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Prenatal Diagnosis and Fetal 
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Learning objectives

•Evaluate risk of 
• chromosomal anomalies, 
• adverse neonatal outcome 
• malformations 

•For the children born after ART
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Outline lecture

•Introduction of IVF and ICSI

•Perinatal outcome 

•Prenatal diagnosis 

•Major malformations

•Conclusion
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Introduction of IVF

• 1978 birth of Louise Brown
• IVF was introduced into practice with little formal 

evaluation of the effects on the health of the 
children

• Register data: reassuring on congenital 
malformations
• no increase in malformation rate compared to the 

general population in different countries 
–Australia, USA, UK, France …
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Introduction of IVF

• Neonatal outcome problems seemed primarily 
related to higher incidence of multiple pregnancies

• But also more frequent in IVF singletons
• Prematurity higher 

– IVF Australian Collaborative Group, 1985; Doyle et al. 1992; 
Tan et al. 1992; Olivennes et al. 1993; Verlaenen et al. 1995…

• Low birthweight rate (<2500g) higher
– Doyle et al. 1992; Tan et al. 1992; Olivennes et al. 1993; 

Verlaenen et al. 1995…

• Higher rate of children small for gestational age
– Doyle et al. 1992; Olivennes et al. 1993…
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Introduction of ICSI

1991 introduction of ICSI 

at the Vrije Universiteit Brussel

• concerns re-emerged about the health and 
well-being of the children

• concerns were related 

• to the invasiveness of the procedure  

• to the type of sperm used

• new studies on IVF and ICSI were undertaken
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Outline lecture

• Introduction of IVF and ICSI

•Perinatal outcome

•Prenatal diagnosis 

•Major malformations

•Conclusion
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Adverse neonatal outcome in 
IVF singletons

• Number of controlled / prospective studies on 
neonatal outcome were performed,
controlled for extensive maternal variables

age, parity, diabetes, hypertension, social class, year of 
birth, smoking, area of residence…

• Prematurity risk in singletons < 37 weeks
• Low birthweight rate  <2500g, <1500g
• SGA risk

• Recently summarized in two meta analysis
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Meta analysis on neonatal outcome

Jackson et al. 2004
Inclusion criteria 
1. IVF singletons

2. >50 % IVF

3. Control for maternal age 
and parity 

Helmerhorst et al. 2004
Inclusion criteria
1. ART singletons and twins

2. ART vs natural conception

3. Studies with matched
(mat age, parity, 
sociodemographic variables, 
smoking pre existing disease )

and non-matched controls
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Meta analysis on neonatal outcome 
SINGLETONS

RR 1.4 
95% CI 1.1-1.7

OR 1.6
95% CI 1.3-2.0

SGA

RR 3.0 
95% CI 2.1-4.4

OR 2.7 
95% CI 2.3-3.1

VLBW <1500g

RR 1.7 
95% CI 1.5-1.9

OR 1.8 
95% CI 1.4-2.2

LBW <2500g

RR 2.0 
95% CI 1.8-2.3

OR 2.0 
95% CI 1.7-2.2

Prematurity

RR 1.7 
95% CI 1.1-2.5

OR 2.2 
95% CI 1.6-3.3

Perinatal mortality

Helmerhorst
N=5,361 ART/sing

Jackson 
N=12,283 IVF
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Meta analysis on neonatal outcome 
ART MULTIPLES

RR 1.27 (CI 0.97-1.65)SGA

RR 0.95 (CI 0.78-1.15)Very prematurity

RR 1.03 (CI 0.99-1.08)LBW <2500g

RR 1.07 (CI 1.02-1.13)Prematurity

Helmerhorst et al. 2004

1 meta analysis on 9 studies ART (IVF>>ICSI)

ART twins are more comparable to general population
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Neonatal outcome after selective single 
embryo transfer (SET)

• Neonatal outcome in SET embryo’s compared to the 
general population
• n= 251 singletons after SET
• compared to 59,535 NC singletons (register)
• De Neubourg et al. accepted 2006 

• Birthweight similar
• Prematurity slightly higher (p = 0.03)

• Stillbirths similar

Good prognosis patients do not have an unfavorable 
outcome of their singleton baby compared to SC children
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Conclusion: ICSI and IVF are a risk factor
of adverse perinatal outcome

In ART singletons 
• Higher risk of 

• x 2 LBW, VLBW, prematurity, 

• x 1.5 SGA and 

• x 2 perinatal mortality

• No obvious difference between IVF and ICSI

• SET outcome might be better
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Conclusion: ICSI and IVF are a risk factor
of adverse perinatal outcome

In ART twins 
• Perinatal outcome compared to the general 

population : less obvious difference

• Differences in outcome between singletons and 
twins compared to SC might be explained by an 
implantation advantage of multiple pregnancies

Increased risk of ART is mainly related to high rates
of multiples undoubtedly leading to worse neonatal 
outcome
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Cause of adverse neonatal outcome ?

