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STUDY QUESTION: Can the ability of the endometriosis fertility index (EFI) to predict non-assisted reproductive technology (ART) preg-
nancy after endometriosis surgery be confirmed by an external validation study?

SUMMARY ANSWER: The significant relationship between the EFl score and the time to non-ART pregnancy observed in our study
represents an external validation of this scoring system.

WHAT IS KNOWN AND WHAT THIS PAPER ADDS: The EF| was previously developed and tested prospectively in a single center,
but up to now no external validation has been published. Our data provide validation of the EFl in an external fertility unit on a robust
scientific basis, to identify couples with a good prognosis for spontaneous conception who can therefore defer ART treatment, regardless
of their revised American Fertility Society (rAFS) endometriosis staging.

DESIGN: Retrospective cohort study where the EFl was calculated based on history and detailed surgical findings, and related to pregnancy
outcome in 233 women attempting non-ART conception immediately after surgery; all data used for EFI calculation and analysis of repro-
ductive outcome had been collected prospectively as part of another study.

PARTICIPANTS AND SETTING: The EFl score was calculated (score 0—10) for 233 women with all rAFS endometriosis stages
(minimal—mild, n = 75; moderate—severe, n = |58) after endometriosis surgery (I September 2006—30 September 2010) in a university
hospital-based reproductive medicine unit with combined expertise in reproductive surgery and medically assisted reproduction. All parti-
cipants attempted non-ART conception immediately after surgery by natural intercourse, ovulation induction with timed intercourse or intra-
uterine insemination (with or without ovulation induction or controlled ovarian stimulation).

DATA ANALYSIS METHOD: All analyses were performed for three different definitions of pregnancy [overall (any HCG >25 1U/I),
clinical and ongoing >20 weeks]. Six groups were distinguished (EFl scores | -3, 4, 5, 6, 748, 9+ 10), and Kaplan—Meier (K—M) estimates
for cumulative pregnancy rate were calculated. Subjects were censored when they were lost to follow-up, had subsequent surgery for endo-
metriosis, started ovarian suppression or underwent ART. As K—M estimates might overestimate the actual event rate, cumulative incidence
estimates treating ART as competing event were also calculated. Cox regression analysis was used to assess the performance of EFl and
constituting variables. Performance of the score (prediction, discrimination) was quantified with the following methods: mean squared
error of prediction (Brier score), areas under the receiver-operating curve and global concordance index C".

MAIN RESULTS AND THE ROLE OF CHANCE: There was a highly significant relationship between the EFl and the time to non-ART
pregnancy (cumulative overall pregnancy rate, P = 0.0004), with the K—M estimate of cumulative overall pregnancy rate at |2 months after
surgery equal to 45.5% [95% confidence interval (Cl) 39.47—-49.87]—ranging from 16.67% (95% Cl 5.01—-47.65) for EFl scores 0-3, to
62.55% (95% Cl 55.18—69.94) for EFI scores 9—10. For each increase of | point in the EFl score, the relative risk of becoming pregnant
increased by 31% (95% ClI 16—47%; i.e. hazard ratio 1.31). The ‘least function score’—which assesses the tubal/ovarian function at
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conclusion of surgery—was found to be the most important contributor to the total EFl score among all the other variables (age, duration

of infertility, prior pregnancy, AFS endometriosis lesion and total score).

BIAS, CONFOUNDING AND OTHER REASONS FOR CAUTION: The EFl score had a moderate performance in the prediction
of the pregnancy rate. Indeed, the decrease in prediction error was rather small, as shown by the decrease in Brier score from 0.213 to

0.198, and low estimates for R> (13%) and C™ (0.629).

