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Abstract  In  recent  decades,  the  field  of  female  fertility  preservation  has  experienced  substan-
tial growth.  Reliable  techniques  such  as cryopreservation  of  oocytes  and  ovarian  tissue  have
emerged,  along  with  more  established  methods  such  as  embryo  freezing.  Among  the group  of
patients who  can  benefit  from  these  new  techniques  are  patients  with  endometriosis,  a  com-
mon disease  capable  of  compromising  ovarian  reserve  and  fertility  prospects.  Unfortunately,
comprehensive  recommendations  for  fertility  preservation  in  patients  with  endometriosis  are
still lacking.

This  narrative  review  comprehensively  explores  fertility  preservation  in  patients  with
endometriosis,  using  a  range  of  relevant  literature,  including  available  national  and  interna-
tional guidelines.  Additionally,  it  explains  the weight  of  several  factors  that  contribute  to  the
decision-making  process  for  fertility  preservation,  including  age,  severity  of endometriosis,
ovarian reserve,  and  previous  or  future  surgery.

This  manuscript  summarizes  available  recommendations  that  provide  guidance  for  this  vital
but  challenging  aspect  of  reproductive  medicine.  Underlines  the  need  for  personalized  care
for patients  with  an  early  diagnosis  of  endometriosis  and  initial  medical  treatment  to  try  to
reduce the  deterioration  of  ovarian  reserve  and  emphasizes  the  importance  of  research  to
refine fertility  preservation  strategies  in  people  with  endometriosis.
© 2024  Elsevier  España, S.L.U.  All  rights  reserved.
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Preservación  de  la fertilidad  en  la endometriosis:  revisión  de  la evidencia  actual

Resumen  En  las  últimas  décadas,  el campo  de  la  preservación  de la  fertilidad  femenina  ha
experimentado  un  crecimiento  sustancial.  Han  surgido  técnicas  fiables,  como  la  criopreser-
vación de  ovocitos  y  tejido  ovárico,  junto  con  algunas  más  establecidas  como  la  congelación
de embriones.  Entre  el  grupo  de pacientes  que  se  pueden  beneficiar  de  estos  nuevos  métodos,
están aquellas  con  endometriosis,  una  enfermedad  frecuente  y  capaz  de comprometer  la  reserva
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ovárica  y  las  perspectivas  de fertilidad.  Desafortunadamente,  todavía  faltan  recomendaciones
integrales  para  la  preservación  de  esta  en  pacientes  con  endometriosis.

Esta  revisión  narrativa  explora  exhaustivamente  la  conservación  de la  fertilidad  en  pacientes
con endometriosis,  utilizando  una  variedad  de  literatura  pertinente,  incluidas  las  pautas
nacionales e internacionales  disponibles.  Además,  explica  el peso  de  varios  factores  que  con-
tribuyen al  proceso  de toma  de  decisiones  para  conservar  la  fertilidad,  incluida  la  edad,  la
gravedad  de  la  endometriosis,  la  reserva  ovárica  y  la  cirugía  previa  o  futura.

Este manuscrito,  resume  las  recomendaciones  disponibles  que  brindan  orientación  para  este
aspecto vital  pero  desafiante  de  la  medicina  reproductiva.  Subraya  la  necesidad  de una  atención
personalizada  a  la  paciente  con  un  diagnóstico  de  endometriosis  precoz  y  un  tratamiento  inicial
médico para  intentar  disminuir  el  deterioro  de la  reserva  ovárica  y  enfatiza  la  importancia  de
la investigación  para  refinar  las  estrategias  de  preservación  de la  fertilidad  en  las personas  que
presentan endometriosis.
©  2024  Elsevier  España, S.L.U.  Todos  los  derechos  reservados.

Introduction

Endometriosis,  a  chronic  gynecological  condition  marked  by
endometrial-like  tissue  growth  outside  the uterus,  predom-
inantly  affects  the pelvic  area.  It impacts  roughly  10%  of
women  of  reproductive  age  and  is  frequently  linked  with
pelvic  pain,  menstrual  disturbances,  and  infertility.1 The
causes  of  infertility  in endometriosis  are  complex  and  can  be
attributed  to  anatomical  distortions,  inflammatory  changes,
hormonal  imbalances,  and compromised  oocyte  quality.2,3

There  are  frequently  misdiagnoses  and significant  delays  in
the  diagnosis  of  endometriosis,  which  can cause  a worsening
of  reproductive  capacity.  Therefore,  it  is  essential  to raise
awareness  among  professionals  to  detect  those  patients  who
may  have  endometriosis  through  a clinical  interview,  physi-
cal  examination  and  transvaginal  ultrasound.

The  childbearing  aspirations  of  women  with  endometrio-
sis can  be  significantly  impaired  by  the  evolution  of the
disease  and  its  treatments.  Surgical  interventions,  com-
monly  used  for  the  treatment  of  endometriosis,  can  lead
to  the  removal  of  ovarian  tissue  or  compromise  ovar-
ian  function,  resulting  in a  decreased  ovarian reserve.4---6

For  this  reason,  improving  the  detection  and  diagnosis  of
endometriosis  and  offering  initial  medical  treatment  should
be  prioritized.  Medical  treatment  can reduce  the recurrence
and  progression  of  endometriosis  and  does not  affect  ovarian
stimulation  to  preserve  fertility.7---9

This  review  examines  the evidence  available  for  fertility
preservation  in  patients  with  endometriosis.  Furthermore,
it offers  an  inclusive  evaluation  of  the indications,  out-
comes,  and  limitations  of different  fertility  preservation
methods  in  the context  of endometriosis  by  synthesizing  the
current  available  literature.  Additionally,  it  provides  a  com-
prehensive  evaluation  of contemporary  recommendations
and  treatment  algorithms  as  detailed  in  existing  guidelines.

