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Course coordinator 
 
Johnny Awwad (Lebanon) and Mohammad Aboulghar (Egypt) 
 

Course type 
 
Basic and advanced 
  

Course description 
 
Developments in medical technology have led to numerous interventions designed to improve 
human fertility. Innovations such as Time-lapse embryo imaging, Intra Cytoplasmic Morphology 
Selected Sperm Injection (IMSI), Pre-implantation Genetic Aneuploidy Screening (PGS), Sperm DNA 
fragmentation, Adherence compounds in embryo transfer media, Gene profiling in endometrium, 
Micro-dissection Testicular Sperm Extraction (Micro TESE) and many others, have been introduced to 
enhance the reproductive outcome of women undergoing assisted reproduction. These 
breakthrough technologies have largely been the outcome of extensive research and exciting 
findings in various experimental models before making their way into human reproduction. In 
addition to advancing our ability to alter reproductive pathways, such technologies have also greatly 
expanded our understanding of the biology of reproduction. Many however have been hastily 
introduced into clinical practice with little evidence of improved reproductive outcome, often driven 
by couples’ eagerness to try any promising innovation before the evidence is available to support 
their use.  
 
This pre-congress course discusses some of these technical innovations introduced into the practice 
of assisted reproduction over the past several years, with the prime focus of evaluating their clinical 
relevance to improving live births in view of emerging scientific evidence. 
 

Target audience 
 

 Reproductive Endocrinologists and Fertility Specialists  
 Biologists involved in Assisted Reproductive Technologies 
 Policy Regulators and Representatives of Third Party Payers 

 

Educational needs and expected 
outcomes 
 
At the completion of this pre-congress course, participants should be able to: 

 Describe the biologic pathways relevant to human reproduction 
 Understand the working hypotheses for introducing the innovations described into assisted 

reproduction 
 Evaluate the merits of each described breakthrough in improving live births in women 

undergoing assisted reproduction 
 Formulate an evidence-based decision on whether to offer any one of these technologies in 

the context of infertility management in women 



Scientific programme 
 
 
09:00 - 09:30 Time-lapse embryo imaging: Does the use of morphokinetics improve embryo 

implantation?  
 Johnny Awwad - Lebanon   
09:30 - 09:45 Discussion   
09:45 - 10:15 Preimplantation Genetic Aneuploidy Screening (PGS): Is it delivering on its promise? 
 Elias Dahdouh - Canada  
10:15 - 10:30 Discussion   
 
  
10:30 - 11:00 Coffee break   
 
  
11:00 - 11:30 Intra Cytoplasmic Morphology Selected Sperm Injection (IMSI): Between Hope and 

Hype?   
 Sherman J. Silber - U.S.A.   
11:30 - 11:45 Discussion   
11:45 - 12:15 Adherence compounds in embryo transfer media (fibrin sealant and hyaluronic acid): 

The evidence  
   William H. Kutteh - U.S.A.   
12:15 - 12:30 Discussion   
 
  
12:30 - 13:30 Lunch break   
 
   
13:30 - 14:00 Gene profiling in endometrium: Does personalized embryo transfer correct for 

implantation failure?    
 Carlos Simon Valles - Spain   
14:00 - 14:15 Discussion   
14:15 - 14:45 Immunologic Testing in Reproduction: Do these tests predict successful implantation 
 William H. Kutteh - U.S.A.   
14:45 - 15:00 Discussion   
  
15:00 - 15:30 Coffee break   
  
15:30 - 16:00 Sperm DNA fragmentation: Does it impact live birth rate after IVF or ICSI?  
 Yacoub Khalaf - United Kingdom   
16:00 - 16:15 Discussion   
16:15 - 16:45 Microdissection Testicular Sperm Extraction (Micro TESE): Does it improve 

localization of sperm compared with conventional TESE in non-obstructive 
azoospermia?  

 Sherman J. Silber - U.S.A.   
16:45 - 17:00 Discussion   
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A. THE PROBLEMA. THE PROBLEM

Time Lapse Imaging
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TRADITIONAL RATIONALTRADITIONAL RATIONAL

Embryo implantation rates

Multiple embryo transferMultiple embryo transfer

Neonatal mortality/morbidity 

July 3, 2016 ESHRE 2016 - PCC 13 4

Multiple birthsMultiple births

Maternal morbidity

Financial burden
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PROPOSED SOLUTIONPROPOSED SOLUTION

SINGLE EMBRYO TRANSFER

July 3, 2016 ESHRE 2016 - PCC 13 6



July 3, 2016 ESHRE 2016 - PCC 13 7

The chances of live birth are significantly reduced after one cycle of 
fresh single embryo transfer than after one cycle of fresh multiple 

embryo transfer. 

The chances of multiple birth are also significantly reduced after one 
cycle of fresh single embryo transfer than after one cycle of fresh 

multiple embryo transfer. 

CHALLENGECHALLENGE

SINGLE EMBRYO TRANSFER
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LIVE BIRTH



B. WHAT IS ALREADY AVAILABLEB. WHAT IS ALREADY AVAILABLE

Time Lapse Imaging
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CONVENTIONAL METHODOLOGYCONVENTIONAL METHODOLOGY

Morphological Evaluation

OBSERVATIONSOBSERVATIONS

Dynamic processes
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IsolatedIsolated

StaticStatic

Critical events



July 3, 2016 ESHRE 2016 - PCC 13 11

July 3, 2016 ESHRE 2016 - PCC 13 12



July 3, 2016 ESHRE 2016 - PCC 13 13

A single day morphological evaluation on either Days 2 or 3 
provides similar predictive value to multi-day scoring.

In view of the demonstrated
efficacy of models based on morphology,

the putative superiority of any new method should demonstrate an 
AUC > 0.7.
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Multi-step grading system was associated with improved 
implantation and pregnancy rates.

Multi-step grading system was more predictive of IVF 
outcomes for blastocyst transfers.

C. THE NEW TECHNOLOGYC. THE NEW TECHNOLOGY

Time Lapse Imaging
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HYPOTHESISHYPOTHESIS

PERSONALIZED EMBRYO TRANSFER

Stable culture environment

Improved embryo selection 

INTERVENTION

TIME LAPSE IMAGING
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Time-lapse Imaging has emerged as a novel technology 
that integrates frequent image capture with undisturbed 

culture conditions. 
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D. STUDY QUESTIONSD. STUDY QUESTIONS

Time Lapse Imaging
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HYPOTHESISHYPOTHESIS

PERSONALIZED EMBRYO TRANSFER

Embryo developmental potential

Embryo implantation potential

INTERVENTION

TIME LAPSE IMAGING
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Andrea is a 35 year-old woman with secondary infertility of 2 years 
duration. She has been diagnosed with PCOS and complains of 
oligomenorrhea, acne and hirsutism. She is otherwise healthy.

AMH 12 ng/ml. BMI 30 kg/m2. Normal TSH, PRL, FBS, and glucose 
challenge test. Elevated fasting insulin levels. 

HSG bicornuate uterus with patent tubes. 

Semen analysis unremarkable. 

Because of clomiphene citrate resistance, she received FSH 
stimulation and conceived with twins. Her pregnancy was complicated 
with preterm delivery at 25 weeks gestation. Twin A suffered 
immediate neonatal death. Twin B had a prolonged  stay in ICN for 3 
months and was discharged home with residual neurodevelopmental 
injury. 

She has heard of In Vitro Fertilization with single embryo transfer. She 
was also told by her friend about the value of a new innovation: time 
lapse technology. She is here with a pile of printed web pages 
supporting these claims. 
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You advise Andrea that Time Lapse technology has been shown to:

A. Enhance selection of high quality embryos, thus enhancing clinical 
reproductive outcome. 

B. Enhance de-selection of low quality embryos, thus enhancing 
clinical reproductive outcome. 

C. Enhance selection of high quality embryos, without necessarily 
improving clinical reproductive outcome.  

E. OBSERVATIONAL FINDINGSE. OBSERVATIONAL FINDINGS

Time Lapse Imaging
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The time of all events was
expressed as hours post ICSI microinjection.

The duration of the second cell cycle (cc2) is the time from
division to a two blastomere embryo until division to a three blastomere

embryo (cc2 = t3-t2), i.e. the second cell cycle is the duration of the
period as two blastomere embryo.

The second synchrony s2 is the duration of the transition
from a two blastomere embryo to a four blastomere embryo (s2 = t4-t3), i.e. 

the duration of the period as three blastomere 
embryo.
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Morphological exclusion criteria associated with a very low implantation rate 
of 8%:

(i) direct cleavage from zygote to
three blastomere embryo, defined as: cc2 = t3-t2 < 5 h.

(ii) uneven blastomere size at the 2 cell stage during the interphase
where the nuclei are visible.

(iii) multinucleation at the 4 cell stage during the interphase where the
nuclei are visible.

There is a tighter distribution of cleavage times for
implanting embryos as opposed to non-implanting embryos, with a prominent 

tail of lagging embryos found for the non-implanting embryos.
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While the exact timings of embryo events follow normal distributions
for the implanted embryos for most parameters, they do not for the not 

implanted embryos.

For all cleavage times assessed (t2, t3, t4 and t5), embryos whose
cleavage were completed in the two central quartiles displayed the

highest implantation rates.

For both the duration of the second cell cycle, cc2, and the synchrony
of cell cleavages in the transition from 2 cell stage to 4 cell

stage, s2 (i.e. the duration of the 3 cell stage),
embryos cleaving in the two first quartiles had significantly higher

implantation rate.
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Logistic regression on the morphology basis gave an AUC
of 0.64.

Logistic regression on the simplified time-lapse basis gave an AUC of 0.72. 
The higher AUC for the time-lapse categories supports the possibility of 

improved embryo selection using this approach.
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Fertilized oocytes that developed into ≥4-cell embryos had an earlier 
pronuclei disappearance and first cleavage than those that developed to 3- or 

2-cell embryos.
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Synchrony in appearance of nuclei after the first cleavage was significantly 
associated with pregnancy success.
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The incidence of direct cleavage was nearly 14% in the total embryonic 
cohort.

Embryos with DC2–3 had a statistically significantly lower implantation rate 
than embryos with a normal cleavage pattern, suggesting that rejection of 

these embryos for transfer could improve the implantation rate.

F. PREDICTING DEVELOPMENTF. PREDICTING DEVELOPMENT

Time Lapse Imaging
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Three parameters collectively predicted blastocyst formation: 
(i) duration of the first cytokinesis (the very brief last step in mitosis that 

physically separates the two daughter cells)
(ii) time interval between the end of the first mitosis and the initiation of the 

second
(iii) time interval between the second and third mitoses (the time between 

the appearance of the cleavage furrows of the second and third mitoses).

Success in progression to the blastocyst stage could be predicted with >93% 
sensitivity and specificity by measuring these three dynamic noninvasive 

imaging parameters by day 2 after fertilization, before embryonic genome 
activation (EGA)
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The Eeva prediction and cell-tracking software correctly predicted by D3 the 
embryos that became usable blastocysts.

Specificity of 84.2% and positive predictive value (PPV) of 54.1%.

When Eeva was used in combination with D3 morphology, embryologists 
experienced significant improvement in the likelihood of selecting embryos
that would develop to usable blastocysts, with a reduction in inter-observer 

variability.
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Significant differences were observed in the temporal patterns of 
development between embryos that reached the blastocyst stage and 

embryos that did not.

Embryos that cleave earlier have a significantly improved chance of continuing 
development to day 5 when compared with embryos that develop

more slowly.
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Comparison of times between
divisions did not reveal significant differences.

Only the intervals 4–8-cells and 5–8-cells were significantly shorter
in embryos with the potential to develop to blastocyst stage.

G. PREDICTING IMPLANTATIONG. PREDICTING IMPLANTATION

Time Lapse Imaging
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Duration of the first cytokinesis, duration of the
3-cell stage and direct cleavage to 3 cells predicted development to high 

quality blastocyst.
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Using potential confounders and the predictors of development to high-
quality blastocyst as independent variables in a logistic regression analysis, 

only age predicted pregnancy outcome.

Direct cleavage to 3 cells (duration of the 2-cell stage < 5 h) could not 
predict pregnancy and non-pregnancy status.
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None of the mean time points of cellular divisions or embryonic stages 
differed between the pregnant and the non-pregnant groups.

The apparent negative significance of division patterns that differ from the 
expected may imply that 

time-lapse will facilitate de-selection of embryos.
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There was a statistically significantly higher percentage of optimal embryos on 
day 3 and day 5 in the TMS group compared with the control group.

Incubation and selection in the Time Lapse group improved
ongoing pregnancy and implantation rate and reduced

early pregnancy loss.
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The specificity of time lapse imaging in predicting no pregnancy from untimely 
blastocyst was 100%.

The sensitivity of time lapse imaging in predicting pregnancy from timely 
blastocyst was 26%.

The sensitivity of time lapse imaging in determining that all competent
blastocysts were reliably selected for embryo transfers,

with no unfavorably ranked blastocysts yielding any pregnancy was 100%.

The specificity of time lapse imaging in determining how well embryo
cleavage rating selects from all blastocysts for those that

would surely nidate and yield clinical pregnancies was 9 %.
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There was no conclusive evidence of a difference in live birth rate per couple
randomly assigned to the TLS and conventional incubation arms.
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There was no conclusive evidence of a difference
in miscarriage rates per couple randomly assigned to the Time Lapse Imaging 

and conventional incubation arms.

There was no conclusive evidence of
a difference in clinical pregnancy rate per couple randomly assigned

to the Time Lapse Imaging and conventional incubation arms.

There is insufficient evidence of differences in live birth, miscarriage, stillbirth 
or clinical pregnancy to choose between Time Lapse Imaging and

conventional incubation.
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Pregnancy and implantation rates were not significantly
different between TLM and CS groups.

H. REASONS FOR CAUTIONH. REASONS FOR CAUTION

Time Lapse Imaging
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LACK OF CONSENSUSLACK OF CONSENSUS

Putative Kinetic Markers
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Developmental milestonesDevelopmental milestones

NomenclatureNomenclature

Clinical relevanceClinical relevance

AlgorithmAlgorithm
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Few data indicate whether TLM effectively distinguishes
between embryos with high and low implantation potential.
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CONFOUNDING FACTORSCONFOUNDING FACTORS

Embryo Morphokinetics

Etiology of infertilityEtiology of infertility
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Stimulation protocolStimulation protocol

Nature of ovarian responseNature of ovarian response

Culture mediaCulture media

Laboratory environmentLaboratory environment

CryopreservationCryopreservation
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Early developmental events occur significantly later 
in embryos derived from cycles triggered with hCG than cycles triggered 

with a GnRHa.

The percentage of optimal embryos according to kinetic markers were 
significantly higher in GnRH agonist group than hCG triggering

group.
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Embryos obtained in protocols with GnRH agonists developed more slowly 
than in GnRH antagonist protocols.

The use of a total FSH dose more than 2500 IU was
accompanied by prolongation of kinetic time parameters.
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Embryos generated by standard IVF 
underwent the first and second cleavage considerably later 
and had a shorter cleavage time intervening between the

2- and 3-cell stages.

PREMATURE ADOPTION OF INNOVATIONPREMATURE ADOPTION OF INNOVATION

Sound Clinical Reasoning
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Observational StudiesObservational Studies

Randomized Controlled TrialsRandomized Controlled Trials

Cohort Correlation StudiesCohort Correlation Studies

Retrospective Association StudiesRetrospective Association Studies



July 3, 2016 ESHRE 2016 - PCC 13 67

FALSE ASSUMPTIONSFALSE ASSUMPTIONS

KINETICS AS THE SOLE PREDICTOR
OF EMBRYO VIABILITY

MultipleMultiple

Intertwined Intertwined 

PARAMETERS OF VIABILITY
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I. WIDER IMPLICATIONSI. WIDER IMPLICATIONS

Time Lapse Imaging
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As the steps of embryo development can be precisely 
standardized, Time Lapse Imaging could be useful for:
◦ Research and Development purposes by

Improving our understanding of early embryonic 
development in vitro
Using kinetic markers as surrogate measures of 
optimal embryo development for innovative 
developments in the field

◦ Laboratory Quality Control
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The identification of embryos with high developmental 
potential through monitoring of early kinetic events
◦ May allow embryos to be selected for early day 3 

transfer, thus avoiding extended in vitro culture.
◦ Could pre-select the best-cleaving embryos before 

blastomere biopsy for Pre-Implantation Genetic 
Diagnosis PGD, thus reducing the diagnostic time and 
resources.

