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Abstract 

Background: Selection of  transferred embryos for assisted reproduction required special care. Scoring of  the morphological features 
for 18, 44, and 68 h after intracytoplasmic sperm injection. Objectives: The study aims to evaluate the correlation between pronuclear 
morphology and embryo quality. Materials and Methods: This prospective study included 85 intracytoplasmic sperm injection (ICSI) 
cycles. The following pronuclear morphological features were evaluated: pronuclear centering, proximity, number of  pronuclear 
precursor bodies their polarization, orientation of  pronuclei, and presence of  cytoplasmic hallo. All are related to day 3 embryo 
development and morphology. Results: A total of  207 embryos were enrolled in the study. Of these, 67 embryos were considered 
as poor quality, and 140 embryos were considered as good quality. There was an insignificant difference between the good embryo 
quality group and bad embryo quality group in orientation, proximity centering, number of  nucleolar precursor bodies, polarization, 
and c-halo (P > 0.05). A total score of  14 or more gives a sensitivity of  60% and spasticity of  56% to get a good embryo quality. 
Conclusion: Pronuclear morphology cannot be used as a prognostic marker for cleavage stage embryo quality. 
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Introduction
The ovarian environment, which is composed of a diverse 
range of physiologically active chemicals, serves as the 
oocyte’s microenvironment during its development 
and maturity, which affect ultimately embryo quality.[1] 
Careful embryo selection affects the result of the assisted 
technique.[2] A lot of embryo scoring strategies were 
used. However, the most frequently used systems are the 
cleavage rate, size, and shape of the blastomeres together 
with the percentage of anucleated fragments.[3]

Previous research found that the optimal cleavage rate 
would be the most critical criterion when choosing day 
2 and 3 embryos for intrauterine transfer.[4,5] Symmetry 
of embryos and multinucleation of blastomeres have also 
been shown to influence the implantation potential.[6] 
Accordingly, the human pronuclear stage is scored and 
evaluated depending based on pronuclear alignment, size, 
number, evenness, and heterogeneity of cytoplasm.[6-9] 
Pronuclear scoring system positively associated with 

the potential of implantation and live birth in zygote 
transfers.[10]

As it is for other systems of evaluating embryo 
morphology,[11] two principle systems for the assessment 
of pronuclear morphology were suggested by Scott and 
Smith[12] and Tesarik et al.[13]

Materials and Methods
From 85 ICSI cycles, 207 zygotes were involved in our 
study, which was done in an infertility treatment center 
in Alsadr Medical City. between September 2013 and 
December 2014. Couples enrolled in this study were 
treated by intracytoplasmic sperm injection. Ovarian 

Access this article online

Quick Response Code:
Website: 
https://journals.lww.com/mjby

DOI: 
10.4103/mjbl.mjbl_1406_23

Submission: 14-Sep-2023   Accepted: 12-Dec-2023  Published: 29-Mar-2025

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows 
others to remix, tweak, and build upon the work non-commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Abdulkadim H, Edan BJ, Hassan MF. 
Prognostic role of pronuclear morphology as a marker of embryo 
quality. Med J Babylon 2025;22:189-94.



Abdulkadim, et al.: Prognostic role of pronuclear morphology as a marker of embryo quality

         190� 190    Medical Journal of Babylon  ¦ Volume 22 ¦ Issue 1 ¦ January-March 2025

stimulation was done, and 10,000 IU of human chorionic 
gonadotrophin (hCG) was given as a trigger for the final 
maturation of the oocyte.

The timing of  the trigger was decided when the three 
follicles were ≥18 mm in diameter. Ovum pickup was 
done with transvaginal ultrasound guidance under 
light general anesthesia 35–36 h posthCG. Oocytes were 
gathered immediately into (37°C) in vitro fertilization 
culture medium (Fertipro) and CO2 incubator. The 
semen samples of  the male partner were analyzed 
and prepared by sperm wash and swim-up method. 
Oocyte injected with husband sperm using an inverted 
microscope (Olympus, Hachioji, Tokyo, Japan) equipped 
with a micromanibulator (RI).

Around 16–18 h after injection, oocytes were examined for 
signs of fertilization.

Normal fertilization was reflected by the presence of two 
distinct pronuclei.

“According to the appearance of  a halo, a halo-positive 
zygote or a halo-negative zygote were classified” 
[Figure 1].

