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 Abstract    
Objectives: IVF-ICSI procedures are accompanied by a continuous search for predictors of ART outcome. The 
properties of zona pellucida (ZP) have been believed to reflect the history of oocyte cytoplasmic maturation. The 
meiotic spindle (MS) is crucial for chromosomal alignment and proper separation of the maternal chromosomes. 
There is data suggesting that birefringent ZP and MS can clinically predict the oocyte quality and developmental 
potential of an embryo. 

The aim of the study was to examine the possible effect of ZP birefringent properties and MS visualization and 
localization as valuable predictors of IVF-ICSI effectiveness. 

Material and methods: The prospective study was performed during a 16-month period. A total of 51 patients 
undergoing in vitro fertilization - embryo transfer (IVF-ET) treatment procedure with intracytoplasmic sperm injection 
(ICSI) were included. Controlled ovarian hyperstimulation (COH) was done using either a long n=32 (62.75%) 
or an antagonist protocol n=19. In the group of the 48 examined patients (aged 25-40), 46 ET were performed, 
resulting in 24 positive pregnancy tests and 19 (39.59%) clinical pregnancies. Oocytes were examined as follows: 
ZP birefringence autoscoring (OCTAX PolarAIDE), numeral autoscoring, thickness and clinical evaluation; MS 
visualization, if MS was visualized, localization of MS in relation to the polar body (PB). 

Results: On day 3, 64.3% of the embryos were of good and 40.3% were of top quality. Visible differences, not 
statistically significant, were observed in the numeral score of ZP between oocytes selected and non-selected for 
ET. In cases when embryos were not of good or top quality, ZP score was higher (p=0.005 p=0.001). ZP manual 
evaluation indicated significantly stronger birefringence when pregnancy was not achieved (p=0.022). The rate of 
MS positive oocytes was the highest in the group with pregnancy, but it did not reach statistical significance (p= 
0.471). The MS localization in relation to the PB was in most oocytes very close (<45o) in 70.9% and not different 
in the studied groups. 

Conclusions: Unexpected polarization microscopy imaging and rating of ZP and MS cannot be a direct predictor 
of the IVF outcome.
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 Streszczenie    
Cel: Stosując w leczeniu niepłodności procedury IVF-ICSI wciąż poszukujemy klinicznych predyktorów 
skuteczności terapii. Ustalono, że właściwości osłony przejrzystej (ZP) mogą odzwierciedlać historię dojrzewania 
cytoplazmatycznego oocytu, natomiast wrzeciono kariokinetyczne (MS) ma kluczowe znaczenie dla prawidłowego, 
równikowego ustawienia i separacji chromosomów matczynych. Dane literaturowe sugerują, że dwójłomność ZP i 
MS może stanowić czynnik korelujący z jakością oocytu i potencjałem rozwojowym zarodka. Celem badania była 
ocena wartości predykcyjnej obrazowania w świetle spolaryzowanym ZP i MS w prognozowaniu skuteczności 
leczenia IVF-ICSI.

Materiał i metody: W ciągu 16 miesięcy przeprowadzono badanie prospektywne obejmujące 51 pacjentek 
poddanych zapłodnieniu pozaustrojowemu z docytoplazmatyczną iniekcją plemnika. Kontrolowaną stymulację 
jajników przeprowadzono przy użyciu długiego protokołu u 32( 62,75%) lub z antagonistą u 19 pacjentek. U 48 
ostatecznie badanych pacjentek wykonano 46 transferów zarodków (ET) uzyskując 24 pozytywne testy ciążowe. 
Oceniono następujące parametry oocytów: automatyczny i numeryczny pomiar dwójłomności, szerokość ZP ( 
program PolarAIDE OCTAX), ocena manualna dwójłomności ZP, wizualizacja MS, lokalizacja MS w stosunku do 
ciałka kierunkowego (PB).

Wyniki: Stwierdzono różnice w numerycznej ocenie dwójłomności ZP między grupami oocytów zakwalifikowanych 
i nie do transferu zarodka, nie stwierdzono jednak istotności statystycznej zmian. Manualna kategoryzacja ZP 
wykazała, znacznie silniejszą dwójłomność w grupach, w których nie uzyskano ciąży (p=0,022). Wizualizacja MS 
była najwyższa w grupie w której uzyskano ciąże, ale nie wykazano istotności statystycznej (p=0,471). Lokalizacja 
MS w stosunku do PB w większości oocytów zawarła się w 45o (70,9%) i nie różniła się w poszczególnych grupach.

Wnioski: Ocena dwójłomności ZP i MS nie może być bezpośrednim czynnikiem predykcyjnym skuteczności 
leczenia metodą IVF-ICSI.

