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Abstract
Purpose  What is the rate of euploidy and clinical viability of embryos resulting from micro 3 pronuclei zygotes?
Methods  Retrospective cohort analysis in a single, academic in vitro fertilization (IVF) center from March 2018 to June 
2021. Cohorts were separated by fertilization as either a 2 pronuclear zygote (2PN) or micro 3 pronuclear zygote (micro 
3PN). PGT-A was performed to identify embryonic ploidy rates in embryos created from micro 3PN zygotes. The clinical 
outcomes of all transferred euploid micro 3PN zygotes were evaluated from frozen embryo transfer (FET) cycles.
Results  During the designated study period, 75,903 mature oocytes were retrieved and underwent ICSI. Of these, 60,161 
were fertilized as 2PN zygotes (79.3%) and 183 fertilized as micro 3PN zygotes (0.24%). Of the micro 3PN-derived embryos 
that underwent biopsy, 27.5% (n=11/42) were deemed euploid by PGT-A, compared to 51.4% (n=12,301/23,923) of 2PN-
derived embryos, p=0.06. Four micro 3PN-derived embryos were transferred in subsequent single euploid FET cycles, which 
includes one live birth and one ongoing pregnancy.
Conclusion  Micro 3PN zygotes that develop to the blastocyst stage and meet the criteria for embryo biopsy have the potential 
to be euploid by preimplantation genetic testing for aneuploidy (PGT-A) and if selected for transfer can achieve a live birth. 
Although there are a significantly lower number of micro 3PN embryos that make it to blastocyst biopsy, the potential to con-
tinue to culture abnormally fertilized oocytes may give these patients a chance at pregnancy that they previously did not have.
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Introduction

In the in vitro fertilization (IVF) setting, normal oocyte fer-
tilization is commonly confirmed 13–19 hours after con-
ventional insemination or intracytoplasmic sperm injection 
(ICSI) with the appearance of two pronuclei (2PN) [1, 2]. 
Abnormal oocyte fertilization is characterized by the pres-
ence of any number of pronuclei other than two, such as 
one pronuclei (1PN) or three pronuclei (3PN), which has 
been observed in up to ~10% of fertilized oocytes [3]. 1PN 
or 3PN fertilized gametes are commonly discarded due 

to the suspected increased risk of abnormal ploidy count 
[3–6]. Whether these abnormally fertilized zygotes can be 
cultured for successful embryo transfer has yet to be thor-
oughly investigated or published in reproductive medical 
journals [7].

1PN zygotes were believed to be haploid [5]. However, 
more recent studies have shown that 1PN zygotes can con-
tain a diploid chromosomal complement, particularly if the 
single PN underwent a fusion or appeared asynchronously 
[8]. The origin of 1PN zygotes may be due to parthenoge-
netic oocyte activation or asynchronous pronuclear forma-
tion and have been linked with implantation failure, though 
more recent data has shown 1PN zygotes may retain the 
ability to blastulate and can even lead to live births [3, 9–15].

Tripronucelate zygotes (3PN) may result from disper-
mic penetration during conventional insemination. When 
3PN zygotes are observed after the use of ICSI, their 
formation is usually assumed to be due to the retention 
of a second polar body resulting from improper meiotic 
division [16, 17]. However, a recent study utilizing time 
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lapse technology shows that a majority of these zygotes 
do extrude the second polar body, calling this hypothesis 
into question [18]. These zygotes are believed to contain 
a triploid chromosomal complement, with the one study 
showing that 3PN formation accounts for 15–18% of 
cytogenetically abnormal cases among spontaneous abor-
tions [19]. Despite the appearance of abnormal pronuclei 
counts, literature has demonstrated that the number of pro-
nuclei is not, in fact, a direct predictor of the ploidy state 
of a zygote [12, 20]. For example, although many 3PN 
zygotes are triploid, there are documented cases in which 
these abnormal zygotes spontaneously revert to diploidy 
and “self-correct” the presumed triploid abnormality after 
ICSI [21, 22]. This self-correction has been observed to 
take place early in embryonic development perhaps at the 
zygotic stage. One speculation is that 3PN zygotes contain 
an insufficient number of centrioles when compared to the 
number of pronuclei present; thus, these embryos may not 
contain adequate microtubules to assemble three pronuclei 
and instead self-correct to a diploid state [22, 23].