Methods

We  conducted  a  search  of  all  published  studies  from  January
2012  to  June  2023,  which  included  randomized  controlled

trials,  cohort  studies,  case---control  studies,  case  series,
cross-sectional  studies,  and  literature  reviews  containing
original  data.  We  also  included  guidelines  from  national
and  international  societies  related  to  fertility  preservation
in patients  with  endometriosis.  We  did  not  impose  any
language  restrictions,  and  we  collaborated  with  a search
methodologist  during  this  process.  Initially,  an attempt
was  made  to  carry out  a systematic  review,  but  due  to
the  variability  of the  clinical  guidelines,  it was  decided
to  carry  out  a  narrative  review.  Because  this  is  a nar-
rative  review  it  was  not  recorded  in Prospero;  PRISMA
guidelines  for systematic  reviews  were  followed  where
possible.

We  excluded  all  articles  related  to  experimental  studies
conducted  on  in  vitro  or  animal  models.  Any  literature  focus-
ing  solely  on  surgical  interventions,  such  as  fertility-sparing
surgery  was  also  omitted.  Moreover,  studies  on  fertility
preservation  in clinical  situations  other  than  endometrio-
sis  that  did not  present  a distinct  analysis  for patients  with
endometriosis,  were  not considered.  Studies  emphasizing
laboratory-specific  technical  issues  or  in vitro  maturation
were  disregarded  as  well.  Additionally,  we  did not include
studies  related  to  IVF outcomes  in endometriosis  patients,
as  it was  considered  that  the data  could  not  be  directly
extrapolated  to fertility  preservation  indications.  However,
relevant  data  from  these  studies  were  incorporated  into  the
discussions  when  applicable.

Our  research  was  conducted  by  consulting  the following
electronic  databases:  MEDLINE,  EMBASE,  Web  of  Science,
Scopus,  ClinicalTrials.gov,  OVID,  the  Cochrane  Library, and
Google  Scholar.  In addition,  we  utilized  Scite,  Elicit.org,
Inciteful.xyz,  and  Evidence  Hunt,  which are AI-powered
tools  designed  to  aid in  identifying  pertinent  and  inter-
related  studies  in existing  databases.  To  identify  relevant
studies  a mesh  combination  of  the following  keywords
was  used:  (cryopreservation  OR  oocyte-embryo  freezing  OR
ovarian  tissue  cryopreservation  OR  oocyte  cryopreserva-
tion  OR  embryo  cryopreservation  OR  oocyte  freezing  OR
fertility  preservation  OR  IVF  OR  fertility  treatment)  AND
(endometriosis  OR  endometrioma).
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After  a  primary  screen  of  all  titles  and abstracts  retrieved
(by  MC),  the  full texts  of  all potentially  eligible  studies
were  retrieved.  Three  review  authors  (MC,  JH,  MPL) inde-
pendently  examined  these  articles  for  compliance  with  the
inclusion  criteria  and  selected  the  studies  that were  eligible
for  inclusion  in the review.  Disagreements  were  resolved  by
consensus  with  the  fourth  and  fifth  reviewer  (MPB,  AT).  All
references  of the retrieved  studies  were  also  reviewed  to
avoid  missing  relevant  publications.

Results

In  total,  603  studies  were identified  in the  initial  search.
After  exclusions  and  further  investigation  of  additional
relevant  publications,  nine  eligible  articles  were identi-
fied.  These  included  three  Retrospective  Cohort  Studies
(RCS),  three  Retrospective  Observational  Studies  (ROS),  two
Prospective  Cohort  Studies  (PCS),  and  one  Observational
Cross-sectional  Study  (OCS)  (Table  1).

Additionally,  the  review  of  potential  national  and  interna-
tional  guidelines  resulted  in the identification  of  11  proposed
algorithms  for  fertility  preservation  and  endometriosis
(Table  2).

Based  on the  available  literature,  the  decision  to  imple-
ment  fertility  preservation  in a  patient  with  endometriosis
primarily  depends  on her  age,  disease  severity  or  phenotype,
ovarian  reserve,  surgical  indication,  and  surgical  history
related  to  endometriosis,  as  well  as  future  fertility  desires.
However,  as  illustrated  in  Tables  1  and  2,  the criteria  vary
significantly  across  different  studies  and  available  guide-
lines.