The Zygote Scoring System was used in this study.[10] The 
parameters that were considered in this system were: 
“orientation, proximity, and centering of pronuclei. 
Number and polarization of nucleoli (nucleolar precursor 
bodies, NPB) and finally the appearance of cytoplasmic 
hallo.” Each parameter was scored from 1 to 3 (from 
the least quality to the best) cleaved (day 2 or 3) embryo 
scoring.

The morphology of the embryo was assessed 48–68 h 
after injection. The embryos graded from I to IV were as 
follows:

	 Grade I: have even regular blastomer with no or very 
few fragmentation rate;

	 Grade II: have uneven or irregularly shaped blastomer 
with not more than 10% fragmentation rate; 

	 Grade III: fragmentation up to 50%; and
	 Grade IV: more than 50% of the blastomers were 

fragmented. It represents the worst quality embryos.

Results
The total number of embryos involved in this study were 
207. Of these, 67 embryos were considered as poor embryo 
quality, and 140 embryos were considered as good embryo 
quality.

The relationship between pronuclei (PN) score and embryo 
quality is shown in Table 1. There were insignificant 
differences between the good embryo quality group and 
bad embryo quality group in orientation, proximity 
centering, no.NPB (number of NPB), c-polarization, and 
c-halo (P > 0.05).

About orientation in the good embryo quality group, 
35.71% had a score of  3, proximity centering 51.43% 
had a score of  3, no NPB 68.57% had a score of  3, 
c-polarization 32.86% had a score of  3, and c-halo 
20.71% had a score of  3.

The median of all scores was calculated, there was an 
insignificant difference between the good embryo quality 
group and the bad embryo quality group regarding total 
score, the median of both groups was equal to 13 [Table 1].

Factors associated with embryo quality at binary 
logistic regression were reported in Table 2. There was 
an insignificant association between studied factors and 
embryo quality (P > 0.05).

The reference group was bad quality embryo group. 
Receiver operating characteristic (ROC) curve of the total 
score for the good quality embryo group compared with 
the bad quality group is shown in Figure 2. A total score 
of 14 or more gives a sensitivity of 60% and spasticity of 
56% to get a good embryo quality.

Discussion
Evaluation of the developmental potential of embryos 
is the single most important factor for their selection for 
transfer, and to achieve high pregnancy rates they suggested 
a score to identify embryos suitable for transfer.[14,15]

Till recently, literature data about the association 
between zygote morphology and the biological outcome 
of embryos was inconclusive, which may be due to 
differences in criteria used for PN evaluation and time of 
PN assessment.[16]

This study evaluated the prognostic effect of the PN 
morphology, we did not find any relationship between PN 
score and embryo quality as another study.[13,17-22]

The dynamic nature of morphological sequential changes 
occurring in the pronuclear zygote has a critical role in 
future embryo development and can be used as markers 
of embryo progress[23] Orientation of the PN decides the 
cleavage plane and will be vital for the polarity of embryo.[24] 
Inside the pronuclei, NPB behaves in a dynamic pattern at 
the time of PN movement; initially appear scattered, and 
this is followed by their polarization with alignment along 
the line of pronuclear contact.[25] In the cytoplasm, a clear 
halo appears in the peripheral area during fertilization 
due to the movement of organelles such as mitochondria 
from the cortex towards the center of the zygote around 
the PN.[26]

In our study, all these morphological changes were 
examined for pronuclear scoring to identify their 
correlation with embryo quality.

Asynchrony in the formation and polarization of 
pronuclei may be a sequential, linked event associated 
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Figure 1: The Zygote Scoring System



Abdulkadim, et al.: Prognostic role of pronuclear morphology as a marker of embryo quality

         192� 192    Medical Journal of Babylon  ¦ Volume 22 ¦ Issue 1 ¦ January-March 2025

with chromosomal abnormalities, with their consequences 
appearing after activation of the embryonic genome.[27-29]

Another studied factor is the appearance of cytoplasmic 
halo. Payne et al.[23] were the first to report a suboolemmal 
district of clear cytoplasm soon before the composition of 
the male and female pronuclei. This concern a focused clear 
field of cortical cytoplasm repeatedly progressing to involve 
all cytocortex (character). This wonder is a proverb showing 

the switch of mitochondria and various cytoplasmic 
organelles to the perinuclear domain.[30] This feature may be 
a part of the cycle regulation and activation by mobilization 
of calcium and adenosine triphosphate release.[31-34] Again, 
our study documented that there is no significant correlation 
between this phenomenon and embryo quality.