Another possible abnormality in fertilization is the 
appearance of an additional micro pronucleus, termed 
a micro 3PN or 2.1PN. These zygotes are characterized 
by the development of a third “micro” pronucleus that is 
physically smaller than the pronuclei seen in a typical 2PN 
or 3PN zygote. Similar to 1PN and 3PN zygotes, there 
is an inference that micro 3PN zygotes are aneuploid—
again likely triploid—which traditionally results in their 
abandonment as a potential viable embryo. However, it 
has been demonstrated in micro 3PN zygotes that mor-
phology alone is not a sufficient predictor of chromo-
somal status. A recent study assessed the ploidy state of 
abnormally fertilized zygotes and observed 12/14 (85.7%) 
blastocysts derived from micro 3PN, which they termed 
2.1PN, zygotes were diploid, while the remaining blas-
tocysts (2/14, 14.3%) were triploid [3]. Furthermore, 
the study found that two of the three live births derived 
from abnormally fertilized oocytes resulted from micro 
3PN zygotes; the third live birth was from a monopro-
nucleated (1PN) zygote [3]. An additional recent study 
investigated the blastulation rate and biopsy results of 
15/32 embryos derived from 2.1PN embryos and found 
no euploid embryos [24].

While micro 3PN zygotes account for less than 1% of fer-
tilized oocytes, there is limited evidence to support that they 
retain reproductive potential [12]. Screening for ploidy sta-
tus poses an opportunity to use abnormally fertilized zygotes 
by morphological standards, especially when a patient has 
no other embryos available for embryo transfer. There is 
a paucity of data specifically examining the chromosomal 
complement of micro 3PN zygotes; thus, the objective of the 
study is to assess the rate of euploidy and the clinical viabil-
ity of micro 3PN zygotes by looking at the largest cohort of 

micro 3PN embryos analyzed by preimplantation genetic 
testing for aneuploidy (PGT-A).

Materials and methods

This retrospective cohort study included all infertile patients 
who presented to a single academic center from March 2018 
to June 2021 and underwent in vitro fertilization with ICSI 
and preimplantation genetic testing for aneuploidy (PGT-A) 
for any indication. All embryos developed from fresh in vitro 
fertilization cycles from both 2PN and micro 3PN fertilized 
zygotes were analyzed. Embryos were excluded if they were 
developed from cryopreserved and thawed oocytes, from 
surgical sperm, and previously cryopreserved gametes which 
were subsequently thawed for PGT-A only. Euploid embryos 
that developed from micro 3PN zygotes were considered 
suitable for embryo transfer if no other euploid embryos 
were available that developed from 2PN zygotes. Our study 
was approved by an academic institutional review board 
(IRB#18-00441).

Clinical protocols

Ovarian stimulation

Patients underwent controlled ovarian hyperstimulation for 
IVF as previously described [25] using a protocol deter-
mined by their physician. Transvaginal ultrasound was 
used to monitor follicular growth until at least two folli-
cles were deemed mature (reaching at least 18 mm in diam-
eter). The trigger type for final maturation of the oocytes 
was determined by individual physicians. Final maturation 
was induced by either purified or recombinant human cho-
rionic gonadotropin (HCG) alone (Ovidrel®, EMD Serono, 
Rockland, MA, USA; Novarel®, Ferring Pharmaceuti-
cals, Parsippany, NJ, USA; or Pregnyl®, Schering-Plough, 
Kenilworth, NJ, USA), leuprolide acetate alone (Lupron®, 
AbbVie Laboratories, Chicago, IL, USA) alone, or a “dual 
trigger” with both HCG and leuprolide acetate. 36 hours 
after surge, patients underwent ultrasound-guided vaginal 
oocyte retrieval.