GENERALIZABILITY TO OTHER POPULATIONS: As the EFl was validated externally in our own European population after initial
testing by Adamson and Pasta (Endometriosis fertility index: the new, validated endometriosis staging system. Fertil Steril 2010;94:1609-1615)

in an American population, it appears that the EFl can be used clinically to counsel infertile endometriosis patients receiving reproductive

surgery in specialized centers about their post-operative conception options.
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Introduction

In women suffering from endometriosis and infertility, the decision as
to when and how to perform surgical excision and/or fertility treat-
ment [including intrauterine insemination (IUl) and assisted reproduct-
ive technology (ART)] is mainly based on clinical guidelines and expert
opinions, like the endometriosis guidelines of the European Society for
Human Reproduction and Embryology (ESHRE, Kennedy et al., 2005),
the recommendations of the Practice Committee of the ASRM
(The Practice Committee of the American Society for Reproductive
Medicine, 2006) and proposed clinical algorithm (De Ziegler et al.,
2010; Vercellini et al., 2009), rather than on statistical prediction
models. These guidelines and opinions are based on literature data
such as the Cochrane review (Jacobson et al., 2010), which concludes
that surgical treatment can be effective for subfertility associated with
minimal—mild endometriosis, based on two randomized controlled
trials with conflicting results (Marcoux et al., 1997; Parazzini, 1999).
Preliminary data also suggest that complete surgical removal of
minimal to mild endometriosis before the start of ART can improve
reproductive outcome following ART treatment (Opgien et dl.,
2011). Other non-randomized studies suggest that complete
removal of deeply infiltrating endometriosis potentially improves fertil-
ity as well (Chapron et al., 1999; Redwine and Wright, 2001; Abbott
et al., 2003; Darai et al., 2005; Meuleman et al., 2009; Meuleman et al.,
2011b, 2013). However, so far data from randomized controlled trials
or meta-analyses to answer the question whether surgical treatment
of moderate to severe endometriosis can indeed enhance pregnancy
rates compared with expectant management are lacking, as not
all studies report fertility outcome or supply sufficiently detailed
information (Meuleman et al., 201 |a).

To date, the most frequently used staging system for endometriosis
is the revised American Fertility Society (rAFS) score (ASRM, 1997).
Unfortunately, this classification system has some serious limitations,
including not effectively predicting clinical outcomes of treatment, es-
pecially pregnancy rates in infertile patients (Palmisano et al., 1993;
Vercellini et al. 2006; Adamson 201 1). For this reason, Adamson
and Pasta (2010) developed the endometriosis fertility index (EFI).
As shown in Fig. |, the EFl is a scoring system which includes assess-
ment of historical factors at the time of surgery (age, duration of

infertility and pregnancy history), of adnexal function at conclusion
of surgery (functional score of Fallopian tubes, fimbriae and ovaries bi-
laterally), and of the extensiveness of endometriosis (rAFS endomet-
riosis lesion score and total rAFS score). The EFl was established by
identifying the most predictive variables for pregnancy from prospect-
ively collected clinical data from 579 patients living in the USA, and
subsequently validated by the same authors by testing the correlation
of predicted and actual outcomes of an additional 222 patients from
the USA who were followed up prospectively (Adamson and Pasta,
2010). The EFl is intended as a clinical tool to counsel patients on
the approach towards fertility after surgery. However, up to now,
no articles have been published in the English language to validate
the EFl in other (external) populations than the original study popula-
tion mentioned above (Adamson and Pasta, 2010). Such validation is
important to confirm the clinical value of the EFI. Therefore, the aim of
this study was to provide an external validation of the EFl with robust
statistical analysis in a population of infertile endometriosis patients
in Belgium.

Materials and Methods

Study population: patient selection

The protocol of this validation study (ClinicalTrials.gov ID: NCT00463398)
was approved by the Ethical Committee of the University Hospital Leuven,
Belgium as part of a larger prospective follow-up study in patients receiving
endometriosis surgery and giving informed consent (Meuleman et al., 2013).

From | September 2006 onwards, data on history, surgery and detailed
post-operative short and long-term outcome (including fertility outcome)
of all endometriosis patients treated at the Leuven University Fertility
Centre (LUFc) were collected prospectively. All patients were operated
at a single site, namely the LUFc at Campus Gasthuisberg of the University
Hospitals of Leuven, Belgium. Patients from ‘satellite centers’ were not
included in this analysis. The LUFc is a tertiary referral center for endomet-
riosis, reproductive endocrinology and reproductive surgery (Debrock
et al., 2010; Meuleman et al., 2013). The surgical approach for treatment
of endometriosis with CO, laser laparoscopy at LUFc has already been
described elsewhere (Meuleman et al., 2009). Post-operative fertility man-
agement of these patients was depending on age and other reproductive
factors (as described in Meuleman et al., 2013). In women younger than
36—38 years with a regular ovulatory cycle, at least unilaterally normal
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Figure | EFl surgery form and a simplified figure for patient education showing the estimated pregnancy chance per EFl score. Reprinted from
Fertility and Sterility, 94/5, Adamson GD and Pasta D), Endometriosis fertility index: the new, validated endometriosis staging system, 1609—1615,