TAKE HOME MESSAGES
Time Lapse Imaging

July 3, 2016 ESHRE 2016 - PCC 13 72



July 3, 2016 ESHRE 2016 - PCC 13 73

You advise Andrea that Time Lapse technology has been shown to:

A. Enhance selection of high quality embryos, thus enhancing clinical 
reproductive outcome. 

B. Enhance de-selection of low quality embryos, thus enhancing 
clinical reproductive outcome. 

C. Enhance selection of high quality embryos, without necessarily 
improving clinical reproductive outcome.  

While Time Lapse Imaging has the potential to 
revolutionize clinical embryology,

there are currently no high-quality data to support its 
usefulness for the selection of human embryos on the 

basis of their implantation potential.
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Time Lapse Imaging appears to improve blastocyst 
prediction compared with conventional morphology.

While there appears to be a correlation between 
abnormal morphokinetics and poor implantation, normal 

cleavage kinetics do not guarantee post-implantation 
viability. 
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Preimplantation Genetic Aneuploidy 
Screening (PGS):

Is it delivering on its promise? 

Elias M. Dahdouh, M.D., M.Sc.
Founder and Medical Director Assisted Reproduction Center, CHU Sainte-Justine
Assistant Professor Gynecologic Reproductive Endocrinology and Infertility     Department of Obstetrics-Gynecology, University of Montreal
Associate MemberProcrea Clinics Montreal
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AAt the conclusion of this presentation, participants should be able to 
explain and discuss:

WHY PGS is performed? 

WHEN to biopsy ?

HOW to test? 

WHAT are the clinical results?

3

Harper et al. Hum Genet 2012

PGD PGS
Aim Identify genetically normal 

embryos
Achieve a live birth

Indication Monogenic disorder
X-linked
Chromosome abnormality
HLA typing
Gender Selection …

AMA
RIF
RPL
Severe male factor
Embryo Selection

Fertility Often fertile Infertile 

Prenatal diagnosis Indicated Indicated for same risk factors as 
natural conceptions

4



EEmbryo status
Normal chromosome complement

Endometrial receptivity 
Negative effect of stimulation (Shapiro et al. Fertil Steril 2011)
Transfer in a frozen-thawed cycle?

Embryo-endometrial synchronization

Embryo transfer procedure

5

PGS: to increase clinical outcomes in IVF
Euploid ET 
Invasive embryo selection 

Aneuploidies are frequent in IVF cycles
High rate of embryonic aneuploidies (30% 80%)
Low IR (30% 6%)

Munné S. Curr Genomics 2012

6



FFranasiak et al. Fert Steril 2014
The nature of aneuploidy with increasing age of the female partner: a review 
of 15,169 consecutive trophectoderm biopsies evaluated with comprehensive 
chromosomal screening

7

% Aneuploidy

% No Euploid

8



LLimited number of chromosomes tested

Technical problems: subjective, hybridization failure, signal overlap, 
and splitting 

Negative impact of Embryo biopsy on development 

Negative effect with FISH-PGS on IVF program

Mastenbroek et al. N Engl J Med 2007
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1st and 2nd Polar Body Characteristics

Simultaneous (8-12 h after ICSI) 
or sequential 

Performed where embryo biopsy 
is considered illegal

Detects only maternal 
anomalies (aneuploidies) 

30% of postmeiotic anomalies 
not detected

10

Montag et al. Fertil Steril 2013
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Day 3: 1 Blastomere Pros & Cons

PPROS
Worldwide experience
Enough time for fresh ET
Suitable for many patients

CONS
Less DNA
High rate of mosaicism
Less implantation

Harton et al. Hum Reprod 2011
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Blastocyst: 3-10 trophectoderm Cells Pros & Cons

PROS
More DNA: less no results
Less mosaicism: less error rate
No impact of embryo biopsy
Less embryos to test: lower cost
eSET possible
Frozen ET: better endometrial 
environment

CONS
Not all embryos reach blasctocyst
Requires experience

Schoolcraft et al. Fertil Steril 2010

12
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Scott et al. Fertil Steril 2013
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FFISH: old technology

Comprehensive Chromosome Screening (CCS): new technology
aCGH
SNP microarray
qPCR

15

Complete 24-chromosome analysis

No pre-IVF validation required by parental DNA 

Automated analysis, < 24 hours (aCGH, qPCR)

ICSI not required  

Fresh ET still possible (if D3 or D5 biopsy+aCGH/qPCR)

Handyside A. Fertil Steril 2013
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MOSTLY: Prospective & Retrospective Observational studies 

Randomized controlled trials (RCTs)
ONLY 3 RCTs
1 with aCGH, 2 with qPCR
2 from same group !

17
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Yang et al 2012: aCGH on D5-6 + fresh ET D6 (eSET)

Forman et al 2013: qPCR on D5-6 + Fresh-Frozen ET (eSET vs DET)

Scott et al 2013: qPCR on D5-6 + Fresh ET D6 (DET vs DET)

Study Group N Age Blastocysts

Yang et al. 2012 55 31.2 8.3

Forman et al. 2013 89 35.1 5.8

Scott et al. 2013 72 32.2 7.1

20
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11st IVF , ≤ 35 years old, Normal Karyotype
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Dahdouh et al. SOGC Guidelines PGD-PGS. J Obstet Gynaecol Can 2015
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Experience in extended embryo culture (%blastulation)

Experience in Blastocyst biopsy (or D3 biopsy)

Validated and tested CCS platform

Effective cryopreservation program (Frozen ET)

32
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IVF Worldwide. PGS survey 2016 

34

IVF Worldwide. PGS survey 2016 
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IVF Worldwide. PGS survey 2016 

36

IVF Worldwide. PGS survey 2016 
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Embryo banking in poor prognosis: No Proven benefit !

Extrapolation to other patient categories remains unclear:
Low responders: AMH<1.1 or AFC<8 (Scott et al. NCT01977144)
D3 biopsy with CCS (Rubio et al. 2014 NCT01571076)
PGS-CCS for RIF or RPL…
D3 vs. D5 biopsy with CCS…

Cost effectiveness: cumulative live births after PGS-CCS vs. controls ?

38

Dahdouh et al. Fertil Steril 2015
Dahdouh et al. RBMOnline 2015
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To increase LBR with FISH on D3? 
NO (I-E)

To increase IR and improve embryo selection with CCS?
YES, for good prognosis patients (I-B)

To increase LBR with CCS? 
PROBABLY YES, for good prognosis patients (I-C)

To increase LBR for RIF & RPL? 
PENDING, YES (II-B)

To increase LBR in poor responders? 
PROBABLY NOT (III-C)
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TREATING MALE 

INFERTILITY

With ICSI or With IMSI

FIRST TESE BABIES, BRUSSELS, 1993
(TESTICULAR SPERM EXTRACTION)





ICSI Cycle 
Results with 

Varying Degrees 
of Male Factor 

Infertility



ICSI Pregnancy Rates for Obstructive 
Azoospermia (Testis Vs. Epididymis)

Age
MESA OA

Fresh & Frozen
TESE OA

Fresh & Frozen
Overall

<35 206/377 55% 44/99 44% 250/476 52%

36-40 47/109 43% 11/33 33% 58/142 41%

>40 12/29 41% 1/6 16% 13/35 37%

Overall 253/486 52% 55/132 42% 308/618 50%

ICSI Live Birth Rates for Obstructive 
Azoospermia (Testis Vs. Epididymis)

Age
MESA OA

Fresh & Frozen
TESE OA

Fresh & Frozen
Overall

<35 159/377 42% 33/99 33% 192/47
6 40%

36-40 27/109 25% 5/33 15% 32/142 22%

>40 4/29 14% 0/6 0% 4/35 11%

Overall 190/486 39% 38/132 29% 228/61
8 37%



ICSI Pregnancy Rates for Non-Obstructive 
Azoospermia (Testis Vs. Epididymis)

Age
MESA OA 

Fresh & Frozen
TESE OA 

Fresh & Frozen
TESE NOA 

Fresh & Frozen Overall

<35 206/377 55% 44/99 44% 90/230 39% 340/706 48%

36-40 47/109 43% 11/33 33% 30/70 43% 88/212 41%

>40 12/29 41% 1/6 16% 2/16 12% 15/51 29%

Overall 253/486 52% 55/132 42% 122/316 39% 430/934 46%

ICSI Live Birth Rates for Non-Obstructive 
Azoospermia (Testis Vs. Epididymis

Age
MESA OA 

Fresh & Frozen

TESE OA 
Fresh & 
Frozen

TESE NOA 
Fresh & Frozen Overall

<35 159/377 42% 33/99 33% 52/230 23% 244/706 35%

36-40 27/109 25% 5/33 15% 20/70 29% 52/212 24%

>40 4/29 14% 0/6 0% 0/16 0% 4/51 7%

Overall 190/486 39% 38/132 29% 72/316 23% 300/934 32%



Pregnancy Rates for Ejaculated Sperm in 
2,186 Consecutive ICSI Cycles

Age <2 Million 
Sperm

2-5 Million 
Sperm

6-20 Million 
Sperm

>20 Million 
Sperm Overall

<35 222/473 47% 102/184 55% 137/262 52% 402/747 54% 863/1666 52%

36-40 59/139 42% 23/53 43% 39/98 40% 88/230 38% 209/520 40%

>40 6/46 13% 4/16 25% 4/19 21% 9/45 20% 23/126 18%

Overall 287/658 44% 129/253 51% 180/379 47% 499/1022 49% 1095/2312 47%

Human Reproduction Update (2011) Vol. 17, No. 5



Human Reproduction Update (2011) Vol. 17, No. 5

Sperm Parameters and ICSI (1995): 
Only No Motility Had A Negative Effect

• Only the injection of a totally immotile spermatozoon has an 
overall negative impact on fertilization and pregnancy rates 
(Liu et al., 1995).

• Of the three basic sperm parameters (total sperm count, 
sperm motility and morphology) :  in 996 cycles ‘only one 
condition had a negative influence on the result of ICSI: where 
a completely immotile (presumably dead) spermatozoon was 
injected into the oocyte’ (Nagy et al., 1995a).

Human Reproduction Update (2011) Vol. 17, No. 5

Absolute asthenozoospermia and ICSI: 
What are the options?

• Necrozoospermia is a rare condition reported in only 0.2-0.5% 
of infertile males and may have its origin either in the 
epididymis or in the testis (Ahmadi and Ng, 1999).

• But viable spermatozoa may be retrieved by testicular sperm 
extraction (TESE) (Devreoy et al.,1994; Tournaye et al., 1996).

• Therefore, it is recommended to perform ICSI in combination 
with TESE in patients with proven necrozoospermia (Tournaye
et al., 1996)



Human Reproduction (1998) Vol. 13 No. 1



Special applications of intracytoplasmic sperm 
injection: 

The influence of sperm count, motility, morphology, 
source and sperm antibody on the outcome of ICSI

Human Reproduction (1998) Vol. 13 No. 1

• The results showed that neither the type nor the extent of sperm 
impairment had an important influence on the outcome of ICSI 
when ejaculated spermatozoa were used. 

• Only two very rare conditions had a 
strongly negative influence on the result of ICSI, i.e. where immotile
(presumably dead) spermatozoa or where round-headed 
spermatozoa were injected into the oocyte.

IMSI vs ICSI

SPERM SELECTION BY MORPHOLOGY?



Fertility and Sterility (2003) Vol. 79, No. 1

Fertility and Sterility (2003) Vol. 79, No. 1

Influence of individual sperm morphology and sperm 
origin on oocyte fertilization and embryo quality after ICSI.

Individual sperm morphology at microinjection

Normal Abnormal

Variable Ejaculated Nonejaculated Total Ejaculate Nonejaculated Total

No. of oocytes 
injected

4,406 465 4,871 418 397 815

Fertilization rate 
(%)a

72.5±25.1 65.7±30.6 71.7±25.9 64.4±38.0 54.7±32.5 60.7±36.2

Embryo qualityb 73.6±29.8 73.8±34.2 73.7±30.4 72.5±35.9 72.1±35.2 72.3±35.5

Note: Values are mean ( SD) percentages of two-pronuclei oocytes per injected oocyte for fertilization rate and percentages of 
type A and B embryos (see text) per two-pronuclei oocyte for embryo quality.
A The two origin groups differed significantly (P<.001), and the difference between the two morphology groups approached 
significance (P=.058). No interaction was observed between origin and morphology (P=.532).
B No significant difference by origin or morphology was observed



Fertility and Sterility (2003) Vol. 79, No. 1

Influence of Individual Sperm



Spermatozoa observed

Asian Journal of Andrology (2013) Vol. 15 No. 1

(a) Low magnification
(b-d) High magnification
(c) The shape and presence of vacuoles can be clearly observed
(d) A vacuole-free spermatozoon

Sperm Morphology A Heterogeneous Diversity



Kruger Staining



Normal











Electron Microscopy Morphology









J Assist Reprod Genet (2011) Vol. 28 No. 1



Review of the IMSI Literature

Asian Journal of Andrology (2013) Vol. 15 No. 1

Nu of cycles Fertilization rate (%) Implantation rate (%)

IMSI ICSI IMSI ICSI P IMSI ICSI

Bartoov, 2003 50 50 64.5±17.5 65.5±21.5 NS 27.9±26.4 9.5±15.3

Berkovitz, 2006 80 80 67.4±20.8 69.1±22.6 NS 31.3±36.3 9.4±17.4

Antinori, 2008 227 219 94.8 94.5 NS 17.3 11.3

Knez, 2011 20 37 51.2 52.7 NS 17.1 6.8

Setti, 2011 250 250 68 73 =0.013 23.8 25.4

Oliveira, 2011 100 100 65.4±23.5 62±26.5 NS 13.6 9.8

Balaban, 2011 87 81 81.6±10.65 80.87±15 NS 28.9 19.5

Marci, 2013 51 281 77.3 80 NS 16.8 16.7

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1



Classification of spermatozoa selected at 6,000 x 
magnification into 3 different categories

• Class I – spermatozoa of good quality Class II – spermatozoa of worse quality
• Class III – spermatozoa of poor quality
• Legend: a,b,c – spermatozoa of Class I; d,e,f – spermatozoa of class II; g,h,I – spermatozoa of Class III

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1

Human Reproduction (2013) Vol. 28 No.3



Does intracytoplasmic morphologically selected 
sperm injection improve embryo development? A 

randomized sibling-oocyte study

• All couples were enrolled for ICSI because of oligo-astheno-
teratozoospermia

• The present cohort of single embryo transfers in a comparable 
patient population does not support an improved clinical outcome 
with IMSI compared with ICSI

Human Reproduction (2013) Vol. 28 No.3

Human Reproduction (2013) Vol. 28 No.3

Fertilization and embryo development IMSI VS ICSI

IMSI (n = 1557) ICSI (n = 1548) P-value, paired 
t-test

Fertilization (% per injected MII 
oocyte) Embryo quality

79.1±1.2 77.3±1.3 0.220

Day 2 (% top quality embryos/2-
PN)

35.0±1.8 38.5±2.0 0.047

Day 3 (% top quality embryos/2-
PN)

37.0±1.9 38.5±1.9 0.362

Day 5 (% top quality 
blastocysts/2-PN)

9.8±1.3 11.4±1.6 0.428

Day 2 (% total blastocyst 
formation/2-PN)

39.9±2.3 43.4±2.6 0.247



Human Reproduction (2013) Vol. 28 No.3

Clinical Outcomes IMSI VS ICSI

IMSI ICSI

Mean female age 30.7±3.5 30.9±3.3

Mean number of embryos replaced 1.2±0.4 1.2±0.4

Number of positive hCG (% per ET) 55(44.0)a 68(48.9)a

Clinical pregnancy b (% per ET) 43(34.4)a 51(36.7)a

Implantation rate per embryo 
transferred (%)

30.3 32.2

Does intracytoplasmic morphologically selected 
sperm injection improve embryo development? A 

randomized sibling-oocyte study
• The present sibling-oocyte study compares conventional ICSI 

with a sperm selection method using higher magnification 
(IMSI). No difference neither in oocyte fertilization rate, nor in 
embryo quality was observed.