Laboratory procedures

Oocytes were examined for maturity between 4 and 6 
hours post retrieval. All oocytes reaching the Metaphase 
II (M2) stage were then inseminated by intracytoplasmic 
sperm injection (ICSI) due to planned preimplantation 
genetic testing for aneuploidy (PGT-A). Embryo media 
culture conditions were as previously described [25]. Of 
note, embryos were cultured in bench top incubators, and 
time lapse was not used. Fertilization check was performed 
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16–18 hours post ICSI, and any embryo with an abnor-
mal number of pronuclei was noted. Zygotes which had 
two evenly sized pronuclei were defined as 2PN zygotes, 
whereas zygotes which showed one additional smaller 
pronucleus in addition to two evenly size pronuclei as 
annotated by the embryologist were defied as micro 3PN 
zygotes (Fig. 1). On day 3 of development, laser-assisted 
hatching was performed on all embryos to increase hernia-
tion of the trophectoderm (TE) for preimplantation genetic 
testing by using a ZILOS-tk laser (Hamilton Thorne Bio-
sciences, Beverly, MA) to form a small 25–30 μm opening 
in the zona pellucida. All embryos were cultured to the 
blastocyst stage as previously described [26].

Embryos were examined on days 5, 6, and 7 of develop-
ment for eligibility for biopsy. All blastocysts were graded 
using a modified Gardner system to evaluate the expan-
sion, inner cell mass, and trophectoderm, and subsequent 
TE biopsy was performed on eligible embryos as previ-
ously described [27]. The morphological grading of the 
embryos was used to classify them into three groups by 
comparing the expansion, inner cell mass, and trophec-
toderm grades at the time of vitrification as previously 
described [28]. The three groups included good quality 
embryos (expansion grade of 4 or greater and ICM and TE 
grading of AA, AB, BA, or BB), moderate quality embryos 
(expansion grade 4 or greater and ICM and TE grading of 
AC, CA, BC, or CB), and fair quality (any expansion grade 
and an ICM and TE grade of CC). TE biopsy cells were 
sent to a commercial lab (Invitae) for PGT-A evaluation 
using FAST-SeqS next-generation sequencing (NGS) plat-
form [29], and all embryos were then cryopreserved using 
vitrification and the Cryotop™ method (Kitazato Corp., 
Shizuoka, Japan).

Embryo selection

Euploid embryos by PGT-A were considered for subsequent 
FET. Embryos with initially abnormal fertilization pattern 
were only considered for transfer if there were no euploid 
embryos available from 2PN zygotes. Cryopreserved euploid 
embryos with the best morphologic grade were selected for 
transfer and thawed on the day of transfer as previously 
described [25]. Synthetic preparation of the endometrium 
was used for subsequent FET cycles as previously described 
[27]. Pregnancy rates from subsequent frozen-thawed single 
euploid embryo transfer (SEET) cycles were examined.

Statistical analysis

For statistical analysis, comparative statistics were per-
formed with t-test and Kruskal Wallis after testing for nor-
mality. Categorical data was compared using chi-squared 
test. Results were expressed as percentages, means, and 
standard deviations as appropriate. Logistic regression was 
performed for both embryo biopsy rate and euploidy rate 
and adjusted for confounding variables which were decided 
a priori based on prior studies which included oocyte age, 
AMH, partner age, BMI, and semen analysis parameters. All 
p values are set with a clinical significance level determined 
at p ≤ 0.05.

Results

During the designated study period, 75,903 mature oocytes 
were retrieved and underwent ICSI. Of these, 60,161 were 
fertilized as 2PN zygotes (79.3%) and 183 fertilized as 
micro 3PN zygotes (0.24%). Demographic characteristics 
of the cycles the embryos derived from were compared and 
included in Table 1.

