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Ovarian function and obstetrical outcome:
A window- of endometrial vudnerabdddty

Singletons born to primiparas conceived naturally or by ART
(female or male infertility)

Maternal and pregnancy characteristics for ART and non-ART primiparas with live births of singletons in Florida and Massachusetts 2000-2010
and Michigan 2000-2009.
(TR | A
Characteristic Non-ART Female infertili Male infertility mbined infertility Unexplained infertility Pvalue
Sample size, N (%) 1,804,100 (98.€ 9,891 (0.5) 4,819 (0.3) 3,688(0.2) 2,930 (0.2)
Maternal age, mean (SD) 255 (6.1) 356(5.2) 334 (4.1) 34.8(5.0) 353 (4.1) <.01
Outcome Non-ART Female infertility Male infertility Combined infertility Unexplained infertility
PTB <37 wk
cOR (95% Cl) Reference 1.69 (1.59, 1.79) 1.21 (1.10, 1.33) 1.58(1.44, 1.74) 1.21(1.08, 1.37)
aOR (95% CJ)? Reference 1.60 (1.50, 1.70) 1.24 (1.13, 1.37) 1.49(1.35, 1.64) 1.26(1.12, 1.43)
PTB/early term <39 wk
cOR (95% () Reference 147 (1.41, 1.53) 1.12(1.06, 1.19) 1.44 (1.35, 1.54) 1.08(1.00, 1.17)
aOR (95% CI)® Reference 148 (1.42, 1.54) 1.19(1.12, 1.26) 1.39(1.30, 1.49) 1.23(1.14, 1.33)
\_ AR ) Fertil Steril 2015;103:974-9.
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Effects of infertility

%

Study AOR (95% CI) Weight
|
:
Basso et al, 2003, Denmark - 1.36(1.08, 1.71) 18.12
Thomson et al, 2005, Scotland 4 - 1.50(1.30, 1.80) 35.63
:
Wisborg et al, 2010, Denmark - : 119(0.98, 1.44) 2647
i
Jaques et al, 2012, Australia el 1.32(1.05, 1.67) 18.78

Overall (l-squared = 9.0%, p = 0 .348) <> 135(1.22,150) 100.00
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Favours SC with TTP > 1 year Favours SC with TTP = 1 year

Figure | Pooled estimate on the risk of PTB in SC singletons of subfertile women with TTP > | year versus SC singletons of fertile women with
TTP < | year. 7 = 0.0010. SC, spontaneous conception; AOR, adjusted odds ratio; Cl, confidence interval.



ART vs. infertility

%
Study AOR (95% Cl)  Weight

L

Kapiteijn et al, 2006, The Netherlands 1.60 (1.30, 1.90) 85.43

Raatikainen et al, 2012, Finland -

1.28 (0.81,2.03) 14.57

—— e —— e ————-

Overall (I-squared =0.0%, p = 0.379) 1.55 (1.30, 1.85) 100.00
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Favours IVF/ICSI Favours SC with TTP > 1 year

Figure 2 Pooled estimate on the risk of PTB in singletons born after IVF/ICSI versus SC singletons of subfertie women (TTP > | year).
7 = 0.0000.



ART vs. SC siblings

%
Study AOR (95% CI) Weight

Romundstad et al, 2008, Norway = 1.20 (0.90,1.61) 29.33

Henningsen et al, 2010, Denmark

Overall (I-squared = 0.0%. p = 0.650) <> 1.27 (1.08.1.49)  100.00

- 1.30 (1.10, 1.60)  70.67

o - ——— e —————

1 T T T T
8 1 1.2 14 186 18
Favours IVF/ICSI sibling Favours SC sibling

Figure 3 Pooled estimate on the risk of PTB in sibling studies of mothers to consecutive-singleton siblings of an IVF/ICSI child and an SC child.
7 = 0.0000.