Copyright 2010, with permission from Elsevier.

tubal function and a male partner with a normal sperm analysis, spontan-
eous conception was expected within 6 months to | year. In case of failed
spontaneous conception or at least unilaterally normal tubal function with
ovulatory dysfunction or mild male factor infertility, controlled ovarian
stimulation combined with [Ul was performed during 3—4 (maximally 6)
cycles. If this treatment was not successful, ART was proposed. In all
cases of compromised ovum pick-up and transport capacity and/or

major sperm problems and/or advanced female age (>36-38 years),
ART was proposed immediately after the patient had recovered from
the intervention. None of the fertility management decisions were based
on the patients’ EFl score as at that moment EFl-scores were not available
(EFI was not yet published).

From the previously mentioned prospectively maintained database were
selected all infertile patients who were operated for any stage of
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endometriosis between | September 2006 and 30 September 2010. This
time period was chosen to have sufficient length of follow-up to be able to
report on fertility. All selected patients wanted to become pregnant imme-
diately after surgery (n = 326). Patients proceeding with ART (including
IVF and ICSI but excluding IUl, as in WHO/ICMART-definitions by
Zegers-Hochschild et al., 2009) immediately post-operatively without
attempting non-ART pregnancy between surgery and ART were excluded
from analysis, thus leaving 233 patients eligible for validation analysis. In
December 201 |, the EFI was easily calculated based on the highly detailed
information found in the prospectively collected database, which con-
tained all required data. The primary outcome measure was the cumula-
tive non-ART pregnancy rate after endometriosis surgery. Pregnancy
was defined in three different ways based on WHO—-ICMART definitions
(Zegers-Hochschild et al., 2009): overall pregnancy (any HCG > 25 IU/I),
clinical pregnancy (pregnancy diagnosed by ultrasound visualization of one
or more gestational sacs or definitive clinical signs of pregnancy, including
ectopic pregnancy) and ongoing pregnancy reaching 20 weeks or more
[based on (calculated) last menstrual period]. Non-ART pregnancies
were defined as conceptions occurring spontaneously, after ovulation in-
duction with timed intercourse, and after 1Ul (with or without ovulation
induction or controlled ovarian stimulation). In patients who needed Ul
with donor sperm (because of a partner with azoospermia, n = 3) post-
operative follow-up time in months was defined as being equal to the
number of post-operative IUl-donor-cycles.

Statistical methodology

The EFl was calculated as demonstrated in Fig. |, which shows how the
scoring system works and the form that can be filled in at the end of
surgery. The EFI scores range from 0 to 10, with O representing the
poorest prognosis and |0 the best prognosis for future non-ART pregnancy.

Analyses were performed separately for the three different definitions
of pregnancy as described above. To enhance comparability with the ori-
ginal EFI paper (Adamson and Pasta, 2010) and allow external validation,
six groups were distinguished based on the EFl score, and life table analysis
[Kaplan—Meier (K—M) estimates] was used to construct a curve for the
cumulative pregnancy rate. Subjects were censored when they were lost
to follow-up, had subsequent surgery for recurrent endometriosis,
started ovarian suppression medication or underwent ART. However,
these K—M estimates, using the censoring rules as described above, over-
estimate the non-ART pregnancy rate (Daya, 2005) which can be
expected in real practice, because they assume that patients undergoing
ART can still become pregnant through a non-ART approach. Therefore,
cumulative incidence estimates (Pintilie, 2006) were also calculated next to
K—M estimates as they consider that patients undergoing ART have no
chance of becoming pregnant with a non-ART approach.