The number of embryos that developed to the blastocyst 
stage and met biopsy criteria was significantly different 
among the groups (39.8% of 2PNs (n=23,923/60,161) vs. 
23.0% of micro 3PNs (n=42/183), p <0.00001) (Fig. 2). 
A logistic regression was then performed and adjusted for 
oocyte age, BMI, AMH, partner age, and semen analysis 
parameters. There was still a lower odds of blastocyst biopsy 
with embryos derived from micro 3PN embryos versus 
2PN embryos with an OR of 0.09 and 95% CI 0.06, 0.14 
(p=<0.0001).

Of the micro 3PN-derived embryos that under-
went biopsy, 27.5% (n=11/42) were deemed euploid 
by PGT-A, compared to 51.4% (n=12,301/23,923) of 
2PN-derived embryos, p=0.06 (Fig.  2). Of the micro 
3PN-derived embryos that underwent biopsy, 2.4% 
(n=1/42) had a mosaic component by PGT-A compared 
to 6.0% (n=1438/23,923) of 2PN embryos in this cohort, Fig. 1   Image of a micro 3PN zygote at fertilization check
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p=0.98. A logistic regression was again performed and 
adjusted for oocyte age, BMI, AMH, partner age, and 
semen analysis parameters. There was a lower odds of 

euploidy with embryos derived from micro 3PN embryos 
versus 2PN embryos with an OR 0.04 and 95% CI 0.02, 
0.09 (p=<0.0001). PGT-A analysis of each micro 3PN 

Table 1   Baseline demographics

Micro 3PN embryos 2PN embryos
n=42 n=23,923

Mean ± SD Mean ± SD p value
Oocyte age 38.57 ± 4.42 37.47 ± 4.44 <0.001
Partner age 43.03 ± 6.06 42.60 ± 6.30 0.37
BMI 24.71 ± 4.66 24.58 ± 4.73 0.55
AMH 2.68 ± 2.96 2.48 ± 2.71 0.04
BAFC 13.27 ± 8.06 12.48 ± 7.66 0.12
Gonadotropin cumulative dose 3936.89 ± 1341.86 4038.51 ± 1342.74 0.29
Semen analysis: volume (mL) 2.37 ± 1.53 2.67 ± 2.26 0.05
Semen analysis: concentration (millions/mL) 71.45 ± 50.76 68.87 ± 49.61 0.63
Semen analysis: total motile (millions) 95.22 ± 100.79 100.32 ± 128.54 0.91
Semen analysis: morphology (% normal forms) 3.63 ± 1.98 3.99 ± 3.89 0.14

Frequency (%) Frequency (%) p value
Diagnosis
  Primary infertility and diminished ovarian reserve 20/42 (47.6%) 7979/23923 (33.3%) 0.24
  Male factor 3/42 (7.1%) 3471/23,923 (14.5%)
  Female anatomic problem 5/42 (11.9%) 2386/23,923 (10.0%)
  Ovulatory dysfunction 3/42 (7.1%) 3052/23,923 (12.8%)
  Other 11/42 (26.2%) 7035/23,923 (29.4%)

Blastocyst morphology
  Good quality 25/42 (59.52%) 14,863/23,923 (62.13%) 0.23
  Moderate quality 12/42 (28.57%) 7689/23,923 (32.14%)
  Fair quality 5/42 (11.90%) 1371/23,923 (5.73%)
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Fig. 2   Comparison of percentage of blastocysts biopsied and percentage euploid
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biopsied embryo is shown in Table 2, specifically noted 
is there were no embryos with a triploidy complement. 
The distribution of types of aneuploidies in micro 3PN 

embryos is relatively similar to embryos tested in the val-
idation study by the commercial lab using FAST-SeqS 
NGS [28].