COS IUl vs. SC 1

Study AOR (95% CI) Weight
Kallén et al, 2002, Sweden - 1.39(1.23,1.68) 23.50
Wang et al, 2002, Australia - 1.50(1.01,202) 13.55
Ombelet et al, 2008, Belgium = 1.89(1.69,2.12) 2398

Wisborg et al, 2010, Denmark -

116 (0.87,1.56) 15.78

Klemetti et al, 2010, Finland - 1.32(1.15,1.50) 23.18

Overall (I-squared = 83.2%, p = 0.000) @ 1.45(1.21,1.74)  100.00

PR SR (PRI —— R —— E S ——

| | | | | | | |
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Favours Ol and/or IUI/IUID Favours SC with TTP < 1 year

Figure 4 Pooled estimate on the risk of PTB in singletons born after Ol and/or intrauterine insemination/donor (IUl/IUID) versus SC singletons of
fertile women with TTP < | year. 7 = 0.0329.



Frozen vs fresh ET

%

Study AOR (95% CI) Weight
i

Wang et al, 2005, Australia - : 0.77 (0.63,0.91) 1243
|

Kallién et al, 2005, Sweden - 1 0.69 (0.50, 0.95) 6.92
'
)

Shih et al, 2008, Australia - : 0.71 (0.63, 091) 1243
|
|

Belva et al, 2008, Belgium ! - 1.38 (0,92, 2.05) §5.06
|

Pelkonen et al, 2010, Finland —_— 0.83 (0.71,097) 1395
'

Pinborg et al, 2010, Denmark - - 0.70 (0.53,0.92) 8.36
]
|

Kalra et al, 2012, US | ——— 0.94 (0.88,1.02) 1846
|
|

Sazonova et al, 2012, Sweden t— 0.93 (0.77,1.11) 1248
'

Kato et al, 2012, Japan : - 0.96 (0.76, 1.22) 9.90

QOverall (I-squared = 62.7%, p = 0.006) @ 0.85(0.76,0.94) 10000
:
|
|
i
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Figure 6 Pooled estimate on the risk of PTB in singletons born after IVF/ICSI in frozen/thawed cycles versus singletons born after IVF/ICSI in fresh

cycles. 7 = 0.0138.
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versus fresh embryos generated
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a systematic review and meta-analysis
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Ovarian function and obstetrical outcome:
A window- of endometrial vudnerabdddty

Total number of citation=1929
_| Excluded based on title and
Articles abstract=1913
identified from :
cross references »| Complete articles studied=19
and hand
search=3
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¥

Studies included in the review =11

Selection of studies included in the review.
Maheshwari Frozen versus fresh ET. Fertil Steri 2012.
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Preterm labor

Frozen Fresh Risk Ratlo Risk Ratlo
Study or Subgroup  Evernts Total Events Total Welght M-H, Fixed 85% CI M-H, Fhced, 85% Cl
5.8.1 matched cohort
Pinbong 2010 54 a5y 40 10,320 10.7% 068 D53 087 =
Shih 2008 220 22387 383 30 22 3% 075 D64, 0 8E L
Wennarholm 1997 | 180 18 160 1.2% 050 D23 108 L |
Subtotal (85% C1) 3,504 13500 34.7% 0.7T2 [0.63, 0.62] lll
Total evants 288 1,341

Heterogeneity: 3 = 1.32, df =2 (P= 52); 1* = 0%
Teat for overall effect: Z= 4.93 (P < .00001)

5.8.2 unmatched cohort

Aflzioonian2010 11 B4 18 282 0.5% 183090, 373 T
Beahla 2008 78 6562 266 2090 64% 133 [1.05 1569 -
Pealkonan 2010 120 1,830 258 24042 13.3% 075061, 083 "
Wang 2005 437 3834 1,008 T.B05 d44.0% 0BT D78 087

Wikland 2010 T 103 14 194 0.5% 087 D40, 233 %
Subtotal (85% C1) 6,513 14 08T G5.8% 0,80 [0U83, 0.88)

Total evants 653 1,564

Heterogeneity: 3 = 17.62, df = 4 (P= 001); I* = 7T7%
Teat for overall effect: Z= 2.40 (P = .02)

Total (85% CI) 10,017 27 6B6 100.0% 0.84 [0.78, 0.90] I

Total events a41 2005

Heteroganetty: 32 = 27.25, df = 7 (P = .0003); 12 = T4% [ : : |
- 001 01 1 10 100

Teat for overall effect: Z = 4. 82 (P < .00001) Fr Fragh

Teat for gubgroup differences: 3 = 7095 df =1 (F= 005), 1* = 87 4%

Fretemmn labor. Ol = confidence intarval; M-H = M antel-Hasnszad.