Endometriosis  severity

A crucial  factor  in  deciding  the course  of  endometrio-
sis  treatment  and  thus  the need  for fertility  preservation
is  the  evaluation  of  endometriosis  severity.  The  system-
atic  review  and  meta-analysis  by  Horton  et  al. indicated
that  endometriosis  negatively  impacts  various  IVF  param-
eters,  such  as  reducing  the  number  of  mature  oocytes,
particularly  in more  severe  subtypes  and  those  affected
by  endometrioma.10 However,  data  on  fertility  preserva-
tion  in  endometriosis  patients  is less  plentiful.  Numerous
classification  systems,  like the  Revised  American  Society
for  Reproductive  Medicine  (rASRM),11 Endometriosis  Fertility
Index  (EFI),12 and  #Enzian,13 each  have  their unique  advan-
tages.  However,  only  EFI has  shown  a  significant  correlation
with  post-surgical  pregnancy  outcomes  in  endometriosis
patients.  Still,  the accuracy  of  EFI in  predicting  pregnancy
after  Assisted  Reproductive  Technology  (ART)  is  unclear.14,15

Only  two  of the studies  included  in this  review  define
endometriosis  severity  using  one  of  the three  recognized
classifications,  specifically  the rASRM, in  both  instances.
In  Cobo’s  2020  study,  a variety of  parameters,  such  as
oocyte  retrieval  and  vitrification  counts,  embryo  quality,
survival  rate, pregnancy  rate,  and  cumulative  live  birth  rates
(CLBR),  did  not  demonstrate  statistically  significant  differ-
ences  based  on  the  stage  of endometriosis  (stages  I---II vs.
III---IV).16 Additionally,  the recent  cross-sectional  study  by
Fouks  is noteworthy  as  the  only  study  to  include  clinical
symptoms  in conjunction  with  rASRM  staging  as  a  measure

of disease  severity.  This  study  highlights  a strong  correlation
between  the severity  of  symptoms  and  diminished  results
in  fertility  preservation.17 However,  the remaining  publi-
cations  merely  discuss  the presence,  size,  and laterality
of  endometriomas  or  Deep Infiltrating  Endometriosis  (DIE)
without  considering  other  clinical  staging  factors  (Table 1).

The  2018  study  by  Raad  et al.  found  no  significant  dif-
ferences  in Controlled  Ovarian  Stimulation  (COS)  outcomes
based  on  the phenotype  of  endometriosis  or  characteris-
tics  of  ovarian  endometrioma.18 Similarly,  the  prospective
cohort  study  by  d’Argent  et  al.  concluded  that  the presence,
location,  or  size  of  endometriomas  had  no significant  impact
on  oocyte  retrieval.19 Conversely,  Kim et  al. reported  a  lower
number  of  oocytes  retrieved  in patients  with  endometrioma
compared  to infertile  patients  without  endometrioma.20

Surgery

Prior  surgery  before  an ovarian  stimulation  cycle  can
significantly  decrease  ovarian  reserve  and  oocyte  yield,
with  bilateral  cyst  removal  causing  a  more  profound
impact.5,6,16,21---23 In 2018,  Raad  noted  that  patients  with
previous  surgical  excision  of ovarian  endometriomas  had
considerably  lower  counts  of  retrieved  oocytes  (6.8  vs.  11.2)
and  mature  oocytes  (5.3  vs.  8.3).18 This  observation  was
later  reinforced  by  the  study  conducted  by  Cobo  et  al.,
where  they discovered  that  the quantity  of  oocytes  retrieved
and  the number  of  MII  oocytes  subsequently  vitrified  ---  calcu-
lated  both  per  cycle  and per  patient  ---  was  greater  in  women
who  had not  undergone  ovarian  surgery  prior  to  fertility
preservation.  This  trend held  true  irrespective  of  whether
patients  had  unilateral  or  bilateral  surgery.  Studies by  San-
tulli  et al.24 and Hong  et  al.25 further  explored  the role
of  ovarian  stimulation  for  fertility  preservation  finding  also
that  history  of  surgery  for  ovarian  endometriosis  significantly
reduced  the  number  of retrieved  oocytes  and increased  the
risk  of cycle  cancelation,  once  again  highlighting  the  detri-
mental  effect  of  surgery.  This  finding  aligns also  with  the
results  reported  by Elizur  et  al. in  their  retrospective  cohort
study,  which  noted  that preceding  ovarian  endometrioma
surgery  significantly  reduced  ovarian  reserves  and  yielded
fewer  MII  oocytes.21 It’s  worth noting  that  second-line  con-
servative  surgery  for recurrent  endometriosis  could  further
negatively  impact  IVF  outcomes.26

In  a recently  published  review  the Number  Needed  to
Treat  (NNT)  was  16 for  patients  under  35,  indicating  that
one  in 16  patients  who  underwent  oocyte  cryopreserva-
tion  before  endometriosis  surgery  could  conceive  later,  an
achievement  not possible  without  cryopreservation.  Infor-
mation  for  older  patients  was  not  assessed  due  to  data
limitations.27

If  controlled  ovarian  stimulation  for  oocyte  retrieval  is
recommended  prior  to  surgery,  endometriosis  surgery  should
take  place  at least  two  weeks  after  follicular  aspiration  in
order  to  reduce  the risk  of  bleeding.28

Age

Research  studies  have  repeatedly  demonstrated  that  age sig-
nificantly  impacts  Assisted  reproductive  technology  (ART)
outcomes  in endometriosis  patients.16,24,29,30 However,  it’s
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Table  1  Characteristics  of  included  studies.

