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PCOSPCOSPCOSPCOS

Prevalence Prevalence 

 55--10% general female population10% general female population
Up to 30% of infertility populationUp to 30% of infertility population Up to 30% of infertility populationUp to 30% of infertility population



ESHRE/ASRM Consensus, Thessaloniki 2007



The Thessaloniki ESHRE/ASRM Consensus Paper, 2008



PCOS: PCOS: ManagementManagementgg

 LifeLife--style changesstyle changes
 Ovulation inductionOvulation induction Ovulation inductionOvulation induction
 Metformin and other insulinMetformin and other insulin--

sensitising drugs sensitising drugs 
 Laparoscopic ovarian surgeryLaparoscopic ovarian surgery Laparoscopic ovarian surgeryLaparoscopic ovarian surgery
 In Vitro FertilizationIn Vitro Fertilization



PCOS: PCOS: ManagementManagementgg

 LifeLife--style changesstyle changes
DietDietDietDiet
ExerciseExercise



Weight Loss in PCOS: Results ofWeight Loss in PCOS: Results ofWeight Loss in PCOS: Results of Weight Loss in PCOS: Results of 
RCT RCT 

 C o n tro l 
(n = 8 4 )

In te rven tio n  
(n = 8 7 )(n 8 4 ) (n 8 7 )

W eig h t lo ss  (k g ) 1 .3  (0 .2 )  4 .7  (0 .3 ) 

P i t 1 8 th 1 8 (2 1 4 % ) 5 3 (6 1 % )

*

*P reg n a n c ie s  a t  1 8 m o n th s 1 8  (2 1 .4 % ) 5 3  (6 1 % )
 

M isca rr ia g e  3  (1 6 .6 % ) 6  (1 1 .3 % ) 

*

g ( ) ( )

A R T  p reg n a n c ie s  9 %  3 7 %  *

S p o n ta n eo u s  p reg n a n c ie s  1 1 %  2 4 %  *

 
 * p<0.001 Moran et al, 2003Moran et al, 2003
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 LifeLife--style changesstyle changes
 Ovulation inductionOvulation induction Ovulation inductionOvulation induction
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PCOS: PCOS: ManagementManagementgg

 Ovulation inductionOvulation induction
Clomiphene citrateClomiphene citrateClomiphene citrateClomiphene citrate
Aromatase inhibitorsAromatase inhibitors
Gonadotropins +/Gonadotropins +/-- GnRH analogues GnRH analogues 



CC ADMINISTRATIONCC ADMINISTRATION

 For 5 daysFor 5 days
 Onset on days 2Onset on days 2--55 Onset on days 2Onset on days 2 55
 No difference between different days of No difference between different days of 

ttonsetonset
 Starting dose 50 mg/day per osStarting dose 50 mg/day per osg g y pg g y p



RESULTS OF TREATMENT WITH CCRESULTS OF TREATMENT WITH CC

5 STUDIES 
(1968-1983): A total of 5878 cases

- Ovulation rate: 70-86%
- Pregnancy rate: 34-43%
- Miscarriage rate: 13-25%

Messinis I 2002Messinis I, 2002



Clomiphene and Anti-estrogens forClomiphene and Anti-estrogens for 
Ovulation Induction in PCOS

Clomiphene was effective in increasing pregnancy rate
compared to placebo (OR 5.8, 95% CI 1.6 to 21.5) as
was clomiphene plus dexamethasone treatment (OR
9 46 95% CI 5 1 to 17 7) compared to clomiphene9.46, 95% CI 5.1 to 17.7) compared to clomiphene

N id f diff i ff t f dNo evidence of a difference in effect was found
between clomiphene versus tamoxifen or clomiphene in
conjunction with human chorionic gonadotrophin (hCG)conjunction with human chorionic gonadotrophin (hCG)
versus clomiphene alone.

