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Embryo cryopreservation is on the rise

Trends in the ratio of the numbers of reported frozen–thawed embryo
transfers to reported fresh cycle starts in each SART age group.

From 2006 to 2012, the number of
autologous FET reported to SART
increased 82.5%, whereas fresh
cycle starts increased by 3.1%

Trends in RR for live birth per transfer in FET vs. fresh transfer by SART age group.
An RR exceeding 1.0 indicates greater birth rate with FET.

By 2012 the birth rate per transfer with FET exceeded
that for fresh transfer in the four oldest age groups.
Shapiro et al., Fertil Steril 102; 3-9: 2014

Why is the utilization of embryo cryopreservation on the rise?
Improved cryopreservation techniques with reduced embryo cryo-damage
Increased success rates
Reassuring safety data

Increased use of single embryo transfer
Limitations on the number of embryos to be transferred

Frequent use of a GnRH agonist ‘‘trigger’’ to prevent OHSS in high responders
Increased use of GnRH antagonist protocols

Increased use of PGS
Transfer of confirmed euploid embryos may contribute to increasing FET success rates

Increased use of elective cycle segmentation – freeze all
Suggested improved live birth rates and perinatal outcome

Increased awareness to conditions with adverse outcome
Premature P elevation, poor endometrial development, fluid in cavity, etc.

 An exponential growth of FET utilization in clinical practice
 The most effective method to prepare the endometrium prior to
FET is still a matter of debate

Preparation of the endometrium in FET cycles
I. Natural cycle
With or without hCG administration
With or without luteal phase support
II. Artificial preparation of the endometrium [E+P]

With or without GnRH-agonist down-regulation
III. Stimulated cycles by gonadotropins/CC/AIs

http://www.ivf-worldwide.com/survey/frozen-thawed-embryo-transfer/results-frozen-thawed-embryo-transfer.html

Terminology
The International Society for Mild Approaches in Assisted Reproduction (ISMAAR)

Natural cycle IVF:
Modified natural cycle IVF:

Unstimulated, spontaneous IVF cycle
Semi-natural, controlled natural cycle IVF

Nargund et al., Hum Reprod 2007

Why should we do natural/modified natural cycle FET?
Pros:
• Natural/physiologic preparation of the endometrium for implantation
• No/minimal amount of medication required
• No prolonged and “heavy” luteal phase support required

• Time taken to complete the cycle is short

Cons:
• Not an option for patients with irregular cycles

• Not an option for patients with limited access to monitoring
• Requires more intense monitoring
• Limited flexibility in timing embryo warming and transfer

What is the optimal means of preparing the endometrium in frozen-thawed embryo transfer cycles?
A systematic review and meta-analysis

Groenewoud et al. Hum Reprod Update. 2013;19:458-70
Groenewoud et al. Hum Reprod Update. 2017;23:255-261

A randomized controlled, non-inferiority trial of modified natural versus artificial cycle for
cryo-thawed embryo transfer: the ‘ANTARCTICA’ trial
•
•
•
•

Non-inferiority RCT
From February 2009 to April 2014
1032 patients included; 959 available for analysis.
The primary outcome: live birth
mNC-FET

AC-FET

Odds Ratio

95% CI

P

Live birth

(57/495) 11.5%

(41/464) 8.8%

-0.027
absolute dif.

-0.065
-0.012

0.171

Clinical
Pregnancy

(94/495) 19%

(74/464) 16%

0.8

0.6-1.1

0.25

Ongoing
pregnancy

(57/495) 11.5%

45/464 9.6%

0.7

0.5-1.1

0.15

Cancellation

(101/495) 20.4%

124/464 26.7%

1.4

1.1-1.9

0.02

Cost

€617.5

€625.73

0.54

Conclusion:
AC-FET is non-inferior to mNC-FET with regard to LBRs, clinical and ongoing pregnancy rates
but AC-FET does result in higher cancellation rates

Groenewoud et al. Hum Reprod 2016

How to make the best use of the natural cycle
for frozen-thawed embryo transfer?
When should we carry out natural/modified natural cycle FET?
Should we trigger or just detect ovulation?
Should we add luteal phase support?

How should we monitor the cycle?
What else can we do to improve cycle outcome?

When should we carry out natural/modified natural cycle FET?

http://www.ivf-worldwide.com/survey/frozen-thawed-embryo-transfer/results-frozen-thawed-embryo-transfer.html

When should we carry out natural/modified natural cycle FET?

Does time from egg retrieval to embryo transfer
affects live birth rates in a frozen embryo transfer cycles?
Ref.

