of the
gametes or uterus will obviously affect the prognosis and must be
considered separately as fertility factors, just as they would with
any patient with any other type of disease.

The postoperative least function score is central to the EFI. It has
predictive power even after controlling for the AFS total score and
years infertile, although there is some association with AFS scores.
This finding is consistent with the perspectives that adhesions reduce
the ability of the fallopian tubes to function and that dense adhesions,
especially ovarian, cul-de-sac obliteration, and endometriomas, also
contribute to infertility (18). This relationship between adhesions
and the least function score persists, although the least function score
is determined postsurgically, because it is more difficult to achieve
a good surgical result with disease that is initially more severe.



FIGURE 3

Least function scores. (A) Ovary = 3: not normal, but only minor trauma to the surface. Fimbria = 3: slight blunting. (B) Ovary = 2 (high): large

endometrioma cleanly resected, good volume of ovary remaining, but more than minor damage. (C) Tube = 2 (high): distal tubal endometriosis
moderately significant, cleanly vaporized by CO, laser. Could be associated with postoperative adhesions and loss of function. (D) Fimbria = 2
(high): clear intrafimbrial adhesions, treated with some damage to fimbria, still some reasonable architecture and function, but more than minor
damage. (E) Ovary =2 (low): large endometrioma has been removed, suture required for ovarian reconstruction, some damage to ovarian surface,
and relatively small ovarian volume. (F) Tube = 2 (low): extensive resection and vaporization of tubal endometriosis seen in tube at 12 o’clock with
resultant reduction in tubal function. Ovary = 2 (low): small endometrioma removed with loss of ovarian volume, and extensive invasive ovarian
surface endometriosis vaporized, with postoperative high risk of adhesions. (G) Fimbria = 2 (low): fimbrioplasty has been performed in obviously
damaged tube, but with good patency expected. Very close to a score of 1. (H) Tube = 1: both tubes have extensive salpingitis isthmica nodosa.

Adamson. Endometriosis fertility index. Fertil Steril 2009.
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The AFS endometriosis lesion scores of 16 and 71 were important
cutoff points in our calculations. To obtain a lesion score of 16, a pa-
tient must have an endometrioma or complete cul-de-sac oblitera-
tion—both severe forms of disease. An AFS score of 71 or greater
represents extensive endometriosis and may be a stage important
to recognize beyond the severe category (19).

A criticism can be made that the least function score is subjective
for any given surgeon and for different surgeons. Although true, the
least function score in fact is a robust measure of pelvic reproductive
potential because the categories are fairly clear, any subjective dif-
ferences in assessment tend to be averaged through the calculations
on one side and then the other, and the least function score represents
only 30% of the EFI. Sensitivity analysis showed that even with sub-
stantial variation in the assignment of functional scores the EFI

varies very little. To provide some clinical guidance, examples of ad-
nexa scored as 1, 2, or 3 are presented (Fig. 3). Improvements in im-
aging, technology, ovarian reserve testing, and sperm assessment
could potentially affect PRs predicted by the EFI, but not likely as
much as capabilities of individual surgeons.

In conclusion, the EFI is a simple, robust, and validated clinical
tool that predicts PRs for patients after surgical staging of endome-
triosis. The EFl is very useful in developing treatment plans in infer-
tile patients with endometriosis. It is hoped that further prospective
validation by other clinical investigators will encourage widespread
application of the EFI to the benefit of our patients. Further efforts
are required to develop similar staging systems that will help predict
outcomes for patients with endometriosis and pelvic pain for both
surgical and nonsurgical treatment.
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