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PMA 

Tecniche

- (IUI)
-IVF

-ICSI

-Donazione Gameti

-PGT ( PGS-PGD)

-Crioconservazione 

ovociti/embrioni

-IVM

Fase  clinica
-Stimolazione 

ovarica

- Prelievo di ovociti

-Trasferimento 

embrioni

Fase extra-corporea
-Inseminazione

- Coltura

- Valutazione qualità

-Selezione

-Crioconservazione

Efficacia 

Rischi 

Trattamento 

della maggior parte

delle forme di infertilità 

di coppia 

Pabmed :

> 60.000 publications  and 

3231 reviews and meta-analysis

Basic science items ( i.e.  early embryonic development) 

> 40.000 publications 



The International Glossary on Infertility

and Fertility Care, 2017

Hum Reprod 2017

Fertil Steril 2017

Terza revisione dal 2002

Standardizzazione termini e definizioni



PMA 

- Aspetti   etico-culturali 

- Aspetti socio- economici

- Disponibilità/accessibilità

- Aspetti  clinici

- Aspetti tecnici

- Aspetti scientifici

-Efficacia-rischi

Legislazioni e 

politiche sanitarie  



IFFS  - Global Reproductive Health 2016

Settima Edizione 

ART Surveillance 

“To provide a better understanding of the 

complexity of the issues surrounding

ART provision”



Divieti della Legge 40 dl 2004

- Inseminazione di un max di 3 ovociti

- Divieto della crioconservazione di embrioni

- Divieto alla analisi degli embrioni (PGD e 

PGS)

- Divieto della donazione di gameti ( eterologa)

PMA in Italia



Donazione  di gameti

Lecito un  rimborso

“appropriato”

Per donazione di ovociti  

varia da 200  euro               

( Finlandia) a 1500 euro (in 

Belgio)

Maggior parte di Paesi : 

500-1000 euro 
In Italia è vietata ogni forma 

di rimborso



La normativa Italiana 

L’importazione ed esportazione di gameti sono 

consentite solo da e verso istituti autorizzati ai sensi 

della normativa europea vigente in materia                          

( Decreto Min Salute del 10-10-2012 attuativo del 

DLgs 191/07) 



Europa : vari Registri Nazionali obbligatori o volontari fin 

dal 1982. In Italia dal 2005.

Raccolta Europea dal 1997

USA dal 1988

Australia e Nuova Zelanda dal 1992 

America Latina dal 1995

Medio Oriente dal 1999

India dal 2008

Africa :  in via di organizzazione

Nessun dato nazionale dalla Cina

ART monitoring

Registri PMA nel Mondo



Europe EIM-Total cycles reported per year

Trends over 15 years in ART in Europe

Ferraretti et al , Human Reproduction Open 2017

Estimation :

7.200.000 cycles

1.400.000 infants born



ICMART- World  ART  Reports 

Number of cycles



ICMART- World  ART  Reports

Stima  totale 
2 .5  milioni cicli/anno

> 7 milioni di nati 



Availability                                            
( cycles/million inhabitants/year ) 

Availability of infertility services is a complex product of 

public and private health policies and economic, political 

and social/cultural forces  that determine the allocation of  

facilities, personnel and equipment.

The global need for ART is estimated to be al least 

1.500 cycles/million population per year ( Collins et al, 

Hum Reprod Update, 2002)



Availability  in the world 
( number of cycles/ million inhabitants )



Figure 2- Number of cycles / million inhabitants in the 

countries where data coverage was 100%

Mean value

Range

Trends over 15 years in ART in Europe              

Ferraretti et al , Human Reproduction Open 2017

Italia  ISS 2015  : 

1175 cicli/milione di abitanti



Figure 3- Percent of ART babies  on the total infants 

born in the Countries with a 100% coverage

Mean value

Range

%

Trends over 15 years in ART in Europe

Ferraretti et al , Human Reproduction Open 2017

Italia  ISS 2015   

2.4%



PMA 

Tecniche
-IVF

-ICSI

-Donazione Gameti

-PGT ( PGS-PGD)