 Słowa kluczowe: os onna prze rzysta / wrzeciono kariokinetyczne / kom rka a owa / 
      / dw omno  / czynnik predykcy ny / wynik IVF-ET /
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Results

Table  I .   Visualization of meiotic spindle in oocytes from the three studied groups.
 Group 1. Embryos selected for transfer and outcome - day 14 after ET:  
 positive pregnancy test, 
 Group 2. Embryos selected for transfer and outcome- day 14 after ET:  
 negative pregnancy test, 
 Group 3. Embryos not selected for transfer p=0.47.

MS visualization
Total

negative positive

Group 1 10
28.6%

25
71.4%

35
100%

Group 2 11
37.9%

18
62.1%

29
100%

Group 3 53
39.8%

80
60.2%

133
100%

Total 74
37.6%

123
62.4%

197
100%
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Table  I I .   Meiotic spindle position in relation to the polar body (in %), a 4-step scale as follows:
 step 1. An oocyte with a spindle forming at less than 30° (<30°) to the polar body.
 step 2. An oocyte with a spindle forming at 30°-45° (30°≤ <45°) to the polar body.
 step 3. An oocyte with a spindle forming at 45°-120° (45°≤ ≤120°) to the polar body.
 step 4. An oocyte with a spindle forming at more than 120° (120°<) to the polar body in the three studied groups of oocytes p=0.91.

MS position in relation to the polar body
Total

step 1 step 2 step 3 step 4

Group 1 9
36.0%

9
3.60%

6
24.0%

1
4.0%

25
100%

Group 2 6
33.3%

7
38.9%

4
22.2%

1
5.6%

18
100%

Group 3 33
44.6%

19
25.7%

17
23.0%

5
6.8%

74
100%

Total 48
41.0%

35
29.9%

27
23.1%

7
6.0%

117
100%

Table  I I I .  Zona pellucida birefringence in a 4-step clinical expanded scale (details in Figure 4.) in the three studied groups of oocytes p=0.02.

ZP birefringence on a 4-step scale
Total

step 0 step 1 step 2 step 3

Group 1 5
14.3%

12
34.3%

7
20.0%

11
31.4%

35
100%

Group 2 3
10.3%

5
17.2%

15
51.7%

6
20.7%

29
100%

Group 3 13
9.8%

20
15.0%

42
31.6%

58
43.6%

133
100%

Total 21
10.7%

37
18.8%

64
32.5%

75
38.1%

197
100%

Table  IV.  Zona pellucida birefringence autoscoring (OCTAX PolarAIDE system) on a 3-step scale, points 00,10,20, (details in Figure 2.) in the three studied groups of oocytes 
p=0,50

ZP auto score on a 3-step scale
Total

step 0 step 1 step 2

Group 1 9
25.7%

0
0.0%

26
74.3%

35
100%

Group 2 7
24.1%

0
0.0%

22
75.9%

29
100%

Group 3 23
17.3%

4
3.0%

106
79.7%

133
100%

Total 39
19.8%

4
2.0%

154
78.2%

197
100%



©  P o l s k i e  T o w a r z y s t w o  G i n e k o l o g i c z n eNr 4/2014 269

P R A C E  O R Y G I N A L N E
  ginekologia  

Jolanta Świątecka et al. Oocyte zona pellucida and meiotic spindle birefringence as a biomarker of pregnancy rate outcome in IVF-ICSI treatment.

         
o      o  o  oo     o   

oo     o   2  3 o    
  oo     o o    o   

o       o       
o  2  3     o       o  

 o   oo   o  1 o    oo   
o  o    o  o   3  o     

   o  o     o  
    o o    o    

 o     o   o  o    
 o    o      

o  o  o  oo   o    
  o  o o  3    1
      o    o  

o   o     o   

in vitro o  o   oo      
    o  oo  1   

o   o  oo      
o  13  
 o     o       

    o  o  oo     o  
  o o  o  o    

o        o o  
 o  oo        o  o 

1  1  1  2    o      o  
 o    o o   o   

o  o     13  
    oo     o  

o  o o o    o  o    
o o o   o  21  22  o  o    

   o   o  o o o    

 
Figure 1. Zona pellucida birefringence on a 4-step clinical expanded scale, points. A – step 0°, B – step 1°, C – step 2°, D – step 3°.

A B

C D

 
Figure 2. Autoscoring (OCTAX PolarAIDE system) on a 3-step scale, points. A – step 0°, B – step 1°, C – step 2°.

A B C
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Figure 3. Meiotic spindle visualization or lack of visualization, two group were established:  
A –  spindle detected (SpD subgroup) and B – spindle non-detected (SpND subgroup).