• Saunders et al. 1988:  infertility as a risk factor
• Prematurity risk higher in IVF and in patients on waiting list for ART treatment,         

compared to spontaneously pregnant patients

• Doyle et al. 1992: unexplained / male infertility as a risk factor
• LBW risk higher in IVF

• in male factor and unexplained > tubal infertility
• if more embryos transferred

• Pandian et al. 2001: unexplained infertility as a risk factor
• Higher pregnancy complications in infertile woman (adjusted for age, parity and fertility 

treatment) than in general  population
• Complication rate same for ART treated and not-treated infertile women

• Shieve et al. 2002: infertility as a risk factor
• Surrogate mothers treated with IVF, no increased risk for LBW or VLBW
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Prenatal diagnostic testing
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Outline lecture

• Introduction of IVF and ICSI

•Perinatal outcome

•Prenatal diagnosis 

•Major malformations

•Conclusion
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Prenatal diagnosis in 1586 ICSI foetuses
Bonduelle et al, 2002

Abnormal results n % Confidence % General
Interval population1, 2, 3

Â De novo 25 1.6%* 1.02 - 2.32 % 0.45 - 0.87%

Sex chrom 10 0.6%* 0.30 - 1.16 % 0.19 - 0.27%
Autosomal 15 0.9% 0.53 - 1.56 % 0.26 - 0.60%
Numerical 8 0.5% 0.22 - 0.99 % 0.14 - 0.33%
Structural 7 0.4% 0.18 - 0.91 % 0.11 - 0.22%

Â Inherited 22 1.4%* 0.87 - 2.09 % 0.47 - 0.37%

Total 47 3.0% 2.19 - 3.92 % 0.92%
1 Jacobs, 1992 on 34 910 newborns  2 Ferguson-Smith, 1984 on 52 965 prenatal samples
3 Hook, 1981, 1984, 1987 on prenatal samples   * significant
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Prenatal diagnosis in 1586 ICSI foetuses1

• Inherited abnormalities 1.4%
• Known risk related to the chromosomal 

anomalies in the parents (6.3%)

• 17/22 cases paternally inherited

• Preimplantation > prenatal diagnosis

Ĕ Informed choice of the parents
prior to the procedure

1Bonduelle et al. 2002 
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Prenatal diagnosis in 1586 ICSI foetuses

• Non-inherited (de novo) anomalies 1.6%
• Significantly higher than general population (with 

same age) but absolute risk low

• Related to sperm characteristics

• Severity is variable (termination not always chosen)

• Detectable from 11th week of pregnancy

Ĕ Informed choice of the parents
<50% agree to do a prenatal test
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Prenatal diagnosis in 1586 ICSI foetuses1

de novo anomalies, sperm parameters / origin

• Sperm count (72%)
< 20.106 / ml ⇒ 2.1 % chromosomal abnormalities
Fisher Exact 2 tailed test p < 0.05

• Sperm motility (83%)
< 50 % N motility ⇒ 1.9% chromosomal abnormalities
Fisher Exact 2 tailed test p < 0.05

• Sperm morphology ⇒ no influence
abn < 14 % N  or abn ≥ 14 % N morphology

• Sperm origin ⇒ no influence

1Bonduelle et al. 2002
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de novo inherited

• Ejaculated sperm1 1.7%* 1.4%
• n =1469 (prenatal) (25) (22)

• Epididymal sperm2 0%* 0.0%
• n = 61 (pre- and postnatal) (0) (0)

• Testicular sperm2 2.0%* 0.5%
• n = 198 (pre- and postnatal) (4) (1)

1Bonduelle et al., 2002 * not significant
2Bonduelle et al., 2008

Prenatal diagnosis ICSI fetuses / 
anomalies in relation to sperm origin1
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Prenatal diagnosis in ICSI in Literature 
Belgium and France

*Test vs ICSI
p = 0.02

n= 2332
(16)
0.7%

n = 201
(5)*

2.5%

France

0.45% (OR 4.6; 95%CI 1.7-12.4)

0.47% (OR 1.1; 95%CI 0.2-7.7)

n = 1496
25 (1.7%)
22 (1.4%)
3.1%

n = 198
4 (2.02%)
1 (0.51%)
2.5%

Belgium
de novo
inherite
d

Testicular vs General PopICSI total
de novo + 
inherited

Testicular
de novo + 
inherited
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Chromosomal anomalies in relation to sperm 
origin / quality

