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Possible reasons for permanent embryo arrest 

 culture conditions 

 genetics 

 cellular components (e.g. mitotic spindle) 

 

 

  morphological  anomalies of oocyte/embryo  

  molecular components   
 



MORPHOLOGICAL ANOMALIES 

at oocyte stage 



MORPHOLOGICAL ANOMALIES 

at zygote stage 

more frequent in IVF 

sperm entrance close to spindle 

less than half of the zygotes cleave 

<1% of zygotes 

no cleavage or early stop 

defect of sperm centriole 

diffence 7-10µm 

problem of the male pronucleus 

associated with aneuploidy 



MORPHOLOGICAL ANOMALIES 

at cleavage stage 

• zona-free embryos 

• clover-shaped embryos 

• ovoid embryos 

 

Edwards und Beard, Mol Hum Reprod, 1997 



1. Clover-shaped embryos 

planar constellation of four blastomeres 

presumed incomplete cleavage 

better quality at cleavage stage 

less blastocysts 

no implantation 



2. Ovoid embryos 



Overall blastulation:   18%    32% 



3. Zona-free embryos 



HUMAN MODEL 

• Before 8-cell-stage (day 3) no morphological, biochemical or molecular markers of apoptosis 

can be found 

• Thus, permanent developmental arrest is a NON-apoptotic process 

• On the other hand, in 2-4-cell embryos certain agents can induce mitochondrial depolarisation 

and inhibition of protein kinases which can lead to apoptotic behavior 

 
• Consequently, the molecular machinery of apoptosis 

 is inherent, but it cannot be used properly, e.g.,  

 due to immature mitochondria. 

• Approximately 10% of all human embryos stop cleavage until 4-cell stage.  

• 1% (early cleavage 26-28 hpi) 

• 15% (32 hpi) 

• 40% of all patients have at least one embryo with permanent arrest 

Betts und Madan; Mol Hum Reprod, 2008 

2-cell blastocyst 



Cellular SENESCENCE 

 

 

 2- to 4-cell embryos characterized by permanent arrest are metabolic active and show 

high intracellular levels of free radicals (ROS), both of which are indicators of beginning 

embryonic senescence.  

 This is further supported by the finding that arrested embryos display high levels of  the 

adapter protein p66Shc which is known for ist apoptotic response to oxidative stress. 

arretiert 
nicht 

arretiert 

Betts und Madan; Mol Hum Reprod, 2008 

 Increased levels of ROS damage the embryo  by  causing lipid peroxidation, protein 

oxidation, and inducing DNA-strand breaks  which in turn may result in telomere 

shortening.  

 If  the lenght of the telomere falls below a critical threshold  apoptosis/senescence is the 

logical consequence. 

 

 







How does calcium enter the cell? 

1. voltage-dependent Ca2+-channels in excitable cells 

2. receptor-bound Ca2+-channels associated with neurotransmitter signalling 

3. from intracellular Ca2+-storages 

4. Overloading with Ca2+ can lead to changes in mitochondrial metabolism and apoptosis 



CALCIUM and MITOSIS 

• The role of Ca2+ in mitosis is discussed controversially 

• Studies on C. elegans and X. laevis show, that changes in 

intracellular  calcium balance initiate and regulate  cell division 

• In human, Ca2+ -peaks were observed preceeding cell division. 

More interestingly, these Ca2+ -oscillationen were undetectable in 

arrested embryos (Sousa et al.,1996). 

• In animal models it could be shown that Ca2+ -chelators block 

mitosis whereas calcium ionophore restart division (Wong et al. 2005). 

 



Blastomer 1 

Blastomer 2 

Ca2+-signal is different from the typical oscillations during oocyte activation 



INDICATION 
I. Complete developmental arrest in previous cycle (no transfer) 

II. Less than 15% blastocyst formation in previous cycle (e.g., 1/7) 

III. Developmental delay of all embryos (at least 24h) 

I. Complete fertilization failure after ICSI 

II. Exclusively bad quality embryos 

III. Refusal of participation 

EXCLUSION 

I. Blastulation 

Main outcome measures 

I. Fertilization 

II. Embryo quality 

III. Rates of implantation/ pregnancy 

Multicentre trial in Austria 
(Ethical votum D-17-13, Upper Austria) 



PATIENTS 

• 36 patients 

– complete arrest:  n=10 

– ≤ 15% blastocysts:  n=14 

– developmental delay:  n=12 

•  40 previous cycles (x24 same protocol) 

– 7,5% hCG positiv; 2,5% Lebendgeburt 

• Age: 32±5 a 

• AMH 3.3±1.9; FSH 8.4±2.5; LH 5.8±2.6 

• E2 at ovulation induction: 1826±1102 

• COC: 10±6 

• x13 long protocol, x23 Antagonist protocol 

 … normal collective 



Results I 

Ionophore  A13187 Previous cycle 

no transfer no transfer D3 transfer D3 transfer 

Ionophore A23187 



ERGEBNISSE II 

Previous cycle Ionophore P-value 

2Pn 191/302 (63.3) 205/285 (71.9) 0.025 

Cleavage d2 149/191 (78.0) 203/205 (99.0) <0.0001 

Survival transfer day 52/191 (27.2) 145/205 (70.7) <0.0001 

blastulation 13/90 (14.4) 90/174 (51.7) <0.0001 

positive hCG 3/40 (7.5) 12/36 (33.3) 0.005 

clinical pregnancy/live birth 1/40 (2.5) 11/36 (30.6) 0.0008 

Results II 

% 

Blastozystenbildung 

P=0,06-0,09 Change of protocol Identical stimulation 

2Pn 83/111 (74.8) 174/216 (80.6) 

Cleavage d2 81/83 (97.6) 122/122 (100) 

Survival transfer day 54/83 (65.1) 91/122 (74.6) 

blastulation 39/69 (56.6) 50/102 (49,0) n.s. 
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