A B

 
Figure 4. Visualized meiotic spindle localization in relation to the polar body on a 4-step scale.  
A – step 1. An oocyte with a spindle forming at less than 30° (<30°) to the polar body. B –  step 2. An oocyte with a spindle forming at 30°-45° (30°≤ <45°) to the polar body. 
C –  step 3. An oocyte with a spindle forming at 45°-120° (45°≤ ≤120°) to the polar body. D –  step 4. An oocyte with a spindle forming at more than 120° (120°<) to the polar 
body.

A B

C D



©  P o l s k i e  T o w a r z y s t w o  G i n e k o l o g i c z n eNr 4/2014 271

P R A C E  O R Y G I N A L N E
  ginekologia  

Jolanta Świątecka et al. Oocyte zona pellucida and meiotic spindle birefringence as a biomarker of pregnancy rate outcome in IVF-ICSI treatment.

This work was supported by the National Science Centre, Poland (grant No. 
NN407 191337).

Oświadczenie autorów
1. Jolanta Świątecka – autor koncepcji, założeń protokołu, metody i 

analiza danych, analiza i interpretacja statystyczna - autor zgłaszający i 
odpowiedzialny za manuskrypt.

2. Tomasz Bielawski – autor koncepcji, założeń protokołu, metody i analiza 
danych.

3. Tomasz Anchim – metody i analiza danych.
4. Monika Leśniewska – autor koncepcji i założeń pracy.
5. Robert Milewski – analiza i interpretacja statystyczna.
6. Sławomir Wołczyński – autor koncepcji i założeń protokołu.

Źródło finansowania: Praca była finansowana ze środków Narodowego 
Centrum Nauki – projekt badawczy NCN nr: NN 407191337.

Konflikt interesów: Autorzy nie zgłaszają konfliktu interesów oraz nie otrzymali 
żadnego wynagrodzenia związanego z powstawaniem pracy.

References 

  1. de Almeida Ferreira Braga DP, de Cassia Sario Figueira R, Queiroz P, [et. al.]. Zona pellucida 
birefringence in in vivo and in vitro matured oocytes. Fertil Steril. 2010, 94, 2050-2053.

  2.  Madaschi C, de Souza Bonetti TC, de Almeida Ferreira Braga DP, [et. al.]. Spindle imaging: a 
marker for embryo development and implantation. Fertil Steril. 2008, 90 (1), 194-198.

  3.  Ebner T, Balaban B, Moser M, [et. al.]. Automatic user-independent zona pellucida imaging at 
the oocyte stage allows for the prediction of preimplantation development. Fertil Steril. 2010, 94 
(3), 913-920.

  4.  Rama Raju GA, Prakash GJ, Krishna KM, Madan K. Meiotic spindle and zona pellucida 
characteristics as predictors of embryonic development: a preliminary study using PolScope 
imaging. Reprod Biomed Online. 2007, 14 (2), 166–174.

  5.  Eichenlaub-Ritter U, Shen Y, Tinneberg HR. Manipulation of the oocyte: possible damage to the 
spindle apparatus. Reprod Biomed Online. 2002, 5 (2), 117–124.

  6.  Liu J, Lu G, Qian Y, [et al.]. Pregnancies and births achieved from in vitro matured oocytes 
retrieved from poor responders undergoing stimulation in in vitro fertilization cycles. Fertil Steril. 
2003, 80 (2), 447-449.

  7.  Wang W-H, Meng L, Hackett RJ, [et al.] The spindle observation and its relationship with 
fertilization after intracytoplasmic sperm injection in living human oocytes. Fertil Steril. 2001, 75 
(2), 348-353.

  8.  Lukaszuk K, Liss J, Jakiel G. „Internal coasting” for prevention of ovarian hyperstimulation 
syndrome (OHSS) in IVF/ICSI. Ginekol Pol. 2011, 82 (11), 812-816.

  9.  Montag M, Schimming T, Koster M, [et al.]. Oocyte zona birefringence intensity is associated 
with embryonic implantation potential in ICSI cycles. Reprod Biomed Online. 2008, 16 (2), 
239–244.

10.  Kilani S, Cooke S,Tilia L, Chapman M. Does meiotic spindle normality predict improved 
blastocyst development, implantation and live birth rates? Fertil Steril. 2011, 96 (2), 389-393.

11.  Tiitinen AC, Hyden-Granskop C, Gissler M. What is the most relevant standard of success in 
assisted reproduction? Hum Reprod. 2004, 19 (11), 2439–2441.

12.  Vilska S, Tiitinen A, Hyden-Granskog C, Hovatta O. Elective transfer of one embryo results in an 
acceptable pregnancy rate and eliminates the risk of multiple birth. Hum Reprod. 1999, 14 (9), 
2392-2395.