References  Study
design

Number  of
cases  (cycles)

Age  (years)
Mean  ±  SD
Median  (IQR)

Endometriosis
grade/severity

Previous
endometriosis
Surgery  (%)

Ovarian  reserve
(mean)
AMH  (ng/ml)
//AFC  ±  SD
Median  (IQR)

Ovarian
stimulation
protocol  (%)

Preservation
results
(pp//pc)  ±  SD

Complications

Raad  201818 RCS  49  (70)  33.9  ±  4.5  SUP  (4.1%)
DIE  (44.9%)
OMA  (71.4%)

39  2.3  ± 1.8//13.0
±  10.4

Antagonist  or
long  agonist

MII
10.7  ±

4.9//7.2  ±  4.9

NR

Cobo 202016 ROS  485  35.7  ±  3.7  OMA  (100%)
97% III---IV

48
BC  (34.9)

1.15  ±  2//11.3
±  7.8

Antagonist
(86.9)  agonist
(13.1)

MII
9.4  ±

6.6//5.5  ±  5.2

NR

Kim 202020 ROS  34  (50)  30.7  ±  5.9  NR  32  1.85  ±  1.14//NR  Antagonist  MII
4.8  ±  3.2//NR

NR

d’Argent 202019 PCS  108  30.3  ±  4.3  DIE  (92)
OMA  (70.4)

27  2.0  ±

1//6.8  ±  11.3
PPOS
antagonist

MII
6.4  ±  5.6//NR

No  complications
occurred  either
during  the
stimulation  or  oocyte
retrieval  procedures

Santulli 202124 PCS  146  (258)  31.5  ±  4.4  NR  36  2.0  ±

1.7//2.4  ± 7.7
Long/short
agonist  or
antagonist

MII
10.9  ±

6.6//6.7  ±  5.1
Cancelation
rate  5.4%

No  OHS
No  infection
Other  NR

Legrand 202162 ROS  39  (64)  29.5  ±  4.6  NR  89  1.72.3  ±

1.19//12.8
±  8.2

Antagonist
(88.5)  or
agonist  (11.5)

MII
3.9  ±  3.1//NR

1  moderate  mOHS
No  infection,
hemorrhagic  or
thromboembolic
complications

Hong 202025 RCS  62  (95)  32.5  (29---35)  uOMA  (53)
bOMA  (42)

41.9  1.2  [0.8,
2.2]//NR

Antagonist  MII
9 ± 4//3.0  ±  2
Emb
2.0 (1.0---  3.0)

NR

Elizur 202321 RCS  71  (138)  31  (29.5---33)  uOMA  (75)
bOMA  (25)
OMA  ≥ 4 cm
(61)

56  1.48  (0.67---
2.75)//NR

Antagonist  MII
NR//6  ±  4

No  cases  of
hospitalization  due  to
PID  or  TOA.
Other  NR

Fouks 202317 OCS  81  35.2  ±  4.9  I---II  (24.6)
III---IV  (75.4)
bOMA  (46)
uOMA  (27)

58  1.29  ±

1.2//8.8  ± 3.4
Antagonist
(97.5)  or
agonist  (2.5)

MII
16.7  ± 12.1//8.5  ±  6

NR

SD: standard deviation; IQR: interquartile range; AMH: anti-Müllerian Hormone; AFC: antral follicle count; pp: per patient = accumulated; pc: per cycle; RCS: retrospective cohort study;
ROS: retrospective observational study; PCS: prospective cohort study; OCS: observational cross-sectional study; SUP: superficial endometriosis; DIE: deep infiltrating endometriosis; OMA:
endometrioma (uOma: unilateral/bOMA: bilateral); MII: metaphase II oocytes; NR: not reported; PPOS: progestin primed ovarian stimulation; I---II---III---IV: rASRM endometriosis classification;
PID: pelvic inflammatory disease; TOA: tubo-ovarian abscess.
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Table  2  Available  recommendations  on fertility  preservation  for  endometriosis.

Source  [reference]  Year Society
institution
group

Country  Summary  of  recommendations/criteria  to  access  funded
fertility  preservation

Model  d’atenció  a
l’endometriosi  a  Catalunya73

2018  Gencat  Spain  <38  years  AND
AMH  ≥ 1.1  ng/ml  and/or  AFC  ≥ 7 AND
Criteria  for  surgery  for  endometriosis  with  an  expected
deterioration  of  the  ovarian  reserve,  especially:
-  Women  with  bilateral  endometrioma  without  previous
surgery.
-  Women  with  unilateral  endometrioma  with  previous
contralateral  surgery.

Guía de  atención  a  la  mujer
con  endometriosis.
Comunitat  Valenciana74

2021  Generalitat
Valenciana

Spain  <40  year  AND
AMH  ≥ 0.7  ng/ml  and/or  AFC  ≥ 6 AND
Criteria  for  surgery  for  endometriosis  with  an  expected
deterioration  of  the  ovarian  reserve:
• Bilateral  endometrioma
•  Recurrent  endometriosis
• Unilateral  endometriomas  ≥  5  cm
• Iterative  surgeries

Programa de  Atención  a  la
endometriosis75

2022  Gobierno  de
Aragón

Spain  <36  years  AND
AMH  ≥ 1  ng/ml;  in younger  patients  individual  evaluation  if  low
ovarian reserve  AND
• Bilateral  endometrioma  >  5  cm,  which  does  not  decrease  in
size  after  6---12  months  of  medical  treatment.
• Post-surgical  recurrence:  patients  with  a  history  of
endometrioma  excision  and  who  require  surgery  due  to
contralateral  recurrence  (>5  cm),  despite  undergoing  medical
treatment.