Brown et al, Cochrane Database Syst Rev. 2009



OVULATION INDUCTION WITH CCOVULATION INDUCTION WITH CC
(Chances to ovulate and conceive)

100 First ovulationC l ti
75

(n=194, 75%)Cumulative
patients (%)

50

25 First live birth
(n=98, 38%)

0
3 6 9 12

Time after initiation of CC (months)Time after initiation of CC (months)

Van Santbrink et al, Trends Endocr. Metab. 16, 382-9, 2005



Imani B et al. Fertil Steril 77:91, 2002Imani B et al. Fertil Steril 77:91, 2002



Gonadotropin Therapy in PCOS

Clomiphene Resistance: Failure to ovulateClomiphene Resistance: Failure to ovulate
after 2-3 successive cycles of CC at the
maximal dose (20-30%)maximal dose (20-30%)

Cl i h F il W h dClomiphene Failure: Women who respond
normally to CC but fail to conceive after 6 to
12 cycles of treatment (~60%)



PCOS: PCOS: ManagementManagementgg

 Ovulation inductionOvulation induction
Clomiphene citrateClomiphene citrateClomiphene citrateClomiphene citrate
Aromatase inhibitorsAromatase inhibitors
Gonadotropins +/Gonadotropins +/-- GnRH analogues GnRH analogues 



Letrozole in PCOS: Ovulation Rate per CycleLetrozole in PCOS: Ovulation Rate per Cycle

Requena et al, Hum Reprod Upd, 2008



Letrozole in PCOS: Pregnancy Rate per CycleLetrozole in PCOS: Pregnancy Rate per Cycle

Requena et al, Hum Reprod Upd, 2008



Letrozole in PCOS: Pregnancy Rate in IUI per CycleLetrozole in PCOS: Pregnancy Rate in IUI per Cycle

Requena et al, Hum Reprod Upd, 2008



Letrozole: Safety ResultsLetrozole: Safety ResultsLetrozole: Safety ResultsLetrozole: Safety Results
Incidence of all malformations wasIncidence of all malformations was Incidence of all malformations was Incidence of all malformations was 
not different between letrozole not different between letrozole 
b bi d l d li ib bi d l d li ibabies and normal deliveriesbabies and normal deliveries
(p=0.25; 95%CI 0.78(p=0.25; 95%CI 0.78--4.71)4.71)(p 0.25; 95%CI 0.78(p 0.25; 95%CI 0.78 4.71) 4.71) 

The incidence of locomotor malformations
p 0 0005; 95% CI 2 64 27 0p=0.0005; 95% CI 2.64–27.0

The incidence of cardiac anomaliesThe incidence of cardiac anomalies
p=0.0006; 95% CI 3.30–58.1

Biljan et al. ASRM, Abstract O-231, 2005 



PCOS: PCOS: ManagementManagementgg

 Ovulation inductionOvulation induction
Clomiphene citrateClomiphene citrateClomiphene citrateClomiphene citrate
Aromatase inhibitorsAromatase inhibitors
Gonadotropins +/Gonadotropins +/-- GnRH analoguesGnRH analogues



Step up ProtocolsStep up Protocols

“ Conventional dose “ Conventional dose 
Scan HCG 5000 IU

l df llprotocol “protocol “ Starting 
dose

Scan
d 3-7

leadfoll
=>16 mm

High High (150 IU/d) FSH dose (150 IU/d) FSH dose 

increased by 75 IU everyincreased by 75 IU every 33 77
150 IU / d

225 IU / d

increased by 75 IU every increased by 75 IU every 33--77
daysdays



Step up protocolsStep up protocolsStep up protocolsStep up protocols

St tiSt ti
ScanScan
d 7d 7

HCG 5000 IUHCG 5000 IU
leadleadfollfoll

“ “ Low dose protocolLow dose protocol ““

LowLow (37.5 (37.5 -- 75 IU/d) FSH dose75 IU/d) FSH dose

Starting Starting 
dosedose

d 7d 7 =>16 mm=>16 mm

increased by increased by 5050--100 %100 % every every 77 days days 37.5 37.5 -- 75 IU / d75 IU / d
Increase doseIncrease dose
by 50by 50--100%100%

