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Successfull implantation 

is a multi-step process that requires 

synchronous development of both the 

endometrium and embryo. 

 

The intricate dialogue between the 

embryo and endometrium is possible 

during a specific timeframe: the window of 

implantation (WOI).  
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Zona pellucida rupture 

Apposition 
Endometrial crypt, site of lysis of the zona pellucida, 

Contact between trophoblast and decidua  

Adhesion 
Protrusions of trophoblast cells penetrating the 

endometrium 

Invasion 
Further establishment of blastocyst in endometrium. 

Penetrating trophoblast differentiates into 

syncytiotrophoblast that eventually penetrate the stroma 

and develop into chorionic villi & placenta. 

Cytotrophoblast 

Multi step process during WOI 

Important factors facilitating these stages: 
Uterine plasminogen 

Cellular adhesion molecules family (CAM) including 

integrins, cadherins, selectins, immunoglobins 

Mucins 

Cytokines 

LIF 

Interleukins 

Colony stimulating factor 

Prostaglandins 

Proteoglycan receptors 

 

 

 

Sharkey 
RBMO 2013 
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‘Iceberg of conception loss’ 

• Ijsberg nick 

M. Santos et al Reproduction 2009 



Repeated (pre-/post-) implantation failure (RIF) 

causes considerable emotional, physical and financial 

burden in women undergoing IVF 



But what is RIF? exactly 

RIF has been defined as: 

 

“the absence of implantation after three or more transfers of 

high quality embryos or after placement of 10 or more 

embryos 2,3” 

 

 

No consensus exists and varying definitions are used in 

scientific literature. 
 

 

 

2 Thornhill et al. ESHRE. Hum. Reprod. 2005 
3 Simon et al. Fertil. Steril. 2012 
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What causes ‘RIF’? 

Factors that may contribute to RIF include: 

 

• Poor embryo quality - aneuploidy 

• Advanced maternal age 

• Uterine cavity abnormalities 

• Tubal fluid accumulation 

• Poor execution of embryo transfer 

• Poor endometrial receptivity: timing/structural? 

 

 

However, in the majority no clear cause for RIF can be 

identified (Koot & Macklon Curr. Opin. Obstet. Gynecol. 

2013) 

 

 



Does a timing issue exist? 



The ERA test 

Increased percentage of WOI displacement in RIF patients, 

based on the Endometrium Receptivity Array (ERA) test, 

comprising 238 expressed genes.  

 
Ruiz- Alonso, FS 2013 



If non-receptive: 

 



Therapeutic option for RIF? 

 



Mid-luteal phase 

endometrial biopsies in 

RIF (n=43) and  

controls (n=72).  

 

RNA microarray gene 

expression. 

 

Discovery set (n = 81): 

303 signature genes 

predictive of RIF.  

 

Validation set (n=34) 

 
Koot et al Science 2016 

Endometrial gene expression profile 



Diagnostic accuracy 

External validation needs to be performed 

 

Counselling tool? 



So, what is RIF and what can we do about it? 

It is a putative “clinical 

condition” 

 

that occurs in many couples,  

 

that we do not fully 

comprehend,  

 

that may well remain 

enigmatic, and  

 

that at present lacks a 

reasonable therapeutic 

approach other than repeat 

the trick… 



83% of clinicians recommend endometrial scratching prior to IVF  
 
92% recommend endometrial scratching to women with RIF 
 

HR 2016 



What is endometrial scratching? 

Endometrial scratching is: 

Intentional mechanical injury to the endometrium 

By endometrial biopsy catheter, curette or hysteroscopy 

 

 

 

 

 

 

 

Usually in the luteal phase of the cycle BEFORE ovarian 

stimulation 

With the objective to increase the chance of implantation 

First described by Loeb in 1907 (rodent model) 
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Importantly  

Endometrial scratching: 

 

 

• Is mildly painful (mean VAS 4 (range 0-7.5)) 

 

• Costs money (50-100 euro) 

 

• Has a small risk of infection (<0.01%) 
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How would it increase implantation? 

Hypotheses: 

• decidualisation* 

• ‘wound healing’ : aseptic inflammatory response (cytokines, 

growth factors, interleukins, macrophages) and vascular 

reaction (promoting neo-angiogenesis) 

• delayed endometrial maturation (which is abnormally 

advanced during ovarian stimulation) and thereby improve 

embryo-endometrial synchrony in the next cycle 

 

But the exact mechanisms are unclear and no data support these 

hypotheses 

 

* However, unlike in rodents and other mammals, decidualization 

in humans is hormonally regulated, independent of any 

mechanical stimulus, and the presence or absence of conception. 
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Does it make scientific sense? 