• Increased aneuploidy rate in sperm when severe testicular 

failure
• Levron et al., 2001; Burello et al., 2002; Palermo et al., 2002

• Gianarolli et al. 2005. Higher aneuploidy compared to the general population in 

testicular sperm compared to ejaculated sperm 

• Higher aneuploidy rate in MESA / TESE embryos compared to 

ICSI embryos from normospermic patients
• Gianarolli et al. 2000

• Higher incidence of mosaicism in TESE embryos
• Silber et al. 2003 Immature centrosome leading to errors in mitosis?
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Chromosomal anomalies in relation to sperm 
origin / quality

• No difference in non-obstructive azospermia / normal 

spermatogenesis azospermia patients
• Mateizel et al. 2002. n =17 NOA; 26 OA

NO difference in chromosomal abnormality in patients with severe testicular failure 

vs normal spermatogenesis except for more aneuploidy for chromosome 18 

• Higher aneuploidy rate in preimplantation NOA embryos
• Silber et  al. 2003

• Lower implantation rate of NOA embryos compared to OA
• Vernaeve at al., 2002
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Outline lecture

• Introduction of IVF and ICSI

•Perinatal outcome

•Prenatal diagnosis 

•Major malformations

•Conclusion
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Meta analysis on malformation in ART1

1.14-1.431.285ICSI only

1.50-2.501.9412IVF only

1.19-1.391.2919Adjusted2

1.17-1.461.3115Singletons only

1.20-1.45
1.49-2.69

1.32
2.01

25
7

• All
• Reviewer selection

CI 95%Pooled ORN° studiesMajor malformation

1 Hansen et al. 2005 ART technologies and the risk of birth defects a systematic review
2 Adjusted for maternal age, parity, infant sex (some), not for plurality
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Meta analysis on malformation in ART

• Hansen et al. 2005 (7 studies)

OR Adjusted 1.29 (95% CI 1.19-1.39)

• Rimm et al. 2004 (19 studies)

OR all ART children 1.29 (95% CI 1.01-1.67)

OR singletons ICSI vs SC 1.33 (95% CI 0.90-1.95)

OR singletons IVF vs SC 1.51 (95% CI 0.85-2.7)
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ICSI vs IVF as a risk factor of MM

• Major malformation rate in ICSI is  comparable to 
IVF
• Bonduelle 2002  OR 0.93 

• Ericson 2001     OR 1.35 

• Hansen 2004 OR 0.96 

• Odereid 2003 OR 1.02 

• Meta analysis of 4 selected studies ICSI vs IVF: 

• Lie 2005 OR 1.12 (CI 0.97-1.28)
No increase of cardiovascular malformations, musculo-skeletal, 
hypospadias, NTD, oral cleft
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Major malformations definitions

• ICD-10 codes for malformations

• Major malformation defined as malformation causing

functional impairment and/or requiring surgical

correction

Remaining malformations were classified as minor

• Internal guidelines to code for major/minor

1
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Major malformations
in Brussels study1

ICSI IVF

Maj. malform.   96 (3.4%)1 112 (3.8%)1

Number n = 2840 n = 2955

1Bonduelle et al. 2002 
2 Cochram Mantel Haenzel test p = 0.402 n.s

The same in both groups 
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• Sperm conc.1 ≥ 5.106 /ml 2.8 %3

Sperm conc.1 < 5.106 /ml 3.8 %3

• Ejaculated sperm2 n = 2530 3.3 %3

• Testicular2 n = 518 5.0 %3

• Epididymal2 n = 182 4.4 %3

1Bonduelle et al. 2002
2Bonduelle et al. update 05/2008 of children born after TESE
3Fisher’s Exact Test n.s

Malformations in ICSI:
sperm parameters / origin



14-5-2008
34

Herhaling titel van presentatiePrenatal
Diagnosis and Fetal Anomaly

Liveborns Major malf

ICSI2 n = 2530 3.3 %1

Testicular2 n = 518 4.0 %1

• NOA n = 168 4.2 %1

• OA   n = 360 5.3 %1

1Fisher’s Exact Test non significant
2Bonduelle et al. update 5/2008 of children born after TESE

Malformations in ICSI:
sperm origin
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Malformations in ICSI literature / 
epididymal & testicular sperm

3n.s.
n = 3199 liveb

8.4%3

n = 229 liveb

9.1%3

n = 26 liveb

3.8%Germany

2n.s.
significant

n = 2332 preg

2.5%2

n = 201 preg

4.0%2

n = 546 preg

2.2%
OR=1.30 
[0,95-1,84]

