DOES PGD AFFECT IVF PREGNANCY RATE?
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The investigation of the chromosomal or genetic constitution of in vitro generated embryos represents one of the most recent achievements in the reproductive medicine field. Following experiments with animal embryos at different stages of development (Gardner and Edwards, 1968; Wilton and Trounson, 1987; Takeuchi et al., 1992), the biopsy of one blastomere from day 3 embryos was proposed in human IVF (Handyside et al., 1990). The procedure entails the breaching of the zona pellucida and the removal of one or two blastomeres from morphologically normal embryos at 62 – 64 hours post insemination. At this time, intercellular junctions begin to form among blastomeres leading to compaction. The biopsy is generally performed shortly before this process initiates in order to avoid cellular damage. 

Although highly invasive, no detrimental effect on further growth has been demonstrated (Hardy et al., 1990) and data from the clinical outcome of biopsied embryos have shown that approximately one forth of them are capable of implantation (Gianaroli et al., 1999). 

Conventional karyotype analysis is not possible in preimplantation embryos due to the low proportion (25% approximately) of blastomeres with metaphase chromosomes after anti-mitotic treatment; even less nuclei yield banding-quality chromosomes. For this reason, alternative approaches have been developed and PGD for aneuploidy is mostly based on fluorescence in situ hybridization (FISH) in interphase nuclei.

The present study was performed with the aim of establishing 1) which patient categories can benefit from preimplantation genetic diagnosis (PGD) for aneuploidy; and 2) to which extent couples have the tendency to repeat the same pattern of PGD results in subsequent cycles. 

1) PATIENTS’ INDICATIONS
PGD for aneuploidy has been basically proposed in two situations: a) to carriers of chromosome structural abnormalities such as translocations and inversions; and b) to couples at reproductive risk having the predisposition to yield high proportions of aneuploid embryos.

a) PGD for translocations

The generation of high proportions of gametes with an unbalanced genetic complement occurs frequently in carriers of balanced translocations and is strictly related to an increased risk of failed implantation, spontaneous abortions and abnormal offspring. Studies on sperm from translocation carriers indicated that the frequency of abnormalities is related to the chromosomes and the regions involved in the translocation. It varies from a mean of 18% in the case of robertsonian translocations to 54% in reciprocal translocations (Egozcue et al. 2000). 

The frequency of chromosomal translocations is significantly higher among infertile couples compared to the normal population (0.6% vs. 0.2%) (Hook and Hamerton, 1977); this incidence is especially higher in couples with repeated IVF failures or abortions (3.2 and 9.2% respectively) (Stern et al, 1999). PGD has been proposed to carriers of translocations with the aim of improving the clinical outcome by transferring those embryos with a normal or balanced chromosomal complement.

The results obtained in 43 cycles with robertsonian translocations and 41 cycles with reciprocal translocations are presented in table 1. A normal or balanced chromosomal complement was diagnosed in 51 embryos of the 214 generated by carriers of robertsonian translocations (24%); the transfer of euploid embryos was made in 29 cycles yielding 14 clinical pregnancies (48% per transfer) with an implantation rate of 38.6% and a take-home baby rate per patient of 32%. In the case of reciprocal translocations, the proportion of chromosomally normal or balanced embryos was significantly lower, (13%, P<0.01); transfer was possible in only 12 cycles with 4 clinical pregnancies (33% per transfer); the implantation rate was 25% and the take-home baby rate 8%.. The study of the detected abnormalities suggested that an interchromosomal effect could affect the behavior at meiosis of other chromosomes; consequently these couples are exposed to an additional risk of abnormal pregnancy or failed implantation (Gianaroli et al., 2002a). 

In view of the current results, the analysis in preimplantation embryos is proposed as an effective in eliminating from transfer those with an unbalanced / abnormal chromosome complement, avoiding to the patient the risk of abnormal implantation. Provided that enough normal / balanced embryos are generated and transferred, the selection made by PGD is associated with high on term pregnancy rate.

b) PGD for aneuploidy

As aneuploidy is an important cause of spontaneous abortion and implantation failure, this methodology was applied to 738 couples with a poor prognosis of pregnancy performing 1027 cycles between September 1996 to December 2003, with the aim of maximizing the efficacy of IVF cycles (Gianaroli et al., 2002b). 

Advanced maternal age has been the first indication for PGD for aneuploidy based on the hypothesis that the identification of chromosomally normal embryos could reverse the age effect. The technique has also been proposed to different categories of younger patients having multiple unexplained failures of previous IVF cycles; an altered karyotype due to the presence of aneuploid cell lines of sex chromosomes; and the occurrence of repeated spontaneous abortions (table 2). PGD for aneuploidy was also proposed to azoospermic patients who had performed at least one conception cycle without pregnancy (table 3). Other patients categories are still under investigation.

