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GnRH – Antagonist Protocol:

• Normal oocytes yield

• Very low excess response

• Low embryo cryopreservation

• High / maintained fresh CPR

GnRH Agonist and Antagonist protocols

• The aim is optimizing ovarian response and 

reduce cancellation of OPU & OHSS

Antagonist Strategy

• Short stimulation

• Moderate cancellation
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No benefit from higher FSH dose Reduced treatment burden

Alviggi, Humaidan and Ezcurra, Reproductive Biology and Endocrinology, 2012, Adapted from Nelson, et al. Human Reproduction, 2009.
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<5 follicles

AMH/AFC in patient profiling
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Sunkara et al. Hum Reprod 2011

450,135 IVF cycles

Number of oocytes retrieved and

live birth rates

number of oocytes that best optimized LBR 
was 15



Drakopoulos et al., Hum reprod 2016

Different prognosis (LBR and CLBR) according  the Number of oocytes retrieved

POOR SUBOPTIMAL OPTIMAL HYPER



Polyzos et al. Fertil Steril 2018
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Cicli a fresco Tassi di gravidanza cumulativi

Cumulative LBRs progressively increase even above 25 oocytes
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Wide heterogeneity in POR definition.

More than 90% POR interventional trials 

show no statistical differences in the 
reported outcomes (eg. CPR, LBR) 
regarding the treatment options 
evaluated.

Heterogeneous definitions and study 

design make it difficult (if not 
impossible) to draw valid conclusions.

POOR OVARIAN RESPONDER: THE PROBLEMTHE WHY

Papathanasiou et al. Hum Reprod Update. 2016



POOR OVARIAN RESPONDER 

The SOLUTION proposed: Bologna criteria

At least two of the following:

1. Advanced maternal age
≥40 years or risk factor for POR

2. Previous POR
≤3 oocytes with conventional stimulation

3. Abnormal ovarian reserve 
biomarker

AFC <5-7; AMH <0.5-1.1 ng/mL

1+3: expected POR

Two episodes of POR after maximal stimulation are sufficient to define a 

patient as poor responder in the absence of advanced maternal age or 

abnormal ORT

Ferraretti et al. ESHRE Consensus, HR 2011

Designed to select 
homogeneous

groups of patients
based on ‘oocyte 

quantity’ for testing 
in prospective 

randomized trials

THE WHY



Young women

(<35 years) with low

ovarian reserve, with a

previous episode of POR

Young women (<35 years)

with normal ovarian reserve,

with two episodes of POR

Old women (≥40 years)

with normal ovarian

reserve and previous POR

VS

Apples Oranges

Women with Low Oocyte Quantity can have 
different characteristics 

THE WHY



• Euploidy rate is independent from the number of obtained blastocysts but not of age

Number of 
blastocysts

% normal embryos 

<35 years 35–37 years 38–40 years 41–42 years >42 years

1–3 61% 51% 39% 22% 13%

4–6 60% 52% 38% 23% 17%

7–10 62% 51% 36% 21% 14%

>10 63% 55% 37% 25% n/a

N.  =  4,747  cycles  and  29,803  embryos.  (Modified from Munne)
Ata, Munne et al. (2012) Reprod Biomed Online and unpublished data 

Women with Low Oocyte Quantity can have 
different OOCYTE  QUALITY (euploidy rate) 

THE WHY



~30%

~80%

Hypo!
Hypo-sensitivity to FSH

(15% of women with 

good ovarian reserve)

Normal!

Follicle Output RaTe (FORT)

Genro et al., 2011

Age 32
FSH 8.7 IU/L 
BMI 24.3 Kg/m2

Age 31 years
FSH 8.7 IU/L
BMI 26.3 Kg/m2

Ernestine

Gwen

Hyporesponse means:

Low FORT (i.e., <40%)

Unexpected poor (≤3 oocytes) or suboptimal (4-9 oocytes) response
in a woman with normal ovarian reserve

Suboptimal (4-9 oocytes)
Expected LBR: 29.7%
Drakopoulos et al., 2016

Women with Low Oocyte Quantity can have 
different SENSITIVITY to Gonadotropins

THE WHY
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Patient-Oriented Strategies Encompassing IndividualizeD Oocyte Number
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THE WHY



Aim 1: New system to identify and stratify
IVF patients with low prognosis

Poor ovarian 
response

Low 
prognosis 
concept

THE WHAT

Poseidon Group; Alviggi et al. Fertil Steril. 2016; Humaidan et al. F1000Research 2016



THE WHAT



Four Groups of Patient with Lower Prognosis

POSEIDON GROUP 1
Young patients <35 years with adequate 

ovarian reserve parameters (AFC≥5; AMH≥1.2 

ng/ml) and with an unexpected poor or 

suboptimal ovarian response. 