France A
France B

n.s.
n = 2530 liveb

3.3%
n = 518 liveb

5.0%
n = 182 liveb

4.4% Belgium

StatisticsICSITesticularEpididymal

Belgium  Bonduelle et al., update 2008
France A   De Mouzon et al oral comm., 2005, Fivnat et al. 2007
Germany Ludwig et al., Hum Reprod, 2003
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Long term FU studies on ICSI

Bonduelle et al. 2005
• Prospective controlled on singletons
• Multicentre EU study at 5y

• 1515 ICSI, IVF and SC

• Medical
• Cognitive
• Behavioral
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Major malformations at 5 years

20.0012.2%24.3%6.3%2Total major 
malformation

10.0010.4%12.3%3.0%1Childhood

ns1.9%2.1%3.3%Neonatal

p-valueControl
n 538

IVF
n 437

ICSI
n 540
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Major malformations at 5 years

Increase in ICSI > IVF > control children

• Not detected at birth

• Partially due to increased defects in 
uro-genital system

• Higher malformation rate in ICSI 
boys 8.2%  > girls 3.6% 
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Growth at 5 years

• Subgroups
• Epididymal and testicular
• Ejaculated <1 million/ml
• Ejaculated 1- 4.99 million/ml
• Ejaculated 5- 19.9 million/ml
• Ejaculated > 5 million/ml

• No difference in growth and cognitive 
development

1 Wennerholm et al. H Reprod 2005



14-5-2008
40

Herhaling titel van presentatiePrenatal
Diagnosis and Fetal Anomaly

Outline lecture

• Introduction of IVF and ICSI

•Perinatal outcome 

•Prenatal diagnosis

•Major malformations

•Discussion 

•Conclusion
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How to further answer questions?

• Do infertility treatments have a direct effect on adverse 
outcomes?

• Only ICSI and IVF risk is well documented

• Insufficient data on ovarian stimulation, intra-uterine insemination 

and spontaneous conception in infertile couples, data needed

• Sufficient data indicating that sub-/ infertility per se are a risk 

factor (malformations increased by “the time to pregnancy”)

• Data on embryo manipulation (biopsy, assisted hatching, polar 

body biopsy) still insufficient, further studies needed

• Culture conditions might play a role in imprinting disturbances,  

careful monitoring is needed
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Intrauterine insemination Ovarian stimulation

Spontaneous conception
in infertile couples

Spontaneous conception
in fertile couples

IVF ICSINo difference
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Comparisons ART subgroups

“Insufficient data on ovarian stimulation, intra 
uterine insemination and spontaneous conception in 
infertile couples, data needed”

• Klemetti et al. 2005 Comparison on Major 
malformations between 3 groups
• IVF, ICSI and Frozen embryo transfer

• Other ART : Ovulation induction with and without insemination  

• General population 
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Comparisons ART subgroups1

OR 1.79
(CI 1.4-2.3)

OR 1.52
(CI 1.3-1.8)

IVF / ICSI
N = 4 459

NS 
(OR 1.2)

OR 1.24
(CI 1.0-1.5)

OR 1.3
(CI 1.1-1.6)

TOTAL

OR 1.75
(CI 1.1-2.8)

Musculo
skeletal

OR 2.46
(CI 1.5-4.1)

Uro
genital 

NSNSOR 1.63
(CI 1.2-2.2)

Singleton 
boys

AdjustedOther ART
N = 4 467

Adjusted*

*Adjusted for mat age, socio econ, region            1 Klemetti et al. 2005
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Conclusion: 
what to say to the parents of ART children?

• Information to be discussed before pregnancy
• Multiple pregnancies remain most important risk factor

• Slightly higher risk of premature (8% instead of 4%) and lighter
neonates (x2) also in singletons

• For ICSI children slightly higher risk of inherited chromosomal 
anomalies in relation to parental chromosomes and 3 times more 
de novo (1-2%) anomalies related to sperm quality

• Slightly higher risk (OR 1.3) of major malformations at birth (or 
3.5% instead of 2.5%) compared to general population

– mostly in relation to maternal age, infertility and underlying parental disease

– but an effect of ART and other factors cannot be excluded
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Â Using PGD techniques
Â 29% of morphologically normal embryos are 

chromosomally abnormal (Munne et al, 1995)

Â Morphologically abnormal embryos may have 
normal chromosomes (Harper et al, 1995)

Â 29% of blastocysts may be mosaic (Bielanska et al, 
2000)