Protocolo para  el manejo  de  la
endometriosis  en  Canarias76

2023  Gobierno  de
Canarias

Spain  <36  years  with  no  immediate  desire  to  reproduce  AND
Sufficient  ovarian  reserve  (AMH  ≥  1 ng/ml  and/or  AFC  >  5---7)
AND
Criteria  for  surgery  for  endometriosis  with  either:
• Bilateral  endometrioma  >  4  cm
• Recurrent  endometriosis

Llarena et  al61 2019  Cleveland  clinic  Europe  Criteria  for  surgery  for  endometriosis  with  either:
-  Bilateral  endometrioma
-  Unilateral  endometrioma  with  contralateral  previous  surgery
-  Multiple  surgeries
-  At  risk  of  multiple  surgeries
-  ≥37  years
-  Low  ovarian  reserve
If patient  is not  candidate  to  gamete  preservation  Ovarian
tissue  cryopreservation  is considered
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Table  2  (Continued)

Source  [reference]  Year Society
institution
group

Country  Summary  of  recommendations/criteria  to  access  funded
fertility  preservation

Germany,  Switzerland,
Austria:fertility
preservation28

2020  Ferti-PROTEKT  Germany,
Switzer-
land,
Austria

≤35  years  with  no  immediate  desire  to  reproduce  AND
Adequate  ovarian  reserve  (AMH ≥ 1 ng/ml)  AND
Criteria  for  endometriosis  surgery  and  either:
- Bilateral  endometrioma
-  Unilateral  endometrioma  after  contralateral  endometriosis
surgery
-  Unilateral  endometrioma  after  unilateral
salpingo-oophorectomy
-  DIE
Otherwise  recommend  a  spontaneous  pregnancy  attempt  or
IVF according  to  EFI  score  chances.

Cosma et  al.72 2020  Review  Italy  Criteria  for  endometriosis  surgery  and  either
- OMA  ≥  3  cm
-  Previous  ovarian  surgery
-  Low  AMH  (near  1  ng/ml).

Courbiere  et  al.55 2021  CNGOF  France  Bilateral  endometriomas  >  3  cm,  recurrence  after  a  first
surgery  for  a  unilateral  endometrioma  > 3  cm,  and  for
endometrioma  in a  single  ovary.  Drainage  should  be  performed
in the  first  line  if  the  endometriomas  are too  bulky  and/or  if
they prevent  easy  access  to  the  ovaries  for  retrieval.

Dolmans36 2021  SRI  Belgium  Low  AMH,  >30  years,  bilateral  endometrioma,  recurrent
endometrioma  after  surgery,  endometrioma  growing  fast,  and
endometrioma  at  a  young  age.

Sänger30 2022  Survey  Europe  Prior  to  endometriosis  surgery  if  ASRM  III  and  IV or  Multiple
surgeries or  OMA  >  3 cm.
If > 35a  consider  ART  instead.
If AMH  <  1 or  AFC  <  5  irrespective  of  age  or  fertility  wishes  prior
to any  surgery.

Fouks17 2023  Israeli  Ministry
of  Health

Israel  Severe  endometriosis  identified  via  surgery  or  at least  one
OMA >  40  mm,  and  at  least  two  out  of  the  following  criteria:
- AMH  <  25th  percentile
-  Day  3 FSH  levels  of  >10  IU/L
-  AFC  <  6
Women  may  undergo  up  to  four  oocyte  retrievals,  or  until  20
eggs are  obtained

AFC: antral follicle count, AMH: anti-Müllerian hormone, ART: assisted reproductive technology, ASRM: American Society for Reproductive Medicine, CNGOF: Collège National des
Gynécologues et  Obstétriciens Français, EFI: endometriosis fertility index, FSH: follicle-stimulating hormone, OMA: ovarian endometriosis, SRI: Societe de Recherche pour l’Infertilité.
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noteworthy  that  none  of the  studies  evaluated  in  the cur-
rent  review  had an  average  cryopreservation  age  exceeding
35  years.  The  2020  study  by  Cobo  et al.  had  the highest
mean  age  at  35.7  years.  In the  previously  mentioned  study,
a  noticeable  decline  was  observed  in age-specific  analysis.
Patients  aged  35  years  or  younger  exhibited  an 85.1%  sur-
vival  rate  of  oocytes,  while  this  rate  dropped  to 80.8%  in
those  older  than  35  years  (p  <  0.05).  Age not  only adversely
affected  the  survival  rate  of oocytes  but  also  the quantity
of oocytes  harvested  and  vitrified,  the  quality  of embryos,
and  clinical  outcomes.  Moreover,  the  theoretical  advantage
of  cryopreservation  before  endometriosis  surgery  observed
in  patients  under  35  seems  to  disappear  in older  individuals.
This  suggests  that  fertility  preservation  might  yield  signifi-
cantly  less  effective  results  in women  over 35,  irrespective
of  their  surgical  history.  This  observation  can be  attributed
to  the  already  low prognosis  of  older  patients  even  before
surgery.31

Ovarian  reserve

The  assessment  of  ovarian  reserve  is  pivotal  to  fertility
preservation  in endometriosis  patients.  The  combination
of  Anti-Mullerian  Hormone  (AMH)  and  Antral  Follicle  Count
(AFC)  is typically  deemed  the  most  accurate  predictor  of
ovarian  response  to  stimulation,  particularly  in the  broader
population  seeking  fertility  treatments.32 However,  accord-
ing  to  various  studies,  the  optimal  biomarker  for  evaluating
ovarian  reserve  in  endometriosis  patients  before  fertility
preservation  interventions  remains  uncertain.33

