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PROCESSOS MOLECULARES DA FERTILIZACAD

1. Liberagcao de hialuronidase e acrosina — Contato com a corana radiata resulta em perfuragées no
acrossoma

2. Ligacao do acrossoma com ZP3 (mediada pela MP, ions de calcio, prostaglandinas e progesterona)
Fusao da MP do évulo com a membrana acrossomal externa

Rearranjos no citoesqueleto para dar suporte a formacao do zigoto e desenvolvimento embrionario
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Vanden Meerschaut, F et al. Assisted oocyte activation following ICSI
fertilization failure. Reproductive Bio-Medicine Online (2014),
http://dx.doi.org/10.1016/1.rbmo.2014.01.008
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Liberacao de hialuronidase e acrosina — Contato com a corana radiata resulta em perfuracbes no acrossoma
Ligacao do acrossoma com ZP3 (mediada pela MP, ions de calcio, prostaglandinas e progesterona)
Fusdo da MP com a membrana acrossomal externa

Rearranjos no citoesqueleto para dar suporte a formagao do zigoto e desenvolvimento embrionario
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[NDICACDES CLASSICAS PARA 1CSI

e Oligoastenozoospermias classicas
e Parametros seminais sub-6ptimos

e Falha ou baixa fertilizacao na FIV convencional anterior

7
. ///, e Azoospermias

k7 e PGTs
e Sorodiscordancia




"QUANTO" £ FALHA DE FERTILIZACAO!

Failed fertilization in IVF <5% 11,3% (6/53)*

Failed fertilization in ICSI (not stressed in the Vienna consensus) 1-3% 4,9% (23/469)**

The Vienna consensus: report of na expert meeting on the development of ART laboratory performance indicators. EHHRE Special Interest Group of Embryology
and Alpha Scientists in Reproductive Medicine. http://dx.doi.org/10.1016/j.rbmo.2017.06.015



CONDUTA NA ESCOLHA DA TECNICA NO e
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@ FIV convencional

Aproveitamento
maximo do que a
punc¢ao “oferece”

Fertilidade comprovada do casal

e FIV-ICSI
Avaliado, sempre que o /J\ 7~ N\ /J\
recuperado pés capacitacéo ICSI FIV-ICSI FIV convencional
permite 88,7% (416/469) 11,1% (52/469) 0,2% (1/469)
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CONDUTA NA ESCOM DATECNIAND . (DL

VIDA CENTRO DE FERTILIDADE e

maximo do que a
puncao “oferece”
Fertilidade comprovada do casal

® FIV-ICSI /J\ A~ /J\

ICSI FIV-ICSI FIV convencional
i“;;iii‘;;ézegz:; ize o recuperado pos 88,7% (416/469) 11,1% (52/469) 0,2% (1/469)
N— N— N—
Ovulos inseminados (FIV) 506
Ovulos maduros FIV 345 (66,6%)
Ovulos fertilizados FIV 110 (31,9%) 128 (37,1%) — 18 3PN (14,1%)
Ovulos Ml injetados 336
viteembrio Ovulos fertilizados ICSI 247 (73,5%)

REPRODUGAO\ ASSISTIDA

Falha de fertilizagao FIV-ICSI 0% 6/53 (11,3%) e 3/52 (5,8%)



"QUANTO" £ FALHA DE FERTILIZACAO?

Failed fertilization in IVF <5% 11,5% (6/52)*
Failed fertilization in ICSI (not stressed in the Vienna consensus) 1-3% 4,9% (23/469)**

*%*

Caracteristicas dos casos de falha total de fertilizagao

*

Caracteristicas dos casos de falha na FIV (entre os

casos FIV-ICSI) (exclusivamente ICSI)

Idade (média) 28-38 (33,6 anos) Idade (media) 32-45 (39,5 anos)

Ovulos coletados 7-26 Ovulos coletados/desuvitri 1 — 19 (média 3,9)

Ovulos inseminados 3-17 Ovulos Ml injetados 1 — 14 (total de 59 — média 2,6)

OVU|OS maduros Fatores preponderantes Baixa reserva ovariana (19)
0-13 Azo e cripto (2)