Nuclear precursor bodies are another parameter 
evaluated in the zygote score. A lot of studies indicated 

Table 1: The relationship between PN score and embryo quality

Character Score Poor embryo quality Percentage (%) Good embryo quality Percentage (%) P value 

Orientation 1 20 29.85 47 33.57 0.78
2 24 35.82 43 30.71

3 23 34.33 50 35.71

Proximity centering 1 21 31.34 45 32.14 0.82

2 9 13.43 23 16.43

3 37 55.22 72 51.43

1 2 2.99 9 6.43 0.55

2 19 28.36 34 24.29

3 46 68.66 97 69.29

No.NPB 1 2 2.99 9 6.43 0.52

2 19 28.36 34 24.29

3 46 68.66 96 68.57

c-Polarization 1 6 8.96 21 15.00 0.45

2 39 58.21 73 52.14

3 22 32.84 46 32.86

c-Halo 1 18 26.87 48 34.29 0.55

2 34 50.75 63 45.00

3 15 22.39 29 20.71

Total 67 140 207

Total score median 13 13 0.63
P value < 0.05 is considered significant

Table 2: “Binary logistic regression” of predictors factors for embryo quality

Character Score P value Odds ratio CI

Upper Lower 

Orientation 1 0.589 0.824 0.408 1.664

2 0.832 1.081 0.526 2.220

3

Proximity centering 1 0.772 1.101 0.574 2.114

2 0.538 1.313 0.552 3.124

3

1 0.338 2.156 0.448 10.385

2 0.649 0.857 0.442 1.663

3

no.NPB 1 0.338 2.156 0.448 10.385

2 0.649 0.857 0.442 1.663

3

c-Polarization 1 0.332 1.674 0.592 4.735

2 0.734 0.895 0.472 1.697

3

c-HALO 1 0.445 1.379 0.604 3.150

2 0.912 0.958 0.453 2.029

3
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that the morphology of the pronuclear oocyte has a direct 
influence on continuous in vitro progress.[12,14,35]

The absence of polarization of the NPB may be a 
morphological expression of a lack of chromatin 
polarization, which indicates a slower and much poorer 
development.[36]

As noticed, high-quality zygotes can develop into low-
quality embryos and vice versa. Zygotes cannot predict 
preimplantation embryo morphology and developmental 
potential.

Embryonic development demonstrates that the 
morphology of zygote variates within a short period.[37] 
Therefore, a single microscopic evaluation may be 
confusing and such alterations may explain the inconsistent 
study and reports.[16,38]

Conclusion
Pronuclear morphology cannot be used as a prognostic 
marker for cleavage stage embryo quality.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Swadi NN, Edan BJ, Rahim AI, Ali RA. Follicular fluid thyroid 

hormones (T4 and T3) levels and ICSI outcomes. Med J Babylon 
2023;20:81-4.

2.	 Bormann CL, Thirumalaraju P, Kanakasabapathy MK, Kandula 
H, Souter I, Dimitriadis I, et al. Consistency and objectivity of 
automated embryo assessments using deep neural networks. Fertil 
Steril 2020;113:781-787.e1.

3.	 Martínez-Granados L, Serrano M, González-Utor A, Ortiz N, 
Badajoz V, López-Regalado ML, et al; Special Interest Group 
in Quality of ASEBIR (Society for the Study of Reproductive 
Biology). Reliability and agreement on embryo assessment: 5 Years 
of an external quality control programme. Reprod Biomed Online 
2018;36:259-68.

4.	 Jiang Y, Jiang R, He H, Ren X, Yu Q, Jin L. Comparison of 
clinical outcomes for different morphological scores of D5 and D6 
blastocysts in the frozen-thawed cycle. BMC Pregnancy Childbirth 
2023;23:97.

5.	 VerMilyea M, Hall JMM, Diakiw SM, Johnston A, Nguyen T, 
Perugini D, et al. Development of an artificial intelligence-based 
assessment model for prediction of embryo viability using static 
images captured by optical light microscopy during IVF. Hum 
Reprod 2020;35:770-84.