HCG 5000 IUHCG 5000 IU
leadleadfollfoll

=>16 mm=>16 mm
ScanScan

ScanScan
d 21d 21

“ Chronic“ Chronic Low dose protocolLow dose protocol ““

LowLow (37.5 (37.5 -- 75 IU/d) FSH dose 75 IU/d) FSH dose 

Starting Starting 
dosedose

ScanScan
d 7d 7

d 14d 14

(( ))

increased by increased by 50%50% after after 1414 daysdays37.5 37.5 -- 75 IU / d75 IU / d
Increase doseIncrease dose

by 50%by 50%
Increase doseIncrease dose

by 50%by 50%



Step down protocolsStep down protocols
ScanScan

Step down protocolsStep down protocols

“ Step “ Step -- down protocoldown protocol ““
Starting Starting 
dosedose

ScaSca
d 4d 4--55

HCG 5000 IUHCG 5000 IU
leadlead follfollll
≥16 mm≥16 mm

ScanScan
d 8d 8Foll > 9 mmFoll > 9 mm

≥16 mm≥16 mm
LoadingLoading FSH dose FSH dose 

(112.5 to 187.5 0 IU/d)(112.5 to 187.5 0 IU/d)

decreased by 37.5decreased by 37.5 IU IU 
Decrease Decrease 
by 37.5 IU by 37.5 IU 

112.5 to112.5 to
187.5 IU / d187.5 IU / d

Decrease Decrease 
by 37.5 IU by 37.5 IU 

yy

every 3every 3--5 days5 days

Starting Starting 
dosedose

ScanScan
d 7d 7

HCG 5000 IUHCG 5000 IU
leadleadfollfoll
≥≥ 16 mm16 mm

ScanScan
d 14d 14

ScanScan
d 21d 21 Foll =14 mmFoll =14 mm “ Sequential protocol“ Sequential protocol ““

d 7d 7

37 537 5 75 IU / d75 IU / d
Increase doseIncrease dose

by 50%by 50%
Increase doseIncrease dose

by 50%by 50%
Decrease doseDecrease dose

by 50%by 50%

FSH threshold doseFSH threshold dose

decreased by decreased by 50%50%

when leading folliclewhen leading follicle37.5 37.5 -- 75 IU / d75 IU / d by 50%by 50% by 50%by 50% by 50%by 50% when leading follicle when leading follicle 

reaches reaches 14 mm14 mm diameterdiameter



Step-Up   Step-Down     P
( 85) ( 72)(n=85) (n=72)

Duration stimulation 15.2 9.7 <0.001
Total amount rFSH 951 967 NS
Monofoll. Cycles (%) 68 32 <0.0001
E2 day hCG 454 849 <0 05E2 day hCG 454 849 <0.05
Rate hCG 85 62 0.001
Rate hyperstimulation 2.3 11 0.001
Pregnancy rate 19 16 NS



Step protocols: Step protocols: Overall resultsOverall results
Homburg & Howles (1999)Homburg & Howles (1999)

717717PatientsPatients
Range (%)Range (%)n (%)n (%)

2121 -- 4545280 (40%)280 (40%)Clinical PregnanciesClinical Pregnancies
13911391Cycles completedCycles completed
717717PatientsPatients

54 54 -- 888869 %69 %UniUni--ovulatory cyclesovulatory cycles
12 12 -- 242420 %20 %Fecundity / cycleFecundity / cycle
21 21 4545280 (40%)      280 (40%)      Clinical PregnanciesClinical Pregnancies

0 0 --14.114.15.7 %5.7 %MultiplesMultiples
0 0 -- 2.42.40.14 %0.14 %OHSSOHSS

Data taken from Data taken from SiebelSiebel et al., 1984 ;et al., 1984 ; ShohamShoham et al. 1991 ; et al. 1991 ; DaleDale et al. 1993 ;et al. 1993 ; ScheeleScheele
et al 1993 ; et al 1993 ; AresAres--seronoserono 1995 ; 1995 ; HomburgHomburg et al., 1995 ; et al., 1995 ; Aboulghar Aboulghar et al., 1996 ; et al., 1996 ; WhiteWhite
et al., 1996 ; et al., 1996 ; Van Santbrink and FauserVan Santbrink and Fauser, 1997 ; , 1997 ; CoelinghCoelingh--BenninkBennink et al., 1998 ; et al., 1998 ; HedonHedongg

et al., 1998.et al., 1998.



