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The uterus (after Soranos of Ephesus) 



First IVF baby – 25 July 1978 

>6 million babies  
born by IVF and  
related techniques 



ART 

Number of fresh ART cycles reported in 2011 101,213 

Number of pregnancies 36,266 

Number of live-birth deliveries 29,598 

Pregnancy rate per retrieval 35.8 % 

Live birth rate per retrieval 29.2 % 

Rate of ectopic pregnancy 0.7 % 

Results of ART in the USA in 2011 

SART, National Summary Report, CDC, Atlanta, Georgia, 2014 
http://www.cdc.gov/art/ART2011 

http://www.cdc.gov/art/ART2011


Cumulative pregnancy rate after 3 IVF cycles 

Study CPR 

De Mouzon et al, 1998 24.4 % 

Ubaldi et al, 2004 (>38 years) 42.8 % 

Check et al, 2002 44 % 

Schröder et al, 2004 53.3 % 

Engmann et al, 1999 57.8 % 

Shulman et al, 2002 (testicular sperm) 61.8 % 

Olivius et al, 2002 65.5 % 

Ubaldi et al, 2004 (<38 years) 74 % 

Shulman et al, 2002 (ejaculated sperm) 80.44 % 

Lurie et al, 2001 88 % 



Poor ovarian reserve 



Ovarian reserve as a guide for ovarian stimulation 

1. What is ovarian reserve? 



Ovarian reserve 

Literally, ovarian reserve refers to the number and quality of  
oocytes remaining in the ovaries of a woman at a given time. 

 
It is thought to reflect her potential for becoming pregnant and  

producing (an) offspring(s). 

• ASRM, Fertil Steril 2015;103:e9-e17 
• Tal and Seifer, Am J Obstet Gynecol2017;217:129-140 



True and functional ovarian reserve 

(A) True ovarian reserve 
• Reflects the resting pool of follicles in the ovary 

• Can only be determined by histological examination 

(B) Functional ovarian reserve (ovarian response) 
• Reflects the response of the ovary to stimulation 
• Can be measured by the currently available tools 

Findlay JK, Hutt KJ, Hickey M, Anderson RA. What is the "ovarian reserve"? 
Fertil Steril 2015;103:628-630 



Ovarian response 

Ovarian response 

Poor Adequate Excessive 



Ovarian response to stimulation 

• Number of growing follicles in response to stimulation 

• Amount of estradiol secreted by the follicles 

• Number of oocytes retrieved (integral number = best indicator) 





Defining poor responders 

As clinical pregnancy is the aim of assisted reproduction, the  
definition of “poor responders” should be based on the  

number of oocytes retrieved below which the clinical  
pregnancy rate is significantly diminished. 

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005 

An objective definition for “poor responders” 





Study population 

Procedure Cycles Pregnancies CPR 

ICSI 566 132 23.3% 

IVF 110 30 27.3% 

TeSE/ICSI 78 18 23.1% 

Total 754 180 23.9% 

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005 



Correlation between number of oocytes and CPR 
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ROC curve for ICSI patients 
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ROC curve for IVF patients 
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ROC curve for TESE/ICSI patients 
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Definition of poor responders 

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005 

The definition of poor responders in assisted  
reproduction is related to the procedure performed.  
“Poor responders” should be defined as those from  

whom less than 5, 6 and 8 oocytes are retrieved when  
performing ICSI, IVF or TeSE/ICSI, respectively 



Reference values for poor response 

Study No. of cycles Cut-of point 

Sallam et al, 2005 754 5 

van der Gaast et al, 2006 7422 4 

Drakopoulos et al, 2016 1099 4 

Polyzos et al, 2018 14469 7 

• Sallam et al. Int J Fertil Womens Med 2005;50:115-120. 
• van der Gaast et al. Reprod Biomed Online 2006;13:476-480. 

• Drakopoulos et al. Hum Reprod 2016;31:370–376. 
• Polyzos et al. Fertil Steril 2018;110:661-670 



Reference values for hyper-response 

Magnusson et al. Hum Reprod 2018;33:58-64. 



Reference values for hyper-response 

Magnusson et al. Hum Reprod 2018;33:58-64. 