Maternal age. 

PGD for aneuploidy was performed in 534 cycles with a maternal age of 36 years or more. Thirty-three percent of 2675 analyzed embryos were diagnosed as normal (n=820), whereas the remaining 1855 (67%) were chromosomally abnormal. Euploid embryos were transferred in 352 cycles yielding 91 clinical pregnancies (26%) and an implantation rate of 17.9%. The analysis of the detected chromosomal abnormalities confirmed that the percentage of chromosomally abnormal embryos increased proportionally to age, up to 81% in patients aged 43 years and older. In addition, the frequency of single chromosome aneuploidies varied depending on age, suggesting that some chromosomes have a higher predisposition to segregation errors at oogenesis. Aneuploidies of chromosomes 15, 21 and 22 had a significant increase in relation to age, followed by chromosomes 13 and 16. Conversely, chromosomes 1, 14, 17, 18, X and Y showed similar variations irrespective of age. 

These results confirm the strict correlation between aneuploidy and female age, implying that a PGD selection contributes not only to obtain an increased implantation rate, but also to decrease the risk of exposure to a trisomic pregnancy.

Repeated IVF failures (( 3 cycles). 

PGD for aneuploidy was performed in 121 cycles made by 88 young patients with a normal karyotype and a history of unexplained IVF failures (Gianaroli et al., 1997; 2002b). Approximately 59% of the analyzed embryos were chromosomally abnormal. Embryo transfer was performed in 97 cycles generating 37 clinical pregnancies (38% per transferred cycle) and an implantation rate of 26.3%.

Differently from the group of advanced maternal age, haploidy, polyploidy and complex abnormalities were the most common defects in this category of PGD patients. A dysfunction in the processes or structures entering cell division, including sperm centrosome, could be the main cause of the poor prognosis condition for this group of patients. These considerations could give a reason of the repeated reproductive failures in these couples as the detected anomalies are hardly compatible with implantation. Accordingly, the selection of embryos for transfer based on PGD results, significantly alleviates the poor prognosis of these patients’ category.

Altered karyotype.

Carriers of gonosomal mosaicism are considered at higher reproductive risk compared to the general population and monitoring of pregnancy is highly recommended. The reproductive risk related to this condition cannot be established in advance as it is strictly related to the possible involvement of the gonads in the production of aneuploid cell lines. For this reason, PGD has been proposed to these patients in order to evaluate the incidence of chromosomal abnormalities in the generated embryos and then select for transfer those with a normal complement. 

The technique was applied to 45 patients with gonosomal mosaicism detected in peripheral blood which underwent 66 PGD cycles. A diagnosis was obtained in 353 embryos, resulting in 128 normal (37%). Embryo transfer was done in 49 cycles (74%) yielding 25 clinical pregnancies (51%) with an implantation rate of 36.1%.

This results confirm that an abnormal karyotype is associated with the generation of a high proportion of chromosomally abnormal embryos implying that there is a tendency in these patients to produce aneuploid cell lines. Resorting to PGD permits to decrease the reproductive risk characterized in these patients’ category.

Recurrent abortions. 

Chromosome abnormalities are responsible of approximately 50% of spontaneous abortions and are especially frequent in cases of recurrent miscarriages (Rubio et al., 2003). Fourteen patients with a mean maternal age of 31.8 ( 1.8 years, normal karyotype and a history of repeated abortions underwent PGD for aneuploidy. In all, 118 embryos were diagnosed and 43 resulted with a normal chromosomal constitution (36%). In 6 cycles no euploid embryos were detected and embryo transfer was not performed. Euploid embryos were transferred in the remaining 12 cycles; 7 pregnancies derived with an implantation rate of 45.5%. All the pregnancies went to term with a take-home baby rate of 50% per patient. According to these data, recurrent aborters can derive substantial benefit from PGD for aneuploidy provided that their condition is related to a tendency to generate high proportion of aneuploid embryos.

MESA-TESE. 

Data reporting on chromosomal analysis in testicular spermatozoa refer percentages of aneuploidy and diploidy close to 20% and 10% respectively (Bernardini et al., 2000). Accordingly, a high percentage of chromosomally abnormal embryos was detected in sperm retrieved by MESA and TESE (67% and 66% respectively) in 87 PGD cycles from 67 azoospermic patients who had failed at least one conception cycle.

Only 57 cycles were transferred with 14 clinical pregnancies (25%) and an implantation rate of 18.5%. Forty-four percent of the analyzed embryos were monosomic or trisomic and 6.8% of total abnormalities was due to gonosomal aneuploidies. 

Despite the result derived from the chromosomal analysis in preimplantation embryos, the clinical outcome does not seem to greatly benefit from the application of PGD. This consideration suggest the possible implication of additional factors in determining this poor prognosis condition.