Location

Type

Protocol

CPR
Immediate

CPR
delayed

P value

Mass et al.
ASRM 2008

Stanford CA

Retrospective

HRT
After failed
fresh ET

n=105
35.2%

n=166
21%

0.01

Santos-Ribeiro
et al.
Fertil Steril
2016

Brussels

Retrospective

HRT+NC
After failed
fresh ET

n=197
32.6%

n=986
32.7%

0.803

Adjusted P

Lattes et al.
Hum Reprod
2017

Barcelona

Retrospective

HRT
After freeze all

n=263
LBR
37.6%

n=249
LBR
27.3%

0.01

NS after
multivariable
regression
analysis

Santos-Ribeiro
et al.
Hum Reprod
2016

Brussels
+
Ho Chi Minh
City

Retrospective

HRT
After freeze all

n=208
52.9%

n=125
41.6%

0.046

NS after
multivariable
regression
analysis

When should we carry out natural/modified natural cycle FET?

Level III data
No evidence to support a washout period
Best estimate:
A washout period is not necessary
Treatment can start right away
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Why should we use hCG in modified natural cycle FET?
Pros:
• Allows for precise timing of ovulation and embryo warming and transfer
• Allows some flexibility in timing embryo warming and transfer

• Shortens and simplifies the monitoring phase
• Provides luteal support in the form of hCG in case of possible luteal dysfunction
Yanushpolsky and Casper Fertil Steril 2016

Cons:
• Increased cost
• Inconvenience
• Adverse effect on endometrium?

Fatemi et al., Fertil Steril 2010
Montagut et al. Hum Reprod 2016

MNC
Criteria for HCG administration included:
(i) visualization of a leading follicle >17 mm in diameter by TVS
(ii) serum E2 concentration >150 pg/ml
(iii) serum progesterone concentration <1 ng/ml.
NC
Cycles monitored until documentation of ovulation
Criteria for ovulation detection included:
(i) drop of serum E2 concentration compared with the previous test
(ii) rise of serum progesterone concentration >1.5 ng/ml
(iii) disappearance or typical change in the shape of the leading follicle.
In both groups, endometrial thickness ≥7 mm was
considered mandatory for proceeding with embryo thawing
Weissman et al. RBM Online 2009
Weissman et al. RBM Online 2011

ASRM 2009

RCT

Should we carry out natural/modified natural cycle FET?

Conclusion:
With hCG ovulation triggering:
• Significantly reduced number of monitoring visits
• No adverse effect on cycle outcome

2009

n=61

n=63

hCG
5000 IU

LH
Surge

LH
Surge

tOPU

tOPU

Day 3

Ongoing PR
warming 31.1%
and transfer

Day 3
warming
and transfer

Ongoing PR
14.3%

//
Study
was
stopped

A significant difference in the number of visits between the two groups
4.1±1.4 vs. 2.6 ± 1.1, P=0.001

Hypothesis: an adverse endometrial effect of hCG

Frozen–thawed embryo transfers in natural cycles
with spontaneous or induced ovulation

CPR

29.7%

39.9%

46.9%

NC-FET vs mNC-FET+LPS P < 0.001
NC-FET+LPS vs mNC-FET+LPS P = 0.069
After adjusting for potential confounders CPRs remained consistently higher:
Following NC-FET
(aOR 2.18, 95% CI 1.64–2.90)
Following NC-FET + LPS
(aOR 1.67, 95% CI 1.31–2.12)
Conclusion: hCG may have a negative effect on endometrium receptivity
Montagut et al. Hum Reprod 2016

mNC vs. artificial endometrial preparation for frozen-thawed
single euploid blastocyst transfer
RCT 236 patients undergoing euploid blastocyst FET
mNC: hCG triggering + daily P-in-oil
Artificial: GnRH-a down regulation+ oral E + P-in-oil
mNC
n=109

Artificial cycle
n=113

P value

No. of visits

3.8±1.1

4.2±0.87

0.128

Cost comparison (€)

59.8±0.0

64±1.6

0.438

Implantation rate(%)

59 (54.1)

57 (50.04)

0.677

Clinical pregnancy (%)

59 (54.1)

57 (50.4)

0.677

Live birth rate (%)

50 (45.8)

47 (41.5)

0.612

Conclusion:
Both protocols are equally effective in terms of clinical outcomes, cost-benefit
Greco et al. J Assist Reprod Genet 2016
and patient compliance

Comparison of pregnancy outcomes between true NC-FET and modified NC-FET

Clinical pregnancy
Odds ratio (OR) adjusted:
OR 0.90, 95% CI 0.73–1.12

Ongoing pregnancy
Odds ratio (OR) adjusted:
OR 0.82 95% CI 0.63–1.08

Groenewoud et al. Hum Reprod Update. 2013;19:458-70
Groenewoud et al. Hum Reprod Update. 2017;23:255-261

Should we trigger or just detect ovulation?