6.	 Hurtado R, de Lima B, Valle M, Sampaio M, Geber S. In vitro 
human embryo morphology - An odissey outside the oviduct. 
Austin J Anat 2021;8:1099.

7.	 Stigliani S, Massarotti C, Bovis F, Casciano I, Sozzi F, Remorgida V, 
et al. Pronuclear score improves prediction of embryo implantation 
success in ICSI cycles. BMC Pregnancy Childbirth 2021;21:361.

8.	 Armstrong S, Bhide P, Jordan V, Pacey A, Farquhar C. Time-
lapse systems for embryo incubation and assessment in assisted 
reproduction. Cochrane Database Syst Rev 2018;5:CD011320.

9.	 Munné S, Kaplan B, Frattarelli JL, Child T, Nakhuda G, Shamma 
FN, et al; STAR Study Group. Preimplantation genetic testing 
for aneuploidy versus morphology as selection criteria for single 

Area

Cutoff

value

Sensitivity Specificity 

95% CI

Lower 

Bound

Upper 

Bound

0.58 14 60% 56% 0.445 0.610

Figure 2: ROC curve of total score for good quality embryo group compared to bad quality group



Abdulkadim, et al.: Prognostic role of pronuclear morphology as a marker of embryo quality

         194� 194    Medical Journal of Babylon  ¦ Volume 22 ¦ Issue 1 ¦ January-March 2025

frozen-thawed embryo transfer in good-prognosis patients: A 
multicenter randomized clinical trial. Fertil Steril 2019;112:1071-
1079.e7.

10.	 Canon C, Thurman A, Li A, Hernandez-Nieto C, Lee JA, Roth 
RM, et al. Assessing the clinical viability of micro 3 pronuclei 
zygotes. J Assist Reprod Genet 2023;40:1765-72.

11.	 Chen X, Shi S, Mao J, Zou L, Yu K. Developmental potential of 
abnormally fertilized oocytes and the associated clinical outcomes. 
Front Physiol 2020;4:528424.

12.	 Scott L, Smith S. The successful of pronuclear embryo transfers the 
day following oocyte retrieval. Hum Reprod 1998;13:1003-13.

13.	 Tesarik J, Junca AM, Hazout A, Aubriot FX, Nathan C, Cohen-
Bacrie P, et al. Dumont-Hassan Embryos with high implantation 
potential after intracytoplasmic sperm injection can be recognized 
by a simple, non-invasive examination of pronuclear morphology. 
Hum Reprod 2000;15:1396-9.

14.	 Ebner T, Moser M, Sommergruber M, et al. Presence, but not type 
or degree of extension, of a cytoplasmic halo has a significant 
influence on preimplantation development and implantation 
behavior. Hum Reprod 2003;11:1406-12.

15.	 Fish JD, Rodriquez H, Ross R, et al. The graduated embryo score 
(GES) predicts blastocyst formation and pregnancy rate from 
cleavage - Stage embryos. Hum Reprod 2001;16:1970-5.

16.	 Nicoli A, Palomba S, Capodanno F, Fini M, Falbo A, La Sala GB. 
Pronuclear morphology evaluation for fresh in vitro fertilization 
(IVF) and intracytoplasmic sperm injection (ICSI) cycles: A 
systematic review. J Ovarian Res 2013;6:64.

17.	 De Placido G, Wilding M, Strina I, Alviggi E, Alviggi C, Mollo 
A, et al. High outcome predictability after IVF using a combined 
score for zygote and embryo morphology and growth rate. Hum 
Reprod 2002;17:2402-9.

18.	 aroudi K J, Al-Hassan S, Sieck U, Al-Sufyan H, Al-Kabra M, 
Coskun S. Zygote transfer on day 1 versus cleavage stage embryo 
transfer on day 3: A prospective randomized trial. Hum Reprod 
2004;19:645-8.

19.	 Maille L, Bergere M, Lemoine E, Camier B, Prevost JF, Bourdrel 
JM, et al. Pronuclear morphology differs between women more 
than 38 and women less than 30 years of age. Reprod Biomed 
Online 2009;18:367-73.

20.	 Nicoli A, Capodanno F, Moscato L, Rondini I, Villani MT, Tuzio 
A, et al. Analysis of pronuclear zygote configurations in 459 
clinical pregnancies obtained with assisted reproductive technique 
procedures. Reprod Biol Endocrinol 2010;8:77.