• The clinical pregnancy rate and the implantation rate per 
embryo transferred was similar for IMSI-only and ICSI-only 
transfers.

• The present data do not support any benefit of IMSI in a non-
selected population as tested here, with fresh ejaculated 
sperm containing ≥ 1 million/ml.

Human Reproduction (2013) Vol. 28 No.3



Does intracytoplasmic morphologically selected 
sperm injection improve embryo development? A 

randomized sibling-oocyte study
• Those without vacuoles on the one hand and those with large 

vacuoles on the other hand are very rare in patients 
(respectively, 2.6 and 4.6%).

• Prevalence of small vacuoles found in normal shaped 
spermatozoa was extremely high (92.8% in patients, 
comparable with 95.8% in fertile donors.

• These should be considered as a common feature in normal 
human sperm and not associated with pathology or DNA 
damage

Human Reproduction (2013) Vol. 28 No.3

Does intracytoplasmic morphologically selected 
sperm injection improve embryo development? A 

randomized sibling-oocyte study
• While Vanderwalmen et al. (2008) found that blastocyst 

formation is severely affected by the presence of large 
vacuoles and/ or abnormal head shapes, the present study 
only shows that blastocyst formation was not jeopardized 
when using either Grade III or IV spermatozoa

• Beyond blastocyst formation the implantation rate per embryo 
transferred was not affected

• No significant differences were observed between 
conventional ICSI and IMSI 

Human Reproduction (2013) Vol. 28 No.3



Does intracytoplasmic morphologically selected 
sperm injection improve embryo development? A 

randomized sibling-oocyte study
• The proportion of spermatozoa with vacuoles within semen 

samples hardly compromised the selection of suitable 
spermatozoa for oocyte injection

• The use of so-called ‘second-best’ spermatozoa had no major 
implications on fertilization and blastocyst formation.

• IMSI and conventional ICSI were comparable in terms of 
oocyte fertilization rate and embryo development up to the 
blastocyst stage.

• Clinical outcome was similar for IMSI-only and ICSI- only 
transfers

Human Reproduction (2013) Vol. 28 No.3

J Assist Reprod Genet (2016) Vol.33 No.1



J Assist Reprod Genet (2016) Vol.33 No.1

Intracytoplasmic morphologically selected 
sperm injection (IMSI) does not improve 

outcome in patients with two successive IVF-
ICSI failures

• Retrospective comparative study between IMSI and 
conventional ICSI during a third ART attempt.

• Two hundred sixteen couples with two previous ICSI failures 
were studied between February 2010 and June 2014.

• IMSI did not significantly improve the clinical outcomes 
compared with ICSI, either for implantation (12 vs 10%), 
clinical pregnancy (23 vs 21%), or live birth rates (20 vs 19%)

J Assist Reprod Genet (2016) Vol.33 No.1

Results of ICSI and IMSI cycles after two 
previous ICSI failures

ICSI group IMSI group Statistical comparison
Number of cycles 127 89

Ovarian stimulation protocol

Long agonist 31 (24%) 22(25%) NS

Antagonist 96 (76%) 67(75%)

Total injected FSH units 2085±1021 2010±833 NS

No. follicles ≥15mm (at last US monitoring) 7.3±2.5 7.5±2.9 NS

No. metaphase II oocytes 6.9±3.1 8.1±3.6 P<0.01

Fertilization rate (%) 61±26 54±24 P<0.05

No. embryos obtained 4.3±2.6 4.5±2.8 NS

% of good morphology embryos (score 3 and 4, Giorgetti
classification)

32±30 36±35 NS

No. embryo transfers 119(94%) 86 (97%) NS

No. transferred embryos 2.3±0.8 2.3±0.8 NS

Clinical pregnancy rate per oocyte retrieval 28% (35/119) 27% (24/89) NS

Implantation rate 10% (28/270) 12% (23/194) NS

Ongoing pregnancy rate 21% (25/119) 23% (20/86) NS

Delivery rate per embryo transfer 19% (23/119) 20% (17/86) NS

Cycles with frozen embryo (% per transfer) 19% (23/119) 22% (19/86) NS

Number of frozen embryos per freezing 2.3±1.0 1.9±0.7 NS



J Assist Reprod Genet (2016) Vol.33 No.1

Characteristics of studies assessing the 
results of IMSI after several ICSI failures

Authors Study Design Study Population Number of previous 
ICSI failures

Implantation rate (%)

Bartoov et al. Retrospective study 62 couples with altered semen 
analysis, at least two ICSI failures; 
comparison with 50 couples paired 
according to number of previous 

ICSI failures

4.1 ICSI 27.9
ICSI 9.5
P<0.01

Berkovitz et al. Retrospective study 80 couples with at least 2 ICSI 
failure 3.9

3.9 IMSI 31.3
ICSI 9.4
P<0.05

Antinori et al. RCT OAT 139 couples (62 ICSI, 77 
IMSI)

≥2 (in subgroup C)

Knez et al. RCT 57 couples (37 ICSI, 20 IMSI) male 
infertility with altered sperm 

parameters and arrested embryos 
after prolonged 5-day embryo 
culture in previous ICSI cycles

Not specified IMSI 17.1
ICSI 6.8

NS (low number of 
couples)

El Khattabi et al. Prospective non-
randomized 

observational study

220 couples (90 IMSI, 130 ICSI) 2 or more previous 
ICSI failures

IMSI 16.7
ICSI 16.1

NS

Klement et al. Propective non-
randomized 

observational study

449 couples male infertility factor 
(127 IMSI, 322 ICSI)

One ICSI failure

J Assist Reprod Genet (2016) Vol.33 No.1

Intracytoplasmic morphologically selected 
sperm injection (IMSI) does not improve 

outcome in patients with two successive IVF-
ICSI failures

• IMSI does not improve the morphology of early embryos.

• The way in which conventional ICSI is performed: accuracy of 
sperm selection and particularly the magnification used: X200 
or X400 (some abnormalities that are not visible at X200 might 
be detected at magnification X400

• Benefit of IMSI was enhanced in the case of severe 
morphological alterations

• IMSI does not improve clinical outcomes in couples with two 
previous ICSI failures



Reproductive BioMedicine Online (2013) Vol.27 No. 1

Twelve years of MSOME and IMSI: a review

• Determine the proportion of spermatozoa, otherwise selected 
for ICSI, that had morphological abnormalities.

• The results showed that 64.8% of the analyzed spermatozoa 
were deselected after digital analysis.

• Reasons for rejection of spermatozoa included poor 
morphology, the presence of multiple vacuoles, the presence 
of vacuoles that occupied >4% of the nuclear area and poor 
morphology of the mid-piece.

• High magnification reveals morphological features not visible 
using the conventional ICSI procedure

Reproductive BioMedicine Online (2013) Vol.27 No. 1



IMSI drawbacks

• Sperm selection under high magnification is performed using 
a glass-bottomed dish that is appropriate for Nomarski
microscopy.

• On the other hand, the ICSI procedure is performed with a 
plastic-bottomed dish that works with Hoffman modulation 
contrast.

• Therefore it is important to emphasize that switching between 
the two systems requires additional time, delaying the 
injection procedure.

Reproductive BioMedicine Online (2013) Vol.27 No. 1

Twelve years of MSOME and IMSI: a review

• Ai et al. (2010) investigates whether IMSI with testicular 
spermatozoa improves the clinical outcome in patients with 
azoospermia. A total of 66 azoospermic patients were 
provided with conventional ICSI and 39 with IMSI.

• The results showed no difference between groups regarding 
pregnancy rates

Reproductive BioMedicine Online (2013) Vol.27 No. 1



Twelve years of MSOME and IMSI: a review

• The results are controversial. These conflicting results might 
have occurred due to differences in inclusion criteria, 
stimulation protocols, seminal and oocyte qualities and many 
other confounding variables. 

• SJS, “The conflict could be possibly that technicians are more 
observant of sperm morphology with IMSI, but if they are 
super observant  with ICSI, results could be the same with 
400X as with 600X to 1500X”.

Reproductive BioMedicine Online (2013) Vol.27 No. 1

Andrology (2013) Vol. 1 No. 1



Is intracytoplasmic morphologically selected 
sperm injection (IMSI) beneficial in the first 

ART cycle? A multicentric randomized 
controlled trial

• IMSI did not provide any significant improvements in the clinical 
outcomes compared with ICSI neither for implantation (24% vs. 
23%), nor clinical pregnancy (31% vs 33%) nor live birth rates 27% 
vs. 30%). 

• Moreover the results of IMSI were similar to the ICSI ones whatever 
the degree of sperm DNA fragmentation, nuclear immaturity and 
sperm morphology. 

• These results show that IMSI instead of ICSI has no advantage in the 
first ART attempts. However, this does not rule out IMSI completely 
and more randomized trials must be performed 

Andrology (2013) Vol. 1 No. 1

Comparison of implantation rates between IMSI 
and ICSI according to sperm characteristics

Andrology (2013) Vol. 1 No. 1

Total ICSI IMSI Statistical 
Comparison

Implantation rate according DFI (%)

<10% 24 29 18 NS

10-22% 23 21 25 NS

>23% 29 30 28 NS

Implantation rate according aniline blue staining (%)

<10% 22 26 15 NS

10-23% 24 21 27 NS

>23% 28 30 25 NS

Implantation rate according the percentage of morphologically normal spermatozoa (%)

<1% 17 11 23 NS

1-7% 30 30 32 NS

>7% 27 30 25 NS

Implantation rate (%) according the number of motile spermatozoa recovered after preparation (106)

<0.13 30 32 26 NS

0.13-0.7 16 13 20 NS

>0.7 35 40 29 NS



Reproductive Biology and Endocrinology (2011) Vol. 9 No.1

Pregnancy outcomes in women with repeated 
implantation fialures after intracytoplasmic

morphologically selected sperm injection (IMSI)

• Results: No statistically significant differences between the 
two groups were observed with regard to rates of fertilisation, 
implantation and pregnancy/ cycle.

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1



General study population; comparison between 
morphologically selected sperm injection (IMSI) and 
conventional intracytoplasmic sperm injection (ICSI) 

groups

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1

Total

IMSI ICSI p

Fertilisation rate (%) 65.4±23.5 62±26.5 0.34

Implantation rate (%) 13.6 9.8 0.21

Pregnancy/cycle (%) 26 19 0.73

Cochrane Library (2013) Vol. 7 No. 1



Regular (ICSI) versus ultra-high magnification 
(IMSI) sperm selection for assisted reproduction 

(Review)

• We concluded that the current evidence does not support 
using IMSI: there is no evidence of benefit for live birth and 
miscarriage, we are very uncertain of the beneficial effect of 
IMSI in clinical pregnancy, and there is no evidence of the 
effect of this intervention on congenital abnormalities. 

• More studies to improve the evidence quality are necessary 
before recommending IMSI in clinical practice. 

Cochrane Library (2013) Vol. 7 No. 1

Reproductive Health (2013) Vol. 10 No. 16



Clinical outcome after IMSI procedure in an 
unselected infertile population: a pilot study

• Methods: Three hundred and thirty-two couples were 
analyzed: 281 couples underwent conventional ICSI 
procedure and 51 underwent IMSI technique.

• Conclusions: Our preliminary results show that the IMSI 
technique does not significantly improve IVF outcomes in an 
unselected infertile population. 

Reproductive Health (2013) Vol. 10 No. 

Main characteristics of the patient and clinical-
laboratory outcomes in IMSI and ICSI groups

Reproductive Health (2013) Vol. 10 No. 

ICSI IMSI P-value

Count/med
ium

d.s Count/med
ium

No of cycles 281 51

Women age at pickup 34,98 3,19 35,65

Pregnancy rate (%) 30,96 33,33 0,74

Live birth rate (%) 11,39 13,72 0,23

Ongoing pregnancy rate (%) 7,47 5,88 0,69



FUTURE OF TESE: Stem Cells

• Retrieve testis tissue prepubertal 
male cancer patients.

• Culture spermatogonial stem cells in 
multiple passages to eliminate 
cancer cells.

• Transfer pure stem cells back to 
testis. 

FUTURE OF TESE: Stem Cells

• For severe oligospermic males, retrieve testis 
tissue and culture spermatogonial stem cells to 
exponentially increase number.

• Then transfer back to testis via rete testis to 
increase sperm count.



SPERM AND EGGS FROM SKIN  CELLS

Derivation of artificial gametes from iPS cells in mouse



Germ cell development in mice

PGC-specific gene expression

Repression of 
Somatic cell program

Re-acquisition of 
potential pluripotency

Genome-wide DNA demethylation

X-chromosome reactivation

Dynamic changes of histone modifications

Imprint erasure

G2 arrest Active proliferation

Sex determination

Male ♂

Female ♀

Mitotic arrest

Active 
proliferation

Meiosis

MSCI

Histone replacement
by histone variants

Protamine loading

Spermiogenesis

Establishment of
Paternal imprints

Meiosis (Prophase)

Cyst-formation
and breakdown

Folliculogenesis

1st meiosis

2nd meiosis

Establishment of maternal imprints

Fertilization

Active DNA demethylation
in paternal pronucleus

Cleavage

Passive DNA demethylation

Zygotic Gene Activation

PGC-specification

Totipotent Pluripotent Germ cell lineage: Monopotent (that constitutively maintain pluripotency) Totipotent

Somatic cell lineage: Multipotent → Monopotent

Point 4: Partial dissociation of the follicle structure  

Antral follicles

Oocyte

Cumulus cellsTheca cells

Collagenase 
treatment

100μm

Better for following maturation

Closed follicle 
“Open follicle” 



Reconstitution in vitro of the entire cycle of the female germline

Still need embry
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LEARNING OBJECTIVES 
Adherence Compounds in Reproduction

At the end of this presentation, the 
participant should be able to:

• Define the adherence compounds
• Discuss the recent studies in this area
• Understand the Cochran review studies
• Be able to counsel patients about 

adherence compounds

Background
– Early modifications of transfer media
– The transition towards HSA
– Macromolecules in media

Hyaluronic acid and reproduction

Hyaluronic acid in human IVF
– Implantation
– Pregnancy rates
– Adverse events
– Live birth

Summary

Adherence compounds in 
embryo transfer media



Background

• Modifications in embryo transfer media to improve 
implantation have been made since early days of human IVF 

• Patient serum as a source of protein was commonly used in 
early days of human IVF

• Hypothesis that high protein levels have a beneficial effect on 
implantation

Feichtinger W, Kemeter P, Menezo Y. J In Vitro Fert Embryo Transf. 1986 Apr;3(2):87-92

Background

• Some comparative studies found better 
results with human cord blood

• Human serum albumin (HSA) is used but 
raises concerns of infectious disease 
transmission.

• Synthetic serum substitute (SSS) has been 
used to avoid infectious disease risk

Fertil Steril. 1991 Jul;56(1):98-101.. Khan I, Staessen C, Devroey P, Van Steirteghem AC.
Fertil Steril. 1995 Dec;64(6):1162-6. Hargreaves CA, Rahman F, Cowan D, et.al
Hum Reprod. 1997 Oct;12(10):2263-6.. Laverge H, De Sutter P, Desmet R,. et al.



Background- Adherence Compounds

• Role for macromolecules 
in embryo transfer

• Use of different 
molecules for 
improvement of embryo 
transfer media:

fibrin sealant
Increased viscosity

Fertil Steril. 1989 Oct;52(4):680-2. Menezo Y1, Arnal F, Humeau C, et al.
Hum Reprod. 1992 Jul;7(6):890-3.. Feichtinger W1, Strohmer H, Radner KM, et al.