Fertil Steril 2012;98:36877.
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SGA

SUPPLEMENTAL FIGURE 4

Frozen Fresh Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 5% Ci M-H, Fixed, 95% Cl
Palkonan 2010 28 1830 91 2942 B1.0% 0.49 033, 0.75]
Wikland 2010 3 103 24 199 19.0% 0.24 [D.O7, 0.78] —
Total (95% C1) 1,933 3141 100.0%  0.45 [0.30, 0.66] &
Total evants 31 115
Hateroganaity: ¥*=1.28, df =1 (P = 26): 12 = 22% i i i i
Test for overall effect: Z =401 (P < 0001) oM o1 ! 10 10

Small for gestational age. Cl = confidence interval; M-H = Mantel-Haenszel.
Mabe-shna . Froeen varmes fresh 7. Fartd Stard 2012,

Fertil Steril 2012;98:36877.



Low birth weight

Frozen Fresh Risk Ratlo Fisk Ratlo
Study or Subgroup Events Total Events Total Welght M-H Floed, 895% Cl M-H, FAxed 85% CI
5.6.1 matched cohort
Henningsan 2011 11 T16 20 Ti6 2 %% 0.55 [0.27, 1.14] —
Finbong 2010 42 457 Ted 10,329 13.0% 0.58 0.4, 0.80] =
Wannerholm 19497 & 160 12 160 1.2% 0.67 [0.28, 1.583] -1
Subtotal (85% Cl) 1,833 11,205 16.3% 0.59 [0.45, 0.78) »
Total events &1 ToE

Hewmmgenaity: ¥*=0.11,df= 2 (P=_85); 1*=0%
Test for overall effect: Z= 3.83 (P=.001)

5.6 .2 unmatched cohort

Afatoonian2010 16 B4 40 252 20% 1.20 [0.71, 2.03] T
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Wada et al., 1904 13 177 68 527  3.4% 0.57 [0.32, 1.00] —=—]
Wang 2005 277 3,847 829 7676 S55T% 0.67 [0.58, 0.76] |
Wikland 2010 7103 8 188 (0.6% 1.50 [0.58, 3.92] —T
Subtotal (85% CI1) 6,703 14,585 83.7%  0.71[0.64, 0.78) '

Total events 433 1,350

Hewmgenaity: ¥* =951, df= 5 (P=_08); I =4T%
Test for overall effect: 2= &.53 (P < .00001)

Total (85% Cl) B.536 25,800 100.0% 0.69 [0.62, 0.76) '
Total events 40 2,148
Hemmgenaity: 3*=11.16, df =8 (P= 189); F= 28%
Test for overall effect: 2= T.53 (P < D0001)
Test for subgroup differences: y*= 1.42, df=1 (P = _23), I*= 20.5%
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Frozen Fresh Risk Ratlo Risk Ratlo
Study or Subgroup  Events Total Events Total Welght M-H, Fixed, 85% Ci M-H, Fixed, 85% CI
5.1.1 Matched cohort
Pinbong 2010 2B G587 2733 10,329 21.0% 1.14 [1.03, 1.26]
Shih 2008 1,031 2387 1207 3110 47.6% 1.11[1.04, 1.19]
Wennerholm 1947 42 160 36 160 1.6% 1.47 [0.79, 1.72]
Subtotal (85% C1) 3,504 13,508 T0.3% 1.12 [1.06, 1.18]
Totalevents 1,361 3076

Heemgensity: y* =017, df = 2 (P=92); *=0%
Test for overall effect: Z= 419 (P < .0001)

£ 2 unmatched cohort

Pelkonan 2010 510 1,830 818 2042 285% 1.02 [0.93, 1.12] [ ]
Wikdand 2010 30 101 41 198 1.3% 1.44 [0.96, 2.16] =
Subtotal (85% C1) 1,931 3141 20.7% 1.04 [0.95, 1.14] ]
Total events S48 a54

Heterogenaity: x* = 2 .66, df= 1 (P=.10); 1 = 62%
Test for overall effect: Z= 0.80 (P = .42)

Total (95% Cl) 5,435 16,740 100.0% 1.10 [1.05, 1.15] |
Totalevents 1,910 4835

i = = = |® = I I I I
Hetwmgenaity: ¥* =4 86, df= 4 (P=_30); 2= 18% T ] 10 100

Test for overall effect: Z= 3.90 (P < .0001)