21.	 Qian YL, Ye YH, Xu CM, Jin F, Huang HF. Accuracy of a 
combined score of zygote and embryo morphology for selecting 
the best embryos for IVF. J Zhejiang Univ Sci B 2008;9:649-55.

22.	 Salumets A, Hydén-Granskog C, Suikkari AM, Tiitinen A, Tuuri 
T. The predictive value of pronuclear morphology of zygotes 
in the assessment of human embryo quality. Hum Reprod 
2001;16:2177-81.

23.	 Payne D, Flaherty SP, Barry MF, Matthews CD. Preliminary 
observations on polar body extrusion and pronuclear formation 

in human oocytes using time-lapse video cinematography. Hum 
Reprod 1997;12:532-41.

24.	 Edwards RG, Beard HK. Oocyte polarity and cell determination in 
early mammalian embryos. Mol Hum Reprod 1997;3:863-905.

25.	 Tesarik J, Kopecny V. Development of human male pronucleus: 
Ultrastructure and timing. Gamete Res 1989;24:135-49.

26.	 Bavister BDand Squirrell JM. Mitochondrial distribution 
and function in oocytes and early embryos. Hum Reprod 
2000;15:189-98.

27.	 Alvarez C, Taronger R, García-Garrido C, de Merlo G. Zygote 
score and status 1 or 2 days after cleavage and assisted reproduction 
outcome. Int J Gynaeco Obstet 2008;101:16-20.

28.	 Ebner T, Moser M, Sommergruber M, Tews G. Selection based 
on morphological assessment of oocytes and embryos at different 
stages of preimplantation development: A review. Hum Reprod 
Update 2003;9:251-62.

29.	 Nagy ZP, Dozortsev D, Diamond M, Rienzi L, Ubaldi F, 
Abdelmassih R, et al. Pronuclear morphology evaluation with 
subsequent evaluation of embryo morphology significant increases 
implantation rates. Fertil Steril 2003;80:67-74.

30.	 Van Blerkom J, Davis P, Alexander S. Differential mitochondrial 
distribution in human pronuclear embryos leads to dis-
proportionate inheritance between blastomeres: Relationship to 
microtubular organization, ATP content and competence. Hum 
Reprod 2000;15:2621-33.

31.	 Wu GJ, Simerly C, Zoran SS, Funte LR, Schatten G. Microtubule 
and chromatin dynamics during fertilization and early development 
in rhesus monkeys, and regulation by intracellular calcium ions. 
Biol Reprod 1996;55:260-70.

32.	 Bravister BD, Squirrell JM. Mitochondrial distribution and function 
in oocytes and early embryos. Hum Reprod 2000;15:189-98.

33.	 Sousa M, Barros A, Silva J, Tesarik J. Developmental changes in 
calcium content of ultrastructually distinct subcellular compartments 
of pre-implantation human embryos. Mol Hum Reprod 1997;3:83-90.

34.	 Diaz G, Setzu M, Zucca A, Isola R, Diana A, Murru R, et al. 
Subcellular heterogeneity of mitochondrial mem-brane potential: 
Relationship with organelle distribution and intercellular contacts 
in normal, hypoxic and apoptotic cells. J Cell Sci 1999;112:1077-84.

35.	 Kahraman S, Kumtepe Y, Sertyel S, Dönmez E, Benkhalifa M, 
Findikli N, Vanderzwalmen P. Pronuclear morphology scoring and 
chromosomal status of embryos in severe male infertility. Hum 
Reprod 2002;17:3193-320.

36.	 Tesarik J, Greco E. The probability of abnormal preimplantation 
development can be predicted by a single static observation on 
pronuclear stage morphology. Hum Reprod 1999;14:1318-23.

37.	 Hyttel P, Viuff  D, Laurincik J, Schmidt M, Thomsen PD, Avery 
B, et al. Risk of in vitro production of cattle and swim embryos: 
Aberrations in chromosome numbers, ribosomal RNA gene 
activation and perinatal physiology. Hum Reprod 2000;15:87-97.

38.	 Azzarello A, Hoest T, Mikkelsen AL. The impact of pronuclei 
morphology and dynamicity on live birth outcome after time-lapse 
culture. Hum Reprod 2012;27:2649-57.