Subgroup 1a: <4 oocytes*

Subgroup 1b: 4-9 oocytes retrieved*

*after standard ovarian stimulation

POSEIDON GROUP 2
Older patients ≥35 years with adequate 

ovarian reserve parameters (AFC≥5; AMH≥1.2 

ng/ml) and with an unexpected poor or 

suboptimal ovarian response. 

Subgroup 2a: <4 oocytes*

Subgroup 2b: 4-9 oocytes retrieved*

*after standard ovarian stimulation

POSEIDON GROUP 3
Young patients (<35 years) with poor ovarian 

reserve pre-stimulation parameters (AFC<5; 

AMH<1.2 ng/ml)

POSEIDON GROUP 4
Older patients (≥35 years) with poor ovarian 

reserve pre-stimulation parameters (AFC<5; 

AMH<1.2 ng/ml)

Alviggi et al. Fertil Steril in press

Low Prognosis Groups

 Ovarian 
Biomarkers     
(AMH and/or AFC)

 No. oocytes
retrieved if 
previous OS cycle

 Age

THE WHAT

Poseidon Group; Alviggi et al. Fertil Steril. 2016; Humaidan et al. F1000Research 2016



Good accuracy for prediction of 
low oocyte quantity
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Strong association 
between oocyte 

quantity and 
cumulative LBR

ii. Number of OocytesTHE WHAT



Four Groups of Patient with Lower Prognosis
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Young patients <35 years with adequate 
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THE WHAT iii. Age

Poseidon Group; Alviggi et al. Fertil Steril. 2016; Humaidan et al. F1000Research 2016



Analysis of 1,220 
trophectoderm
biopsies from 436 
patients

Esteves – Alviggi et al.,
ESHRE 2018

THE WHAT



Unexpected impaired ovarian response (hypo-response)

Poseidon classification for low prognosis women

GROUP 1

Young patients <35 years with adequate ovarian reserve
parameters (AFC ≥5; AMH ≥1.2 ng/ml) and with an

unexpected poor or suboptimal ovarian response

Subgroup 1a: <4 oocytes* 

Subgroup 1b: 4-9 oocytes retrieved*

GROUP 2

Older patients ≥35 years with adequate ovarian reserve
parameters (AFC ≥5; AMH ≥1.2 ng/ml) and with an

unexpected poor or suboptimal ovarian response

Subgroup 2a: <4 oocytes* 

Subgroup 2b: 4–9 oocytes retrieved*



Hypo-response to standard doses of FSH (Groups 1–2 Poseidon)

1.Does hypo-response reflect genetics of FSH receptor?

2.Can we overcome it by increasing FSH?

3.Is there a role for LH in these women?



Population
i. Women who underwent controlled 
ovarian stimulation  

Intervention
Comparison

Controlled ovarian stimulation response was 
evaluated comparing each haplotype (i.e AA 
vs BB; AA vs AB and BB vs AB)

Outcomes

i. Number of oocytes retrieved 
ii. FSH consumption
iii. Stimulation duration 
v. Ratio between FSH consumption and the 
number of oocytes retrieved
vi. Number of metaphase II oocytes 
vii. Ongoing pregnancy rate

Study type
Clinical trials without time or language 
restrictions

Our aim was to summarize the clinical evidence regarding 
the impact of gonadotropins and their receptor 

polymorphisms on the outcomes of COS. 