Endometriose (1)
ESCA (1 caso — 4MI1/13)



CAUSAS DA FALRA DE FERTILLZACAD EM ICSI

Falha na ativacao oocitaria (principal)

Falha na descondensacao da cabeca do espermatozoide
Condensacao prematura da cromatina espermatica
Defeitos no fuso (spindle) oocitario

Defeitos na “sperm aster”

Problemas técnicos

Baixa disponibilidade de ovocitos MII
Ovécitos com alteracdes morfologicas
Injecao de espermatozoide sem motilidade
Teratozoospermia severa (globozoospermia)

-



[ESTE PARA DETERMINAR A ORIGEM DA FALHA NA 1051

MOAT result
= mh of activated

mouse oocytes

— . wort s 1 020 ———— BIERMIATOZOIDE
Sperm T — e \ /MDATgroup2 21-84% — [\DETERMINADO

‘ MOAT group 3: 85 -100% \ OVULO
Fertile Donor ..

——_
Sperm —_— . - .. >90%

(Positive Control) .
Medium .
Injection Mouse Oocyt <10%
(Negative Control)
Heterologous
ICS1

A anélise do padrio oscilatério do célcio confirmam a validade do MOAT.
Vanden Meerschaut, F et al. Diagnostic and prognostic value of calcium oscillatory pattern analysis for patients with ICSI fertilization failure. Hum. Reprod. 2013,

28:87-98.



ATIVACAO OOCTTARIA ASSISTIDA (AQA — asssteo oocr acrivation)

Métodos de ativagao artificial

Fisico: campo elétrico gerado por corrente de voltagem

continua, fazendo com que as proteinas carregadas na
bicamada lipidica da membrana celular se movam, formando
poros na membrana e permitindo o influxo de calcio

extracelular.

Mecanico: rompimento da membrana plasmatica e aspiracao

vigorosa do citoplasma (ICSI modificada)



ATIVACAO OOCITARTA ASSISTIDA (AQA = asisten oocne acovarion)

Métodos de ativagao artificial

@ Quimico: Um 1iondéforo (inomicina ou calcimicina) €& uma
molécula lipossoluvel, geralmente sintetizada por
microorganismos, que transportam 1ions através da bicamada
lipidica da membrana celular. Os ionoforos de calcio
ajudam a ativar o odécito aumentando a permeabilidade de
calcio da membrana celular, permitindo assim que o calcio
extracelular flua para a célula. Este tratamento causa um
unico pico na concentracao de ions calcio, mas nao ha
oscilacdes de calcio subsequentes.




ATIVACAO OOCTTARIA ASSISTIDA (AQA — asssteo oocr acrivation)

Table 1 Types of artificial oocyte activation methods and reported cases in clinical research

Types of artificial oocyte Cases of pregnancy and
activation methods Mechanism of oocyte activation delivery in clinical research
Calcium ionophoret Increase in Ca** permeability of cell membrane + (Hoshi et al. 1995 A23187%)
Electrostimulation Pore formation in cell membrane, entry of extracellular Ca™* + (Yanagida et al. 1999%)
Strontium Release of endogenous Ca*™* + (Yanagida et al. 2006™)
Ethanol Increase in Ca®* permeability of cell membrane

Puromycint Inhibition of protein synthesis + (Murase et al. 2004°°)
Cycloheximide Inhibition of protein synthesis

tCalcium ionophores include A23187 and ionomycin. $Puromycin is used in combination with A23187.

Yanagida K et al. The present status of artificial oocyte activation in assisted reproductive technology. Reproductive Medicine and Biology 2008; 7: 133-142.



TUDOS

J/

%+ AOA viabiliza a fertilizacdo em casos de falha
e proporciona a gravidez

*» Estudos heterogéneos e com casuistica
pequena — resultados variaveis

% A maioria n&o utilizou o teste diagndstico

anterior (ex: MOAT ou ICSI heterdloga)

Vanden Meerschaut, F et al. Assisted oocyte activation following ICSI
fertilization failure. Reproductive Bio-Medicine Online (2014),
http://dx.doi.org/10.1016/;.rbmo.2014.01.008

Table 1

Overview of the calcium ionophore ADA protocols used in human assisted reproduction treatment.