DP1

Hyaluronic acid

• Chemical structure first 
determined by Weissman and 
Meyer in 1954

• Anionic, non-sulfated
glycosaminoglycan

• Found in almost all vertebrate 
organs, widely distributed   
throughout
– Connective tissue
– Epithelial tissue
– Neural tissues

Weissman B, Meyer K  The structure of hyalobiuronic acid and of hyaluronic acid from ombilical
cord. J AM Chem Soc . 1954;27: 1753–1757.

Structure of Hyaluronic Acid



Hyaluronic acid and reproduction
• Sperm function

– Huszar et al. 2007; Worrilow et al. 2013
• Follicle development

– Babayan et al., 2008
• Effects on pre-implantation development

– Gardner et al. 1999; Stojkovic et al. 2002; Palasz et al. 2006
• Effects during cryopreservation

– Stojkovic et al. 2002; Lane et al. 2003; Palasz et al. 2008
• Effects on implantation

Hyaluronan and mouse implantation

• Effect of different 
macromolecules on mouse 
embryo development
– BSA
– PVA
– Dextran
– Hyaluronan

• Effect of concentration on 
embryo development

• Assessment of embryo 
viability

• Assessment of implantation 
and fetal development

86%

51%53%

36%

0%

10%

20%
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60%

70%

80%

90%

100%

Implantation Fetus

Hyaluronic Acid+Albumin

Albumin

Gardner DK, Rodriegez-Matinez H, Lane M. Human Reproduction. 1999, 14(10):2575-80

p<0.01

p<0.05



Hyaluronan for embryo transfer
• Hyaluronic acid is the major glycosaminoglycan present in follicular, 

oviductal and uterine fluids 

-Lee and Ax, 1984; Suchanek et al., 1994; Rodriguez-Martinez et al.,1998

• Levels of the glycosaminoglycan Hyaluronic acid have been shown to 
increase significantly in the uterus at the time of implantation:

– In mouse (Zorn et al., 1995) 

– In humans (Salamonsen et al., 2001) uterus 

• Inclusion of Hyaluronic acid in embryo transfer medium has a significant beneficial 
effect in the mouse model (Gardner et al., 1999).

How does hyaluronic acid promote implantation?

• Improve cell-cell and cell-matrix 
adhesion (Turley and Moore, 1984)

• Degradation products of hyaluronan 
improve implantation (West et al., 
1985)

• Improved physical diffusion with 
uterine secretion (Eytan et al., 
2004)

• Receptor mediated biological 
function (Campbell et al., 1995)

Apposition

Adhesion

Invasion



Effect of HA on Human Implantation

• Randomized controlled trial 
presented at ASRM 2002

• Day 3 transfer
• Embryo transfer in G-2 or in 

EmbryoGlue
• Control and study group 

similar for
– Age
– FSH levels
– Ratio of ICSI
– Number of 2 PN
– Number of embryos 

transfered

59%

29%

49%

22%

0%

10%

20%

30%

40%

50%

60%

70%

Pregnancy rate Implantation rate

EmbryoGlue® G-2

Schoolcraft, et al. Increased hyaluronan concentration in the embryo transfer medium results in a 
significant increase in human embryo implantation rate. Fertil Steril 2002; 76:55

p<0.05

Cochran Review 2010:
Hyaluronic acid improves Implantation
• In 2010, The Cochrane 

collaboration released a report:
“Adherence compounds in embryo 

transfer media for assisted 
reproductive technologies”

• Systematic review on adherence 
compounds in IVF

• Included 15 randomized 
controlled studies involving 
hyaluronan

• Higher pregnancy rate (13 RCT’s)
– >3200 patients  
– Clinical pregnancy rate 50% vs 41%

Bontekoe et al., 2010 Cochrane Database Syst Rev, Jul7;(7):CD007421



HA Improves Human Implantation

Bontekoe et al., 2010 Cochrane Database Syst Rev, Jul7;(7):CD007421

HA Benefits IR and CPR

• Purpose of study:
– Assess impact of hyaluronic acid on implantation and 

clinical pregnancy rate 
– Includes cleavage-stage (825)  and blastocyst (457) 

transfers 
• Study design:

– N=1,282 consecutive fresh embryo transfer cycles 
randomly allocated into two groups 

– Trial group: EmbryoGlue® 639 women
– Control group: G-2 643 women

Urman et al. Fertility and Sterility 90 (3). 2008 



Hyaluronic Acid Improves clinical
pregnancy rate (per embryo transfer)

49%

40%

27%

23%

55%
52%

43%

35%
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Subgroup analysis

Culture medium G-2 EmbryoGlue®

Urman et al. Fertility and Sterility 90 (3). 2008 

p˂0.01 p˂0.01

p˂0.01

p˂0.01

Number needed to treat on clinical 
pregnancy rates

17
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Urman et al. Fertility and Sterility 90 (3). 2008 

Overall, 17 patients had to undergo 
Embryo Transfer with HA to achieve one 
additional pregnancy

BM1

BM2



Urman: HA Benefits IR and CPR

• Summary of Urman study:
– Improved implantation rate
– Improved clinical pregnancy rate 
– Improved day 3 and day 5 transfers 

• Benefits seen in women with:
– Age > 35 years
– Prior implantation failure
– No good quality embryos

Urman et al. Fertility and Sterility 90 (3). 2008 

Live birth
• Follow-up study from 

Urman et al. 2008
• Presented at ESHRE 2011, 

Stockholm
• Study design:

– 1282 fresh cycles
– Double blinded (clinician

and patient)
– Stimulation protocol, 

oocyte retrieval and 
embryo transfer procedure 
described in Urman et al. 
2008

B Balaban et al., Hum Reprod 2011; 26: i24



Live birth rate : HA vs control
Delivery rate per embryo 
transfer

38%

31%

52%
49%

40%
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Children born per embryo 
transfer
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B Balaban et al., Hum Reprod 2011; 26: i24

p˂0.001

p˂0.01

p˂0.05 p˂0.01

312 clinical 
pregnancy

247 live 
birth

263 ongoing 
pregnancy

49 loss 
(15.7%)

16 loss 
(5.1:%)

Singleton 20

Twins 26

Triplets 3

Singleton 7

Twins 6

Triplets 3

349 clinical 
pregnancy

310 live 
birth

314 ongoing 
pregnancy

35 loss 
(10.0%)

4 loss 
(1.1%)

Singleton 14

Twins 19

Triplets 2

Singleton 0

Twins 2

Triplets 2

HA Enhriched Tranfer Medium Control without HA

Adverse events with HA:
Biochemical Loss and Miscarriage

B Balaban et al., Hum Reprod 2011; 26: i24



e birth

• Functional levels of HA (0.5 mg/ml)
– 14 studies reporting clinical pregnancy (n=3452)
– 6 studies reporting live births (n=1950)

• Increased pregnancy rate OR 1.41 (1.17-1.69)
• Increased live birth rate OR 1.39 (1.21-1.60)
• Increased multiple pregnancy OR 1.86 (1.49-2.31)
• ”Moderate quality evidence”

Bontekoe et al., Cochrane Database Syst Rev. 2014 Feb 25;2:CD007421

Cochran Review Update 2014:
Hyaluronic acid improves Pregnancy and Live Birth Rate

Hyaluronic Acid Improves Live birth

Bontekoe et al., Cochrane Database Syst Rev. 2014 Feb 25;2:CD007421



Live birth

Fancovitz, P et al. Arch Gynaecol Obstet. 2015;291:1173-1179.

HA-Enriched ET Medium on IVF Outcome: 
A prospective Randomized Controlled Trial

• Prospective randomized study
• Looked at poor prognosis patients:

> 40 years old
2 or more failed IVF cycles
3 or fewer oocytes
Only poor quality embryos

• 581 women randomized
290 HA in media
291 control media

Live birth

Fancovitz, P et al. Arch Gynaecol Obstet. 2015;291:1173-1179.

HA-Enriched ET Medium on IVF Outcome: 
A prospective Randomized Controlled Trial



Live birth

Fancovitz, P et al. Arch Gynaecol Obstet. 2015;291:1173-1179.

No difference in clinical outcome of IVF-ET in poor 
prognosis patients with HA-Enriched ET Medium

Live birth

Fancovitz, P et al. Arch Gynaecol Obstet. 2015;291:1173-1179.

Fancovitz: HA- ET Medium on IVF Outcome:

• HA addition showed no change in:
-biochemical loss or miscarriage
-implantation or pregnancy rates
-clinical pregnancy or live birth  

• No benefit of HA in patients:
-> 40 years old
-2 or more failed IVF cycles
-3 or fewer oocytes
-Only poor quality embryos

• Birth weigh significantly higher with HA



Adhesion Compounds Summary

• Supplements are important for transfer media
• Protein additives are accepted world wide as an 

important supplement
• Hyaluronic acid appears to improve implantation, 

clinical pregnancy, and live birth rate in some 
studies (moderate quality evidence)

• Further research need to determine appropriate 
patient populations
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To discuss the concept of personalized medicine applied 
to human endometrial receptivity.

To learn about the molecular diagnosis of endometrial
receptivity using ERA, and its surrogate therapeutic
option personalized ET (pET).

To discuss non-invasive diagnostic methods of ER “in 
progress” by means of secreted molecules or single cell 
analysis.

Learning objectives 

The sticky embryo
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Dating the endometrial biopsy1

Randomized studies
- Interobserver and cycle-to-cycle (60%) variations2

- Endometrial dating is not related to fertility status3

Histological dating is not a valid method for the 
diagnosis of luteal phase deficiency neither guidance 

throughout clinical management in infertility

2. Murray, et al. 2004
3. Coutifaris, et al. 2004

1. Noyes, et al. 1950 



Transcriptome Proteome Metabolome

The age of -OMICS

TRANSCRIPTION TRANSDUCTION

Transcription 
regulation

Alternative 
splicing

Transduction 
regulation

DNA RNA mRNA Protein METABOLITES

Garrido-Gómez T, Domínguez F, Ruiz-Alonso M, Simón C. The Analysis of Endometrial receptivity. 
In: Textbook of Assisted Reproductive Techniques. UK; Informa Healthcare; 2012: 366-79.

All the gene information from these
studies are available at 

http://www.endometrialdatabase.com.



Endometrial receptivity array (ERA)



Endometrial receptivity array (ERA)
Endometrial receptivity analysis (ERA-NGS)

Patented in 2009: PCT/ES 2009/000386

238 genes

Bioinformatic analysis of data

Classification and prediction from gene expression

Predictor classifies the molecular 
receptivity status of the endometrium  

.

Post-ReceptivePre-Receptive Receptive   



E  : 6 mg/day

P : 800 mg/day

2

4  

NATURAL CYCLE
Endometrial biopsy must be taken on the 7th day after the LH surge (LH+7) (urine 
or serum preferible). 

HORMONE REPLACEMENT THERAPY CYCLE

Endometrial biopsy must be taken on day P+5, after proper E2 priming

Endometrial receptivity array (ERA) 
Timing of the biopsy

Pathologist 1 (P1) Pathologist 2 (P2) P1 vs P2 ERA

Kappa value 0.618 (0.446-
0.791) 

0.685 (0.545-
0.824) 

0.622 (0.435-
0.839)

0.922 
(0.815-1.000)

0.61 - 0.80 - Good Concordance
0.81 - 1.00 - Very Good Concordance

In a blinded study ERA classifies better than Noyes criteria

Endometrial receptivity array (ERA) – Accuracy

Díaz-Gimeno, et al. 2013



ERA TEST ANALYZED IN THE SAME PATIENT, same day, 3-years apart  

Endometrial receptivity array (ERA) – Consistency

Code Date First 
Biopsy

Date Second 
Biopsy

Months 
between

First Biopsy 
Results

Second Biopsy 
Results

CON1 09/2009 02/2012 29 Receptive Receptive (0.908)

CON2 09/2009 03/2012 30 Receptive Receptive (0.908)

CON3 05/2009 04/2012 35 Receptive Receptive (0.908)

CON4 05/2009 05/2012 36 Proliferative Non Receptive 
(0.864)

CON5 01/2009 05/2012 40 Proliferative Non Receptive 
(0.864)

CON6 07/2009 05/2012 35 Receptive Receptive (0.908)

Díaz-Gimeno, et al. 2013



Ruiz-Alonso, et al. 2013

pET outcome after receptive ERA 
in patients with RIF (n=310)
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Months after ERA test    1 2 3 4 5 6
Number of patients 91 87 47 30 15 40
Implantation Rate (%) 37.9 43.1 44.6 45.8 58.3 48.6
Pregnancy Rate (%) 54.9 59.8 55.3 53.3 73.3 70.0

Ruiz-Alonso, et al. 2013



Ruiz-Alonso, et al. 2013

ERA clinical applicability
A case report and pilot study comparing routine embryo transfer versus pET

(Ruiz-Alonso et al. 2014 Hum Reprod 2014 Apr 15).



8. OD with pET using day-5 blastocysts in HRT  
cycle after 7 days of progesterone (P+7)  
Succesful twin pregnancy
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CASE REPORT

ART treatments in our center

3. IVF with fresh day-5 ET
4. IVF with differed day -5 ET in natural cycle
5. OD with day-3 ET in HRT cycle (P+2)
6. OD with day-3 ET in natural cycle
7. OD with day-5 ET in HRT cycle (P+5)
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Previous ART treatments

CLINICAL OUTCOME
ET

Number of patients 17
Source of oocytes Ovum donation
Age 40.7 ± 4.7 (32-49)
Number of embryos transferred 1.8 ± 0.4
Implantation rate 12.9% (4/31)
Pregnancy rate 23.5% (4/17)
Ongoing pregnancy rate 0% (0/4)
Clinical abortion 100% (4/4)
Biochemical pregnancy 0.0% (0/4)
Total attempts 2.1 ± 1.3
Number of embryos transferred 1.8 ± 0.4
Implantation rate 10.8% (7/65)
Pregnancy rate 19.4% (7/36)
Ongoing pregnancy rate 0% (0/7)
Clinical abortion 71.4% (5/7)
Biochemical pregnancy 28.6% (2/7)
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Receptive 0% (0/17)
Pre-receptive 94% (16/17)

WOI delayed 1 day 19% (3/16)
WOI delayed 2 days 81% (13/16)

Post-receptive 6% (1/17)
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CLINICAL OUTCOME
ET pET

Number of patients 17
Source of oocytes Ovum donation
Age 40.7 ± 4.7 (32-49)
Number of embryos transferred 1.8 ± 0.4 1.7 ± 0.5
Implantation rate 12.9% (4/31) 34.5% (10/29)
Pregnancy rate 23.5% (4/17) 52.9% (9/17)
Ongoing pregnancy rate 0% (0/4) 66.7% (6/9)
Clinical abortion 100% (4/4) 0% (0/9)
Biochemical pregnancy 0.0% (0/4) 33.3% (3/9)
Total attempts 2.1 ± 1.3 1.2 ± 0.4
Number of embryos transferred 1.8 ± 0.4 1.8 ± 0.4
Implantation rate 10.8% (7/65) 40.0% (14/35)
Pregnancy rate 19.4% (7/36) 60.0% (12/20)
Ongoing pregnancy rate 0% (0/7) 75.0% (9/12)
Clinical abortion 71.4% (5/7) 0% (0/12)
Biochemical pregnancy 28.6% (2/7) 25.0% (3/12)
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Source of oocytes Ovum donation
Age 40.7 ± 4.7 (32-49)
Number of embryos transferred 1.8 ± 0.4 1.7 ± 0.5
Implantation rate 12.9% (4/31) 34.5% (10/29)
Pregnancy rate 23.5% (4/17) 52.9% (9/17)
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Biochemical pregnancy 28.6% (2/7) 25.0% (3/12)

ENDOMETRIAL RECEPTIVITY DIAGNOSIS USING ERA
ET pET

Receptive 0% (0/17) 100% (17/17)
Pre-receptive 94% (16/17) 0

WOI delayed 1 day 19% (3/16) 0
WOI delayed 2 days 81% (13/16) 0

Post-receptive 6% (1/17) 0
WOI advanced 1 day 100% (1/1) 0
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Personalized embryo transfer (pET) as a 
treatment

P+5P+3 P+7

LH+7LH+5 LH+9

ETpET
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Endometrial 
biopsy

71.4% 
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28.6% 
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2nd Endometrial biopsy
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5.2% Receptivity between both biopsies
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Narrow WOI

Is endometrial receptivity transcriptomics affected
In women with endometriosis? A pilot study

García-Velasco, et al. RBM Online 2016

Endometriosis Stage Day of endometrial biopsy



Endometrial samples from 73 women included in analysis:
10 normal-weight (BMI 19-24.9 kg/m²)
11 overweight (BMI 25-29.9 kg/m²) 
31 obese (BMI 30-34.9 kg/m²)
21 morbidly obese (BMI ≥ 35 kg/m²) 
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Is endometrial receptivity affected in obese women? 