FSH OI in CRA / CC failuresFSH OI in CRA / CC failuresFSH OI in CRA / CC failuresFSH OI in CRA / CC failures
-- cumulative outcome rates cumulative outcome rates --

 OvulationOvulation 82 %82 %
 Ongoing pregnancyOngoing pregnancy 58 %58 % Ongoing pregnancyOngoing pregnancy 58 %58 %

Si l t li bi thSi l t li bi th 43 %43 % Singleton live birthSingleton live birth 43 %43 %
 Multiple live birthMultiple live birth 5 % 5 % pp

(5 twins, 1 triplet, 1 quadruplet)(5 twins, 1 triplet, 1 quadruplet)

Mulders RBM 2003aMulders, RBM 2003a
154 patients, 544 cycles



GnRH Agonist Long ProtocolGnRH Agonist Long Protocol

OPUOPUDay 1 or 21Day 1 or 21

1010 14 d14 d 1010 1616 dd

ΗΗCG CG 

GnRH AgonistsGnRH Agonists

1010--14 d14 d 1010--16 16 dd

GnRH AgonistsGnRH Agonists

FSH/HMGFSH/HMGFSH/HMGFSH/HMG



GnRH-A + GONADOTROPINS vs. GONADOTROPINS: 
OVULATION RATE (PER CYCLE)OVULATION RATE (PER CYCLE)

Nugent et al 2006 Cochran Database



GnRH-A + GONADOTROPINS vs. GONADOTROPINS: 
PREGNANCY RATE (PER CYCLE)PREGNANCY RATE (PER CYCLE)

Nugent et al 2006 Cochran Database



GnRH-A + GONADOTROPINS vs. GONADOTROPINS: 
MISCARRIAGE RATE (PER PREGNANCY)

Nugent et al 2006 Cochran Database



G RH A + GONADOTROPINS GONADOTROPINSGnRH-A + GONADOTROPINS vs. GONADOTROPINS: 
MULTIPLE PREGNANCY RATE (PER PREGNANCY) 

Nugent et al 2006 Cochran Database



GnRH-A + GONADOTROPINS vs. GONADOTROPINS: 
OVERSTIMULATION RATE 

Nugent et al 2006 Cochran Database



Daily Regimen of GnRH Daily Regimen of GnRH 
Antagonists Antagonists 

Day 2 or 3 Day 6Day 2 or 3
of Menses

Day 6 
of FSH hCG *

recFSH IVF

or
Luteal Phase

Support
ETOPU

Ganirelix ICSI
Support

*  3 follicles  17 mm



GnRH Agonists vs Antagonists in PCOS

► Clinical pregnancy rate 

► OHSS incidence► OHSS incidence 

Griesinger et al., RBMonline 2006Griesinger et al., RBMonline 2006



PCOS: PCOS: ManagementManagementgg

 LifeLife--style changesstyle changes
 Ovulation inductionOvulation induction Ovulation inductionOvulation induction
 Metformin and Metformin and other insulinother insulin--

sensitising drugs sensitising drugs 
 Laparoscopic ovarian surgeryLaparoscopic ovarian surgery Laparoscopic ovarian surgeryLaparoscopic ovarian surgery
 In Vitro Fertilization In Vitro Fertilization -- ARTART



CC+Placebo vs. CC+MET in PCOSCC+Placebo vs. CC+MET in PCOSCC Placebo vs. CC MET in PCOSCC Placebo vs. CC MET in PCOS

Moll et al, BMJ, 2006



NIHNIH Reproductive Medicine NetworkReproductive Medicine NetworkNIH NIH –– Reproductive Medicine NetworkReproductive Medicine Network
Legro, et al., NEJM, 2007Legro, et al., NEJM, 2007