Table 2   PGT-A analysis of micro 3PN biopsied embryos

Embryo Blastocyst mor-
phology

Day of 
biopsy

PGT-A result PGT-A result grouped Transferred 
(Y/N)

1 6CB 6 Complex abnormal Whole chromosome aneuploidy –
2 6CC 7 Complex abnormal Whole chromosome aneuploidy –
3 6BB 6 +18, +22 Whole chromosome aneuploidy –
4 5BB 5 Euploid Euploid N
5 4BC 6 Complex abnormal Whole chromosome aneuploidy –
6 4AC 6 −15, −21 Whole chromosome aneuploidy –
7 4AC 6 45X Whole chromosome aneuploidy –
8 4AC 6 +10, −22 Whole chromosome aneuploidy –
9 5AB 6 del(5)(q11.2) Segmental aneuploidy –
10 5AB 6 Euploid Euploid Y
11 4CC 6 +19, −22 Whole chromosome aneuploidy –
12 5AB 6 Euploid Euploid N
13 4BA 5 −6 Whole chromosome aneuploidy –
14 4BC 6 Complex abnormal Whole chromosome aneuploidy –
15 5AA 6 del(X)(q13), +22 Segmental aneuploidy –
16 4AA 6 Euploid Euploid Y
17 5AB 5 dup(20)(q11.2q13.3) Segmental aneuploidy –
18 5BA 6 Euploid Euploid N
19 5AB 6 +18 Whole chromosome aneuploidy –
20 6BC 7 +4, +8, +9 Whole chromosome aneuploidy –
21 4BA 5 Mosaic −18, −21 Whole chromosome aneuploidy and mosaic –
22 6AA 6 −16 Whole chromosome aneuploidy –
23 5BB 6 Euploid Euploid N
24 6CC 7 −17 Whole chromosome aneuploidy –
25 4AA 6 +16, −21, −22 Whole chromosome aneuploidy –
26 4BB 6 Euploid Euploid N
27 5CA 6 +8 Whole chromosome aneuploidy –
28 4AC 6 Complex abnormal Whole chromosome aneuploidy –
29 4BA 5 +15 Whole chromosome aneuploidy –
30 5CC 6 Euploid, PGT-M affected Euploid –
31 4CC 6 −10 Whole chromosome aneuploidy –
32 5AB 5 +21 Whole chromosome aneuploidy –
33 6AA 6 Euploid Euploid Y
34 6BC 7 +9 Whole chromosome aneuploidy –
35 4BB 5 Euploid Euploid Y
36 5BC 6 −15 Whole chromosome aneuploidy –
37 4AA 5 Euploid Euploid N
38 4BA 6 +16, +18 Whole chromosome aneuploidy –
39 4AA 5 +13, −22 Whole chromosome aneuploidy –
40 4AC 6 Complex abnormal Whole chromosome aneuploidy –
41 6AA 7 +12, +15, +16 Whole chromosome aneuploidy –
42 6AA 5 Euploid Euploid N
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Four micro 3PN-derived embryos were transferred in sub-
sequent frozen-thawed SEET cycles. One transfer resulted 
in a live birth, one resulted in a clinical loss after a crown 
rump length was observed (without testing of products of 
conception), one resulted in an ongoing pregnancy, and the 
last transfer did not result in a pregnancy.

Discussion

Micro 3PN zygotes that develop to blastocyst stage and 
meet the criteria for embryo biopsy have the potential to 
be euploid and if selected for transfer can achieve a live 
birth. This study’s finding is contrary to prior clinical infer-
ence that abnormally fertilized oocytes develop to be ane-
uploid and would not be suitable for potential embryo trans-
fer. Notably, as a first-line choice, physicians should offer 
genetic testing of and potential transfer normally fertilized 
2PN embryos and precautions should be taken when trans-
ferring embryos that originated from micro 3PN zygotes. 
In this study, we observed significantly less micro 3PN 
embryos available for biopsy when compared to normally 
fertilized 2PN embryos. Despite this difference, the study 
showed that micro 3PN zygotes can be used by patients as a 
second-line choice if they have no other embryos available 
for transfer.