Certain  researchers  have  proposed  that  the Antral  Folli-
cle  Count  (AFC)  could  be  underestimated  in patients  with
endometriosis  due  to  the mass effect  of  endometriomas
on the  ovarian  parenchyma.34 On the  contrary,  other  stud-
ies  indicate  that  despite  similar  AMH  levels,  women  with
endometrioma  retrieve  significantly  fewer  oocytes  com-
pared  to control  groups.35

Conversely,  a  recent  cross-sectional  study  by  Fouks  found
AMH  values  to  have the  highest  correlation  with  treat-
ment  success  in endometriosis  patients  undergoing  fertility
preservation  (+0.472,  p = 0.006).17 In  the  articles  included
in  this  review,  ovarian  reserve  was  assessed  using  either
Anti-Mullerian  hormone,  Antral  follicle  count  (AFC),  or  both,
and  a  wide  range  was  observed  (Table  1). Interestingly,
none  of  the  reviewed  articles  reported  a mean  AMH  level
below  1 ng/ml  for  the  study  population.  The  ovarian  reserve
markers  only  fell  below  this  threshold  in specific  subgroups,
particularly  those  who  underwent  surgery  prior  to  fertility
preservation.

Choice  of  fertility  preservation  technique

There  are  two  primary  strategies  for  fertility  preservation:
the  extraction  and subsequent  cryopreservation  of fertil-
ity,  either  as  oocytes  or  embryos,  or  the cryopreservation
of  ovarian  tissue.36

Oocyte  cryopreservation  is  recognized  as  an  effective
method  for fertility  preservation.37 Studies  show that  cry-
opreserved  oocytes  have  comparable  fertilization,  embryo
development,  and  pregnancy  rates  to  fresh  oocytes.30,38

The  versatility  and  ethical  advantages  of  cryopreserved

oocytes,  coupled  with  the  advancements  in vitrification
techniques,  have  made  it the  preferred  choice  for  fertility
preservation.30

Embryo  cryopreservation,  in contrast,  offers  further
diagnostic  possibilities  such  as  Preimplantation  Genetic
Diagnosis  (PGD), as  well  as  a more  precise  estimate  of
the  reproductive  potential  of the preserved  material.  This
strategy  is  notably  beneficial  when  immediate  pregnancy
is anticipated,  and  fertility  preservation  is  perceived  as  an
‘adjuvant’  option,  particularly  when surgery  is  the primary
therapeutic  option.24 However,  this approach  presents  clear
ethical  and  functional  limitations  when  the  objective  is  long-
term  preservation  or  in patients  without  a  partner  at  the
time  of  preservation.27

The  cryopreservation  of ovarian  tissue  as a  viable  fer-
tility  preservation  option,  while  relatively  new,  is  gaining
prevalence,  especially  in  oncological  cases.36 The  American
Society  for  Reproductive  Medicine  and  the  European  Society
of  Human  Reproduction  and Embryology  have  acknowledged
it  as  a legitimate  fertility  preservation  methodology.38,39

However,  its  application  in endometriosis  cases  has  been
limited  due  to  a lack  of  corroborating  data  and  practical
experience.30,36

Controlled  Ovarian  Stimulation  (COS)  protocol

Controlled  Ovarian  Stimulation  (COS)  for  endometriosis
patients,  whether  they’re  undergoing  oocyte  preservation
or  in  vitro  fertilization  (IVF),  lacks  a universally  accepted
optimal  approach.  Both GnRH  antagonist  and agonist  pro-
tocols  have  demonstrated  comparable  pregnancy  and  live
birth  rates,  allowing  for  either  to  be selected  based on  the
preferences  of  the patients  and  their  physicians.40 While
the  long  or  ultra-long  agonist  protocol  has  traditionally  been
the  most  commonly  adopted  ovarian  stimulation  method  for
clinically  challenging  endometriosis  cases  in  the past,  the
antagonist  protocol  has  swiftly  gained  popularity  due to  its
greater  flexibility,  convenience,  and  significantly  reduced
incidence  of  OHSS  (Table  1).30,41 For  women  with  low ovar-
ian  reserve,  double  stimulation  may  be an  option  to  increase
the  yield  of available  oocytes.42 There  is  less information
available  regarding  other  promising  alternatives  for  ovarian
stimulation  in this  patient  group,  such as  Progestin-Primed
Ovarian  Stimulation  (PPOS).19,43

Letrozole,  a  selective  aromatase  inhibitor,  has  been
extensively  used for  fertility  preservation  in patients  with
hormone-dependent  cancers,  yielding  promising  results.
It  has also  been  suggested  to  enhance  fertility  out-
comes  in  individuals  with  low  ovarian  reserve  and
endometriosis-related  pelvic  pain.44 However,  there  is  lim-
ited  data  concerning  its  efficacy  in COS cycles  for  fertility
preservation  or  IVF in endometriosis  patients.  Regard-
less,  studies  have  shown  that  combining  letrozole  with
gonadotropin  therapy  significantly  reduces  estrogen  peaks,
maintains  comparable  gonadotropin  doses,  and  yields  simi-
lar  oocyte  and  embryo  numbers  to  treatments  not  involving
letrozole.45,46 Future  research  should  explore  the effects  of
letrozole  on  pain-related  scores  and  endometriosis  progres-
sion  linked  to  ovarian  stimulation.
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COS  adjuvancy