As the usefulness of a scoring system in clinical practice should not be
based only on statistical significance, the performance (predictive accuracy
and discriminative ability) of the EFI score was also quantified. For continu-
ous and/or binary response models such quantification is common prac-
tice, with indices as mean squared error (MSE), proportion of variation
explained by the model (R?) and the area under the receiving-operating
curve (AUC), the latter resulting from values for sensitivity and specificity
and also known as the index of concordance (C-index). For survival data,
extensions of these indices have been proposed more recently (Heagerty
and Zheng, 2005).

The MSE of prediction (the so-called Brier score) is estimated by a
weighted average of time-dependent residuals, with the residual defined
as the difference of the time-dependent survival status (pregnant/not
pregnant) and the predicted probability from a Cox regression model
(Gerds and Schumacher, 2006). This score function is averaged over a
follow-up period yielding an overall Brier score. If the prediction of the

status at each point during follow-up were perfect for each woman, the
Brier score would equal zero. To further ease interpretation of the Brier
score, one should consider in our population with prevalence of
non-ART pregnancy around 50%, a random prediction would generate a
Brier score of 0.25.

An R? based on a likelihood of the Cox regression (Royston, 2006) was
also calculated.

Further, AUC were obtained at different time points (Heagerty and
Zheng, 2005). The time-dependent AUC has a similar interpretation as
the AUC for binary responses. It is the probability that the predictions
(e.g. a linear function of the EFI score) for a random pair of subjects are
concordant with their outcomes (i.e. their status at the specific time
point). The AUC ranges between 0.5 (random prediction) and |
(perfect discrimination). The time-dependent AUC values were combined
into a global concordance index C™. The quantifications were evaluated for
the EFl score (whether or not grouped into the same subsets that were
proposed by Adamson and Pasta, 2010) and the constituting variables.
The x* values and the degrees of freedom (df) of the various models
were reported. Restricted cubic splines with five knots (Harrell, 2001)
were used to verify if a linear function was sufficient to describe the rela-
tionship between the EFl score and the (log) relative risk in the Cox
model.

Analyses were performed using SAS software, version 9.2 of the SAS
System for Windows (SAS Institute Inc., Cary, NC, USA). The function
risksetAUC in the R package was used to obtain time-dependent AUC
curves and the global concordance indices C'. The prediction error
(Brier score) was calculated with the R function PEC.

Results

Characteristics of the 233 patients are shown in Table |, where vari-
ables that were used to calculate the EFl are marked with an asterisk.
Figure 2A shows the distribution of the EFI score amongst all included
patients; the median EFl score was 8. The median EFl score in the
group of excluded patients who went directly to ART was 6. As the
majority of reported non-ART pregnancies (98/108) reached duration
of 20 weeks or more, and only a single biochemical pregnancy was
observed, results of the three analyses largely overlap. For this
reason, only results for the overall pregnancy rate (any HCG >
25 |U/1) are reported in this article. This is assumed to be in congru-
ence with the original article of Adamson and Pasta (2010), where
‘pregnancy’ was not defined in more detail. The results for ‘clinical
pregnancy’ and ‘>20 weeks pregnancy’ can be found in the Supple-
mentary data Section. It is interesting to note that 64% (69/108) preg-
nancies occurred spontaneously (without ovulation induction or
controlled ovarian stimulation), whereas 36% (39/108) occurred
after treatment with UL

The K—M estimates slightly overestimated the actual non-ART
pregnancy rate, when compared with the cumulative incidence (Cl)
estimates (Fig. 2B). For example, for the whole population the
[-year non-ART pregnancy rate equaled 44.5% [95% confidence inter-
val (Cl) 39.5-49.9%] and 41.4% (95% Cl 34.9-48.0%) for K-M and
Cl estimates, respectively. After 6 months, these estimates equaled
32.2% (95% Cl 27.4-37.6%) and 31.5% (95% Cl 25.4-37.6%),
respectively.

A highly significant relation was observed between the EFl and the
time to non-ART pregnancy (P = 0.0004, Fig. 2C). Due to smaller
sample sizes for the lower EFl score (Fig. 2A), the curves show less
discrimination in these classes. Although the relationship between
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Table I Description of the study population: patient
characteristics (total population = 233); variables
marked with an asterisk are used to calculate the EFI.