Test for subgroup differences: y*= 2.08, df= 1 (P=.15),1?=5198%
Cesarean section. Ol = confidence interval; k-H = Mante-Hasnszel.
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Frozmn Frash

Fertil Steril 2012;98:36877.
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BFET
H Fresh IVF
osc

Percentage

PTE LBVY SGA LGA »4500 Postterm

Figure 3 Distribution of gestational age and birthweight in children
born after FET, fresh IVF (IVF, ICSI, IVF/ICSI) and spontaneous concep-
tion (5C). FET versus fresh IVF: PTB: P = 0.0003, LBW: P = 0.0007,
SGA: P < 0.0001, LGA: P < 0.0001, =4500 g: F << 0.0001, post-term
birth: P << 0.0001 (adjusted P values). FET versus 5C: PTB: P < 0.0001,
LBW: P<<0.0001, SGA: P=0.02, LGA: P<<0.0001, =4500g
P << 0.0001 (adjusted P values). PTB, preterm birth; LBW, low birth-
weight; SGA, small for gestational age; LGA, large for gestational age;
>4500, birth weight =4500g; postterm, =42 weeks. * P< 0.05,
*= P < 0.001, == P < 0.0001.
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Figure 2 (A) Miscarriage rate by age. (B) Ectopic pregnancy rate by
age. (C) Clinical miscarriage rate by time period.
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Figure 3 Relationship between oocyte number and clinical miscar-
riage rate. (A) Overall association. (B) Stratified by age group. Each
age group was divided according to oocyte number; from left to right:
| -3 oocytes, 4—9 oocytes, 10— 14 oocytes, > |5 oocytes.
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Association of number of retrieved
oocytes with live birth rate and birth
weight: an analysis of 231,815
cycles of in vitro fertilization
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Fresh ET cycles with either autologous (n=194,627) or donor
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Birth outcomes by number of retrieved oocytes, oocyte source, and day of transfer for cycles with transfer of two embryos.

Oocyte Day of
source transfer

Autologus Dayy2-3
Trend

w/ increasing oocytes

Donor Days 2-3

Autotogus Dayy5-6

Trend
w/ increasing oocytes

Donor Days 5-6

No. of Length of

retrieved gestation, Birth weight, Z-score

oocytes n wk (mean + SD) g (mean = SD) {mean = SD) SGA, % LBW, %
1-5 3,007 383+ 2.1 3,263 £ 580 0.02 £ 0.96 8.1 8.3
6-10 7,352 384+ 2.1 3,257 £ 581 -0.02 £ 0.97 8.9 8.7
11-15 6,388 384+ 2.2 3,244 £ 591 -0.05 + 096 9.3 8.8
16-25 5,538 383+23 3,229 £ 605 -0.04 £ 0.95 8.4 9.7
=26 1,310 382+ 23 3,193 £ 608 -0.07 £ 098 9.5 11.5
P value for trend 002 <0001 .0009 43 .0001
Adjusted P value® 01 .0001 005 31 .0002
1-5 138 379+ 2.9 3,222 £ 723 0.05+1.08 14.0 14.6
6-10 810 381+£23 3,229 £ 619 0.06 £ 0.95 8.3 11.4
11-15 1,150 382+ 23 3,280 £ 630 012 £1.02 8.0 10.1
16-25 1,596 381+£25 3,220 £ 646 0.04 £ 0.99 7.8 11.4
=26 710 382+ 2.1 3,291 £ 586 0.13 £ 097 7.6 8.9
P value for trend 59 41 42 17 21
Adjusted P value® 62 .39 37 16 19
1-5 453 380+ 21 3,260 £ 603 0.18 £ 0.98 6.7 8.8
6-10 4,207 37.9+£ 2.1 3,243 £+ 583 0.15 £ 0.99 6.8 9.4
11-15 6,789 379+ 2.3 3,209 £ 603 0.07 £ 0.95 6.9 9.9
16-25 9,081 379+ 24 3,194 £ 625 0.05 £ 0.97 7.8 10.8
=26 2,951 378+ 26 3,178 £ 641 0.07 £ 0.96 7.4 12.3
P value for trend 006 <0001 <0001 06 <0001
Adjusted P value® 01 < .0001 < .0001 .06 <0001
1-5 36 3B+ 27 3,260 £ 694 0.20 £ 1.05 56 8.3
6-10 589 3IB+2.7 3,226 £ 677 0.10 £ 1.03 8.9 10.5
11-15 1,356 3B+ 24 3,255 £ 615 0.13 £ 0.99 6.1 9.3
16-25 2,743 3B+ 24 3,236 £ 638 0.11 £1.00 7.3 10.6
=26 1,768 38+ 25 3,223 £ 660 0.07 £ 0.96 8.1 10.7
P value for trend 80 51 14 34 73
Adjusted P value? 80 .58 19 37 77