2) PGD REUSLTS IN SUBSEQUENT CYCLES

In a recently published report (Ferraretti et al., 2004) PGD for aneuploidy was demonstrated to have an important role in the prognosis of subsequent treatments. A total of 389 couples entered the study; their indication to PGD for aneuploidy was female age (38 years or (3 previous unsuccessful cycles. After the first PGD unsuccessful treatment, 141 couples performed 175 subsequent PGD cycles. The results obtained in the subsequent cycles demonstrated that patients had a tendency to repeat the same performance of the first cycle. The pregnancy rate per transfer was significantly decreased in patients with no euploid embryos at the first cycle (15%) compared to compared to patients where at least 2 euploid embryos resulted from the first cycle (30%; P<0.03). The live-birth rate per patient varied accordingly and was 8.5% vs. 30% respectively (P<0.005). 

The analysis of the results according to the PGD indication demonstrated that in patients with an age factor similar patterns of chromosomal abnormalities were maintained in subsequent cycles with monosomies and trisomies having the same incidence on overall anomalies. Patients with no euploid embryos at the first PGD cycle had very low probability of having an on term pregnancy in the following attempts, 5% live-birth rate, whereas a 25% live-birth rate in subsequent attempts was associated with the detection of at least 2 euploid embryos in the first PGD cycle. A similar trend was observed in couples with a history of  ( 3 previous IVF failures as PGD indication. Also in this condition, the best prognosis, with 33% live-birth rate, was for those patients who had at least 2 chromosomally normal embryos at the first attempt vs. 14% live-birth rate detected in the absence of chromosomally normal embryos in the first cycle. 

The analysis of these data suggest that the first PGD attempt has a prognostic value on the general outcome of subsequent attempts. This is a valuable information regarding future expectations of couples with a poor prognosis for pregnancy.

CONCLUSIONS

The application of PGD for aneuploidy in patients categories with a poor prognosis of full-term pregnancy is associated with an increased implantation rate and a lower incidence of spontaneous abortions (Gianaroli et al., 1999; Munné et al., 1999). These results have placed PGD among the techniques belonging to assisted reproduction medicine where, besides its clinical relevance, it represents a valuable approach for a better understanding of infertility. In view of these considerations and of its prognostic role, PGD represents an additional diagnostic tool for patients’ management.

REFERENCES

Bernardini L, Gianaroli L, Fortini D, Conte N, Magli MC, Cavani S, Gaggero G, Tindiglia C, Ragni N, Venturini PL (2000) Frequency of hyper-, hypohaploidy and diploidy in ejaculate, epididymal and testicular germ cells of infertile patients. Hum Reprod 15, 2165-2172.

Egozcue S, Blanco J, Vendrell JM, Garcia F, Veiga A, Aran B, Barri PN, Vidal F, Egozcue J (2000) Human male infertility: chromosomal anomalies, meiotic disorders, abnormal spermatozoa and recurrent abortion. Hum Reprod Update 6, 93-105.

Ferraretti AP, Magli MC, Kopcow L, Gianaroli L. (2004) Prognostic role of preimplantation genetic diagnosis for aneuploidy in assisted reproductive technology outcome. Hum Reprod 19,1-6.

Gardner, R.L. and Edwards, R.G. (1968) Control of the sex ratio at full term in the rabbit by transferring sexed blastocysts. Nature, 218, 346-348.

Gianaroli L, Magli MC, Munné S, Fiorentio A, Montanaro N, Ferraretti AP (1997) Will preimplantation genetic diagnosis assist patients with a poor prognosis to achieve pregnancy? Hum Reprod, 12, 1762-1767.

Gianaroli L, Magli MC, Ferraretti AP, Munné S (1999) Preimplantation diagnosis for aneuploidies in patients undergoing in vitro fertilization with a poor prognosis: identification of the categories for which it should be proposed. Fertil Steril 72, 837-844.

Gianaroli L, Magli MC, Ferraretti AP, Munné S, Balicchia B, Escudero T, Crippa A. (2002a) Possible interchromosomal effect in embryos generated by gametes from translocation carriers. Hum Reprod, 12, 3201-3207.

Gianaroli L, Magli MC, Ferraretti AP (2002b) The role of preimplantation genetic diagnosis for aneuploidies. Reprod Biomed Online 4, 31-36.

Handyside AH, Kontogianni EH, Hardy K, Winston RML (1990) Pregnancies from biopsied human pre implantation embryos sexed by Y-specific DNA amplification. Nature 344, 768-770.

Hardy K, Martin KL, Leese HJ, Winston RML,  Handyside AH (1990) Human pre-implantation development in vitro is not adversely affected by biopsy at the 8-cell stage. Hum Reprod 5, 708-714.