Age at surgery (years) Mean + SD
<35 year*
36-39 year*
>40 year*

At least one previous therapeutic surgery
for endometriosis®

At least one previous failed Ul cycle
At least one previous failed ART cycle

Duration of infertility (months) Median
(min—max)

>3 years*
<3years*
Prior pregnancy
No*
Yes*
Least function score®* Mean + SD
High score (7-8)*
Moderate score (4—6)*
Low score (1-3)*
AFS endometriosis lesion score® Median
(min—max)
<|6*
> | 6%
AFS total score? Median (min—max)
<lé
>16
<7I*
>71*
Partner with normospermia®

TMC of partner’s sperm Median
(min—max; n = 189)

Nitotal (%) unless shown
otherwise

313439
202/233 (87)
29/233 (125)
2/233 (16)

115/233 (491)

46/233 (20)
22/233 (9)
24 (1-120)

56/233 (24)
177/233 (76)

174/233 (75)
59/233 (25)
57+ 1.8
85/233 (36)
121 (52)
27/233 (12)
10 (1-52)

155/233 (67)
78/233 (337)
36 (1-126)
75/233 (327)
158/233 (68)
190/233 (82)
43/233 (18.45)
106/197 (54)
20 (0-117)

IUl, Intrauterine insemination; ART, Assisted reproductive technology.

?Excluding mere diagnostic surgery.
PSee Table | for calculation.

“Revised American Fertility Society classification: total of the endometriosis lesion

score.

9Revised American Fertility Society classification: total score (including
endometriosis lesion, cul-de-sac and adhesion score).

“Based on WHO-classification and strict morphology criteria (WHO, 1999).
Total motile sperm count after sperm preparation (capacitation).

EFl and time to non-ART pregnancy was highly significant, the general
performance (predictive accuracy, decrease in prediction error) of the
EFl to predict non-ART pregnancy was only moderate, as quantified
by the following analyses. First of all, low-to-moderate estimates for
the R” and C" are obtained, i.e. 0.13 and 0.629. The R” of 0.13 can
be interpreted as 3% of the difference between patients is being
explained by the EFI. Furthermore, the expected Brier score also
only decreases from 0.213 in the whole population (based on the

K—M estimates, without taking into account the EFl scores) to
0.198 with taking into account the EFl score (Table Il). Although at
the extremes of the EFl range the effect was less strong, linearity in
the effect of EFl was not rejected (P=0.76). The chance for a
non-ART pregnancy increases relatively for each point with 31%
(95% CI 16—47%,; i.e. hazard ratio of 1.31).

Table Il shows that the surgical factors were more important than
the historical factors in predicting overall pregnancy rate according
to EFl. The end-of-surgery least function (LF) score was the most im-
portant contributor to the EFI, as revealed by the comparison of the
X° values of the various Cox models. This is shown in Table II, where
the x* value of the model with the EFI LF (three levels) only drops to
18.4 (df = 2), compared with an x* of 24.0 (df = 5) of the model
using the classification of the EFl total score; the R* equals 10% and
the C" evaluated over the first 24 months 0.60. However, there is
no evidence that the information not captured in the EFI LF score is
redundant. This was confirmed by using a (bivariable) Cox regression
model with as predictors the EFI LF score and a ‘rest’ score (being
the difference between the EFl total score and the EFI LF score).
The latter score still had a significant contribution (}* = 5.8, df = I,
P=0.016). When considering the AFS total score as a contributor
to the EFI (score of more than 71), Table Il shows that this also is
an important part of the EFI, but the EFl itself performs better as illu-
strated by the low R%; a similar conclusion can be drawn for the con-
tribution of the endometriosis lesion score.