Â Using CGH, only 3 of 12 cells were entirely 
normal (Voullaire et al, 2000)

Karyotyping of Abortus in ART

Antiphospholipid syndrome

Clinical Laboratory 
Á Venous or Arterial 

Thrombosis 
Á IgG ACA >40gPLu on 

2 occasions 12 weeks 
apart 

Á Recurrent Pregnancy 
Loss 

− >1 unexplained fetal death, 
>10 weeks, morphologically 
normal 

− Premature delivery, due to 
placental insufficiency, severe 
PET or eclampsia 

− 3 unexplained consecutive 
abortions <10 weeks 

Á Positive LA Test on 2 
occasions 12 weeks 
apart 

– APTT, KCT, RVVT 
Á Anti-B2GP-1 antibody, 

IgG and/or IgM on 2 
occasions 2 weeks 
apart, measured by 
ELISA 

 

Modified Sapporo Criteria



Â aPE antibodies may be risk factor for early fetal losses (affect 

trophoblast formation) & mid-to-late pregnancy loss (due to 

binding to PE-kinionogen complexes resulting  in thrombin-

induced platelet aggregation (Sugi et al, 2004).

Â aPS. Due to apoptosis PS exteriorised raising antibodies. 

Apoptotic microparticles may act as nidus for thrombosis.

Additional aPL

Â Binding of aPL to β2GP1, may lead to  breakdown of  phospholipid
adhesion molecules in trophoblast & subsequent prothrombotic
effects (Lyden et al, 1992).

Â aPL reported to affect implantation, placentation, and early 
embryonic development (Shurtz-Swirsky et al, 1993; di Simone et al, 
2000). 

Â aPL significantly reduce hCG release and trophoblast invasiveness.
(Shurtz-Swirsky et al, 1993; di Simone et al, 2000).

Â aPL inhibit trophoblast differentiation "in vitro" (Quenby et al, 2005)

aPL: Evidence of  Causation of 
Pregnancy Loss / Infertility

Â Hornstein et al. (2000), - meta-analysis of studies of and IVF
- No significant association between aPL & pregnancy 

rate or live birth rate. OR = 0.99 & 1.07, respectively. 
Â ASRM, practice committee bulletin (2006) based on this 

metaanalysis
- aPL testing not warranted in IVF
- treatment not indicated in seropositive patients. 
- Clinical pregnancy & live birth rates were 57% and 46%  

in aPL positive patients, compared with 49.2% & 
42.9%, in aPL negative patients. 

Evidence Opposing Association  
Between APS & Infertility (1)



Â Mardesic et al, (2000). No relationship found between aPLs and 
establishment of IVF pregnancy. Concluded that aPLs do not 
influence fertilization rates. 

Â Eldar-Geva et al, (1999) 173 sera of IVF patients analyzed for ACl, 
aPS, PA & aPG. 56 patients with > 2 failed IVF cycles evaluated 
for LA, 

- Neither presence of antibodies nor the number of positive 
antibodies affected IVF success. 

- Multiple failed IVF cycles not associated with positive aPLs. 
- None of 18 patients with multiple failed IVF cycles tested 

positive for LA. 

Evidence Opposing Association  
Between APS & Infertility (2)

Â 27.9% of infertile patients  positive for at least one aPL, 
(unexplained infertility, ovarian dysfunction, endometriosis or 
IVF failure), 

14.8% had at least 2 positive aPLs. (Kaider et al, 1999)
(PC most frequently occurring antibody followed by PG & PA) 

Â Egbase et al. (1999) retrospectively evaluated 1027 IVF 
cycles. 6.6% of women with 1o infertility positive for aPL. 
Concluded that aPL testing justified after 2  IVF/ET 
attempts.

Supportive Evidence (1)

Â Bakimer et al, (1992) immunized BALB/c mice with human 
monoclonal antibody. Lower fecundity rate observed in  
immunized females (21% vs. 48%) (P < 0.005). 

Â Sher et al. (2000) reported a direct relationship between aPE, 
aPS, & increased NK cell activity in non-male-factor IVF 
patients. 88% of patients positive for aPE & aPS had 
increased NK cell activity, compared to 12-25% in controls. 
Hence, aPL's might be markers of abnormal activation of 
cellular immunity. 