-Crioconservazione 

ovociti/embrioni

-IVM

Fasi cliniche
-Stimolazione 

ovarica

- Prelievo di ovociti

-Trasferimento 

embrioni

Fase extra-corporea
-Inseminazione

- Coltura

- Valutazione qualità

-Selezione

-Crioconservazione

Efficacia 

Rischi



COH for  ART

COH is used >  95% of the cycles performed in 

the world 

Superovulation for ART



ART  Complications- European data

Year OHSS (%) bleeding infections Maternal

deaths

1999 1083 0.9 84 30 1

2000 1586 1.1 388 36 0

2001 1851 0.9 294 24 1

2002 2148 1.0 622 227 2

2003 2646 1.0 799 135 2

2004 2858 1.2 520 362 4

2005 3347 1.2 523 207 0

2006 2753 0.8 544 42 2

2007 2470 0.8 574 64 3

2008 2947 1.0 652 49 1

2009 2137 0,8 570 61 1

2010 1500 0,3 641 53 2

2011 1705 0,6 711 59 1

tot 29.031 6922 1349 20
Ferraretti et al , Human Reproduction Open 2017



IVM 

In Vitro Maturation



ORGYN, Puregon special issue,1996 
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Sunkara et al., Hum Reprod 2011 

- Higher risk of OHSS 

- Negative impact on uterine 

receptivity  

- Negative impact on oocyte 

quality 



Age

BMI

Basal FSH

PCOS 

Previous cycles

Prediction of the ovarian response to 

personalize the stimulation 

The past

New ovarian 

reserve tests

- AMH

- AFC 

The present



Personalization 
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Sunkara et al., Hum Reprod 2011 

High responders



Cycle day

FSH/HMG 

basso 

dosaggio 

GnRH       

antagonist

Unexpected High responders 
Treatment strategy

HCG GnRH 

agonist 

Crioconservazione di 

embrioni  

per impatto negativo su 

recettività 

endometriale



Identification of the risk population

Low dose Gn in antagonist protocol

GnRHa triggering 

Elective cryopreservation ( vitrification) of all embryos  and 

embryo replacement in a receptive, non-stimulated 

endometrium (natural cycle or with artificial endometrial 

preparation)



PMA 

Tecniche
-IVF

-ICSI

-Donazione Gameti

-PGT ( PGS-PGD)

-Crioconservazione 

ovociti/embrioni

-IVM

Fasi cliniche
-Stimolazione 

ovarica

- Prelievo di ovociti

-Trasferimento 

embrioni

Fase extra-corporea
-Inseminazione

- Coltura

- Valutazione qualità

-Selezione
-Crioconservazione

Efficacia 

Rischi



Europe- Number of embryos transferred 

% of

transfers

Trends over 15 years in ART in Europe              

Ferraretti et al , Human Reproduction Open 2017



ART    System

Embryo’s selection  

2PN 

Transfer of 1-2 embryos

Cryopreservation of 

surplus embryos

Vitrification



1990 2000 2010 2017

- PGS

- Meiotic spindle 

birefringence

- Zona pellucida 

birefringence

- Measurement 

aa turnover

- Respirometry

- Metabolomics

- Blastocyst 

culture

- Time-lapse

Embryo selection

- Other



Polar Body 

Biopsy

Cleavage

stage biopsy

Blastocyst biopsy

Trophectoderm

Day 1 Day 2 Day 3 Day 5 Day 6Day 4

Morula stage 

biopsy

PGT: SOURCE OF DNA 

for Chromosomal analysis

Aim :  to select  euploid embryos 
(women of advanced maternal age, repeated 

IVF failure ,

repeated miscarriages,severe male factor)



POLAR BODY BIOPSY: 
Frequency of meiotic errors

The proportion of aneuploid oocytes increases with female 

age

n=735 oocytes (CGH on Pb1 and Pb2)

Female Age

31.8

51.3

69.4

85.3

96.3

Gianaroli et al., Human Reprod 2010, 



PGS new generations

The present

More DNA: less no results

Less mosaicism 

Reduced ( no) impact on embryo 

implantation

arrayCGH   

TROPHECTODERM BIOPSY



Conclusions:

- PGT with the use of CCH technology increases clinical and sustained

IRs, thus improving embryo selection, particularly in patients with normal

ovarian reserve.