Reference values for hyper-response 

Magnusson et al analyzed data of 77956 fresh IVF cycles from  
the National Swedish Registry and found that the incidence of  
severe ovarian hyperstimulation syndrome (OHSS) increased  

significantly if more than 18 oocytes were retrieved 

Magnusson et al. Hum Reprod 2018;33:58-64. 

No uniform agreement on this high reference value has  
been adopted but traditionally, this is usually taken as  

15 oocytes 



Ovarian reserve as a guide for ovarian stimulation 

2. Can we predict ovarian response? 



Prediction of ovarian response 

(A) Dynamic tests 

(B) Static markers 



Dynamic tests for prediction of ovarian response 

1. Gonadotrophin agonist stimulation test (GAST) 

2. Exogenous FSH ovarian reserve test (EFORT) 

3. Clomiphene citrate challenge test (CCCT) 



Gonadotrophin agonist stimulation test (GAST) 

Inject 100 µg GnRH  
agonist in early  
follicular phase 

 
Measure serum E2  

and/or inhibin B  
before and after 

Galtier-Dereure et al. Hum  
Reprod. 1996  

Jul;11(7):1393-8. 



Exogenous FSH ovarian reserve test (EFORT) 

Inject 300 IU of  
rFSH in early  

follicular phase 

 
Measure serum E2  

and/or inhibin B  
before and after 

Fanchin et al. Hum  
Reprod.1994  

Sep;9(9):1607-1 



Clomiphene citrate challenge test (CCCT) 

Give 100 mg/day of  
Clomiphene citrate  
from days 5 to 9 

 
Measure serum FSH  

before and after 

Tanbo et al. Fertil Steril. 
1992 Apr;57(4):819-24 

CC 



Static markers of ovarian reserve 

• Age of the female partner 

• Basal serum FSH 

• Basal serum Inhibin B 

• Antral follicle count (AFC) 

• Anti-Müllerian hormone (AMH) 