Since  the  1980s,  it  was  posited  that  Gonadotropin-Releasing
Hormone  Agonists  (GnRH-a)  could  suppress  pituitary  func-
tion,  leading  to  a low  estrogen  state  that  may  improve
reproductive  outcomes  in  women  with  endometriosis  due
to  a  reduction  in pelvic  inflammation.  This  recommendation
was  further  supported  by the  2014  ESHRE  guidelines,  which
advocated  for  an  ultra-long  GnRH-a  protocol  before  IVF.47,48

However,  based  on  more  recent  data,49 the  Euro-
pean  Association  of  Human  Reproduction  and  Embryology
reversed  this recommendation  in their  most  recent
guidelines.40 A study  in 2023  also  reported  that  the  ultra-
long  protocol  does  not  improve  IVF/ICSI  outcomes  and may
even  negatively  impact  live  birth and  fertilization  rates.50

The  ultra  long protocol’s  effects  on  fertility  preservation  are
even  less  clear,  due  to  the lack  of  specific  studies.

While  combined  oral  contraceptive  pills  (COCP)  are
commonly  prescribed  to manage  pain  and halt  disease  pro-
gression  in  patients  with  endometriosis,  it  has  been  reported
that  their  prolonged  use  may  decrease  the oocyte  yield  fol-
lowing  stimulation.8,51,52 In a similar  fashion,  pre-treatment
with  Dienogest  (DNG),  has  been  found  to  be  comparable  to
GnRH-a  in  managing  endometriosis  symptoms  and does  not
improve  the  number  of  mature  oocytes,  clinical  pregnan-
cies,  or  live  births.53

Resveratrol,  a natural  compound  with  anti-angiogenic,
anti-carcinogenic,  proapoptotic,  anti-oxidative,  and  anti-
inflammatory  properties,  in conjunction  with  antioxidants
like  melatonin,  vitamins  E and C,  could be  considered  as
new  therapeutic  possibilities  for endometriosis  treatment.26

However,  more  evidence  is  needed  to  recommend  specific
indications  for  these  supplements  in fertility  preservation
for  endometriosis  patients.

Complications

Oocyte  retrieval  in ART treatments  presents  risks  such
as  pelvic  hemorrhage,  infections,  OHSS,  thrombosis,  and
specific  concerns  for  endometriosis  patients,  including  unde-
tected  malignancies  and  disease  progression.38,54 Earlier,  a
>4  cm  endometrioma  size  mandated  surgical  intervention
before  ART,8,55,56 but  this  has  been  recently  revised.40 Recent
studies  indicate  that  fertility  preservation  before  surgery
may  lead  to more  cryopreserved  oocytes  without  increased
complications,  particularly  for  women  with  larger  or  bilat-
eral  endometriomas.21 However,  recent  European  survey
found  that  50%  of  centers  still  preferred  interventions  for
endometriomas  ≥  4  cm  before  ovarian  stimulation.30

Severe  pelvic  inflammatory  disease  (PID)  post-ART  has
been  a  particular  concern  in endometriosis  patients.57 How-
ever,  the  risk  of  severe  PID post-oocyte  retrieval  in women
with  ovarian  endometriomas  has been  estimated  to  be  less
than  1%.58

Despite  potential  exacerbation  of  endometriosis  symp-
toms  with  ovarian  stimulation,  recent  research  shows  no
significant  link  between  stimulation  and  disease  progression
or  recurrence.42

The  rate  of  venous  thromboembolism  in  women  under-
going  Assisted  Reproductive  Technology  (ART)  is  0.6%,
significantly  increasing  in women  on estrogen---progestogen

contraception,  a  common  circumstance  among  endometrio-
sis  patients.42 However,  no  increase  in this complication
has  been  reported  in endometriosis  patients  thus  far.  The
incidence  of  Ovarian  Hyperstimulation  Syndrome  (OHSS),  a
rather  rare  complication  with  the introduction  of  antago-
nist  cycles,  is  expected  to  be  even  lower  in endometriosis
patients  due  to  their  typically  lower  ovarian reserve.  Finally,
anesthesia-related  complications  during  oocyte  retrieval  are
rare  and  nonspecific.54

In  2019,  the ESHRE  Working  Group  on  Ultrasound  in
ART  issued  recommendations  about  oocyte  pick-up  (OPU),
which  included  guidelines  for patients  with  endometriosis.59

During  the  OPU  procedure,  it’s critical  to  avoid  aspirat-
ing  or  puncturing  ovarian  endometriomas  (OMAs)  to  prevent
contamination  of  the follicular  fluid and  to  minimize  the
risk  of  intra-abdominal  infections.  To  further  reduce  these
risks,  they  recommend  disinfecting  the  vaginal  area  with
povidone---iodine,  using  sterile  isotonic  saline  solution,  and
administering  antibiotics  during  the  procedure.58 Never-
theless,  there  may  be  instances  where  puncturing  the
OMA  is  necessary  to  prevent  significant  loss  of  oocytes.
In  such  cases,  comprehensive  preoperative  counseling  and
informed  consent  from  patients  are paramount.  If an  OMA
is  accidentally  punctured,  the guidelines  advise  immediate
withdrawal  of  the needle,  flushing  with  suitable  media,  and
replacing  the collecting  tube.27