- Results from ongoing RCTs conducted on different patient populations

(e.g., decreased ovarian reserve) and different embryo stage biopsy (e.g.,

PB, day-3) may further clarify the role of this technology.
Dahdouh et al., Fertil Steril 

2015 



PGS new generations

The present

More DNA: less no results

Less mosaicism 

Reduced ( no) impact on embryo 

implantation

Blastocentesis

The future

arrayCG   

TROPHECTODERM BIOPSY



NOVELTY IN PGT

MITOCHONDRIAL DNA ANALYSIS



Primary function is the

production of energy

thorough the synthesis of

ATP (adenosine

triphosphate).

http://www.madsci.org/posts/archives/2007-01/1168019185.Cb.r.html

Processes like oocyte maturation,

fertilization and embryo

development require great

quantity of energy which is

provided by the mitochondria

accumulated during oogenesis.

MITOCHONDRIA



mtDNA levels  and EMBRYO 

VIABILITY

Fertil Steril 2015
2015

mtDNA

MATERNAL 
AGE

EMBRYO 
QUALITY

IMPLANTATION 
RATE

CHROMOSOME 
COMPLEMENT



PMA 

Tecniche
-IVF

-ICSI

-Donazione Gameti

-PGT ( PGS-PGD)

-Crioconservazione 

ovociti/embrioni

-IVM

Fasi cliniche
-Stimolazione 

ovarica

- Prelievo di ovociti

-Trasferimento 

embrioni

Fase extra-corporea
-Inseminazione

- Coltura

- Valutazione qualità

-Selezione
-Crioconservazione

Efficacia

La efficacia dipende 

da età  e da riserva 

ovarica



Range of the pregnancy rate per embryo tranfers 

(ICSI plus IVF cycles)  in Europe

Maximum value

Minimal value

%



DR in base ad età 



Clinical pregnancy rate  and  delivery rate  per   

single transfer

Cumulative delivery rate per aspiration  ( including 

fresh and frozen embryo transfers)

PMA-Come misurare la efficacia ?

0%

10%

20%

30%

40%

50%

DR per fresh embryo transfer Cumulative DR

Age < 38 yrs



Clinical pregnancy rate  and  delivery rate  per   

single transfer

Cumulative delivery rate per aspiration  ( including 

fresh and frozen embryo transfers)

Delivery rate after fertility treatment  per patient 

(after a specific time and following  all IVF 

treatments)

PMA-Come misurare la efficacia ?



Cumulative live delivery after the exposure to multiple  

cycles of IVF ( more than the usual 2 or 3 !)  

in patients < 40 years 

Stewart et al,

Fertil Steril, 95- 2011 

Gnoth et al

Hum Reprod 26,2012 

Garrido et al,  

Fertil Steril, 96,2011

%



Drop-out

> 30% di coppie  

abbandonano il percorso 

Boivin et al (2012). Tackling burden in ART: an integrated approach 

for medical staff. Hum Reprod 27, 941-50



“Acceptable costs for the patient and society”

Chambers et al, Fertil Steril 2013,100.319 

“Under some circumstances, ART represents  good values

of money from a social  perspective :

the monetary values of providing ART 

treatments  can be far covered by the revenue of ART children”

“These  clinical  circumstances are if babies born as singleton”



Female age ( % of advanced aged patients)

%



Possibilità di gravidanza con la PMA in 

relazione ad età



Ovarian response 
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High responders



www.sismer.it                         www.tecnobiosprenatale.it

Data from USA Register 2013



Oocytes donation (DR/ET)



Human Reproduction, 2012

Oocyte cryopreservation                         

for age-related fertility loss

ESHRE Task Force on Ethics and Law, including, W. Dondorp1,*,

G. de Wert1, G. Pennings2, F. Shenfield3, P. Devroey4, B. Tarlatzis5,

P. Barri6, and K. Diedrich7