Micro 3PN zygotes in particular, like 3PN zygotes, were 
thought to be triploid and were not expected to result in a 
healthy pregnancy if selected for transfer. When abnormal 
fertilization is confirmed in the laboratory by the presence 
of anything other than two pronuclei, it had been common 
practice to discard these “abnormal” zygotes [10]. Recent 
data suggests that 1PN, 3PN, and micro 3PN (also referred 
to as 2.1PN) zygotes are capable of forming viable embryos 
with normal chromosomal configuration, despite initial 
abnormal morphology in the fertilization assessment [12, 
17]. Beyond development of viable embryos, abnormally 
fertilized zygotes have been shown to result in clinical preg-
nancy and live births [12, 16, 19].

This data is of particular importance to patients with 
diminished ovarian reserve who may only have embryos 
from abnormally fertilized oocytes available for biopsy and 
transfer. Previous studies have shown that 1PN, 3PN, and 
micro 3PN embryos can all have reproductive potential [3, 
5–7, 9, 12–14, 19, 20, 30–33]. Although there are a signifi-
cantly lower number of micro 3PN embryos that make it to 
blastocyst biopsy, the potential to continue to culture abnor-
mally fertilized oocytes may give these patients a chance at 
pregnancy that they previously did not have.

The results of our study confirm that morphology alone 
is not a sufficient predictor of ploidy, particularly that two 
pronuclei plus one “micro” pronucleus as shown in micro 

3PN zygotes do not predict triploidy. Similar to 1PN and 
3PN zygotes, genetic testing by PGT-A on micro 3PN 
zygotes should be considered to understand their chromo-
somal configuration and potential for euploid blastocyst 
embryo transfer [3]. In this study, we biopsied blasto-
cysts developed from micro 3PN zygotes and show that 
a number of micro 3PNs are in fact diploid and euploid 
by PGT-A and capable of producing viable embryos 
that result in clinical pregnancy. Interestingly, none of 
the micro 3PN embryos showed a triploid chromosomal 
complement; thus, this prior belief should not dissuade 
extended culture of these abnormally fertilized oocytes.

Furthermore, of the 4 embryos that were transferred, 75% 
resulted in a clinical pregnancy (n = 3/4), although one 
encountered an early clinical loss. In the context of the start-
ing number of micro 3PNs in this study, 1.1% (n = 2/183) 
led to ongoing pregnancy/live birth. Although a small pro-
portion, this demonstrates the possibility for abnormally 
fertilized embryos to develop into normal embryos and give 
patients an opportunity for transfer and live birth.

However, this study is not without limitations. The ret-
rospective nature of this study restricts variables that we 
can study. The use of time lapse imaging could give more 
information on the formation or early correction of micro 
3PN embryos, which could not be assessed due to our lab 
protocols. This study does not answer the questions of how 
or why micro 3PN embryos form and the hypotheses remain 
including fragmented nucleus from fertilization, failed 
cytokinesis, diandry, and delayed fertilization. This study is 
limited by not using an objective measurement of a “micro” 
3PN and instead relies on the expertise of the embryolo-
gist to annotate this fertilization pattern which could add in 
potential bias. However, senior embryologists confirm all 
fertilization checks on abnormally fertilized oocytes which 
decreases this bias. In addition, PGT-A by NGS in abnor-
mally fertilized oocytes could benefit from the addition of 
karyomapping to increase accuracy.

In conclusion, given modern sequencing advances, we 
now provide further evidence that micro 3PN zygotes can 
develop into euploid blastocysts and result in ongoing preg-
nancies. The study advances understanding of the genetic 
heterogeneity within abnormally fertilized oocytes and 
increases assurance in achieving a clinical pregnancy when 
2PN embryos are absent, even though micro 3PNs account 
for a small proportion of all retrieved oocytes. This study 
adds to the scientific literature on abnormally fertilized 
oocytes by including a larger sample size of micro 3PN 
zygotes and using all NGS for PGT-A. Further studies are 
needed to increase the number of transfers with abnormally 
fertilized oocytes and to determine if other “abnormal” PN 
counts identified during the fertilization assessment could 
also yield viable euploid embryos for transfer.
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