Supportive Evidence (2)



5.15  (2.12-12.74)10/120  (8.3%)22/69  (31.9%)Prothrombin

5.11 (1.18-25.35)3/120   (2.5%)8/69   (11.6%)aPL

OR.  (95% CI) ControlsPatients

Multi centre study looking at prevalence of various 
autoantibodies in 269 patients with reproductive 
failure

Antibody Screen in Infertility
(Shoenfeld, Carp et al, 2006)

Alloimmune Factors

Â NK cells physiologically accumulate in decidua in 1st

trimester & regress towards the myometrium at 13 weeks. 
Hence, NK probably not pathological

Â Role may be immunosurveillance, mediation of angiogenesis 
(Hanna, et al, 2006) or remodeling of spiral arteries to 
uteroplacental arteries (Guimond et al, 1998).

Â Trophoblast induces apoptosis in NK cells by HLA-G & FasL
Â Hence trophoblast resistant to NK cells.
Â If cytokine activated, (LAK), attacks trophoblast

Cellular Mechanisms: NK cells



Investigations
Â Hysterosalpingogram or hysteroscopy. 
Â Autoantibody screen for ANA, ACA, LA.
Â Thrombophilia screen, APCR, MTHFR, Factor II.  
Â Thyroid function and glucose challenge test if indicated.
Â APCA or NK Cells
Â Karyotype of Parents
Treatment
Â If uterine septum – resect
Â Resistant APS treated with IVIg, or surrogacy
Â If karyotypically normal, Paternal leucocyte immunization
Â If karyotypically normal, PLI and IVIg fail - surrogacy
Â If two karyotypically abnormal embryos - PGD

Investigation Of Poor Prognosis 
Patients

Treatment

Swyer & Daley (1953)

Goldzieher (1964)

LeVine (1964)

Overall Estimate

Odds Ratio

Â Only 3 placebo controlled 
trials from 1953-1964

Â When 3 trials analysed
together, absolute benefit 25%

Â No trial matched for predictive 
factors, or chromosomal 
aberrations

Â No matching for fetal heart, or 
start of treatment

p=0.01, OR = 3.09 (1.28-7.52)

24/45 (53%)39/50 (78%)Live Births
ControlsProgesterone 20%

60%

20%

Metaanalysis on Progesterone 
Support (Daya, 1989)



Â Pregnant women’s lymphocytes express hCG receptors (Lin et al, 1995)

Â hCG may prevent T-cell activation at maternal-fetal interface (Lei et al, 
2006).

Â hCG influences TNFα and IL-6 secretion (Uzumcu et al,1998), increases 
IL-1β secretion, and inhibit IL-2 expression (Shaffer et al, 1992).

Â U-hCG contains LIF which regulates trophoblast differentiation
Â Promotion of angiogenesis via VEGF. (Zygmunt et al, 2002) 

Â Stimulates corpus luteum to produce progesterone 
Â PGE2 production and stimulates 17β -estradiol secretion (Han et al, 1996)
Â hCG involved in differentiation of endometrial stromal cells to decidua, (Han et al, 

1996). 
Â hCG regulates smooth muscle cell gap junctions in the pregnant human 

myometrium inhibiting myometrial contractions (Ambrus & Rao, 1994).

Actions of hCG

Â Benefit 26.3%
Â OR for miscarriage = 0.26 (0.14-0.52)
Â > 2 miscarriages, No. miscarriages not quoted
Â All trials used u-hCG, not r-hCG

hCG Supplementation 
(Pattison & Scott, Cochrane Systematic Review, 1995)

20%

60%

20%

63%

29%

0%
10%

20%
30%

40%
50%

60%
70%

hCG
26/41

Controls
16/56

Â 5 or more consecutive 
miscarriages 
ÂAbsolute benefit 34%

OR = 4.33 (95% CI 1.7-11.3)

Â hCG cannot be used in OHSS
32.5%

35%

32.5%

hCG > 5 Abortions



0.1

Rai et al, 1.88 (1.15-3.08)

Kutteh et al, 2.45 (1.11-5.44)

Farquharson et al, 1.18 (0.73-1.91)

Overall, 1.65 (1.2-2.27)

101

Â No measurement of 
β2GP-1 antibodies

Â No correction for 
chromosomal 
aberrations

Â No correction for 
structural 
malformations

Â Overall benefit 22%

Metaanalysis on Heparin & LMWH

28/33 (84.9%)26/33  (78.8%)Tulppala et al, 1997
52/61 (85.2%)52/64  (81.3%)Total

PlaceboAspirin

17/20  (85%)16/20  (80%)Pattison et al, 2000
7/8  (87.5%)10/11  (91%)Cowchock & Reece, 1997

Â 135 patients
Â Aspirin alone did not significantly reduce pregnancy loss, 

RR = 1.05, (95% CI, 0.66 - 1.68)
Â Aspirin has not been assessed on obstetric complications or 

thromboses

Role of Aspirin
(Empson et al, 2002)