• Ovarian volume 

• Combination of markers 



Predictors of ovarian reserve (<4 oocytes) and cut-off  
values 

Al-Azemi et al. Hum Reprod.2011 Feb;26(2):414-22 

AMH = 1.36 ng/ml 

FSH = 7 IU/L 

Inhibin B = 49.4 pg/ml 

Age = 36 years 



Predictors of clinical pregnancy and cut-off values 

Al-Azemi et al. Hum Reprod.2011 Feb;26(2):414-22 

AMH = 1.76 ng/ml 

FSH = 6.8 IU/L 

Inhibin B = 53.2 pg/ml 

Age = 35 years 



AFC to predict ovarian response 

Kwee et al, RBEJ 5:9, 2007 



AFC to predict poor responders 

Total AFC Sensitivity Specificity PPV Accuracy 

<4 0.21 0.99 0.86 0.78 

<5 0.28 0.99 089 0.80 

<6 0.41 0.95 0.75 0.89 

<7 0.69 0.80 0.56 0.77 

<8 0.76 0.74 0.51 0.75 

Kwee et al, RBEJ 5:9, 2007 



AFC to predict high responders 

Total AFC Sensitivity Specificity PPV Accuracy 

<10 0.94 0.71 0.36 0.76 

<12 0.88 0.80 0.44 0.81 

<14 0.82 0.89 0.58 0.88 

<16 0.47 0.96 0.67 0.88 

<18 0.29 0.98 0.71 0.87 

Kwee et al, RBEJ 5:9, 2007 



AFC versus AMH to predict poor response 

Broer et al, Fertil Steril 91: 705, 2009 

AMH 

AFC 



AFC v/s AMH to predict hyper-response 

AFC 

Broer et al, Hum Reprod Update 17: 46, 2011 

AMH 



Ovarian volume 

Ivarsson et al, Arch Dis Child 58, 352, 1983 



3-D U/S in obstetrics and gynaecology 



Ovarian volume to predict OHSS 

OHSS Controls P value 

No. of patients 8 86 

Days of stimulation 10.5 ± 2.5 10.5 ± 1 8 NS 

Oestradiol (pg/ml) 2439 ± 1350 937 ± 686 0.0001 

No. of follicles 23.3 ± 4.3 13.8 ± 7.5 0.0025 

No. of oocytes 164 ± 26 5.9 ± 3 0 0.0001 

Cycle length 34.1 ± 5.8 28.7 ± 2 2 0.0001 

Body wt before stimulation 55.4 ± 3.8 62.8 ± 11 0.011 

Body wt after stimulation 54 3 ± 4.5 62.9 ± 10. 7 0.03 

Ovarian volume (ml) 13.2 ± 5 8.9 ± 3.7 0.035 

Danninger et al, Hum Reprod 11: 1597, 1996 



Combining markers for prediction of ovarian reserve 

Broer et al. Hum Reprod Update.2013 Jan-Feb;19(1):26-36 



Combining markers for predicting clinical pregnancy 

Broer et al. Hum Reprod Update.2013 Jan-Feb;19(1):26-36 



ESHRE Bologna consensus for defining of poor responders  
(2011) 

At least 2 of the following 3 criteria: 

 
● Advanced maternal age (=>40 years) 

● A previous poor ovarian response (<=3 oocytes) 

● An abnormal ovarian reserve test (i.e. AFC<5-7 follicles  
or AMH <0.5-1.1 ng/ml) 

Ferraretti et al, Hum Reprod 26(7):1616-1624, 2011 



Criticism of the Bologna consensus on the definition of  
poor ovarian response 

1. It is not evidence-based (no ROC curves and the use of  
arbitrary cut-off points) 

2. It confuses the aim with the means (i.e. using the markers of  
the response to define the response – not using the markers  
to predict the response) 

Sallam et al. Hum Reprod. 2012 Feb;27(2):626-7; 



Ovarian reserve as a guide for ovarian stimulation 

3. Using ovarian reserve predictors to choose the  
appropriate stimulation protocol and/or the starting 

dose of FSH 



Algorithms to choose the appropriate protocol or  
determine the starting dose of FSH in poor responders 

Algorithm Markers 

Nelson (2013) AMH and/or AFC 

Popovic-Todorovic et al (2003) AFC, ovarian volume, Power  
Doppler, age and smoking  
habits 

CONSORT algorithm (Olivennes 
et al, 2009) 

FSH, BMI, age and AFC 

La Marca and Sunkara (2014) Age + (AFC or AMH) 

POSEIDON algorithm (Haahr et  
al, 2018) 

Age, AFC, AMH and previous  
poor ovarian response 



Nelson algorithm (normogram) for choosing ovarian  
stimulation protocol 

Nelson. Fertil Steril. 2013 Mar 15;99(4):963-9. 



Popovic-Todorovic normogram (algorithm) for  
determining FSH starting dose 

Popovic-Todorovic et al. Hum Reprod 2003;18:781–787. 



The CONSORT algorithm using FSH, BMI, age and AFC to  
determine rFSH starting dose 



La Marca and Sunkara algorithm for choosing ovarian  
stimulation protocol 

La Marca A, Sunkara SK. Individualization of controlled ovarian stimulation in IVF using 
ovarian reserve markers: from theory to practice. Hum Reprod Update. 2014;20(1):124-40 



Nomogram for calculation of the FSH starting dose based  
on age, AFC and day 3 serum FSH 

La Marca A, Sunkara SK. Hum Reprod Update. 2014;20(1):124-40 



Nomogram for calculation of the FSH starting dose based  
on age, serum AMH and day 3 serum FSH 

La Marca A, Sunkara SK. Hum Reprod Update. 2014;20(1):124-40 



POSEIDON classification for individualization of controlled  
ovarian stimulation 

Haahr T, Esteves SC, Humaidan P. Individualized controlled ovarian stimulation in  
expected poor-responders: an update. Reprod Biol Endocrinol. 2018 Mar 9;16(1):20 



PIVET algorithm for presumed/expected hyperresponders 

Yovich et al. Reprod Biomed Online.2012 Mar;24(3):281-92. 