Reference AQA protocol Cases Fertilization rate (%)
Conventional ACA  P-walue
[&7)
Moaz et al. (2006) Twofold exposure to 10 pmol/  Abnormal sperm morphology
| ionomycin for 10min at 1Th  Amorphous heads (n = 18) 6.7 82.7 0.0008
and 1.5h following 1CS1 Tapered heads (n= 23) 9.3 81.7 0.005
Bent necks (n = 15) 49.4 482 NS
Heindryckx et al. (2008) Injection of 0.1 mol/l CaClz Previously failed or low 14 (0-22) 75 <0.001
together with spermatozoa fertilization after
during 1C51, followed 30 min conventional ICS] (n= 30)
later by a 2-fold exposure to
10 pmol/ | jonomycin for
10 min, 30 min apart
Nasr-Esfahani et al. (2008) Single exposure to 10 pM Severe teratozoospermia with 0 578 S
ionomycin for 10 min a split ADA cycle (n=78)
14.3 (1-33) 583 S
47 (34-65) 634 S
B5.8 (66—100) 779 NS
Borges et al. (2009a) Single exposure to 5 pM ICSl with spermatozoa from:
calcimydn for 30 min, TESE NOA (n=29) 44.0 447 NS
immediately following ICSI TESE QA (n = 24) 65.2 550 NS
PESE QA (n = 49) 65.8 670 NS
Borges et al. (2009b) Single exposure to 5 pM ICSl with spermatozoa from:
calcimydn for 30 min Ejaculated (n = 46) 76.2 694 NS
immediately following ICSI Epididymal (n = 41) 66.6 489 NS
Testicular (n =70) 56.1 506 NS
Montag et al. (2012) Single exposure to 10 pmol/L ICSI with previous:
calcimydn for 15min Failed fertilization (n = 27) 1] 416 <0.05
immediately following ICSI Low fertilization (n = 38) 19.3 (0-29) 444 <0.001
Very low fertilization (n= 24)  36.8 (30-50) 56.1 <0.001
Vanden Meerschaut et al Injection of 0.1 mol/l CaQl, Suspected oocyte-related
(2012) together with spermatozoa activation failure with a split
during 1G51, followed 30 min AOA gycle and ICSI with
later by a 2-fold exposure to  previous:
10 pmol/ | ionomycin for Failed fertilization (n = 5) 25.0 727 <0.001
10 min, 30 min apart Low fertilization (n=7) 60.4 750 NS
Ebner et al. (2012) Single exposure to a ready-to-  Azoo- or cryptozoospemmia 47 5.9 <0.001

use calcimycin solution for
15 min immediately following
ICsI

(n= 66)

Values are in parentheses are 95% Cl. Case reports are not included in this overview.
ADA - assisted cocyte activation; ICSI = intracytoplasmic sperm injection; NOA - nonobstructive azoospermia; OA - obstructive azoospermia;
NS = no significant; PESE » percutaneous epididymal sperm extraction; § = significant difference but no P-values provided in the paper; split
ADA cyde = conventional ICS1 and 1CSI combined with AOA on sibling cocytes from the same cyde; TESE = testicular sperm extraction.



STUD0

30 casos de FF anterior com ICSI + AOT

MOAT group 1

34%
MOAT group 2 43%
MOAT group 3 17%

Caracteristicas dos casos de falha total de fertilizagao

de ICSI no Vida Centro de Fertilidade

Fatores
preponderantes

Baixa reserva ovariana (19)
Azo e cripto (2)
Endometriose (1)
ESCA (1 caso — 4MII/13)

Vanden Meerschaut, F et al. Assisted oocyte activation following ICSI
fertilization failure. Reproductive Bio-Medicine Online (2014),
http://dx.doi.org/10.1016/;.rbmo.2014.01.008

Table 1 Overview of the calcium ionophore ADA protocols used in human assisted reproduction treatment.