Â Heparin increases serum TNF-BP-I. Hence protecting against 
systemic harmful manifestations (Lantz et al, 1991)

Â LMWH inhibits TNFα production (Baram et al, 1997)

Â Thrombosis results in vein wall inflammatory response.  Both 
heparin & LMWH limit anti-inflammatory response. (Downing et 
al, 1998)

Â In vitro, heparin restres ability of trophoblast to secrete hCG, 
which is inhibited by aPL (Di Simone et al, 1997)

Â Heparin inhibits apoptosis of villous trophoblast induced by 
IFN-γ & TNF-α. (Hills et al, 2006)

Non Anticoagulant Actions of 
Heparin / LMWH



Â 687 aPL+ women underwent 1050 
IVF cycles. 477 births with 
Heparin/Aspirin (46%), compared 
to 22 (17%) births in 127 IVF 
cycles without H/A.

Heparins in Infertility with aPL
(Sher et al, 1998)

Â IVIG inhibits production of IL-2, IL-10, TNF-α & IFN-γ, (Th-1) 
from peripheral blood mononuclear cells in culture. (Andersson et 
al, 1996)

Â Circulating levels of TNF-α & IL-1β decreased after IVIg in 
Guillain-Barre syndrome (Sharieff et al, 1999). 

Â Proportion of IFN-γ producing (Th1) and IL-4-producing (Th2) 
cells and  Th1/Th2 ratio compared before and after IVIg. IVIg 
enhanced  proportion of Th-2 producing cells (Graphou et al 2003)

Â Modulation of cytokine levels following IVIg is due to 
interference with cytokine secretion or cytokine-specific 
blocking antibodies, rather than direct infusion of cytokines
(Sherer et al, 2001) 

Â IVIg lowers levels of autoantibodies, e:g. ACA, LA

IVIg autoantibodies & Cytokines

Â NK cells down-regulated by IVIG (Ruiz et al, 
1996; Kwak et al, 1996; Szereday et al, 1999; Perricone et al, 
2006; Roussev et al, 2007)

Â Down regulation associated with improved 
outcome (Aoki et al, 1993; Emmer et al, 2000; Kotlan et 
al, 2006)

IVIg & NK Cells



Porter, Cochrane Systematic Review, 2006 Overall

Hutton et al, BJOG, 2006 Time of Administration

Benefit 21.6%

20%

60%

20%

IVIG in RPL: Randomized Trials

Â Meta-analysis of 3 RCTs of IVIG in IVF failure 
shows a significant increase in the live birth rate 
per woman 
(OR = 2.55, 95% CI 1.19-5.49) 

Â Benefit = 16.7% (p=0.012)

IVIg in IVF Failure
(Clark et al, 2006)

Â 121 aPL+ women with aPE or 
aPS no live births after 2 IVF 
attempts with H/A, received IVIg 
in addition to H/A in 3rd IVF 
cycle. Birth rate  41% when aPS
or aPE present compared to  17% 
with H/A alone. 

Â IVIg did not improve IVF 
outcome with other aPL.

IVIg in Infertility with aPL
(Sher et al, 1998)



58/276 (21.1%)Wilding et al, 2004

96/406  (23.6%) Total

No. Pregnancies

15/63  (24%)Platteau et al, 2005

23/67  (34%)Rubio et al, 2003

ART used for Infertility. RPL is probably only indication for 
which ART is used in fertile patients. 

Pregnancy Rates With PGS

29  (74%)

10
19

Live 
Births

39

15
23

Pregnancies

3.6

4.7
2.9

No. 
Miscarriages

98

31
67

Cycles

120Total

No. 
Women

49Platteau et al, 2005
71  Rubio et al, 2003
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PGS For RPL: Live Births

Â Only FISH can be used for PGS due to 
speed

Â FISH allows 5, 7 or 9 chromosomes to 
be analysed, not 23. 

Â Embryo cannot be diagnosed as normal
Â Classical karyotype takes too long to be 

practical
Â CGH is expensive, time taken does not 

allow transfer in same cycle.
Â If CGH, analysis and freezing.
Â Pregnancy rate reduced after PGS 

(Ankum et al, 2007)   

Problems of PGS Techniques



ÂRepeat fetal aneuploidy
ÂParental chromosomal aberrations with 

associated aberration in fetus 
ÂOlder Patients

Which Patients with RPL 
need PGS? 