ClomipheneClomiphene Metformin      CombinationMetformin      Combination
209                 208                209209                 208                209

% % 
OvulationOvulation 49*49* 2929 60**60**
ConceptionConception 20*20* 1212 38*38*
PregnancyPregnancy 24*24* 99 31*31*
Live birthLive birth 23*23* 77 27*27*
MultipleMultiple 66 00 33

*P <0.001*P <0.001
**P < 0 001 combination vs clomiphene**P < 0 001 combination vs clomiphene**P < 0.001  combination vs. clomiphene**P < 0.001  combination vs. clomiphene



Metformin in Clomiphene Naïve PCOS Women

Moll et al, Hum Repr Upd, 2007



Metformin in Clomiphene Naïve PCOS WomenMetformin in Clomiphene Naïve PCOS Women

Moll et al Hum Repr Upd 2007Moll et al, Hum Repr Upd, 2007



Metformin in Subgroups of Clomiphene Naïve PCOS 
WomenWomen

Moll et al, Hum Repr , 2008



Metformin in Clomiphene Resistant PCOS Womenp

Moll et al, Hum Repr Upd, 2007p p



Metformin in Clomiphene Resistant PCOS Women

Moll et al, Hum Repr Upd, 2007



Metformin in IVF for PCOS Women

Moll et al, Hum Repr Upd, 2007



.
Palomba S et al, Fertil Steril. 2009 





Insulin Sensitisers (metformin, rosiglitazone, Insulin Sensitisers (metformin, rosiglitazone, ( , g ,( , g ,
pioglitazone, Dpioglitazone, D--chirochiro--inositol) in PCOS Women inositol) in PCOS Women 

with Oligowith Oligo--amenorrhoea and Subfertilityamenorrhoea and Subfertilitygg yy

There is no evidence that metformin improves live birth p
rates whether it is used alone (Pooled OR = 1.00, 95% 
CI 0.16 to 6.39) or in combination with clomiphene 
( l d )(Pooled OR = 1.05, 95% C.I. 0.75 to 1.47). 

However, clinical pregnancy rates are improved forHowever, clinical pregnancy rates are improved for
metformin versus placebo (Pooled OR =OR 3.86, 
95%C.I. 2.18 to 6.84) and for metformin and 
clomiphene versus clomiphene alone (Pooled OR 
=1.48, 95% C.I. 1.12 to 1.95) .

Tang et al, Cochrane Database Syst Rev. 2010



Metformin treatment before and duringMetformin treatment before and during 
IVF or ICSI in women with PCOS

•No evidence that metformin treatment before or 
during ART cycles improved live birth or clinical 
pregnancy rates. 

•The pooled odds ratio (OR) for live birth rate was 0 77•The pooled odds ratio (OR) for live birth rate was 0.77 
(95% CI 0.27 to 2.18) and for clinical pregnancy rate 
was 0.71 (95% CI 0.39 to 1.28).was 0.71 (95% CI 0.39 to 1.28). 

•The risk of OHSS in women with PCOS undergoing IVF 
or ICSI cycles was reduced with metformin (pooled OR 
0.27, 95% CI 0.16 to 0.47).

Tso et al., Cochrane Database Syst Rev. 2009



Pioglitazone (30 mg daily) and IVF OutcomePioglitazone (30 mg daily) and IVF Outcome



PCOS: PCOS: ManagementManagementgg

 LifeLife--style changesstyle changes
 Ovulation inductionOvulation induction Ovulation inductionOvulation induction
 Metformin and other insulinMetformin and other insulin--

sensitising drugs sensitising drugs 
 Laparoscopic ovarian surgeryLaparoscopic ovarian surgery Laparoscopic ovarian surgeryLaparoscopic ovarian surgery
 In Vitro FertilizationIn Vitro Fertilization





Surgical management of polycystic ovary Surgical management of polycystic ovary 
syndromesyndrome