Discussion

In our study of 233 women attempting non-ART conception immedi-
ately after therapeutic endometriosis surgery study, we were able to
externally validate the EFI, which had originally been proposed as a
clinical tool to predict pregnancy rates after surgery for endometriosis
(Adamson and Pasta, 2010). This is shown in Fig. 2C, illustrating the
significant relationship between the EFl and the time to non-ART preg-
nancy. To our knowledge, this is the first external validation and there-
fore provides important information. It needs to be stressed that
surgery was primarily performed laparoscopically aiming at complete
excision of all endometriotic lesions using CO,-laser, with maximum
respect for the preservation and/or reconstruction of reproductive
anatomy. Adding to its importance is the fact that our study might
be more rigorous than the original study (Adamson and Pasta,
2010) because the performance of the EFl was evaluated and reported
on in the present study. Clearly, the differentiation in pregnancy rates
between the EFl classes follows the expected pattern more closely
amongst the higher EFl scores, but this might be due to the smaller
sample sizes for patient groups with lower EFl scores (Fig. 2A) in
our population, as in the population studied in the original publication
(Adamson and Pasta, 2010). The latter is a reflection of current
routine clinical practice, where women with intuitively assumed bad
prognosis for non-ART pregnancy (e.g. severe bilateral tubal damage
observed at surgery, advanced female age; Meuleman et al., 2013)
are immediately referred for ART without attempting natural concep-
tion or Ul. This obviously is a form of ‘active censorship’ that cannot
be ruled out as bias, as up to now the decision on how to counsel a
post-operative endometriosis patients did not depend on the EFI
score. The median EFl score appeared to be higher in our study
group (median EFI of 8) than in the excluded group of women who
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Figure 2 (A) Distribution of patients according to their EFl score. (B) Comparison of K—M estimates versus Cl estimates for the total group. (C)
K—M estimates for the cumulative pregnancy rate as a function of the EFI.
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Table Il Overview of the performance of various factors predicting overall pregnancy rate according to EFI.

Factor in cox model X df P MSE, MSE odel R? cr
EFI continuous (linear)® 22.49 | <0.001 0.213 0.198 0.12 0.627
EFI Adamson® 24.01 5 <0.001 0.213 0.198 0.13 0.626
All historical factors 12.76 5 0.026 0.213 0.203 0.07 0.576
Age 7.43 2 0.024 0.213 0.208 0.04 0.538
Years infertile 2.58 | 0.108 0.213 0.211 0.0l 0.532
Prior pregnancy 4.97 | 0.026 0.213 0.209 0.03 0.546
All surgical factors 20.89 5 <0.001 0.213 0.202 0.11 0.600
Least function score(groups)® 18.35 2 <0.001 0.213 0.202 0.10 0.600
Least function score (linear)? 20.86 | <0.001 0.213 0.199 0.11 0.624
AFS Endometriosis score 2.12 | 0.146 0.213 0.211 0.0l 0.534
AFS Total score 8.18 | 0.004 0.213 0.209 0.05 0.553

X°= chi-square value from a Cox regression model. P= P-value likelihood-ratio test. df, degrees of freedom. MSEy= Mean-squared error (Brier score) from a prediction using no EFI
information at all. The prediction is the same for all women and obtained from the K—M curve for the total sample. MSE,,o4e/= Brier score obtained with a prediction from the Cox
regression with a specific predictor. R% R*-like quantification of predictive accuracy (Royston, 2006), i.e. reflecting a proportion of explained variance. C™: global concordance index
(AUC) defined over a follow-up period of 2 years (Heagerty and Zheng, 2005). A value equal to 0.5 refers to random prediction, whereas C*= | implies perfect discrimination between

pregnant and non-pregnant.
?Each score considered individually from 0 to 10.
b\With grouping of scores 0-3, 4, 5, 6, 7-8 and 9-10.

went directly post-operatively to ART without attempting non-ART
conception (median EFl of 6), suggesting that our clinical post-
operative judgment was associated with selection of ‘better prognosis
patients’ for non-ART conception, even though at the time of
decision-making their actual EFl score was not known (confer retro-
spectively calculated).

Next to this, our study included more patients with a high EFl versus
a moderate EFl score when compared with the original publication
(Adamson and Pasta, 2010), i.e. more patients who had a higher po-
tential to be pregnant. However, we do not believe that this difference
would have led to an overestimation of the EFl score validity, as a
linear relationship was shown between the EFl score and the preg-
nancy rate. If the fact that more ‘good prognosis’ patients are included
would skew the data favorably, a non-linearity would be observed,
with a proportionally higher raise in pregnancy rate per higher EFI
point, which was not observed in our study.