Systematic review and meta-analysis on the impact of polymorphisms of Gn
and their receptors on IVF

PICO: Population, Intervention,
Comparison, Outcome 

MEDLINE (PubMed), EMBASE, SCOPUS, and 
Cochrane Library databases

Alviggi et al., Hum Reprod Update, 2018



FSHR (rs6166–680) Asn/Asn carriers showed higher number oocytes than Ser/Ser carriers 

FSHR (rs6166–680) Asn/Asn carriers showed lower Gn/oocytes ratio than Ser/Ser carriers 

Alviggi et al.,  Hum Reprod Update, 2018



Four Groups of Patient with Low Prognosis

Poseidon groups where oocyte/blastocyst 
accumulation is an option…

GROUP 3

Young patients (<35 years) with poor ovarian reserve 

pre-stimulation parameters 

(AFC <5; AMH <1.2 ng/ml)

GROUP 4

Older patients (≥35 years) with poor ovarian reserve 

pre-stimulation parameters 

(AFC <5; AMH <1.2 ng/ml)



DUOSTIM in low prognosis patients

Ubaldi, Vaiarelli, Alviggi, Trabucco, Zullo, Capalbo, Cimadomo, Rienzi
ASRM, 2015



51 patients with poor ovarian

reserve (AMH <1,5 ng/ml, AFC < 6

follicles and/or < 5 oocyte retrieved

in previous COH) undergoing ICSI

treatment and PGT-A

51 patients started the first stimulation cycle

6 excluded:
-no response to the 

stimulation

45 patients to egg retrieval

43 patients to egg retrieval

18 FP stimulation
cycles with euploid 

blastocyst
obtained

42 patients
performing FP ICSI

42 patients
performing LP ICSI

2 excluded:
-2 no sperm available
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2
0
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6

23 LP stimulation
cycles with euploid 

blastocyst
obtained

Primary outcome measure:

euploid blastocyst rate.

Secondary outcome measures:

#of retrieved COCS and MII oocytes

DuoStim in POR/poor prognosis patients



Huge intra & inter-cycle variability

MII oocytes
that did not
reach blasto-
cyst stage

MII oocytes
that made
aneuploid
blastocyst

MII oocytes
that made
euploid
blastocyst
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• Significantly fewer blastocysts were obtained 
after FPS than LPS (1.2 ± 1.1 vs. 1.6 ± 1.6, P
<0.05), due to fewer oocytes collected (3.6 ±
2.1 vs. 4.3 ± 2.8, P <0.05)

Follicular phase Luteal phase

Number of oocytes

Overall, a significantly lower chance of producing 
blastocysts was reported after FPS than LPS 
67.6%  vs. 77.1%

Follicular
phase

Luteal phase

Chance of producing…



Aim 2: A pragmatic endopoint in ART

Ability to obtain No. oocytes
required to achieve at least 

1 euploid blastocyst for 
transfer in each patient

THE WHAT

Poseidon Group; Alviggi et al. Fertil Steril. 2016; Humaidan et al. F1000Research 2016



Availability of euploid embryos for transfer maximize IVF efficiency 
by offsetting age-related effect on implantation

Courtesy of Ubaldi & Rienzi (GENERA; Jan 2012-Dez 2013)

THE WHAT



Input variables

X
Maturation rate
2PN Fertilization rate
Cleavage or Blastulation rate
Euploidy rate per age group

Output variable

Y (N oocytes)

Function
Y = f(X)

How many oocytes are needed for at 
least 1 euploid embryo? 

Adjusted according to 
maternal and paternal age, 
sperm source, sperm and 
oocyte status, and type of 

embryo transfer  (fresh; FET) 

THE WHAT



Available at: http://www.groupposeidon.com

THE WHAT



WHAT’S NEW IN POSEIDON

Esteves, 33

Introduced the Concept of ’Low 
Prognosis’ in ART

Combined Oocyte Quality and Quantity 
for Identification and Stratification of the 
’Low Prognosis’ Patient

Included ’Hypo-responders’ as a Distinct 
Category of ’Low Prognosis’ Patients

Introduced an Intermediate Marker of 
Success in ART: the Ability to Obtain the 
Number of Oocytes Needed to Achieve at 
Least One Euploid Blastocyst for 
Transfer in Each Patient

Functi

on

Y = 

f(X)

Poseidon Group; Alviggi et al. Fertil Steril. 2016; Humaidan et al. F1000Research 

2016



http://www.groupposeidon.comVisit & Sign Up Today!
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