# The P value for trend was adjusted for female age and previous births.
Baker Ouocyte number and IVF outcormes. Fertd Steril 2015,
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# The P value for trend was adjusted for female age and previous births.
Baker Ouocyte number and IVF outcormes. Fertd Steril 2015,
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Figure | Flowchart for the selection of eligible studies.
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Preterm birth <37 weeks GA
(a) Unadjusted data

Odds Ratio
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Total (95% CI) 21459 55736 100.0%

Total events 3615 7038

Heterogeneity. Tau*= 0.00; Chi*=7.45,df =5 (P=0.19); F= 33%
Test for overall effect: Z= 6.04 (P <= 0.00001)

(b) Adijusted data
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Study or Subgroup log[Adjusted OR] SE_ \Weight IV, Random, 95% CI IV, Random, 95% CI

Dar 0.277632 0.061677 32.5% 1.32[1.17, 1.49] —.—
Fernando -0.07257 0.172928 7.8% 0.93 [0.66, 1.31]

Kallen 0.300105 0.119601 14.3% 1:35 [1.07; 1.71] -

Karla 0.329304 0.038475 45.4% 1.39[1.29, 1.50] ——

Total (95% CI) 100.0% 1.32 [1.19, 1.46] i
Heterogeneity: Tau®= 0.00; Chi*=5.35,df =3 {(P=0.15); F= 44% =0 = 057 : 155 i
Test for overall effect. 2= 5.35 (F <= 0.00001) Censwe-singe Elastincyst

Figure 2 Meta-analysis of blastocyst versus cleavage stage embryo transfer for preterm birth <37 weeks. GA, gestational age.



Preterm birth at <32 weeks GA
(@) Unadjusted data
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Kallen 18 1071 142 10513 44% 1.25[0.76, 2.05) .
Karla 414 14743 714 32351 70.8% 1.28[1.13,1.45) -
Wikland 1 302 2 194 0.2I% 0.32[003, 354 ¢
Total (95% C1) 21026 54986 100.0% 1.22 [1.10, 1.35) L 2
Total events 565 1167 . ]
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Test for overall effect 2= 378 (P = 0.0002)
Clevage stage Blastocyst
(b) Adjusteddata

Adjsted OR Adjsted OR
Study or Subgroup _log[Adjsted OR] SE_Weight IV, Random, 95% CI IV, Random, 95% Cl
Dar DOBG178 0133931 324% 1.09(0.84 142) 1
Fernando -0.43078 0330082 10.7%  0.65(0.34,1.24) .
Kallen 0364642 025686 154% 1.44 |0.87, 2.39) -
Karla 0300105 008031 415% 1.35(1.13, 1.61) i
Total (95% CI) 100.0% 1.18 [0.93, 1.49) ,
Heterogeneity Tau®*=003, Chi*=597,df=3 (P=011),F=50% 045 03? 1 11‘5 i

Testfor overall effect Z2=135(P=018)
Cleavge stage  Blastocyst

Figure 3 Meta-analysis of blastocyst versus cleavage stage embryo transfer for very preterm birth <32 weeks. GA, gestational age.



Ovarian function and obstetrical outcome:

Human Reproduction, Vol.29, No.12 pp. 2794-2801,2014
Advanced Access publication on October 14,2014 doi: 10.1093 fhumrep /deu246

human
reproduction

Clinical outcomes following
cryopreservation of blastocysts by
vitrification or slow freezing: a
population-based cohort study

Z.Li"2 Y.A. Wang'3, W. Ledger', D.H. Edgar?, and E.A. Sullivan "%*



Ovarian function and obstetrical outcome:

Table IV Adjusted relative risk for pregnancy outcomes

following transfer of slow frozen and vitrified blastocysts, CO m p a re d Wit h S I OW

Australia and New Zealand, 2009-2011.