Number  of oocytes  to freeze  and  pregnancy
outcomes

Determining  the  quantity  of  oocytes  for  cryopreservation  is
complex  and  depends  on  factors  like patient  age,  desired
child  count,  and  necessary  stimulations  to secure  enough
mature  oocytes.52 Age-related  success  rates reveal  that  live
birth rate  per  warmed  vitrified  oocyte  varies  based  on  age ---
from  5%  in  women  aged  38  and  above,  to  7.4%  in those  under
30  during COS.42,60 Consequently,  it’s  suggested  that  women
under  38  should  cryopreserve  15---20  oocytes,  and  those  aged
38---40  should  store  25---30  oocytes  for  reasonable  success,
and  in endometriosis  patients  the  number  may  be  higher
due  to  potential  oocyte  quality  issues.31,42,52,61 Additionally,
endometriosis  patients  often  show lower  ovarian  reserve  and
fewer  oocyte  yields  from  COS,  thus  needing  multiple  stim-
ulation  cycles.16,18,25,45,62 However,  it’s  unclear  how  many
stimulation  cycles  are  optimal,  and whether  they  should  be
consecutive  or  include an hormonal  therapy  phase.  These
questions  should  be  individually  addressed,  considering  the
number  of oocytes  obtained,  endometriosis-related  pain,
patient  preferences,  and associated  costs.28

Very  little  data  exists  regarding  the  usage  of cryop-
reserved  gametes  in  endometriosis  patients.  The  most
comprehensive  description  to  date is  offered  by  Cobo  in
2020,  who  reported  a return  rate  of  46.5%  in their vitrifica-
tion  program:  485  out of  1044  patients  with  endometriosis
who  had their  oocytes  vitrified  returned  to  use  them  in  an
attempt  to  achieve  pregnancy.  In total,  225  babies  were
born,  resulting  in a cumulative  live  birth rate  (CLBR)  per
patient  of  46.4%.  The  results  were significantly  better  in  a
subgroup  of  patients  who  were  35  years  of age or  younger
and  had not  undergone  surgery  before  preservation,  with  a
success  rate  of  72.5%.16
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Conclusion

The  existing  literature  unequivocally  suggests  that  patients
with  severe  endometriosis,  especially  those  with  bilat-
eral  endometriomas,  are at  an  elevated  risk  of  premature
ovarian  insufficiency  (POI)  and decreased  AMH  levels.
Additionally,  most authors  conclude  that  surgical  treat-
ment  can  further  undermine  ovarian  reserve  and  AMH
levels,  thereby  impairing  the outcomes  of  ART.  There-
fore,  it  is very  important  that  the initial  treatment  is
based  on medical  treatment  since  hormonal  treatment  has
shown  clinical  and  ultrasound  improvement  in patients  who
have  endometriomas,  adenomyosis  and deep  infiltrating
endometriosis.63---71

When  surgery  is  necessary,  fertility  preservation  could  be
performed  prior  to  surgical  intervention.  Although  fertility
preservation  appears  to  be  a  reasonably  safe  procedure,
complications  may  arise  due  to  the  presence  of  sizable
endometriomas  during  oocyte  retrieval.  Nevertheless,  there
lacks  a  clear  consensus  regarding  an established  cutoff
to  recommend  surgery  prior  to  ovarian  stimulation.  And
above  all,  there  is  a  lack  of consensus  in the group  of
patients  who  have  low  ovarian  reserve  (AMH < 1 ng/ml)
before  surgery,  which  are  not  represented  in the majority  of
guidelines  and  clinical  studies  and  constitutes  a  very  impor-
tant  part  of  patients  with  endometriosis  of  childbearing
age.

The  current  evidence  emphasizes  the  potential  efficacy
of  fertility  preservation  strategies,  especially  oocyte  cryop-
reservation,  in managing  fertility  concerns  in patients  with
endometriosis.  Paradoxically,  those patients  who  stand  to
benefit  most  from  oocyte  cryopreservation  ---  young  patients
with  high  ovarian  reserves  and  minimal  endometriosis  ---  are
also  the  most  likely  to  achieve  spontaneous  pregnancy  with-
out  requiring  assisted  reproductive  treatments.  A notable
challenge  lies in  the fact  that  none  of  the existing  staging
systems  have  proven  to  be  reliable  predictors  of  fertility
preservation  outcomes.  This  restricts  their  utility  as  tools  for
determining  the indications  for  fertility  preservation.  Addi-
tionally,  age  appears  to  be a  key factor  in  predicting  the
expected  outcomes  of  fertility  preservation,  and  the utility
of  the  procedure  in patients  above  35  years  of  age  remains
a  subject  of  ongoing  debate.

Given  this  intricate  matrix  of  influencing  factors,  cou-
pled  with  limitations  in current  research,  an international
consensus  algorithm  could  prove  pivotal.  This  algorithm
should identify  patients  at risk,  and  provide  early  access  to
fertility  preservation  based  on  factors  such  as  age,  ovar-
ian  reserve,  and  the  severity  of  endometriosis.  Such  an
approach  could  dramatically  improve  patient  management.
Looking  forward,  it  is  essential  to  continue  research  to  not
only  refine  these  strategies  but  also  to  develop  a  compre-
hensive,  individualized  algorithm  that accommodates  each
patient’s  unique  circumstances.  Despite  recent  advance-
ments,  our  understanding  of  the cost-effectiveness  of  these
strategies  remains  limited,  a factor  of  crucial  importance
for  their  wider  application.  Consequently,  the future of this
crucial  area  of  reproductive  medicine  requires  an intensified
focus  on  effectiveness  and  economic  evaluations  to  ensure
the  most  favorable  outcomes  for  our  patients.
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