Our data further confirm that the end-of-surgery LF score is the
most important contributor to the EFI score, without evidence that
the information not captured in the EFl LF score is redundant.
Again, the importance of the adnexal function is already intuitively
used in guidelines such as the ESHRE-guidelines (Kennedy et dl.,
2005) as well as in our own clinical practice (Meuleman et dl.,
201 1b), where patients with problematic tubal function or already
diminished ovarian reserve are offered ART immediately after
surgery. A possible criticism of the EFl score is that it includes some
dependent parameters such as various values of the ASRM score.
Adamson and Pasta (2010) state in their article that, after identifying
factors in their database being most predictive for pregnancy and
addressing the importance of a group of variables, subsequent analyses
combined predictive variables and in that way established the EFI
scoring system; they do not comment on inter-dependence of all vari-
ables (Adamson and Pasta, 2010). However, as the aim of this study

was not to improve or alter the EFl score, but merely to validate it ex-
ternally as it was published, it is clear that we cannot account for this.

Although the relationship between EFl and non-ART pregnancy rate
is highly significant, the general performance of the EFl (predictive ac-
curacy, discriminative ability) is moderate. Unfortunately, no informa-
tion on the performance of the EFl score is given in the original
publication of Adamson and Pasta (2010), as they only report a
‘good correlation of predicted and actual outcomes for all stages of
endometriosis’, therefore direct comparison with our data is not
possible. Obviously, the moderate predictive and discriminative
performance of the EFl may attenuate the clinical importance of the
EFl as a scoring system to educate patients. This is, however, not
unusual, as the general performance of many scoring systems has fre-
quently been found to be low or moderate by survival analyses
(Steyerberg et al., 2010). This does not imply that the scoring
system is without value, because even a poorly discriminating model
may be clinically useful if the clinical decision is close to a ‘toss-up’,
because it implies that the threshold is in the middle of the distribution
of predicted risks, as is the case for models in fertility medicine for
example (Steyerberg et al., 2010).

A possible limitation of our study is its retrospective study nature. It
needs to be stressed, however, that all data were acquired in a meticu-
lously maintained prospective database as part of a larger prospective
study (Meuleman et al., 2013) including nearly all patients operated for
endometriosis in our center in the time period of 2006—2010. The EFI
score was calculated exclusively based on these prospectively col-
lected data. So far, other staging and scoring systems except the EFl
have previously failed to show any correlation with post-operative fer-
tility (Palmisano et al. 1993, Adamson 2011). Therefore, in our
opinion, the EFl is the best (and only) objective scoring system avail-
able to guide the counseling of patients after surgery about their fer-
tility prognosis and eventual need for fertility treatment. The fact
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that the validation was successful in our dataset—albeit in a different
continent—in our opinion greatly increases the clinical value of the EFI.
Clinical use of the EFl in real practice can provide a basis for deferring
treatment with ART in the better prognostic groups regardless of the
rAFS endometriosis staging. As the EFI also takes into account mater-
nal age, and the mean age of our patients was relatively young (31.3
years), it is possible that patients with better prognosis will be
younger, which in turn is beneficial to allow time to wait for a
natural conception. If in turn a patient with a good score has a
higher age, the time of spontaneous evolution might be reduced to
prevent loss of ovarian reserve. In our study, female age did not signifi-
cantly impact post-operative fertility management decisions, as it was
comparable in the study group (mean 31.3 SD + 3.9 years) and in the
group of patients excluded from our study because of direct
post-operative assignment to ART without any non-ART attempts
(n =93, mean 32.2 years, SD + 3.8 years). Based on our data, it is
therefore impossible to make any firm recommendations until which
age which time for spontaneous conception should be allowed in
patients with high EFI scores. In our opinion, future research should
concentrate on assessing and refining the performance of the EFl as
a triage instrument for decision making in post-operative fertility man-
agement in endometriosis patients. More research is also needed to
confirm the interesting observation that complete surgical removal
of minimal-to-mild endometriosis before the start of ART can
improve reproductive outcome following ART treatment (Opgien
etal., 2011).
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