Reference AQA protocol Cases Fertilization rate (%)
Conventional ~ACA  P-value
151
Moaz et al. (2006) Twofold exposure to 10 pmol/  Abnormal sperm morphology
| jonomycin for 10min at 1h  Amorphous heads (n = 18) 36.7 827 0.0008
and 1.5 h following 1CS1 Tapered heads (n« 23) 9.3 817 0.005
Bent nechs (n = 15) 49.4 482 N5
Heindryckx et al. (2008) Injection of 0.1 mol/l Cadz Previously failed or low 14 (0-22) 75 <0.001
together with spermatozoa fertilization after
during 1C51, followed 30 min conventional ICS] (n= 30)
later by a 2-fold exposure to
10 pmol/ | jonomycin for
10 min, 30 min apart
Nasr-Esfahani et al. (2008) Single exposure to 10 uM Severe teratozoospermia with 0 578 S
ionomycin for 10 min a split ADA cycle (n=78)
14.3 (1-33) 583 S
47 (34-65) 634 S
B5.8 (66—100) 779 NS
Borges et al. (2009a) Single exposure to 5 pM ICSl with spermatozoa from:
calcimydn for 30 min, TESE NOA (n =29) 44.0 47 NS
immediately following ICSI TESE OA (n = 24) 65.2 550 NS
PESE OA (n = 49) 65.8 670 NS
Borges et al. (2009b) Single exposure to 5 pM ICSl with spermatozoa from:
calcimydn for 30 min Ejaculated (n = 46) 76.2 69.4 N5
immediately following ICSI Epididymal (n = 41) 66.6 489 NS
Testicular (n = 70) 56.1 506 NS
Montag et al. (2012) Single exposure to 10 pmol/L ICSI with previous:
calcimydn for 15min Failed fertilization (n = 27) 0 416 <0.05
immediately following ICSI Low fertilization (n = 3B) 19.3 (0-29) 444 <0.001
Very low fertilization (n= 24)  36.8 (30-50) 56.1 <0.001
Vanden Meerschaut et al. Injection of 0.1 mol/l CaQl, Suspected oocyte-related
(2012) together with spermatozoa activation failure with a split
during ICS1, followed 30 min ~ AOA cycle and ICSI with
later by a 2-fold exposure to ~ previous:
10 pmol/ | jonomycin for Failed fertilization (n = 5) 25.0 717 <0.001
10 min, 30 min apart Low fertilization (n=7) 60.4 750 NS
Ebner et al. 2012) Single exposure to a ready-to-  Azoo- or cryptozoospemmia 47 5.9 <0.001

use calcimycin solution for
15 min immediately following
ICsI

(n= 66)

Values are in parentheses are 95% Cl. Case reports are not included in this overview.
ADA - assisted cocyte activation; ICSI = intracytoplasmic sperm injection; NOA - nonobstructive azoospermia; OA - obstructive azoospermia;
NS = no significant; PESE » percutaneous epididymal sperm extraction; § = significant difference but no P-values provided in the paper; split
ADA cyde = conventional ICS1 and 1CSI combined with AOA on sibling cocytes from the same cyde; TESE = testicular sperm extraction.



Table 1

Overview of the calcium ionophore ADA protocols used in human assisted reproduction treatment.