Athanasiadis, et al. Submitted  

Endometrial Thickness versus Molecular Receptivity

Endometrial 
thickness (mm)

Receptive
(%)

Non Receptive
(%)

<6 6/14 
(43%)*

8/14 
(57%)*

6-12 333/431 
(77%)*

98/431 
(23%)*

>12 24/37
(65%)

13/37 
(35%)

TOTAL 363 119

*P= 0,003 by Chi-square test. Valbuena D. et al. ESHRE 2016



ClinicalTrials.gov Identifier: NCT01954758 
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Secretomics of endometrial receptivity

Aspiration of endometrial secretion does not
affect pregnancy rates

0 1 2 3 4 5 6
0

20

40

60

80 r2=0.141 P= 0.049

Histology Endometrial Dating (POD)

Se
cr

et
io

n 
G

dA
 (n

g/
m

g 
pr

ot
ei

n)

Van der Gaast, et al. 2002

Glycodelin levels correlate with the
menstrual cycle phase of endometrial
aspirations

The profile of cytokines can be determined
in endometrial secretions

Van der Gaast, et al. 2009

Simón, et al. 1996
Boomsma, et al. 2009

The lipidomics is the large-scale study of
lipid species present in a cell or biological
fluid and their interacting pathways
Wenk. 2005

Vilella, et al.JCEM 2013



PGE2 PGF2

ROC curve 0.88 0.973
Sensitivity 80.00% 100%
Specificity 86.70% 93.30%
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PGE2 PGF2

ROC curve 0.694 0.653
Sensitivity 75.00% 37.50%
Specificity 77.80% 100%
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Centrifuge Remove 
supernatant

Suspend with 
90% FBS and 
10% DMSO 

Cryopreservation

Wash cells 
with DMEM 
medium

Endometrial fluid

Single-cell RNA-seq

Endometrial Fluid RNA-seq project

500 bp

Nothing in life is to be feared, it is

only to be understood. Now is the

time to understand more, so that

we may fear less.

(Marie Curie, 1867-1934)



Conclusions

• The best day for embryo transfer from the uterine
perspective depends on the patient.

• The transcriptomic signature of endometrial receptivity
(ERA test) reveal that the endometrial factor is
responsible for 25% of cases of patients with RIF.

• Personalized Embryo Transfer (pET) normalize clinical
results.

• A multicenter RCT is underway to answer the question
whether ERA will be cost-effective as the first diagnostic
line for the endometrial factor.
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LEARNING OBJECTIVES 
Immunologic Testing in Reproduction

At the end of this presentation, the 
participant should be able to:

• Define the antiphospholipid syndrome
• Discuss the role of antithyroid antibodies
• Understand Natural Killer cells
• Know the guidelines of ACOG and ASRM

Autoimmune Antibodies
Possible pathophysiologic roles

• Actual pathogenic agents of disease
(Causative-Erythroblastosis fetalis)

• Arise as a consequence of another disease 
process (Tissue damage-Systemic Lupus)

• Merely mark the presence of another 
etiological agent (Footprint-Hepatitis 
antibodies)

Kutteh  The Endocrinologist 6:462-466,1996



Antiphospholipid Antibodies

• IgG or IgM or IgA isotypes
• Bind to phospholipids
• Includes lupus 

anticoagulant
• Harmful actions on 

trophoblast
Kutteh & Hinote. APS. Obstet Gynecol Clin N Am. 2014;41:113-132

Research Diagnostic Criteria  for APS
Clinical Criteria               Laboratory Criteria

Recurrent loss <10 wk
Fetal death > 10 wk
Venous Thrombosis

Arterial Thrombosis

Lupus anticoagulant
IgG antiCL (> 99%)

IgM antiCL (> 99%)
IgG anti β2- glycoprotein
IgM anti β2- glycoprotein

Miyakis et al. J Thromb Haemost 4:295 – 306, 2006



ASRM and ACOG Guidelines 
The three antiphospholipid 

antibodies that should be tested”
1) lupus anticoagulant
2) anticardiolipin
3) anti-beta-2-glycoprotein 1

.

ASRM Practice Committee Fertil Steril 98:1103-1111, 2012
Branch et al., ACOG Bulletin 132 Obstet Gynecol. 120:1514-1521,2012.

What about other aPL Antibodies?

•Phosphatidylinositol
• Phosphatidylglycerol
• Phosphatidylserine
• Diphosphatidylglycerol
• Phosphatidylethanolamine
• Phosphatidylcholine
• Phosphatidic acid



In vitro action of Antiphospholipid Antibodies

ASRM and ACOG Guidelines-
Antiphospholipid Antibodies and Recurrent Loss

The combination of twice daily 
unfractionated heparin or low 
molecular weight heparin and low-
dose aspirin appears to confer a 
significant benefit in pregnancies 
with aPLs and otherwise 
unexplained recurrent pregnancy 
loss; 

Comparable efficacy of low molecular 
weight heparin has not been 
established”

.

ASRM Practice Committee Fertil Steril 98:1103-1111, 2012
ACOG Bulletin 132 Obstet Gynecol. 120:1514-1521,2012



Antiphospholipid Antibodies do not affect 
IVF Outcome 

ASRM Practice Committee Fertil Steril 2006; 86:S224-S225

ASRM Guidelines-Antiphospholipid 
Antibodies and Implantation Failure

1. Antiphospholipid antibody 
abnormalities were not associated 
with IVF success or outcome.  

2. Assessment of antiphospholipid 
antibodies is not  indicated among 
couples undergoing IVF. 

3.Therapy (with IVIG and anti-
thrombogenic therapy) is not 
justified on the basis of existing data.

.
ASRM Practice Committee Fertil Steril 2006; 86:S224-S225
ACOG Bulletin 132 Obstet Gynecol. 120:1514-1521,2012



Hypothyroidism and 
Antithyroid Antibodies

• Overt hypothyroidism is associated 
with infertility, RPL and adverse 
pregnancy outcomes

• The normal range for TSH in 
nonpregnant reproductive-aged 
women is 1.0 -2.5 mU/L

• Thyroid antibodies may precede the 
occurrence of hypothyroid disease

• 15-20% of reproductive-aged women 
may have antithyroid antibodies

• Thyroid hormones are important for 
fetal brain development (cognitive 
function)

• Fetal Thyroid does not begin to 
function until 12 weeks gestation

• Thyroid hormones bind to nuclear 
receptors in the fetal brain (which 
apprear prior to the time of fetal 
thyroid hormone production.

• Thyroid hormone crosses the 
placenta starting in the first 
trimester

Burrow, Fisher, Larsen. Maternal and Fetal Thyroid Function. N Engl J Med 1994;331:1077-8

Importance of Thyroid Hormone in Pregnancy



Glinoer D. Endocrin Rev. The regulation of thyroid function in pregnancy 1997;18:404-33.

Trimester-Specific TSH Levels 
TRIMESTER TSH LEVEL

First 2.5 mU/L  (0.1 – 2.5)

Second 3.0 mU/L  (0.2 – 3.0)

Third 3.5 mU/l (0.3 -3.5)

Stricker et al. Evaluation of maternal thyroid 
function during pregnancy. Eur J Endocrinol
2007; 157:509-114.



Antithyroid Antibodies Associated with Miscarriage

Conclusion: Antithyroid antibodies are identified more frequently 
in women with recurrent pregnancy loss but not in women 
undergoing ART. These antibodies may be markers of autoimmune 
activation and have been associated with an increased risk of 
pregnancy loss and postpartum thyroid disease.

Kutteh, Yetman, Carr, Beck, and Scott Fertil Steril 1999;71:843-848.

Prummel & Wiersinga. Eur J Endocrinol 2004;150:751-755.

Thyroid Immunity and Miscarriage 



Thangaratinam et al. BMJ 2011; 342: d2616

Thangaratinam et al. BMJ 2011;342: d2616 

Increased Miscarriage in Subfertile Women with Thyroid Antibodies 
and Normal TSH (<4.5 mU/





TSH Screening Treat TSH

> 2.5 mU/L

ATA Screening Treating ATA

Targeted Yes No No

Targeted ? No No

Targeted Yes No No

Targeted yes No No

Summary of Recommendations



• The presence of TA is associated with RPL and premature 
delivery 

• Screening for TA and treatment with Thyroxine particularly 
when the TSH is > 2.5 mU/L

• If treated, frequent monitoring is safe and is recommended

• Patients with TA (not treated) should be monitored closely 
for potential hypothyroidism

• Treatment initiated if TSH rises above trimester-specific 
range

Thyroid Immunity –Take Home Messages

“NK Cell Destroying Embryo”



The Fetal Allograft Puzzle

The mysterious lack of rejection of the fetus has 
puzzled generations of immunologists, and no 
comprehensive explanation has yet emerged. 
One problem is that acceptance of the fetal 
allograft is so much the norm that it is difficult 
to study the mechanism that prevents rejection; 
if the mechanism for rejecting the fetus is rarely 
activated, how can one analyze the mechanism 
that controls it?
Colucci, Moffett, Trowsdale. Medawar and the immunological paradox of pregnancy: 
60 years on. Eur J Immunol 2014;44:1883-5.

Differences of expression of Peripheral Blood and Uterine natural killer (NK) cells .

Srividya Seshadri, and Sesh Kamal Sunkara Hum. Reprod. Update 2014;20:429-438



Natual Killer Cells (NK)-pbNK vs uNK

• NK cells in the peripheral circulation (pbNK) have 
effector functions in killing target cells 

• NK Cells differ in distribution and function in the 
endometrium and in the circulation

• Immune cells with a similar phenotype to NK cells 
but poor killers populate the uterine lining at 
implantation (uNK) and during early pregnancy

• Knock-out mice genetically engineered to lack uNK
endometrial cells are unable to reproduce

Moffet and Shreeve. Hum Reprod. 2015;30:1519-1525.

Natural Killer (NK) Cells: pbNK vs uNK
• Paternal MHC Class 1a antigens are expressed on 

extravillous and endovascular trophoblasts
– Thought to regulate uterine natural killer (uNK) cells in 

the decidua
• pbNK cells have activating receptors that can 

trigger cytolytic activity and secrete cytokines
– Thought to be vital in eliminating pathogens, especially 

viruses and cells infected with viruses
– Can be triggered by foreign HLA

• uNK cells are the most represented lymphomyeloid
cells in the human decidua in the first trimester
– CD 56bright and CD 16-

Clark DA. Popular myths in reproductive immunology. J Reprod Immunol 2014;104-105:54-62.
Sharma S. Natural killer cells and regulatory T cells in early pregnancy loss. Int J Dev Biol. 2014;58(2-4):219-29. 



uNK Cells are Important in
Early Embryo Implantation

Clark DA. Popular myths in reproductive immunology. J Reprod Immunol. 2014 Oct;104-105:54-62. 

• Embryo survival depends on maintenance of 
immune tolerance at the maternal-fetal interface

• uNK cells are key immune cells that populate 
uterus

• Not “Killers” in normal pregnancy
– Necessary for healthy development

• Many cells are involved with “cross-talk” between 
placenta and trophoblast
– Vital to establish tolerance
– Regulatory T cells (Tregs) vital in this interaction

Uterine Natural Killer (uNK) Cells 

Clark DA. Popular myths in reproductive immunology. J Reprod Immunol 2014;104-105:54-62.
Sharma S. Natural killer cells and regulatory T cells in early pregnancy loss. Int J Dev Biol. 2014;58(2-4):219-29. 

l. 



Function of uNK in Implantation

• uNK play a role in building health placenta
• Angiogenic factors secreted by uNK
• uNK cells play a role in regulation of 

decidualization
• uNK maintain a balance of excessive trophoblast 

intrusion and defective placentation
• Summary: uNK do not need to be suppressed

Clark DA. Popular myths in reproductive immunology. J Reprod Immunol. 2014 Oct;104-105:54-62. 
Moffett and Shreeve. First do no harm: uNK cells in ART Human Reprod. 2015;30:1519-1525

Proposed Testing & Treatment

• Often considered “propriatary” and panels 
differ from center to center

• IVIg is commonly used treatment every 28 days
• Treatment lengths vary

– Can start as early as 2-3 weeks before conception
– Can continue as late as 35 weeks

• Typically, costs are $3,000 per IVIG infusion

http://www.stirrup-queens.com/2006/07/testing-for-recurrent-pregnancy-loss/
Clark DA. Popular myths in reproductive immunology. J Reprod Immunol. 2014 Oct;104-105:54-62. 



Agents used for Immunomodulation in ART

Moffett & Shreeve. First do no harm: uNK cells in ART. Hum Reprod 2015; 30:1519-1525

DRUG COST
(USD)

CLINICAL USES SIDE 
EFFECTS/ADVERSE

EVENTS
Lipid Emulsion 
(Intralipid)

$425
Per infusion

Parenteral  nutrition
Given with propofol

Liver and spleen dz, 
thrombocytopenia

Intravenous
Immunoglobulin
(IVIG)

$2,500
Per infusion

Immunoglobulin deficiency 
states, hematologic and 
neurologic disorders, transplants

Meningitis, renal 
failure, thrombosis, 
enteritis, infections

Corticosteroids $2.50
Per 28 tabs

Inflammation, allergy, asthma, 
autoimmune disease

Diabetes, osteoporosis
Ulcers, Cushings dz

Anti-TNF $500
40mg inject

Autoimmune disease, rheumatic 
and inflammatory disease

Infection, lymphoma, 
CHF, lupus-like dz

Granulocyte-CSF $75
300mcg inj

Neutropenia, recurrent and HIV 
infection

Liver/spleenomegaly, 
osteoporosis, gout

Cochrane Review : No effect of IVIG treatment on outcome—live birth rate.

Wong, Porter, Scott. Immunotherapy for recurrent miscarriage. Cochrane Database Syst Rev 2014;10:CD000112

“Paternal cell immunization and IVIG provide no beneficial
effect over placebo in improving live birth rate”



Clinical pregnancy rates in ART cycles where IVIg was administered.

Polanski et al. Interventions in women with elevated NK cells undergoing ART. Hum. Reprod. 2014;29:65-75

Summary NK Cells
• Conflicting data

– No standardization of testing and treatments
– Protocols vary from center to center

• ASRM Practice Committee Opinion (2012)
– NK Cell testing/treatment is not recommended

• ASRM Fact Sheet (2014)
– “There is no proof that intravenous (IV) infusions of blood 

products (such as intravenous immunoglobulin [IVIG]) or 
intralipids decrease the risk of miscarriage.”

ASRM Practice Committee. Evaluation and treatment of RPL. Fertil Steril. 2012 Nov;98(5):1103-11. 
Sharma S. NKcells and regulatory T cells in early pregnancy loss. Int J Dev Biol. 2014;58(2-4):219-29. 

https://www.asrm.org/FACTSHEET_Treatment_of_recurrent_pregnancy_loss/



Summary Testing & Treatment
for Implantation Failure

TEST CONSIDERED TEST RECOMMENDED TREATMENT 
RECOMMENDED

Antiphospholipid
Antibodies

NO NO

Antithyroid antibodies NO NO

TSH YES YES, if TSH > 2.5

Natural Killer Cells NO NO
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Learning objectives

• To understand the biological basis for sperm 
DNA fragmentation

• To appreciate the biological consequences of 
DNA fragmentation

• To understand the level of existing evidence 
on the relationship between DNA 
fragmentation and outcome of IVF/ICSI

• To appreciate the limited utility of the 
currently available DNA fragmentation tests 

Outline

• Introduction
• Do sperm DNA integrity test predict IVF 

outcome?
• Does the extent of sperm DNA 

fragmentation affect IVF or ICSI outcome? 