What happens in a normal cycle when a pregnancy fails to 

occur ?  

 

Menstruation: regulated physiological breakdown & shedding  

Endometrial proliferation: repair of an “injured/wounded” 

endometrium  

 

Through: hormone withdrawal, local tissue hypoxia, 

cyto/chemokine production and leukocyte traffic. 

 

Most scratches are done in the preceding cycle: so what will it 

add? 

(as there is a menstruation between the scratch and the treatment cycle)  

 

 

. 



Endometrial Injury 

cycle 

Induction  

of  

Inflammation

?  

Improved  

Timing? 

Remodelling 

Healing? 

Effects Across Months? Influencing embryo  
transfer cycle? 

Recruitment of  

immune cells?  

Neo 

Angiogenesis? 

Altered  

gene  

Expression? 

Decidualisation Synchronisation Adhesion 

Siristatidis, FS 2014  



Start 

processes 

mentioned 

before? 

Carry Over  

Effect 

Only if there is a carry over effect? 



Higher amount of:  
• Macrophages/dendritic 

cells (HLA-DR+CD11c+ cells)  
• Growth-regulated 

oncogene-α (GRO-α),  
• IL-15 
• Macrophage inflammatory 

protein 1B (MIP-1B) 
• TNF-α 

 
 

Gnainsky, FS 2010 

First  

Biopsy 

CD 8-12 

Second 

Biopsy 

CD21 

Evidence from humans 



Which clinical trials have been done? 

Review by Panagiotoupoulou et al 2015 



Review Nastri et al 2015 

Which clinical trials have been done? 
LBR/OPR 



 

LBR/OPR 





Author’s conclusions: endometrial 

scratching 

• between day 7 of the previous cycle and day 7 of the ET 

cycle is associated ↑ live birth rates in women with 2 or 

more previous embryo transfers (moderate-quality 

evidence). 

 

• on the day of oocyte retrieval is associated with ↓ 

ongoing pregnancy rates . 

 

Although current evidence suggests some benefit of 

endometrial injury, we need evidence from well-designed 

trials that do not cause endometrial damage in the 

control group, stratify the results for women with and 

without RIF and report live birth. 



Clinical heterogeneity 

Even with new studies clinical heterogeneity will remain 

 

This could possibly be solved by performing an 

independent patient data (IPD) meta-analysis 

 

Van Hoogenhuijze registered in PROSPERO (International 

prospective register of systematic reviews) 2017 

 

First meeting ESHRE 2017 

 



The SCRaTCH trial 

Design: 

National, multicentre (academic and non-academic) 

randomized,  non-blinded, controlled trial with a cost-

efficacy analysis  

 

Nested cohort study in 6 clinics in which endometrial 

biopsies are banked 

 

 

 

 



Study population 

Women (18-43 years of age) starting their 2nd IVF/ICSI 

cycle with implantation failure  

 

(defined as the absence of an ongoing pregnancy 

occurring after a full first ART cycle with ≥1 embryo 

transfer) 



1st full ART cycle 

Failed implantation after at least 1 embryo 

transered (fresh or frozen) 

2nd fresh ART treatment cycle  

(Primary outcome: live birth after 2nd 

fresh ART cycle) 

No Scratch 

 

Scratch 

 

Ongoing pregnancy 

Randomisation SCRaTCH 

study 

Data from all cycles within 12 months 

after randomisation will be included 

in the study 
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Sample size calculation 

9% expected difference in live birth rate after the 2nd 

full ART cycle (39% versus 30%)  

 

450 women per study arm for 80% power (α = 0.05) to 

detect such a difference 

 

 

First inclusion January 2016 

Now 600+ inclusions 

Expected completion summer of 2018 



Participating clinics 

• Academisch Medisch Centrum 

• Albert Schweitzer ziekenhuis 

• Alrijne ziekenhuis 

• Amphia ziekenhuis 

• Catharina ziekenhuis 

• Deventer ziekenhuis 

• Diakonessenhuis Utrecht 

• Elisabeth-Twee Steden ziekenhuis 

• Erasmus Medisch Centrum 

• Fertiliteitskliniek Twente 

• Gelderse Vallei 

• Gelre ziekenhuis Apeldoorn 

• Groene Hart ziekenhuis 

• Isala klinieken 

• Jeroen Bosch ziekenhuis 

• Leids Universitair Medisch Centrum 

  