Surgical laparoscopic removal of ovarian tissue wasSurgical laparoscopic removal of ovarian tissue was 
introduced by Palmer and De Brux in 1967

Multiple ovarian puncture performed  either  by diathermy or p p p y y
by laser is well known as “Ovarian drilling” Ovarian drilling” 

Gjonnaess 1984Gjonnaess 1984

Ovarian drilling is a modification of ovarian wedge resection 
b t l i ibut less invasive



Laparoscopic Ovarian Surgery for Ovulation InductionLaparoscopic Ovarian Surgery for Ovulation InductionLaparoscopic Ovarian Surgery for Ovulation Induction Laparoscopic Ovarian Surgery for Ovulation Induction 
in Anovulatory PCOS Women: in Anovulatory PCOS Women: Live BirthsLive Births

Farquahar et al 2007q



Laparoscopic Ovarian Surgery for Ovulation InductionLaparoscopic Ovarian Surgery for Ovulation InductionLaparoscopic Ovarian Surgery for Ovulation Induction Laparoscopic Ovarian Surgery for Ovulation Induction 
in Anovulatory PCOS Women: in Anovulatory PCOS Women: MultiplesMultiples

Farquahar et al 2007



Laparoscopic Ovarian Surgery for Ovulation Induction Laparoscopic Ovarian Surgery for Ovulation Induction 
in Anovulatory PCOS Women: in Anovulatory PCOS Women: MiscarriagesMiscarriages

There was no difference in miscarriage rates in the drilling group when compared g g g p p
with gonadotrophin in these trials

OR 0.61, 95% 0.17-2.16

Farquahar et al 2007



Cumulative probability of first pregnancy and first 
live-birth by the Kaplan-Meier survival analysis inlive-birth by the Kaplan-Meier survival analysis in 

groups A (LOD) and B (CC+MET)
..

Palomba et al, Am J Obstet Gynecol 2010
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Cli i l O t f IVF i PCOS WClinical Outcomes of IVF in PCOS Women 
Compared with Matched Controls

H ij t l HRU 2005Heijnen et al, HRU, 2005
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PCOS: PCOS: ManagementManagement

ConclusionsConclusionsConclusionsConclusions



Ovulation Induction in PCOS: Ovulation Induction in PCOS: 
ConclusionsConclusions

LifeLife--style modifications should be advised before style modifications should be advised before yy
ovulation induction in obese PCOS womenovulation induction in obese PCOS women

Clomiphene still remains the treatment of first choise

Aromatase inhibitors seem to be as effective as CC 
but more data are needed on efficacy and safetybut more data are needed on efficacy and safety   



Ovulation Induction in PCOS:Ovulation Induction in PCOS:Ovulation Induction in PCOS: Ovulation Induction in PCOS: 
ConclusionsConclusions

Metformin alone is less effective than CC in Metformin alone is less effective than CC in 
i d i l ti i ith PCOSi d i l ti i ith PCOSinducing ovulation in women with PCOSinducing ovulation in women with PCOS

The addition of metformin to CC may be indicated The addition of metformin to CC may be indicated 
in specific subgroups of women with PCOSin specific subgroups of women with PCOSp g pp g p

Gonadotropins in low dose protocols aiming atGonadotropins, in low dose protocols aiming at 
monofollicular development, represent an 

effective treatment optioneffective treatment option



Ovulation Induction in PCOS: Ovulation Induction in PCOS: 
ConclusionsConclusions

Laparoscopic ovarian drilling is as effective as 
gonadotropins for ovulation induction and achievement 

of pregnancy but with significantly less multiples

IVF is a reasonable option, because the number of IVF is a reasonable option, because the number of 
multiple pregnancies can be kept to a minimum bymultiple pregnancies can be kept to a minimum bymultiple pregnancies can be kept to a minimum by multiple pregnancies can be kept to a minimum by 

transferring small numbers of embryos.  transferring small numbers of embryos.  

PCOS patients seem to have similar chances to achieve a 
pregnancy with IVF compared to non-PCOS womenpregnancy with IVF compared to non PCOS women
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