Sperm DNA Fragmentation-
Biological Basis

• The main pathway that leads to sperm DNA breaks is a 
process of apoptosis triggered by testicular conditions 
and by oxidative stress during the transit in the male 
genital tract (Muratori et al., 2015)

• Once the sperm nucleus has been introduced into the 
ooplasm, the condensed nucleus undergoes rapid de-
condensation to release the DNA for formation of a 
paternal pronucleus. Any abnormal change in the 
structural organization can cause delays or defects in 
the delivery of the paternal DNA. 

Sperm DNA Fragmentation-
Biological Basis

• Any damage to the DNA during the transition 
from the testicle to the egg cannot be repaired 
until the DNA is accessible for DNA repair 
systems in the ooplasm.

• The risk of error during the repair process 
increases with the number of DNA strand 
breaks in an individual sperm nucleus.



Sperm DNA Fragmentation-
Biological Basis

• In animals, induced sperm chromatin 
fragmentation severely delayed the 
replication of the paternal pronucleus and 
severe damage led to arrested embryo 
development

(Gawecka et al., 2013) 

Sperm DNA Fragmentation-
Biological Basis

• When the DNA damage is less severe (mostly single-
stranded breaks), there is no detectable delay in the 
DNA synthesis but chromosomal breaks are detected at 
mitosis demonstrating that DNA synthesis is possible in 
the zygote with some breaks 

(Gawecka et al., 2013) 

• In both cases, embryo development might be 
compromised. These are the reasons why the injection 
of a spermatozoa with fragmented DNA can be 
detrimental.



Impact of Sperm DNA 
fragmentation on the IVF/ICSI 

outcome
• Contradictory evidence: 

– sperm DNA fragmentation in predicting fertilization, 
embryo
development, implantation, birth defects in the 

offspring
and early pregnancy loss 

(Gandini et al., 2004; Huang et al., 2005; Borini et al., 2006; 
Bungum et al., 2007; Simon et al., 2011; Sakkas, 2013; Palermo et 
al., 2014) 

Impact of Sperm DNA 
fragmentation on the IVF/ICSI 

outcome
• However, some studies found that sperm with 

DNA damage were capable of fertilizing an 
oocyte because they only found a modest 
effect on conception rates with conventional 
IVF and little, if any, effect with 
intracytoplasmic sperm injection (ICSI) 

Bungum, et al Hum Reprod, 19 (2004), pp. 1401–
1408

Virro, et al.,Fertil Steril, 81 (2004), pp. 1289–1295
Check, et al., Arch Androl, 51 (2005), pp. 121–124
Benchaib, Jet al., Fertil Steril, 87 (2007), pp. 93–100
Bungum et al.Hum Reprod, 22 (2007), pp. 174–179
Frydman et al.Fertil Steril, 89 (2008), pp. 92–97



• Two major categories of selection method 
are currently used: 
– those aiming to enhance the number of 

spermatozoa with intact DNA in the sperm 
population used for ICSI and 

– those aiming to isolate the single 
spermatozoon with the lowest chance of 
having fragmented DNA for the injection.

Impact of Sperm DNA 
fragmentation on the IVF/ICSI 

outcome

• To date, there is no reliable approach to
completely filter out spermatozoa with 

DNA
strand breaks from an ejaculate 
(Zini et al., 2000; Gandini et al., 2004; Stevanato et al., 2008; Ebner et 

al., 2011).

Impact of Sperm DNA 
fragmentation on the IVF/ICSI 

outcome



Ultimately a single sperm is selected in 
ICSI, and these assays destroy the 

gametes they interrogate. 

Even if a DNA integrity test can tell us  
that the sperm of an individual may be 

more or less likely to result in pregnancy 
or miscarriage, 

we still have no way of translating that 
knowledge into a truly useful clinical 

outcome.





A DOR greater than 1.0 means that with abnormal 
DNA integrity test results the chance of disease (in 

this case nonpregnancy) with IVF or ICSI is 
higher. 



This association was not adequate by itself to 
discriminate which couples would conceive after 

treatment. The sensitivity and specificity of the test 
in different studies were scattered around the 
nondiscriminatory diagonal of the ROC space. 

The sensitivity and specificity of the test in different 
studies were scattered around the nondiscriminatory 

diagonal of the ROC space. In general, likelihood 
ratios less than 0.5 





Recent evidence

Tests:   SCSA, COMET, TUNEL    

Does the extent of sperm DNA fragmentation 
affect IVF or ICSI outcome? 

A systematic review and meta analysis



Sperm chromatin structure assay 
SCSA

• Indirect test

• DNA fragmentation index(DFI)

• DFI >30%    poor fertility
(A) Green fluorescence represented sperm with 
normal double stranded DNA. (B) Red or orange 
fluorescence represented sperm with single-
stranded DNA. 



Comet

Single cell gel 
electrophoresis

TUNEL
deoxynucleotidyl transferase –mediated Dutp nick end 

labeling



Objective

To evaluate the effect of sperm DNA 

fragmentation on IVF and ICSI outcome

INCLUSION CRITERIA
• Sperm DNA damage detected by SCSA,TUNEL or 

COMET

• SDF in raw/prepared semen in men undergoing 
IVF/ICSI

• Clinical pregnancy rate and live birth rate as 
outcome



Methodology
1304 citations

1200 not  relevant

57  not fulfilling inclusion   
criteria

7    no clear cut off

15  unable to construct 2x2              
table

104 papers reviewed

25 studies included

25 Studies
3360 couples 

TUNEL
8 (1233 couples) 

SCSA
14 (1621 couples) 

COMET
3 (506 couples)

IVF                   5                          6                                
2

ICSI                  8                          4                                
2

IVF + ICSI         6                          1                                
1



Methods
Study design:

• 13 Prospective studies

• 4   Retrospective studies

• 8   Unclear

Threshold levels for assays

SCSA  > 30%

TUNEL >10%

COMET  >14%



Study or Subgroup
1.1.1 SCSA IVF

Bungum 2004
Hansen 2006
Ming-Huei 2008
Speyer 2010
Jiang 2011
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 2.91, df = 4 (P = 0.57); I² = 0%
Test for overall effect: Z = 2.76 (P = 0.006)

1.1.2 SCSA ICSI

Elliott 2004
Bungum 2004
Zini 2005
Hansen 2006
Ming-Huei 2008
Micinski 2009
Speyer 2010
Jiang 2011
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.01; Chi² = 8.24, df = 7 (P = 0.31); I² = 15%
Test for overall effect: Z = 1.62 (P = 0.10)

1.1.3 SCSA IVF + ICSI

Larson 2000
Gardner 2004
Virro 2004
Chohan 2004
Check 2005
Payne 2005
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.08; Chi² = 14.15, df = 5 (P = 0.01); I² = 65%
Test for overall effect: Z = 0.84 (P = 0.40)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.02; Chi² = 25.92, df = 18 (P = 0.10); I² = 31%
Test for overall effect: Z = 2.91 (P = 0.004)
Test for subgroup differences: Chi² = 0.64, df = 2 (P = 0.73), I² = 0%

Events

4
1

12
1

10

28

9
9
6
6

10
2
7
4

53

0
17
20

4
8
9

58

139

Total

18
7

22
8

29
84

20
17
11
18
21
21
22
21

151

9
21
71

9
29
19

158

393

Events

30
38
59
46
42

215

26
17
25

8
34
11
27
20

168

7
66
84
25
26
22

230

613

Total

91
132
115
116

87
541

48
49
49
29
65
39
74
42

395

12
107
178

43
77
76

493

1429

Weight

7.8%
6.8%
3.6%
7.3%
6.4%

31.9%

3.5%
3.1%
1.9%
5.1%
3.8%
9.4%
6.4%
5.9%

39.1%

2.3%
1.2%

11.1%
2.1%
8.1%
4.2%

28.9%

100.0%

M-H, Random, 95% CI

1.16 [0.87, 1.54]
1.20 [0.87, 1.66]
0.93 [0.57, 1.53]
1.45 [1.07, 1.96]
1.27 [0.91, 1.77]
1.23 [1.06, 1.43]

1.20 [0.73, 1.98]
0.72 [0.42, 1.24]
0.93 [0.46, 1.88]
0.92 [0.62, 1.37]
1.10 [0.68, 1.78]
1.26 [0.99, 1.60]
1.07 [0.77, 1.50]
1.55 [1.08, 2.20]
1.13 [0.97, 1.32]

2.25 [1.17, 4.30]
0.50 [0.20, 1.24]
1.36 [1.11, 1.66]
1.33 [0.67, 2.63]
1.09 [0.83, 1.44]
0.74 [0.47, 1.16]
1.14 [0.84, 1.53]

1.17 [1.05, 1.30]

Year

2004
2006
2008
2010
2011

2004
2004
2005
2006
2008
2009
2010
2011

2000
2004
2004
2004
2005
2005

DFI>30% DFI<30% Risk Ratio (Non-event) Risk Ratio (Non-event)
M-H, Random, 95% CI

0.01 0.1 1 10 100
DFI>30% DFI<30%

CPR obtained
from SCSA 
Assay
(DFI > &< 30%)

Study or Subgroup
2.1.1 Comet IVF

Jun Chi 2011
Simon 2013
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.85, df = 1 (P = 0.36); I² = 0%
Test for overall effect: Z = 2.54 (P = 0.01)

2.1.2 Comet ICSI

Jun Chi 2011
Simon 2013
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.76, df = 1 (P = 0.38); I² = 0%
Test for overall effect: Z = 1.10 (P = 0.27)

2.1.3 Comet IVF + ICSI

Morris 2002
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.14 (P = 0.89)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 3.04, df = 4 (P = 0.55); I² = 0%
Test for overall effect: Z = 2.50 (P = 0.01)
Test for subgroup differences: Chi² = 1.42, df = 2 (P = 0.49), I² = 0%

Events

4
16

20

10
21

31

9

9

60

Total

13
99

112

24
93

117

31
31

260

Events

7
34

41

12
15

27

6

6

74

Total

23
104
127

31
43
74

22
22

223

Weight

6.5%
52.6%
59.2%

6.9%
22.3%
29.3%

11.5%
11.5%

100.0%

M-H, Random, 95% CI

1.00 [0.63, 1.56]
1.25 [1.06, 1.46]
1.22 [1.05, 1.41]

0.95 [0.61, 1.48]
1.19 [0.93, 1.52]
1.13 [0.91, 1.40]

0.98 [0.69, 1.37]
0.98 [0.69, 1.37]

1.16 [1.03, 1.30]

Year

2011
2013

2011
2013

2002

High DNA Fragmentation Low DNA Fragmentation Risk Ratio (Non-event) Risk Ratio (Non-event)
M-H, Random, 95% CI

0.01 0.1 1 10 100
High DNA frag Low DNA frag

CPR obtained from COMET (high & low DNA fragmentation)



Study or Subgroup
3.1.1 Tunel IVF
Henkel 2003
Seli 2004
Henkel 2004
Huang 2005
Borini 2006
Frydman 2008
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.00; Chi² = 3.20, df = 5 (P = 0.67); I² = 0%
Test for overall effect: Z = 4.03 (P < 0.0001)

3.1.2 Tunel ICSI
Henkel 2003
Huang 2005
Borini 2006
Ozmen 2007
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.01; Chi² = 3.62, df = 3 (P = 0.31); I² = 17%
Test for overall effect: Z = 2.88 (P = 0.004)

3.1.3 Tunel IVF +ICSI
Espert 2011
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.43 (P = 0.15)

Total (95% CI)
Total events
Heterogeneity: Tau² = 0.00; Chi² = 7.60, df = 10 (P = 0.67); I² = 0%
Test for overall effect: Z = 5.34 (P < 0.00001)
Test for subgroup differences: Chi² = 0.76, df = 2 (P = 0.68), I² = 0%

Events

12
9

12
1
2

20

56

6
8
3
0

17

11

11

84

Total

64
21
63
1

13
52

214

29
13
30
8

80

26
26

320

Events

50
14
37

119
16
40

276

12
36

9
10

67

76

76

419

Total

144
28

104
216

69
65

626

25
73
20
34

152

135
135

913

Weight

28.8%
2.9%

23.3%
0.1%

11.5%
5.7%

72.4%

4.6%
1.5%
4.7%

11.2%
22.0%

5.6%
5.6%

100.0%

M-H, Random, 95% CI

1.24 [1.05, 1.47]
1.14 [0.68, 1.93]
1.26 [1.04, 1.51]
0.56 [0.05, 6.16]
1.10 [0.84, 1.44]
1.60 [1.10, 2.33]
1.24 [1.12, 1.38]

1.53 [1.00, 2.32]
0.76 [0.37, 1.57]
1.64 [1.08, 2.48]
1.35 [1.03, 1.76]
1.38 [1.11, 1.72]

1.32 [0.90, 1.93]
1.32 [0.90, 1.93]

1.28 [1.17, 1.40]

Year

2003
2004
2004
2005
2006
2008

2003
2005
2006
2007

2011

High DNA fragmentation Low DNA fragmentation Risk Ratio (Non-event) Risk Ratio (Non-event)
M-H, Random, 95% CI

0.01 0.1 1 10 100
High DNA fragmentation Low DNA fragmentation

CPR
TUNEL 

(high& low DNA
fragmentation) 

Study or Subgroup
6.1.1 IVF
Henkel 2003
Seli 2004
Bungum 2004
Henkel 2004
Huang 2005
Hansen 2006
Borini 2006
Frydman 2008
Ming-Huei 2008
Speyer 2010
Jiang 2011
Jun Chi 2011
Simon 2013
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.00; Chi² = 6.53, df = 12 (P = 0.89); I² = 0%
Test for overall effect: Z = 5.50 (P < 0.00001)

6.1.2 ICSI
Henkel 2003
Elliott 2004
Bungum 2004
Huang 2005
Zini 2005
Borini 2006
Hansen 2006
Ozmen 2007
Ming-Huei 2008
Micinski 2009
Speyer 2010
Jun Chi 2011
Jiang 2011
Simon 2013
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.01; Chi² = 15.66, df = 13 (P = 0.27); I² = 17%
Test for overall effect: Z = 3.09 (P = 0.002)

6.1.3 IVF+ ICSI
Larson 2000
Morris 2002
Virro 2004
Chohan 2004
Gardner 2004
Payne 2005
Check 2005
Espert 2011
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.04; Chi² = 15.47, df = 7 (P = 0.03); I² = 55%
Test for overall effect: Z = 1.21 (P = 0.23)

Total (95% CI)
Total events
Heterogeneity: Tau² = 0.00; Chi² = 37.86, df = 34 (P = 0.30); I² = 10%
Test for overall effect: Z = 6.31 (P < 0.00001)
Test for subgroup differences: Chi² = 0.61, df = 2 (P = 0.74), I² = 0%

Events

12
9
4

12
1
1
2

20
12

1
10

4
16

104

6
9
9
8
6
3
6
0

10
2
7

10
4

21

101

0
9

20
4

17
9
8

11

78

283

Total

64
21
18
63
1
7

13
52
22
8

29
13
99

410

29
20
17
13
11
30
18
8

21
21
22
24
21
93

348

9
31
71
9

21
19
29
26

215

973

Events

50
14
30
37

119
38
16
40
59
46
42

7
34

532

12
26
17
36
25

9
8

10
34
11
27
12
20
15

262

7
6

84
25
66
22
26
76

312

1106

Total

144
28
91

104
216
132

69
65

115
116

87
23

104
1294

25
48
49
73
49
20
29
34
65
39
74
31
42
43

621

12
22

178
43

107
76
77

135
650

2565

Weight

8.7%
1.2%
3.7%
7.4%
0.1%
3.0%
4.2%
2.3%
1.3%
3.4%
2.8%
1.6%
9.3%

49.1%

1.8%
1.3%
1.1%
0.6%
0.7%
1.9%
2.0%
4.1%
1.4%
5.0%
2.8%
1.7%
2.5%
4.8%

31.9%

0.8%
2.7%
6.6%
0.7%
0.4%
1.6%
3.9%
2.2%

19.0%

100.0%

M-H, Random, 95% CI

1.24 [1.05, 1.47]
1.14 [0.68, 1.93]
1.16 [0.87, 1.54]
1.26 [1.04, 1.51]
0.56 [0.05, 6.16]
1.20 [0.87, 1.66]
1.10 [0.84, 1.44]
1.60 [1.10, 2.33]
0.93 [0.57, 1.53]
1.45 [1.07, 1.96]
1.27 [0.91, 1.77]
1.00 [0.63, 1.56]
1.25 [1.06, 1.46]
1.23 [1.14, 1.33]