Reference AQA protocol Cases Fertilization rate (%)
Conventional ~ACA  P-value
151
Moaz et al. (2006) Twofold exposure to 10 pmol/  Abnormal sperm morphology
| jonomycin for 10min at 1h  Amorphous heads (n = 18) 36.7 82.7 0.0008
and 1.5 h following 15! Tapered heads (n= 23) 39.3 817 0.005
Bent nechs (n = 15) 49.4 482 N5
Heindryckx et al. (2008) Injection of 0.1 mol/l Cadz Previously failed or low 14 (0-22) 75 <0.001
together with spermatozoa fertilization after
during 1C51, followed 30 min conventional ICS] (n= 30)
later by a 2-fold exposure to
10 pmol/ | jonomycin for
ICSI ICSI + AOA 10 min, 30min apart
Nasr-Esfahani et al. (2008) Single exposure to 10 pM Severe teratozoospermia with 0 578 S
i = ionomycin for 10 min a split ADA cycle (n=78)
Tx fertlllzagao 34’7% 56,9% 14.3(1-33) 583 S
47 (34-65) 634 S
85.8 (66—100) 779 NS
No. transferéncias
79 73 Borges et al. (2009a) Single exposure to 5 pM ICSl with spermatozoa from:
calcimydn for 30 min, TESE NOA (n =29) 44.0 47 N
~ P immediately following ICSI TESE OA (n = 24) 65.2 550 NS
No. gestagoes clinicas 5 29 PESE OA (n = 49) 65.8 670 NS
Borges et al. (2009b) Single exposure to 5 pM ICSl with spermatozoa from:
Abort calcimydn for 30 min Ejaculated (n = 46) 76.2 69.4 N5
ortos o ) immediately following ICSI Epididymal (n = 41) 66.6 489 NS
4 (80 A)) 4 (1118 A)) Testicular (n = 70) 56.1 506 NS
Montag et al. (2012) Single exposure to 10 pmol/L ICSl with previous:
calcimydn for 15min Failed fertilization (n = 27) 1] 416 <0.05
immediately following ICSI Low fertilization (n = 3B) 19.3 (0-29) 444 <0.001
Very low fertilization (n=24)  36.8 (30-50) 56.1 <0.001
Vanden Meerschaut et al. Injection of 0.1 mol/l CaQl, Suspected oocyte-related
(2012) together with spermatozoa activation failure with a split
during IG5, followed 30 min ~ ADA cycle and ICSI with
later by a 2-fold exposure to ~ previous:
10 pmol/ | jonomycin for Failed fertilization (n = 5) 25.0 717 <0.001
10 min, 30 min apart Low fertilization (n=7) 60.4 750 NS
Ebner et al. 2012) Single exposure to a ready-to-  Azoo- or cryptozoospemmia 47 5.9 <0.001
use calcimycin solution for (n= 66)
15 min immediately following
ICsI

Values are in parentheses are 95% Cl. Case reports are not included in this overview.

ADA - assisted cocyte activation; ICSI = intracytoplasmic sperm injection; NOA - nonobstructive azoospermia; OA - obstructive azoospermia;
NS = no significant; PESE » percutaneous epididymal sperm extraction; § = significant difference but no P-values provided in the paper; split
ADA cyde = conventional ICS1 and 1CSI combined with AOA on sibling cocytes from the same cyde; TESE = testicular sperm extraction.



FOLLOW-UP DAS CRIANCAS NASCIDAS DE ICSI+AQA
e

Vanden Meerschaut et al. 21 (3-10 anos) Injecéo de 0.1 mol/L CaCl2 na ICSI seguindo,

2014 30 min depois, de 2 exposi¢cdes, com intervalo
de 30 min, de ionicina 10umol/L

Takisawa et al. 2011 10 A23187 (calcimicina)

Takisawa et al. 2011 12 Cloreto de estroncio

Sato et al. 2011 Peso e altura de 21 ?2?777?

criancas até os 6 anos

Ainda nao existe confirmacao da seguranca genética e de 7mprinting anormal
para o uso combinado da ICSI com os métodos de ativacao de oocitos.

Vanden Meerschaut, F et al. Assisted oocyte activation following ICSI fertilization failure. Reproductive Bio-Medicine Online (2014),
http://dx.doi.org/10.1016/}.rbmo.2014.01.008




METANALISE

Table Ill Summary of findings of RCTs on the effect of ICSI-AOA compared with ICSl-only in cocytes of women with

previous fertilization failure, and as a rescue method in oocytes that failed to fertilize.

Outcome Absolute risk Relative effect  Oocytes (studies)
ICSI-mly : ICSI.AOA RR (95% CI)
Previous fertilization failure
Embryos at cleavage stage (Day 2-3) I 1.4% 61.8% 54 30-99) 21 | oogytes(|1)
Embryos at blastocyst stage (Day 5-6) Mot reported by the included studies.
Rescue method
Embryos at cleavage stage (Day 2-3) 8.8% 75.7% 8.7 (23-328) 204 oooytes (2)
Embryos at blastocyst stage (Day 5-6) 0% 4T 20 (0.1-350) 104 cocytes (1)

Observed
effect

Benefit

Benefit

Quality of the

evidence

Very low"

Very low”
Very low"

RR, rigk ratio; Cl, confidence interval.
*The estimate was very imprecise, not being possible to ascertain whether ICSFAOA i related to harm, no effect or benefic

*Qualty of evidence was downgraded because of very sedous imprecision, serdows inconsistency of the results and high risk of bias of the included studies.