 

• Maasstad ziekenhuis 

• Maastricht Universitair Medisch Centrum 

• Maxima Medisch Centrum 

• Meander Medisch Centrum 

• Medisch Centrum Kinderwens 

• Nij Geertgen Ziekenhuis 

• Noordwest Ziekenhuisgroep, locatie Gemini 

• Onze Lieve Vrouwe Gasthuis, locatie West 

• Radboud Medisch Centrum 

• Scheper ziekenhuis 

• Sint Antonius ziekenhuis 

• Sint Franciscus Gasthuis 

• Ter Gooi ziekenhuis 

• Universitair Medisch Centrum Groningen 

• Vrije Universiteit Medisch Centrum 

• Wilhelmina Ziekenhuis Assen 

 



SCRaTCH-2 nested study 

 

Day 1 

Mensis 

6 or 7 days  

after positive 

LH test 

Day LH  

urine test  

positive 

Day 10  

Start LH 

urine testing 

Day 1 Mensis - 

start ovarian 

stimulation 

S

c

r

a

t

c

h 

Storage of the 
endometrial tissue 
biopsy 

WOI 

Objectives: 
1) Prospective validation of the Koot study 

(prognostic) 
2) Study intracrinology (etiologic) 
3) Development of endometrial organoids 

(etiologic and therapeutic) 



Organoids 

Self-forming 3D reconstructions of an organ’s epithelium, 

High expansion capacity  

Retention of phenotypical and functional properties 

 

Overcoming the limited availability or expandability of primary 

human tissue 

 

Boretto et al 2017 



Thyrotropin releasing hormone 

expressed in proliferative phase 

 

 

Progestagen-associated 

endometrial protein expressed 

in secretory phase 

 

Mucin observed in prog treated 

EMO 

 

 

Apoptotic cells visible after 

hormone withdrawal 

 

Boretto et al 2017 



Additionally, 4% of clinicians recommend endometrial 
scratching to women undergoing intrauterine insemination or 
trying to conceive naturally. 
 
 



Which clinical trials have been done? 

Lensen et al Cochrane 2016 

GRADE quality low to very low 



The SCRaTCH-OFO trial 

Similar design to IVF trial with some important differences 

 

• Couples with unexplained subfertility and a good 

prognosis of spontaneous conception according to 

Hunault 

 

• In principle 6 months of timed intercourse (‘expectant 

management’) before ART is started 

 

Sample size 792 women 

First inclusions UMCU November 2017 (n=5) 



Hunault 

To be used in women< 38 years of age diagnosed with 

unexplained subfertility 

 

 

 

 

 

 

 

 

 

Chance of spontaneous conception < 12 months 

If chance > 30%: advice to continue trying to conceive 

naturally for 6-12 months 

https://www.freya.nl/


To SCRaTCH or not to scratch 
that’s the question 

YES to scratch, but only in trials:  because scratching 

• costs money 

• produces pain 

• gives a small, but important, risk of infection 



Quote Santamaria et al 2016 

“Would clinicians and patients accept the 

performance of an intervention named ‘retinal 

scratching’ without any proven benefit for vision?  

 

Clearly, the answer is no.  

 

Thus, we must consider the importance of information 

with respect to endometrial scratching.  

 

It is easier to scratch than to think, but, please, think 

before you scratch.” 



Thank you to 

All clinics and women participating in the 

SCRaTCH trials 

 

Frank Broekmans  

Nienke van Hoogenhuijze, PhD student SCRaTCH- 

IVF 

Bich Bui, PhD student SCRaTCH-OFO 
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Nils Lambalk 

Ben Cohlen 

Jan Peter de Bruijn 

Ron van Golde 

Gijs Teklenburg 

Kathrin Fleisher 

Organoid collaborators Leuven: 

Hugo Vankelecom 

Matteo Borretto 

Organoid pilot financers: 

 

 

 

Intracrinology collaborators MUMC: 

Ron van Golde 

Andreja Romano 

Linda Brentjens 

 

Endometrial gene expression collaborators: 

Nick Macklon Copenhagen 

Mette Nyegaard Arhus 

Endometrial gene expression financers: 

Merck 