Ovarian reserve as a guide for ovarian stimulation 

4. Can we use these algorithms of ovarian response to  
improve our clinical results? 



CONSORT algorithm v/s no algorithm 

Outcome CONSORT dosing 
(n = 86) 

Standard dosing 
(n = 93) 

P value 

No. oocytes  
(Mean ±SD) 

10.0 (± 5.6) 11.8 (± 5.3) <0.05 

Implantation  
rate 

31.3% 31.2% NS 

Clinical  
pregnancy rate 

36.0% 35.5% NS 

Live birth rate 27.9% 26.9% NS 

Olivennes et al. Reprod Biomed Online. 2015 Mar;30(3):248-57 

The CONSORT algorithm using FSH, BMI, age and AFC to determine rFSH starting dose 



La Marca and Sunkara nomogram v/s no nomogram 

Outcome No nomogram 
(n = 99) 

Nomogram 
(n = 92) 

P value 

Fertilization rate 64.6% 65.8% NS 

Implantation rate 24.6% 26.4% NS 

Clinical pregnancy rate 32.3% 31.5% NS 

Mean no (± SD)  
cryopreserved embryos 

0.31 (±0.68) 0.58 (±1.17) NS 

Allegra et al. Reprod Biomed Online.2017 Apr;34(4):429-438. 

Calculation of the FSH starting dose based on age, serum AMH and day 3 serum FSH 



Individualization of controlled ovarian stimulation  
(ESTHER-1 study) (AMH based) 

Conclusion(s): Optimizing ovarian response in IVF by individualized dosing results in  
similar efficacy and improved safety compared with conventional ovarian stimulation. 



ESTHER-1 study (AMH based) 

Nyboe Andersen et al. Fertil Steril 2017;107:387-396 



ESTHER-1 study (AMH based) 

Outcome Individualized  
stimulation 

Conventional  
stimulation 

MWD  
(95% CI) 

On target (8– 
14 oocytes) 

43.3% 38.4% 0.019 * 

Poor response  
(<4 oocytes) 

11.8% 17.9% 0.039 * 

OHSS 2.3% 4.5% 0.005 * 

FSH used 90.0 (25.3) 103.7 (33.6) <0.001 * 

Oocyte yield 10.0 (5.6) 10.4 (6.5) NS 

Blastocyst no. 3.3 (2.8) 3.5 (3.2) NS 

Nyboe Andersen et al. Fertil Steril 2017;107:387-396 



ESTHER-1 study (AMH based) 

Outcome Individualized  
stimulation 

Conventional  
stimulation 

MWD  
(95% CI) 

Ongoing  
pregnancy rate 

30.7% 31.6% -0.9% 
(-5.9% to 4.1%) 

Ongoing 
implantation rate 

35.2% 35.8% -0.6% 
(-6.1% to 4.8%) 

Live birth rate 29.8% 30.7% -0.9% 
(-5.8% to 4.0%) 

Nyboe Andersen et al. Fertil Steril 2017;107:387-396 



OPTIMIST study (AFC based) (all patients) 

AFC-based individualized FSH dosing does not improve live birth  
rates or reduce costs as compared to a standard FSH dose. 



Individualized versus conventional ovarian stimulation  
[OPTIMIST study (AFC based)] 

Cumulative live  
birth rate 

Van Tilborg et al. Hum Reprod.2017 Dec 1;32(12):2485-2495 



Individualization of controlled ovarian stimulation in poor  
responders [OPTIMIST study (AFC based)] 

In women with a predicted poor ovarian response (AFC < 11) undergoing IVF/ICSI, an 
increased FSH dose (225/ 450 IU/day) does not improve cumulative LBR compared to a 

standard dose (150 IU/day) 



Individualization of controlled ovarian stimulation in poor  
responders [OPTIMIST study (AFC based)] 

Van Tilborg et al. Hum Reprod 2017 Dec 1;32(12):2496-2505 

Cumulative live birth rate 



Individualization of controlled ovarian stimulation in  
hyper-responders [OPTIMIST study (AFC based)] 

In women with a predicted hyper response (AFC > 15) undergoing IVF/ICSI a reduced FSH  
dose (100 IU per day) results in similar cumulative LBRs and a lower occurrence of any  

grade of OHSS compared to a standard dose (150 IU/day) 



Individualization of controlled ovarian stimulation in  
hyper-responders [OPTIMIST study (AFC based)] 

Cumulative live birth rate 

Oudshoorn et al. Hum Reprod. 2017 Dec 1;32(12):2506-2514 



Individualization of controlled ovarian stimulation in  
hyper-responders [OPTIMIST study (AFC based)] 