"Downgraded because of very serious imprecision, and because evidence comes from only one small study deemed at high risk of bias.

Sfontouris, IA et al. 2015. Hum Reprod Advance Access.

doi:10.1093/humrep/dev136



METANALLSE

ICSHAODA  ICSI-Only Risk Ratio Risk Ratio Risk of Bias
Study or Events Total Events Total Weight M-H, Random, 85% CI M-H, Random, 35% CI ABCDEFG
Previous fertilization failure

Baltaci 2010 76 123 10 B8 47.7% 5.44 (268, 9.91) - ?2720088®
Van den Meerschaut 2012 7510 40 92 523% 171132, 221) ] (111 XX R4
Subtotal (95% CI) 224 180 100.0% 2.97 [0.84, 10.48) o

Total events 151 50

Helerogengity: Tau® = 0.77; Chi* = 14.83, df = 1 (P = 0.0001) # = 93%
Test for overall effect: Z= 1.69 (P = 0.09)

Rescue method

Manigalviratn 2005 40 =0 B 50 T10% 5.00 [2.61, 9.58] - [ 11 1 K3
Zhang 1984 64 86 0 18 200% 2817 [1.82, 435.39) —a— 278000809
Subtotal (95% CI) 136 63 100.0% 8.26 [1.28, 53.32) e —

Tolal events 104 B

Heterogenaity: Tau® = 1.17; Chi* = 213, df = 1 (P=0.14); 7 = 53%
Test for overall effect: 2= 2.22 (P =0.03)

1 + 3
L T

001 01 1 10 100

Test for subgroup differences: Chi* = 0.79, df = 1 (P = 0.37),/%= 0% Favours ICSI-Only  Favours ICSI+AOA
Risk of bi

{A) Random sequence genaration (selection bies)

{B) Allccation concealment (salection bias)

{C) Binding of padicipants and personnel [performance bias)

(D) Blinding of outcame assassment (detaction bias)

(E) Incomplate outcome data (attriton bias)

(F) Selective reporting (reporting bias)

(G) Other blzs

Figure 3 Forest plot for fertilization per oocyte randomized reported by the studies included in the oocyte-based review.

Sfontouris, IA et al. 2015. Hum Reprod Advance Access.
doi:10.1093/humrep/dev136



FTANALISE

ICSI+AQA ICSk-Only Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 85% CI ABCDEFG
Previous fertilization failure
Baltaci 2010 7% 123 10 88 100.0% 5.44 (2,98, 2.91] ’ 7 70088®
Subtotal (95% C1) 123 88 100.0% 544 [2.98,9.91]
Total evenis 76 10

Haterogenaeity: Not applicable
Test for overall effect 2 = 5.53 (P < 0.00001)

Rescue mathod

Manipalviratn 2008 38 50 6 50 80.5% 6.50 [3.02, 13.97] = o eeed + + +
Zhang 1999 64 86 0 18 19.5%  28.17[1.82, 43539 —— 1 99FG®
Subtotal (95% CI) 136 68 100.0% 8.65 [2.28, 32.77) e

Total evenis 103 B

Heterogeneity: Taw? = 0.42; Chi* = 1.40, df = 1 (P = 0.24); 7 = 20%
Tes! for overall effect: Z=3.17 (P = 0.002)

0.01 0.1 1 10 100
Tesl for subgmup differences: Chi*= 039, df = 1 (P - 0%] P =0% Favours ICSI-OnIy Favours ICSI+AQA
Risk of bias legend
(A) Random sequance generation (sslaction bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of oulcome assessment (detection bias)
(E) Incompiete outcoma dala (attrition bias)
(F) Selective reporting {reporting bias)
{G) Other blas

Figure 2 Forest plot for embryos at cleavage stage per cocyte randomized reported by the studies included in the oocyte-based review.

Sfontouris, IA et al. 2015. Hum Reprod Advance Access.
doi:10.1093/humrep/dev136
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