11/73  (15.1%)Total

Repeat Aneuploidy

3/30  (10%)Sullivan et al, 2005

8/43  (19%)Carp et al, 2004

62 of 73 (84.9%) subsequent abortions euploid
3 patients with 3 subsequent aneuploid abortions
In repeat aneuploidy PGD seems to be treatment of choice

Repeat Embryonic Karyotyping

Â Age:  38  
Â Obstetric History: 

2 Live Births, 6 Miscarriages 
10-12 weeks

Â APCA: Positive.
Â Other features:

No APS, thrombophilia, or other 
cause.

Â Parental Karyotype:
46XX  46XY t(14:13)(p11:q12)  

Â Subsequent Pregnancy:
Missed abortion 
10 weeks, FHL 

46XY, -4, tder (4:13)

PGD Patient



Â In 92 cycles of ED 64 implantations. 30 (32.6%) viable 
pregnancies, 34 (37.0%) were miscarriages. (Simon et al, 
1999)

Â ED in 8 RM couples, woman low responder to 
gonadotrophins 12 ED cycles performed. Pregnancy rate 
(75%),  delivery rate (66.6%) Miscarriage rate per cycle, 
11.1%. (Remohi et al, 1996)

Â Tel Hashomer registry shows 4 cases of egg donation. 
Â No series in literature
Â Has role if all embryos abnormal at PGD

Role of Ovum Donation

Â Obstetric History: Age:  37. 4 previous miscarriages
Â Other features: No APS, ANF, Thrombophilia, or other cause.

Hysteroscopy NAD. 
Â Parental Karyotype: 46XX  46XY 
Â Treatment IVIG 30g.
Â Subsequent Pregnancy: I. Biochemical pregnancy

II. Missed Abortion - Culture failure

Â PGS 8 embryos – all abnormal when tested with 9 probes 
Â Treatment   Ovum Donation

Ovum Donation Patient

Â Tel Hashomer registry shows 62 cases of change in male 
partner of 1925 patients, 22 had 3 partners. 1 had 5 partners.

Â Change of male partner did not prevent subsequent 
miscarriages. 

Â No series in literature

Role of Sperm Donation



Â Few reports of surrogacy in RM 
Â Raziel (2000) reported a normal live birth in a patient with 24 

prior pregnancy losses. 
Â Author has advised surrogacy in 2o aborter with 12 

miscarriages, and 1o aborter with 6 miscarriages & triplets of 
25 weeks, died from prematurity. In both cases the surrogate 
delivered normal twins. 

Â Logic of surrogacy in patients with large numbers of 
miscarriages is due to the poor prognosis and low 
incidence of chromosomal aberrations.

Results of Surrogacy

Â Obstetric History: Age:  40. PROM 20 weeks, 2 x IUFD 20weeks, 
hypertension & Gest Diabetes. Missed 14 weeks. 
From 4 cycles ZIFT

Â Other features: No APS, ANF, Thrombophilia, or other cause.
Hysteroscopy NAD. CRP 44.7

Â Parental Karyotype: 46XX  46XY 
Â Treatment IVF for 22 months infertility 
Â Subsequent Pregnancy: I. 8th cycle IVF, Aspirin 100mg.

TOP 22 weeks for PET with HELLP 
Advised Surrogacy

II. Spontaneous, Enoxaparin 40mg. Aspirin 100mg. 
NT Normal, Shirodkar Suture, PET & 
Gest Diabetes @ 18 weeks.
Fetal death & PROM 20 weeks

Surrogacy Patient

3.7678    (47.5%)164

Mean No.AbortionsLive BirthsSubsequent 
Pregnancies

Carp et al, Goddijn et al, Ogasawara et al
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Parental Chromosomal Aberrations: 
Subsequent Pregnancies



Â In parental chromosomal aberrations, embryo should be 
karyotyped to reach accurate diagnosis.

Â Parental karyotyping is a poor substitute for embvryonic
karyotyping

10 (26%) Balanced, 
5 (13% ) Unbalanced, 
7 (18%) Numeric (5 trisomies, 2 Monosomy X)

Aneuploidy
17 (43%)39
EuploidEmbryos

Karyotype of Abortus (Carp et al, 2005)

Parental Chromosomal Aberrations: 
Subsequent Fetal Karyotype

Poor prognosis 
patients may 
require IVIg for 
ART & RPL

Treat RPL after 
ART as RPL 
without ART

ACA & LA –
No connection to
Fertility, other aPL
may be relevant 

NK cells & cytokines 
active in infertility & RPL

Little evidence for 
PGS, PGD indicated 
for certain patients

Gamete donation has 
limited role. Surrogacy 
indicated in some patients

Some embryos are 
abnormal. Karyotyping 
of abortus is essential

Thank You for Listening