Outcome Individualized  
stimulation 

Conventional  
stimulation 

P value 

Number of  
OHSS events 

 

24/456 (5.2%) 
56/474  
(11.8%) 

 

0.001 * 

Mild 18/456 (3.9%) 40/474 (8.4%) 0.008 * 

Moderate 0/456 11/474 (2.3%) 0.001 * 

Severe 6/456 (1.3%) 5/474 (1.1%) 0.712 

Oudshoorn et al. Hum Reprod. 2017 Dec 1;32(12):2506-2514 



Individualized versus conventional ovarian stimulation  
in anticipated low responders (Cochrane review) 

Lensen et al. Cochrane Database Syst Rev 2018 Feb 1;2:CD012693 

Live birth or ongoing pregnancy 



Individualized versus conventional ovarian stimulation  
in anticipated normal responders (Cochrane review) 

Lensen et al. Cochrane Database Syst Rev 2018 Feb 1;2:CD012693 

Live birth or ongoing pregnancy 



Individualized versus conventional ovarian stimulation  
in anticipated hyper responders (Cochrane review) 

Lensen et al. Cochrane Database Syst Rev 2018 Feb 1;2:CD012693 

Live birth or ongoing pregnancy 
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5. What does the future hold? 



Genetic markers of ovarian response 

Single nucleotide polymorphism (SNP) of: 

 
• FSH receptor (FSHR, rs6166) (Yao et al, 2011) 

• FSH receptor (FSHR, rs1394205) at position −29 (Achrekar et  
al, 2009) 

• LH receptor SNPs (LHCGR, rs2293275 and LHCGR, rs12470652) 

(O’brien et al, 2013; Lindgren et al, 2016; Alviggi et al, 
2016b) 

• Yao et al. Mol Genet Metab 2011;103:388–393 
• Achrekar et al. Reprod Biomed Online 2009;18:509–515 

• O’brien et al. Reprod Biol Endocrinol 2013;11:71 
• Lindgren et al. Hum Reprod 2016;31:672–683 
• Alviggi et al. Hum Reprod 2016;31:i1–i513 



Single nucleotide polymorphism (SNP) 



Single nucleotide polymorphism (SNP) 

• Patients with FSHR or LHR single nucleotide polymorphism  
(SNPs) are hypo-responders 

• Contrary to poor-responders, ‘hypo-responders’ have a good  
prognosis for ART in terms of basal characteristics and ovarian  
reserve, but require a higher-than-expected dose of  
gonadotrophins and more prolonged stimulation to obtain an  
adequate number of oocytes (Alviggi et al, 2013) 

Alviggi et al. Reprod Biol Endocrinol 2013;11:51 



FSH consumption in relation to FSHR (rs1394205)  
genotype carriers 

Alviggi et al. Hum Reprod Update.2018 Sep 1;24(5):599-614 



Stimulation duration in relation to FSHR (rs6165)  
genotype carriers 

Alviggi et al. Hum Reprod Update.2018 Sep 1;24(5):599-614 



Number of oocytes retrieved in relation to FSHR (rs6165)  
genotype carriers 

Alviggi et al. Hum Reprod Update.2018 Sep 1;24(5):599-614 



Conclusions 

• The true ovarian reserve is difficult to determine (needs  
histology) 

• Instead, we measure the functional reserve to predict ovarian  
response to stimulation 

• Many markers exist but the AMH and the AFC are the best  
predictors 

• Algorithms and nomograms have been devised to help choose  
the appropriate stimulation protocol and the starting dose 

• RCTs have shown that these algorithms do not improve the  
pregnancy or live birth rate but can diminish OHSS incidence 

• More studies are needed to determine whether (1) these  
algorithms are of no value, or (2) that we did not find the right  
algorithm yet 

• The answer may lie with the SNPs 



Ovarian reserve as a guide for  
ovarian stimulation 

Hassan N. Sallam 

MB, ChB, DGO, DrChO&G (Alex), FRCOG, PhD 
(London) 

 
Professor in Obstetrics and Gynaecology  

University of Alexandria in Egypt, and  

Founder, Alexandria Fertility and IVF Center 

Annual meeting of the Mediterranean Society for reproductive Medicine (MSRM),  
5-8 September 2019 , Opatija, Croatia 