Level II data
No clear evidence to support or refute ovulation triggering
Best estimate:
Ovulation triggering may simplify the monitoring
and aid in programming the transfer
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http://www.ivf-worldwide.com/survey/frozen-thawed-embryo-transfer/results-frozen-thawed-embryo-transfer.html

Should luteal phase support be used in NC-FET?
RCT- hCG for luteal support
• 450 women with regular cycles undergoing NC- FET
• Serial serum hormonal concentrations (E2+LH) were used to time natural ovulation
• US was performed to measure the endometrial thickness the day after the LH surge

LH
Surge

tOPU

LH
Surge

tOPU

tOPU+1

tOPU+2

tOPU+3

tOPU+4

tOPU+5

tOPU+6 tOPU+7

Day 2
warming
and transfer
hCG 1500 IU/
NS

hCG 1500 IU/
NS
Lee et al. Hum Reprod 2017

Should luteal phase support be used in NC-FET?

hCG (n=225)

Control (n=225)

OR

95% CI

P

Implantation
Rate (%)

88/382 (23)

98/375 (26.1)

Clinical
Pregnancy (%)

74 (32.9)

82 (36.4)

1.170

0.793-1.726

0.428

Live birth (%)

57 (25.3)

65 (28.9)

1.197

0.790-1.816

0.396

0.582

Conclusion: the use of hCG in natural cycle FET dose not improve the ongoing pregnancy rate

Lee et al. Hum Reprod 2017

Luteal phase support in NC- FET
•
•
•
•
•

RCT
435 patients
Ovulation detected by urinary LH kits and US
Embryo warming and transfer 3 days after the LH surge
Embryo freezing details NA

• Natural cycle with vaginal P (400mg*2)
• Natural cycle without P supplementation

(n=219)
(n=216)

LBR
29.7%*
20.4%
*P<0.05

Conclusion:
Progesterone supplementation improves LBR after embryo transfer in natural cycles
Bjuresten et al. Fertil Steril 2011

Luteal phase support in mNC-FET
•
•
•
•

RCT
102 patients
hCG given when follicle >18 mm and endometrium > 8 mm
D3 vitrification

• Natural cycle with hCG ovulation triggering + IM P
• Natural cycle with hCG ovulation triggering

(n=51)
(n=51)

CPR
33.3%
27.5%

Conclusion:
Luteal phase support does not affect clinical pregnancy rates in MNC-FET cycles
Eftekhar et al. Int J Fertil Steril 2013

Luteal phase support in mNC-FET
Ovulation triggered by hCG
Group A- no luteal support
Group B – luteal support
From day of presumed ovulation- Endometrin Vag. 100 mg, b.i.d.
With luteal support
29

p

n

No luteal support
22

Clinical pregnancy (%)

5/22 (22.7)

11/29 (37.9)

0.393

Miscarriage rate

2/5 (40)

4/11 (36.3)

1.00

Ongoing/delivery (%)

3/22 (13.6)

7/29 (24.1)

0.483

Implantation rate (%)

5/41 (12)

12/62 )19)

0.492

(%)

Wolfson IVF
Clinicaltrials.gov NCT01483365

Should we add luteal phase support?
Level II data
No distinction between the use or non use of hCG trigger
No evidence to support or refute luteal phase support
Best estimate:
Luteal phase support in NC/mNC-FET may be unnecessary

How to make the best use of the natural cycle
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http://www.ivf-worldwide.com/survey/frozen-thawed-embryo-transfer/results-frozen-thawed-embryo-transfer.html

How tight should monitoring mNC/NC be?
How important is LH monitoring?
•
•
•
•
•
•
•

Prospective non-randomized trial
Single center, 2-year period
233 cycles analyzed
US monitoring: hCG given with follicle ≥17 mm
Blood drawn for LH+P
Patients and physicians blinded for LH results
The primary outcome: ongoing pregnancy

Results: LH surge (>10 IU/L) was observed in 52.4% of cycles
LH surge

No LH surge

RR

95% CI

P

Clinical
pregnancy

38.7%

38.5%

0.99

0.6-1.7

NS

Ongoing
pregnancy

33.4%

34.8%

1.02

0.7-1.5

NS

Conclusion:
LH surges demonstrate no significant effect on pregnancy rates
Single LH determination prior to ovulation induction in mNC-FET
does not seem to have added clinical value.