Hook EB, Hamerton JL (1977) The frequency of chromosome abnormalities detected in consecutive newborn studies, differences between studies, results by sex and by severity of phenotypic involvement. In Hook EB and Porter IH (eds) Population Cytogenetics. Academic Press, New York, pp.66-79.

Munné S, Magli MC, Cohen J, Morton P, Sadowy S, Gianaroli L, Tucker M, Maequez C, Sable D, Ferraretti AP, Massey JB, Scott R (1999) Positive outcome after preimplantation diagnosis of aneuploidy in human embryos. Hum Reprod 14, 2191-2199.

Rubio C, Simon C, Vidal F, Rodrigo L, Pehlivan T, Remohi J, Pellicer A (2003) Chromosomal abnormalities and embryo development in recurrent miscarriage couples. Hum Reprod 18, 182-188.

Stern C, Pertile M, Norris H, Hale L, Baker HWG (1999) Chromosome translocations in couples with in vitro fertilization implantation failure. Hum Reprod 14, 2097-2101.

Takeuchi K, Sandow BA, Morsy M, Kaufmann RA, Beebe SJ, Hodgen GD (1992) Preclinical models for human pre embryo biopsy of genetic diagnosis. 1. Efficiency and normalcy of mouse pre embryo development after different biopsy techniques. Fertil Steril 57, 425-430. 

Wilton, LJ and Trounson AO (1987) Biopsy of preimplantation mouse embryos: cryopreservation and development of micromanipulated embryos and proliferation of single blastomeres in vitro. Biol Reprod 40, 145-152.

Table 1. PGD in patients with robertsonian and reciprocal translocations.

	
	Translocations
	

	
	Robertsonian
	Reciprocal
	P

	No. cycles
	43
	41
	

	No. patients
	28
	25
	

	Age (M ( SD, years)
	35.6(3.8
	37.0(5.2
	

	No. generated embryos
	257
	255
	

	No. FISH analyzed embryos
	214
	201
	

	          FISH normal (%)
	51 (24)
	26 (13)
	<0.01

	          FISH abnormal (%)
	163 (76)
	175 (87)
	<0.01

	No. transferred embryos (M ( SD)
	1.5(0.9
	1.3(0.5
	

	No. transferred cycles (%)
	29 (67)
	12 (29)
	<0.001

	No. clinical pregnancies (%)
	14 (48)
	4 (33)
	

	Implantation rate (%)
	38.6
	25.0
	

	Take-home baby rate per patient (%)
	32
	8
	<0.03

	
	
	
	


Table 2. PGD results and clinical outcome.

	
	Maternal age

≥36 yrs
	Repeated cycles

≥3
	Gonosomal

mosaicism
	Recurrent

abortions ≥2

	No. cycles
	534
	121
	66
	18

	No. patients
	379
	88
	45
	14

	Age (M ( SD, years)
	39.9(2.6
	32.7(2.1
	34.4(3.9
	31.8(1.8

	No. generated embryos
	3253
	782
	430
	144

	No. FISH analyzed embryos
	2693
	643
	353
	121

	No. FISH diagnosed embryos
	2675
	633
	350
	118

	          FISH normal (%)
	820 (33)
	263 (41)
	128 (37)
	43 (36)

	          FISH abnormal (%)
	1855 (67)
	370 (59)
	222 (64)
	75 (64)

	No. transferred embryos (M ( SD)
	1.7(0.6
	2.0(0.5
	2.0(0.8
	1.8(0.4

	No. transferred cycles (%)
	352 (66)
	97 (80)
	49 (74)
	12 (67)

	No. clinical pregnancies (%)
	91 (26)
	37 (38)
	25 (51)
	7 (58)

	Implantation rate (%)
	17.9
	26.3
	36.1
	45.5

	
	
	
	
	


Table 3. PGD results in azoospermic patients.

	
	MESA
	TESE
	TOTAL

	No. cycles
	25
	62
	87

	No. patients
	19
	48
	67

	Age (M ( SD, years)
	32.6(4.1
	35.6(4.5
	34.6(4.5

	No. generated embryos
	148
	334
	482

	No. FISH analyzed embryos
	120
	263
	383

	No. FISH diagnosed embryos
	119
	262
	381

	          FISH normal (%)
	39 (33)
	88 (34)
	127 (33)

	          FISH abnormal (%)
	80 (67)
	174 (66)
	254 (67)

	No. transferred embryos (M ( SD)
	1.5(0.6
	1.6(0.6
	3(0.6

	No. transferred cycles (%)
	15 (60)
	42 (68)
	57 (65)

	No. clinical pregnancies (%)
	7 (47)
	7 (17)
	14 (25)

	Implantation rate (%)
	34.8
	13.0
	18.5
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