T — frozen blastocysts,
freezing  ARR (95% CI)

e iwaeee vitrified blastocysts
Pregnancy outcomes” . . o o
P «emise  Fesulted in significantly

Clinical pregnancies/thaw cycle®

Clinical pregnancies/embryo 1.38 (1.32, |.45)* . . .
meder a higher clinical
Live deliveries/ thaw cycle | 47 (1.39, 1.55)*

Live deliveries/embryo transfer

.41 (.34, |.49)* .
Live deliveries/ clinical pregnancy 1.02 (0.97, 1.08) p reg n a n Cy a n d | Ive
Miscarriage/clinical pregnancy 0.91 (0.82, 1.01})

Perinatal outcomes” delive ry rates With

[.10 (0.64, |.89)

TEEE &R

Perinatal mortality

REII- [ [ °
Preterm delivery Ref 057 (0.75, 1.25) S|m||a|" pe |"|nata|
LBW births Ref 1.08 (0.89, 1.31)
SGA births* Ref 0.88 (0.70, 1.10) outcomes.
LGA births® Ref 0.89 (0.78, 1.02)
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New concept:

Window of Endometrial Vulnerability (WEV)
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Epidemiologic studies have shown an increased rate of adverse perinatal outcomes, inclu it & e
fact

fresh in vitro fertilization (IVF) cydes compared with frozen embryo transfer ns

population, suggesting that it is the peri-implantation envimnment crefed g that\ responsible for these changes.
During a fresh IVF cycle, multiple corpora lutea secrete high levels of
the implanting embryo. In this review, we discuss both animg

pe
an can affect the endometrium and

da ating that superovulation has significant Gene expression profiles of simulated and nonstimulated human
for verse effects of gonadotropin stimulation on endometrium during the window of embryo implantation.

Fita, along with the growing body of epidemiologic Fold change
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at least some of the adverse : Study samples be significant  Up Down

02:10-8. ©2014 by American So- Usc your smariphonc Mirkin et al_(45) 13 >12 56 16
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Year-one activity at FCC

Thirty-five years later, the first assisted
reproductive technology program opens
in Cambodia

In the fall of 2014, the first assisted reproductive technology Fertility
(ART) program opened in Cambodia. This event took place e

in Phnom Penh 35 years after Cambodia emerged—in the early Steril Ity
days of 1979—from the worst geopolitical nightmare and 2015

genocide that the world has known since the Holocaust. In

nearly 4 years of abuse, the Khmer Rouge regi
active killing and starvation had exterminated a
country’s population, who perished in the Killir
January 1979—the nightmare suddenly over—i
stood in rags and tears, with all needing to be
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You can discuss this article with its authors and with other
ASRM members at
http://fertstertforum.com/dezieglerd-first-art-program-
cambodia/
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Ethnic variation in estradiol metabolism in
reproductive age Asian and white women treated with

transdermal estradiol

Heather G. Huddleston, M.D.,> Mitchell P. Rosen, M.D.,> Mark Gibson, M.D..,® Marcelle I. Cedars, M.D.,*

and Victor Y. Fujimoto, M.D."
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Asian women have significantly higher serum E- levels during treatment with transdermal E» compared with white
women. This finding suggests altered metabolic clearance of this steroid hormone. (Fertil Steril® 2011;96:797-9.

©2011 by American Society for Reproductive Medicine.)



Ovarian function and obstetrical outcome:

New concept:

Window of Endometrial Vulnerability (WEV)
E2 (mg)

0.4
ol l
- 200 (mg) Window of endometrial vulnerability (WEV)

Window of receptivity (WOR): controlled by duration of exposure to P4




Ovarian function and obstetrical outcome:

Charlers Chapron Dominique de Ziegler
Bruno Borghese Vanessa Gayet
Hervé Foulot Pietro Santulli
Antoine Bouret Chloe Meignien
Paul Mazurk Mathilde Bourdon
Guillaume Pierre Francgois Aubriot
Marie Christine Lafay Ann Marszalek
Fouzia Decupere Alessandra Fubini
Francois X. Aubriot Catarina Feretti

Université Paris-Descartes, Hopital Cochin, Paris, France