1.53 [1.00, 2.32]
1.20 [0.73, 1.98]
0.72 [0.42, 1.24]
0.76 [0.37, 1.57]
0.93 [0.46, 1.88]
1.64 [1.08, 2.48]
0.92 [0.62, 1.37]
1.35 [1.03, 1.76]
1.10 [0.68, 1.78]
1.26 [0.99, 1.60]
1.07 [0.77, 1.50]
0.95 [0.61, 1.48]
1.55 [1.08, 2.20]
1.19 [0.93, 1.52]
1.19 [1.07, 1.33]

2.25 [1.17, 4.30]
0.98 [0.69, 1.37]
1.36 [1.11, 1.66]
1.33 [0.67, 2.63]
0.50 [0.20, 1.24]
0.74 [0.47, 1.16]
1.09 [0.83, 1.44]
1.32 [0.90, 1.93]
1.14 [0.92, 1.41]

1.21 [1.14, 1.28]

Year

2003
2004
2004
2004
2005
2006
2006
2008
2008
2010
2011
2011
2013

2003
2004
2004
2005
2005
2006
2006
2007
2008
2009
2010
2011
2011
2013

2000
2002
2004
2004
2004
2005
2005
2011

High DNA fragmentation Low DNA fragmentation Risk Ratio (Non-event) Risk Ratio (Non-event)
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
High DNA fragmentation Low DNA fragmentation

CPR 
combined 
tests



Study or Subgroup
1.2.1 SCSA IVF

Bungum 2004
Speyer 2010
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.20, df = 1 (P = 0.65); I² = 0%
Test for overall effect: Z = 0.91 (P = 0.36)

1.2.2 SCSA ICSI

Bungum 2004
Speyer 2010
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.81, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 0.52 (P = 0.60)

1.2.3 SCSA IVF +ICSI

Check 2005
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.07 (P = 0.29)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 3.27, df = 4 (P = 0.51); I² = 0%
Test for overall effect: Z = 0.40 (P = 0.69)

Test for subgroup differences: Chi² = 2.07, df = 2 (P = 0.36), I² = 3.4%

Events

4
1

5

8
5

13

3

3

21

Total

18
8

26

17
22
39

29
29

94

Events

27
31

58

17
20

37

15

15

110

Total

91
116
207

49
74

123

77
77

407

Weight

19.5%
4.8%

24.3%

41.1%
22.5%
63.6%

12.2%
12.2%

100.0%

M-H, Random, 95% CI

0.75 [0.30, 1.88]
0.47 [0.07, 3.00]
0.68 [0.30, 1.56]

1.36 [0.72, 2.56]
0.84 [0.36, 1.98]
1.15 [0.69, 1.91]

0.53 [0.17, 1.70]
0.53 [0.17, 1.70]

0.92 [0.61, 1.38]

Year

2004
2010

2004
2010

2005

DFI>30% DFI<30% Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
High DNA fragmentation Low DNA fragmentation

LBR obtained by  SCSA (high & low DNA fragmentation)

Study or Subgroup
2.2.1 Comet IVF

Simon 2013
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 2.40 (P = 0.02)

2.2.2 Comet ICSI

Simon 2013
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.25 (P = 0.21)

2.2.3 Comet IVF + ICSI

Morris 2002
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.50)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.59, df = 2 (P = 0.75); I² = 0%
Test for overall effect: Z = 2.68 (P = 0.007)
Test for subgroup differences: Chi² = 0.59, df = 2 (P = 0.75), I² = 0%

Events

13

13

19

19

6

6

38

Total

99
99

93
93

31
31

223

Events

28

28

13

13

6

6

47

Total

104
104

43
43

22
22

169

Weight

47.7%
47.7%

37.2%
37.2%

15.1%
15.1%

100.0%

M-H, Random, 95% CI

2.44 [1.18, 5.04]
2.44 [1.18, 5.04]

1.69 [0.74, 3.84]
1.69 [0.74, 3.84]

1.56 [0.43, 5.70]
1.56 [0.43, 5.70]

1.99 [1.20, 3.28]

High DNA Fragmentation Low DNA Fragmentation Odds Ratio (Non-event) Odds Ratio (Non-event)
M-H, Random, 95% CI

0.01 0.1 1 10 100
High DNA fragmentation Low DNA fragmentation

Study or Subgroup
3.2.1 Tunel IVF
Frydman 2008
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 3.58 (P = 0.0003)

3.2.2 Tunel ICSI
Ozmen 2007
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.04 (P = 0.30)

3.2.3 Tunel IVF + ICSI
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.95); I² = 0%
Test for overall effect: Z = 3.73 (P = 0.0002)
Test for subgroup differences: Chi² = 0.00, df = 1 (P = 0.96), I² = 0%

Events

12

12

0

0

0

12

Total

52
52

8
8

0

60

Events

37

37

7

7

0

44

Total

65
65

33
33

0

98

Weight

93.0%
93.0%

7.0%
7.0%

100.0%

M-H, Random, 95% CI

4.40 [1.96, 9.91]
4.40 [1.96, 9.91]

4.81 [0.25, 93.33]
4.81 [0.25, 93.33]

Not estimable

4.43 [2.03, 9.69]

High DNA fragmentation Low DNA fragmentation Odds Ratio (Non-event) Odds Ratio (Non-event)
M-H, Random, 95% CI

0.01 0.1 1 10 100
High DNA fragmentation Low DNA fragmentation

LBR 
COMET & 

TUNEL
(high & 

low DNF) 



Study or Subgroup
6.2.1 IVF

Bungum 2004
Frydman 2008
Speyer 2010
Simon 2013
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.02; Chi² = 6.79, df = 3 (P = 0.08); I² = 56%
Test for overall effect: Z = 2.52 (P = 0.01)

6.2.2 ICSI

Bungum 2004
Ozmen 2007
Speyer 2010
Simon 2013
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 2.60, df = 3 (P = 0.46); I² = 0%
Test for overall effect: Z = 1.56 (P = 0.12)

6.2.3 IVF+ ICSI

Morris 2002
Check 2005
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.98); I² = 0%
Test for overall effect: Z = 1.43 (P = 0.15)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 10.46, df = 9 (P = 0.31); I² = 14%
Test for overall effect: Z = 3.72 (P = 0.0002)
Test for subgroup differences: Chi² = 1.50, df = 2 (P = 0.47), I² = 0%

Events

4
12
1

13

30

8
0
5

19

32

6
3

9

71

Total

18
52

8
99

177

17
8

22
93

140

31
29
60

377

Events

27
37
31
28

123

17
7

20
13

57

6
15

21

201

Total

91
65

116
104
376

49
33
74
43

199

22
77
99

674

Weight

7.5%
6.0%
7.3%

23.0%
43.7%

2.6%
9.9%
8.2%

11.2%
32.0%

6.3%
18.0%
24.3%

100.0%

M-H, Random, 95% CI

1.11 [0.84, 1.46]
1.79 [1.30, 2.45]
1.19 [0.90, 1.59]
1.19 [1.03, 1.37]
1.27 [1.05, 1.52]

0.81 [0.50, 1.33]
1.21 [0.95, 1.54]
1.06 [0.81, 1.38]
1.14 [0.91, 1.42]
1.11 [0.97, 1.27]

1.11 [0.81, 1.51]
1.11 [0.94, 1.31]
1.11 [0.96, 1.29]

1.17 [1.08, 1.26]

Year

2004
2008
2010
2013

2004
2007
2010
2013

2002
2005

High DNA fragmentation Low DNA fragmentation Risk Ratio (Non-event) Risk Ratio (Non-event)
M-H, Random, 95% CI

0.01 0.1 1 10 100
High DNA fragmentation Low DNA fragmentation

LBR obtained from combined tests

Weaknesses

• Heterogeneity                 Threshold level
Study design
Specimen tested
Patient selection

• Small sample size in individual studies



Summary
Clinical pregnancy rate

SCSA COMET TUNEL COMBINED
IVF S S S S
ICSI NS NS S S

IVF + ICSI NS NS NS NS
TOTAL S S S S

Live birth rate
SCSA COMET TUNEL COMBINED

IVF NS S S S
ICSI NS NS NS NS

IVF + ICSI NS NS - NS
TOTAL NS S S S

S : significant

NS: non 
significant

Summary
Clinical pregnancy rate

SCSA COMET TUNEL COMBINED

IVF S S S S
ICSI NS NS S S

IVF + ICSI NS NS NS NS
TOTAL S S S S

Live birth rate
SCSA COMET TUNEL COMBINED

IVF NS S S S
ICSI NS NS NS NS

IVF + ICSI NS NS - NS
TOTAL NS S S S

S :   significant

NS: non 
significant



Summary
Clinical pregnancy rate

SCSA COMET TUNEL COMBINED
IVF S S S S

ICSI NS NS S S
IVF + ICSI NS NS NS NS

TOTAL S S S S

Live birth rate
SCSA COMET TUNEL COMBINED

IVF NS S S S
ICSI NS NS NS NS

IVF + ICSI NS NS - NS
TOTAL NS S S S

S :   significant

NS: non 
significant

Summary
Clinical pregnancy rate

SCSA COMET TUNEL COMBINED
IVF S S S S
ICSI NS NS S S

IVF + ICSI NS NS NS NS
TOTAL S S S S

Live birth rate
SCSA COMET TUNEL COMBINED

IVF NS S S S

ICSI NS NS NS NS
IVF + ICSI NS NS - NS

TOTAL NS S S S

S :   significant

NS: non 
significant



Summary
Clinical pregnancy rate

SCSA COMET TUNEL COMBINED
IVF S S S S
ICSI NS NS S S

IVF + ICSI NS NS NS NS
TOTAL S S S S

Live birth rate
SCSA COMET TUNEL COMBINED

IVF NS S S S
ICSI NS NS NS NS

IVF + ICSI NS NS - NS
TOTAL NS S S S

S :   significant

NS: non 
significant

Conclusion
1- SDF appears to influence IVF and possibly ICSI 
outcome by    17-21%
2- Need for standardized criteria in a large 
prospective study

• LBR as outcome
• Agreed threshold level and specimen
• Standardized inclusion and exclusion criteria for 

patient
• IVF and ICSI separately
3- Need to consider intervention studies to lower 
SDFSDF
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SHERMAN SILBER, M.D.
ST LUKES HOSPITAL
ST LOUIS, MISSOURI

MICRODISSECTION TESTICULAR SPERM       
EXTRACTION (MICRO TESE): 

DOES IT IMPROVE LOCALIZATION OF SPERM?

(COMPARED TO CONVENTIONAL TESE)

NO CONFLICT OF INTEREST



LEARNING OBJECTIVES

• UNDERSTAND THE CAUSES OF AZOOSPERMIA.

• UNDERSTAND SPERM RETRIEVAL TECHNIQUES FOR OBSTRUCTIVE VS. 
NON-OBSTRUCTIVE AZOOSPERMIA.

• BE ABLE TO SELECT THE MOST EFFECTIVE AND SAFE SPERM 
RETRIEVAL TECHNIQUES.

• UNDERSTAND THE DIFFERENCES IN IVF SUCCESS WITH EPIDIDYMAL VS 
TESTIS SPERM.

• UNDERSTAND TESTIS ANATOMY AND SPERMATOGENIC STEM CELL 
BIOLOGY.

• UNDERSTAND FERTILITY PRESERVATION FOR PREPUBERTAL BOYS.

• UNDERSTAND IPS CELLS AND CREATION OF SPERMATOZOA FROM 
SKIN CELLS.

FIRST TESE BABIES, BRUSSELS, 1993
(TESTICULAR SPERM EXTRACTION)



EVEN WHEN THERE IS APPARENTLY 
NO SPERMATOGENESIS (NOA)

EVEN WHEN THERE IS APPARENTLY NO
SPERMATOGENESIS (NOA), A RARE SPERM 
CAN BE FOUND (? %) FOR SUCCESSFUL ICSI



Mathematical Model for Decrease 
in Male Fertility in Subsequent 

Generations

[ (1-pi) x 0.01 + pi x 0]
[ (1- pi) + pi x 0]

Pi+1=

WHAT WILL HAPPEN IF AZOOSPERMIC MEN 
NOW CAN ALL HAVE OFFSPRING WITH THE SAME 

PROBLEM, AND ALL UNDERGO SUCCESSFUL ICSI?

Transmission of Severe Male Infertility to 
Future Generations via ICSI

generation number
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OBSTRUCTIVE AZOOSPERMIA

SPERM RETRIEVAL AND IVF:  Silber, 1986
SPERM RETRIEVAL AND ICSI: Silber, 1992





MESA



OLD SPERM

NOTE:
ANATOMIC
LOBULES



NEW SPERM



Comparison of MESA with ICSI to 
Conventional MESA with IVF in a 

Similar Patient Population

Cycles

IVF-MESA

67

ICSI-MESA**

33

Mature 
Eggs

1,427

431

2PN

98

201

Fertilization 
Rate

7%

47%

Transfers

13/67 (19%)

31/33 (94%)

Pregnancy 
Rate

(Delivered)

3/67 (4.5%)

12/33 (36.3%)

Silber et al, Fertility and Sterility  1994

Obstructive azoospermia:
effect of age of wife

Age of 
Wife
(years)                

<30
30–36
37–39
40+
Totals

No. of 
cycles
(% of total)                

50 (27%)
87 (47%)
24 (13%)
25 (13%)

186 (100%)

No. of 
eggs at 
MII                

735
1111
207
281

2334

No. of 2PN 
oocytes
(% of MII 
eggs)                

392 (53%)
610 (55%)
113 (55%)
147 (52%)

1262 (54%)

No. delivered 
pregnancies 
per cycle
(% per cycle)                

22 (44%)
30 (34%)
3 (12%)
1 (4%)

56 (30%)

Implantation 
rate % (per 
embryo)        

22%
19%
4%
7%

16.2%

Silber et al.  Human Reproduction, 1997



Non-Obstructive Azoospermia:
(NOA)

TESE (Testicular Sperm Extraction)

Micro TESE 
Vs

Conventional TESE



Silber (1977): Non-Obstructive Azzospermia (NOA)



Human Reproduction (1997) Vol. 12 No. 11

Graph depicting quantitative testicle biopsy and 
sperm count

TESE

for non-obstructive(NOA)



Sertoli Cell Only

Normal Spermatogenesis

NON-OBSTRUCTIVE AZOOSPERMIA: Silber 1977

TESE-ICSI For Azoospermia





Micro-TESE FOR NOA : 
Many Techniques for TESE

• Needle aspiration.
• Conventional testis biopsy.
• Multiple conventional biospies.
• Anatomic lobule micro-TESE: Silber
• Mapping: Tureck
• Micro-dissection: Schlegel

• MUCH DEBATE AND CONFUSION 
ON WHAT IS THE BEST APPROACH

What Does Micro TESE Even Mean?

• Testis biopsy with a microscope.

• Type of Incision?  Needle Aspiration?

• “Micro dissection”.

• Sampling of All Anatomic Lobules.

• Spermatogonial Stem Cells.

• Tunica Albuginea Closure and Hemostasis.



Confounding Categories:
These are not NOA, and will skew your results more favorably, 

as they did NOT need TESE

• “hypospermatogenesis”

• “azoospermia”

• “spermatid arrest”

• “crypt-azoospermia”



THE SECRET TO SUCCESS IS THOROUGH SEARCH

DEVELOPED MY MYSELF AND 
PAUL DEVROEY 1993:

• All the data and directions for doing TESE 
successfully are in the literature from 23 years 
ago (Silber and Devroey).  

• But a competitive and confusing literature has 
followed from countless “me-too” urologists and 
gynecologists who each wanted to grab credit for 
a “better” method, not citing my original papers.