13.  Marco-Jiménez F, Naturil-Alfonso C, Jiménez-Trigos E, [et al.]. Influence of zona pellucida 
thickness on fertilization, embryo implantation and birth. Anim Reprod Sci. 2012, 132 (1-2), 
96-100.

14.  Cummins M, Breen TM, Harrison KL, [et al.]. A formula for scoring human embryo growth rates 
in in vitro fertilization: its value in predicting pregnancy and in comparison with visual estimates 
of embryo quality. J In Vitro Fert Embryo Transf. 1986, 3 (5), 284-295.

15.  Sun YP, Xu Y, Cao T, [et al.]. Zona pellucida thickness and clinical pregnancy outcome following 
in vitro fertilization. Int J Gynaecol Obstet. 2005, 89 (3), 258-262.

16.  Madaschi C, Aoki T, de Almeida Ferreira Braga DP, [et al.]. Zona pellucida birefringence score 
and meiotic spindle visualization in relation to embryo development and ICSI outcomes. Reprod 
Biomed Online. 2009, 18 (5), 681-686.

17.  Betraud E, Van Den Bergh M, Englert Y. Does zona pellucida thickness influence the fertilization 
rate? Hum Reprod. 1995, 10 (5), 1189-1193.

18.  Balakier H, Sojecki A, Motamedi G, [et al.]. Is the zona pellucida thickness of human embryos 
influenced by women’s age and hormonal levels? Fertil Steril. 2012, 98 (1), 77-83.

19. Hagemann AR, Lawrence LT, Jungheim ES, [et al]. Zona pellucida thickness does not predict 
pregnancy outcomes in patients less than 38 years of age undergoing in vitro fertilization: results 
from a prospective, randomized trial on assisted hatching. Fertil Steril. 2007, 88, S132.

20.  Lane DE, Shen S , Fujimoto VY, [et al.]. Correlation between patient age, day 3 FSH levels and 
zona pellucida thickness. Fertil Steril. 2003, 80, Suppl 3, P-242. 

21.  Zamboni L. Fine morphology of mammalian fertilization. New York: Harper & Row, 1971.

22.  Pickering SJ, Johnson MH, Braude PR, Houliston E. Cytoskeletal organization in fresh, aged 
and spontaneously activated human oocytes. Hum Reprod. 1988, 3 (8), 978–989.

23.  Pickering SJ, Johnson MH. The influence of cooling on the organization of the meiotic spindle 
of the mouse oocyte. Hum Reprod. 1987, 2 (3), 207-216.

24.  Pickering SJ, Braude PR, Johnson MH, [et al.]. Transient cooling to room temperature can 
cause irreversible disruption the meiotic spindle in the human oocytes. Fertil Steril. 1990, 54 (1), 
102–108.

25.  Almeida PA, Bolton NY. The effect of temperature fluctuations on the cytoskeletal organization 
and chromosomal constitution of the human oocyte. Zygote. 1995, 3 (4), 357–365.

26.  Aman RR, Parks JE. Effects of cooling and rewarming on the meiotic spindle and chromosomes 
of in vitro-matured bovine oocytes. Biol Reprod. 1994, 50 (1), 103–110.

27.  Baka SG, Toth TL, Veeck LL, [et al.]. Evaluation of the spindle apparatus of in-vitro matured 
human oocytes following cryopreservation. Hum Reprod. 1995, 10 (7), 1816–1820.

28.  Moor RM, Crosby IM. Temperature-induced abnormalities in sheep oocytes during maturation. 
J Reprod Fertil. 1985, 75 (2), 476–483.

29.  Munne S, Alikani M, Tomkin G, [et al.]. Embryo morphology, developmental rates and maternal 
age are correlated with chromosome abnormalities. Fertil Steril. 1995, 64 92), 382-391.

30.  Plachot M. Aneuploidy rates in blastomeres. In: Fertility and reproductive medicine. Eds. 
Kempers RD, Cohen J,Haney AF, Younger JB. Amsterdam: Elsevier Science. 1998, 711–720.

31.  de Almeida Ferreira Braga DP, de Cassia Sario Figueira R, Rodrigues D, [et al.]. Prognostic 
value of meiotic spindle imaging on fertilization rate and embryo development in in vitro-matured 
human oocytes. Fertil Steril. 2008, 90 (2), 429-433.

 
Figure 5. Zona pellucida birefringence numeral autoscore (OCTAX PolarAIDE 
system) in the three studied groups of oocytes p=0.09 

 
Figure 6. Zona pellucida thickness (OCTAX PolarAIDE system) in the three studied 
groups of oocytes p=0.66 