Groenewoud et al. RBM Online 2012

The incidence and effect of elevated P levels before ovulation
triggering in mNC-FET
• mNC arm of the ANTARCTICA trial
• 271 patients received hCG when follicle 16-20 mm
• Blood drawn for E2, P and LH, results unavailable
24.4%

Elevated P
(≥4.6 nmol/l)

Low P
(<4.6 nmol/L)

OR

95% CI

Live birth rate

12.9%

10.6%

0.6

0.19-1.9

44.3%

Elevated P
and LH (>10)

Low P and LH

OR

95% CI

Live birth rate

11.9%

17.5%

1.6

0.8-3.1

Groenewoud et al. RBM Online 2017

Figure 1

Effect of preovulatory P elevation in NC-FET
(28.4%)

23.6%

3.6%

1.15%

Clinical and ongoing pregnancy rates of subjects
with (>5 nmol/L) no P rise, or 2 day, 2 days, and 3 days of P rise
Lee et al. Fertil Steril 2014

FROZEN THAWED EMBRYO TRANSFER WITH SIMPLE MONITORING
DOES NOT IMPAIR IVF OUTCOMES IN NATURAL CYCLES
• Retrospective study; 774 NC-FET cycles
• US only monitoring vs. US + hormone testing

US - only
monitoring

US + hormone
monitoring

P

Clinical pregnancy rate (%) 86/250 (34.4)

187/524 (35.7)

0.787

Miscarriage rate (%)

5/86 (5.8)

15/187 (8)

0.689

Ongoing preg. Rate (%)

81/250 (32.4)

172/524 (32.8)

0.907

Park et al., ASRM 2015

How should we monitor the cycle?
Level III data
No established method for optimal monitoring and
embryo warming timing
No evidence to support LH/P measurements
Best estimate:
Cannot be given
More studies needed
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NC-FET: how can we improve the outcome?
Day -1

Day 0

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

LH
Surge

tOPU

tOPU+1

tOPU+2

tOPU+3

tOPU+4

tOPU+5

tOPU+6 tOPU+7

Vag P

Vag P

US+LH+E2+P monitoring

LH
Surge

tOPU

Day 3

Vag P

warming
and transfer

Vag P

Vag P

Vag P

hCG
250 mcg

Vag P

Triptorelin
0.1 mg
Orvieto et al. JARG 2016

NC I

NC II

HRT I

HRT II

n

74

59

113

54

No. ET

1.8±0.5

1.8±0.5

1.9±0.6

1.8±0.8

IR

24/139 (17%)

33/106 (31%)* 29/213 (14%)

15/98 (15%)

CPR

19/74 (26%)

30/59

(51%)* 26/113 (23%)

12/54 (22%)

Ongoing PR

15/74 (20%)

27/59

(46%)* 18/113 (16%)

9/54

CPR: gestational sac Ongoing PR: FHB

(17%)

* P <0.05

Conclusion: hCG + GnRH-a “modified luteal support” may be the preparation protocol of choice

Effect of mid-luteal phase GnRH agonist on FET outcome during natural cycles
•
•
•
•
•
•

LH
Surge

tOPU

LH
Surge

tOPU

RCT
98 patients
US monitoring for follicle size and endo thickness
Ovulation detected by urinary LH kit
Crossover design
The primary outcome: positive PR, CPR, LBR

tOPU+1

tOPU+2

tOPU+3

tOPU+4

tOPU+5

Vag P

Vag P

tOPU+6 tOPU+7

Day 3
warming
and transfer

Vag P

Vag P

Vag P

Triptorelin
0.1 mg
Seikkula et al. Gynecol Endocrinol 2016

Effect of mid-luteal phase GnRH agonist on FET outcome during natural cycles
GnRH-agonist
n=65

Control
n=62

OR

95% CI

P

Clinical
Pregnancy

25 (38.7 %)

17 (27.4%)

1.65

0.77-3.55

0.199

Live birth

20 (30.8%)

15 (24.2%)

1.37

0.27-3.28

0.481

Miscarriage

3 (12%)

2

1.13

0.2-6.52

0.892

(11.8%)

Conclusion:
• No statistically significant benefit of the single-dose triptorelin combined with routine

luteal support in natural FET cycles
• In theory, GnRHa supplementation could enhance embryo development, corpus luteum
function and endometrial receptivity in natural FET cycles as well
• Larger randomized controlled studies on natural FET cycles are needed
Seikkula et al. Gynecol Endocrinol 2016

How to make the best use of the natural cycle
for frozen-thawed embryo transfer?
Summary and recommendations:

FET is increasingly used for multiple indications
The optimal preparation protocol is yet to be determined
NC: an attractive option
• Washout period: unnecessary
• Use hCG trigger: save time/money, increase convenience
• Luteal phase support: most likely unnecessary
• Best monitoring regimen: unresolved

• Luteal GnRH-a: awaits confirmation by large RCTs

Thank you!!!