• In this lecture, I will go through the voluminious
literature on TESE success claims, and in the end 
give a clearer picture of the best approach.



Human Reproduction (1994) Vol. 9 No. 9

Human Reproduction (1995) Vol. 10 No. 1



Human Reproduction (1995) Vol. 10 No. 8

Fertility and Sterility (1996) Vol. 66 No. 1



Human Reproduction (1997) Vol. 12 No. 11

Silber et al Human Reproduction 1997

Non-obstructive azoospermia (Sertoli cell only, 
maturation arrest, post-chemotherapy, and 

cryptorchidism)

Age of wife 
(years)

No. cycles No. cycles with sperm 
found (% of cycles)

<30 19 14(74)
30-36 29 16(55)
37-39 9 4(44)
40+ 6 5(83)
Totals 63 39(62)



Human Reproduction (2011) Vol. 26 No. 12

• “The first patient series on this approach were published 
more than 20 years ago.”

• (I still have the napkin from the operating room on which 
we coined the term “TESE” after doing the first case.)

• Sperm retrieval rates often boasted about are subject to 
the (pre)selection of patients: biased either by including 
patients showing “hypospermatogenesis” or crypt-
azoospermia.

• e.g. 10 % of NOA cases will have sperm in the ejaculate 
the morning of the TESE procedure. 

Long History of TESE-ICSI: Tournaye

Tournaye
Human Reproduction (2011) Vol. 26 No. 12

• Retrieval rates after testicular surgery reported in the 
literature differ considerably

• Retrieval rates reported in the literature for NOA men 
may vary from about 30% to even more than 80%.

• Larger case studies in well-defined NOA populations 
report sperm recovery rates after a first TESE attempt 
around 50%

Results for TESE-ICSI?



How successful is TESE-ICSI in couples with 
non-obstructive azoospermia?

Vloeberghs et al (2015) Human Reproduction

NOA TESE By DX
All Patients Positive Sperm Retrieval

Total 289 (40.5%)

MA 80 (45.7)

SCO 178 (38.4)

Sclerosis and/or atrophy 31 (41.3%)

Sacca et al. Andrology (2016): 
Bergamo, Italy

• Sixty-three NOA patients were referred for 
Conventional TESE.

• In 47.6%, sperm were found.

Conventional TESE and NOA: 
Results from a non-academic 

community hospital 



Microdissection TESE after  
Conventional Testicular Biopsy in NOA

Karacan et al., Istanbul, Turkey
European Journal of Obstetrics & Gynecology and Reproductive Biology (2014) Vol. 183 No. 1 

• To analyze 86 TESE procedures for ICSI in NOA patients 
who had a previous conventional TESE

• Testicular motile spermatozoa were successfully 
retrieved in 39 out of 47 men who had spermatozoa 
found in the previous biopsy

• In 6 out of 39 men with no sperm in the previous biopsy

Diagnosis Cases Sperm Found

M.A. 14 8(57%)

Hypo-Spermato Genesis 10 3(30%)

SCO 5 3(60%)

TOTAL 29 14(48%)

Fertility with Conventional TESE in NOA

Kahraman et al, Ankara, Turkey
Human Reproduction (1996) Vol. 11 No. 4



Histologic Category Sperm Retrieval Rate with TESE (%)

Hypospermatogenesis 79% (31/39)

Maturation Arrest (n =19) 47% (9/19)

Sertoli Cell-only (n =21) 24% (5/21)

TOTAL 57%

Microdissection TESE

Cornell Website, 2016

But exclude hypospermatogenesis: then only 35% had sperm!

A novel stepwise micro-TESE approach in non obstructive 
azoospermia

Franco et al BMC Urology (2016)

• First, a single TESE sample was taken from one testicle and, after 
this, a micro-TESE was performed extending the same testicular 
incision

• Contralateral conventional multiple biopsies in case of negative 
sperm retrieval on the first testis

• Compare the efficiency of micro-TESE with conventional TESE



Histology Positive Sperm Retrieval

MA (15 cases) 10/15 (67%)

SCO (37 cases) 7/37 (18.9%)

Sclerosis (12 cases) 1/12 (0.8%)

TOTAL 18/64 (28%)

Micro-TESE:
A Novel Stepwise Approach 

Rome, Italy
Franco et al. 2016

Sperm Retrieval Rate With Biopsy VS 
micro-TESE:

In patients with poor prognosis NOA, micro-TESE did not 
improve chance for finding sperm.

In all patients with successful sperm retrieval, the initial 
less invasive conventional biopsy was enough.

The same result was obtained in the initial conventional 
TESE as in the subsequent micro-TESE.

Previous TESE No previous TESE Chi square

Positive sperm retrieval 6/23 (26%) 12/41 (29%) P=0.552

Franco et al. 2016



Re-evaluation of Microdissection Testicular Sperm Extraction

Safarinejad et al. 2015

• In well-designed studies with well-defined men with NOA, the 
reported successful SRRs after a first TESE attempt is about 50%

• All seminiferous tubules (ST) must be inspected to recognize small 
foci of normal spermatogenesis

• The space between the tubules and the tunica is very vascular, thus 
hemorrhage that would be very difficult to control can happen if 
dissection is made in t his plane.

• Postoperative hemorrhage and hematoma formation after micro-
TESE can result in scar formation within the testis.

Re: evaluation of Microdissection Testicular Sperm 
Extraction Results in Patients with Non-Obstructive 

Azoospermia: Independent Predictive Factors and Best 
Cutoff Values for Sperm Retrieval

Safarinejad et al. 2015

• To avoid separation of STs from their blood supply and thus 
devascularization of the STs, 

• Postoperative hemorrhage and hematoma formation after micro-
TESE can result in scar formation within the testis.



Percentage of positive Testicular Sperm Extraction (RESE) according to 
the histologic classification

TOTAL: 54.5% Cetinkaya et al 2015

Predictive Factors of Successful MD-TESE

Diagnosis # Cases Sperm Found % Pregnancy

SCO 148 35 23.6% 20(57.1%)

Modarresi  et al 2013.
International J Fertil Steril



Successful

N (%) 50 (50 %)

Histology (%)

SCO 42.85 %

MA 26.70 %

Hypospermatogenesis 75.86 %

Initial Micro-Dissection 
Kalsi et al 2011



Alrabeeah et al Andrology (2015) 

THIS ONE IS REALLY SILLY!

Slrabeeah et al Andrology (2014) 

• 24 consecutive micro-TESEs in men with 
cryptozoospermia

• Sperm recovery was successful in 96% (23/24) of the 
men who underwent micro-TESE and 43% (3/7) of the 
men who underwent TESA.  

• The ICSI pregnancy rates (per embryo transfer) in the 
micro-TESE and TESA groups were comparable [33% 
(6/18) and 50% (1/2), respectively]

Microdissection (micro-TESE) with Cryptozoospermia:

THIS IS REALLY SILLY!



Andrology (2013) Deruyver et al. 

Microdissection TESE compared with Conventional: 
“a systematic review”

Deruyver et al. 2014 Andrology

• 62 articles.

• Overall sperm retrieval ranged from 16.7% to 45% in the 
conventional TESE vs. 42.9 to 63% in the microTESE
group

• MicroTESE in men with Sertoli cell only syndrome and 
hypospermatogenesis carried a small but significantly 
more favorable outcome



Sperm Recovery and IVF after (TESE):
Mixes OA with NOA.

Omurtag et al. PLOS ONE (2013)

• One hundred and thirty men undergoing testicular 
sperm extraction and 76 couples undergoing 123 in 
vitro fertilization cycles with testicular sperm for 
azoospermia.

• Testicular sperm recovery from azoospermic males 
with all diagnoses was high (70 to 100%) except non-
obstructive azoospermia (31%).

A Novel Stepwise micro-TESE Approach in NOA

Franco et al BMC Urology (2016)

• In the literature, there are many reports indicating micro-
TESE performed after previous failed conventional TESE

• The reported rates of successful sperm retrieval with 
micro-TESE varies between 47 and 66%.

• However in our view, it is reasonable to believe that 
many of these successful micro-TESE cases might have 
benefited from a less invasive approach of sperm 
retrieval



A novel stepwise micro-TESE approach in non obstructive 
azoospermia

Franco et al BMC Urology (2016)

• Our study indicated that:

• 1.) in patients with poor prognosis NOA, micro-TESE 
did not improve the chance of retrieving sperm.

• 2.) In all patients with successful sperm retrieval, the 
initial, less invasive single conventional biopsy 
would have been enough to obtain sperm.

• 3.) However, micro-TESE was optimally tolerated by 
patients, and left minimal if no scars.

St Louis NOA Patients-Etiology
DIAGNOSIS Percent

MA 65/212 30%
SCO 100/212 47%
SCO/MA 9/212 4%
Klinefelters 15/212 7%
Male Turners 1/212 1%
Cryptorchidism 4/212 2%
Post Chemo 18/212 9%

Silber (2016)



% Sperm Found Via TESE For NOA (St Louis)
Number of Cases Sperm Found Percent

MA 42 44%
SCO 45 32%
SCO/MA 3 27%
Klinefelters 11 48%
Male Turners 3 100%
Cryptorchidism 10 83%
Post Chemo 6 28%
TOTAL 207/444 47%

Silber (2016)

Sperm Retrieval 
Technique



Extensive Micro-TESE or MESA: 
always under local anesthesia



The Patient Gets Up And Walks Away 
Comfortably After Surgery

DO NO HARM:
MicroTese vs Microdissection



TESE Micro-dissection Patient

• 37 year old physician with 33 year old wife.

• Pre-operative testosterone normal: 371.

• 15 months ago underwent bilateral microdissection TESE

• No sperm found and has noted increasing fatigue, and 
muscle weakness since surgery.  

• Testosterone now is 84, with LH of 50.5 and FSH of 75.3.  

• Essentially he was castrated by this procedure. 

RESULT OF PREVIOUS MICRODISSECTION



CANNOT TELL BY TUBULE SIZE

SCO: Sertoli Cell Only



Incomplete Maturation Arrest



RESULT OF PREVIOUS MICRODISSECTION

RESULT OF PREVIOUS MICRODISSECTION



DO NO HARM:
MicroTese vs Microdissection

NOA:
Non-Obstructive   

Azoospermia   

SPERMATOGONIAL STEM CELL APPROACH
TO TESE



Testis Anatomy

MICRO-TESE: 
Anatomic Lobule 

Stem Cell Approach



Working, et al. (1988) 

Spermatogenesis

IIIIV

V

Spermatogenesis



Microsurgical Closure 9-0 Nylon 

No Adhesions 6 Months Post-Op



Sample All Anatomic 
Lobules Peripherally

Normal Testis Anatomy





Microsurgically Closed So As To
Prevent Intratesticular Pressure 



Fibrous Tunica Albuginea of Testis:
Same Embryologic Structure as 

Ovarian Cortex

TESE Closure of Tunica Albugionea



Ovarian Cortex Is Tunica Albuginea of Testis

Ovarian Cortical Transplant

No Predictive Test Parameters 
for Finding of Sperm

• In normal testis there are 100 s of 
millions of sperm.

• In NOA we are looking for just 10-20  
sperm.

• A million fold decline in sperm will still 
permit successful TESE.

Silber et al (Distribution of Spermatogenesis) Human Reprod 1997
Silber et al (Maturation Arrest) Fertil Steril 1996



VITRIFICATION OF OOCYTES

CRITICAL FOR TESE NOA CASES

ASRM MEFS AZOOSPERMIA
Oocyte Clip 1



ASRM MEFS AZOOSPERMIA
Oocyte Clip 2

ASRM MEFS AZOOSPERMIA
Oocyte Clip 3



XXY KLINEFELTER





KLINEFELTERS

428

KLINEFELTERS



2 GOOD QUALITY EMBRYOS TRANSFERRED AND 3 FROZEN

HEALTHY TWINS DELIVERED

ANOTHER XXY KLINEFELTER





KLINEFELTERS



ASRM MEFS AZOOSPERMIA
Klinefelters Patient



HEALTHY TWINS

SIX MORE BEING FROZEN (VITRIFICATION)



XY-XO TURNERS MOSAIC

XY-XO TURNERS MOSAIC



XY-XO TURNERS MOSAIC

A sea of corpora albicans, with Sertoli only tubules

XY-XO TURNERS MOSAIC

An isolated area of tubules with normal spermatogenesis



XY-XO TURNERS MOSAIC

HEALTHY TWINS DELIVERED



XY-XO TURNERS MOSAIC

Plus EIGHT Frozen Blastocysts

The Round 
Spermatid 

(ROSI) 
Controversy





ICSI Cycle 
Results with 

Varying Degrees 
of Male Factor 

Infertility



ICSI Live Birth Rates for Obstructive 
Azoospermia (Testis Vs. Epididymis)

Age
MESA OA

Fresh & Frozen
TESE OA

Fresh & Frozen
Overall

<35 159/377 42% 33/99 33% 192/47
6 40%

36-40 27/109 25% 5/33 15% 32/142 22%

>40 4/29 14% 0/6 0% 4/35 11%

Overall 190/486 39% 38/132 29% 228/61
8 37%

ICSI Live Birth Rates for Non-Obstructive 
Azoospermia (Testis Vs. Epididymis)

Age
MESA OA 

Fresh & Frozen

TESE OA 
Fresh & 
Frozen

TESE NOA 
Fresh & Frozen Overall

<35 159/377 42% 33/99 33% 52/230 23% 244/706 35%

36-40 27/109 25% 5/33 15% 20/70 29% 52/212 24%

>40 4/29 14% 0/6 0% 0/16 0% 4/51 7%

Overall 190/486 39% 38/132 29% 72/316 23% 300/934 32%



ICSI Live Birth Rates for NOA and OA With 
Testis Sperm

Age
TESE OA

Fresh
TESE NOA

Fresh
Overall

<35 33/99 33% 52/230 23% 85/329 26%

36-40 5/33 15% 20/70 29% 25/103 24%

>40 0/6 0% 0/16 0% 0/22 0%

Overall 38/132 29% 72/316 23% 110/448 24%

CONCLUSION:

Testis Sperm

Inferior to

Epididymal Sperm



FUTURE OF TESE: Stem Cells

• Retrieve testis tissue prepubertal 
male cancer patients.

• Culture spermatogonial stem cells in 
multiple passages to eliminate 
cancer cells.

• Transfer pure stem cells back to 
testis. 

FUTURE OF TESE: Stem Cells

• For severe oligospermic males, retrieve testis 
tissue and culture spermatogonial stem cells to 
exponentially increase number.

• Then transfer back to testis via rete testis to 
increase sperm count.



SPERM AND EGGS FROM SKIN  CELLS

No Need For TESE with NOA

Derivation of artificial gametes from iPS cells in mouse



Primordial Germ Cells

- the origin of all germ cell lineage

- expressing pluripotent genes

- Undergoing genome-wide reprogramming
(massive DNA demethylation and  
conversion of histone modifications) 

- When transferred into testis or ovary, PGCs 
give rise to functional sperm or oocytes.

Primordial 
Germ Cells

Yamaji et al (2008) Nat.Genet. 



Germ cell development in mice

PGC-specific gene expression

Repression of 
Somatic cell program

Re-acquisition of 
potential pluripotency

Genome-wide DNA demethylation

X-chromosome reactivation

Dynamic changes of histone modifications

Imprint erasure

G2 arrest Active proliferation

Sex determination

Male ♂

Female ♀

Mitotic arrest

Active 
proliferation

Meiosis

MSCI

Histone replacement
by histone variants

Protamine loading

Spermiogenesis

Establishment of
Paternal imprints

Meiosis (Prophase)

Cyst-formation
and breakdown

Folliculogenesis

1st meiosis

2nd meiosis

Establishment of maternal imprints

Fertilization

Active DNA demethylation
in paternal pronucleus

Cleavage

Passive DNA demethylation

Zygotic Gene Activation

PGC-specification

Totipotent Pluripotent Germ cell lineage: Monopotent (that constitutively maintain pluripotency) Totipotent

Somatic cell lineage: Multipotent → Monopotent



Reconstitution in vitro of the entire cycle of the female germline

Still need embry
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