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Introduction 
The diagnosis of male infertility is commonly based 

on semen analysis, however, in some cases male fertility 
assessment is not possible due to the descriptive nature of 
semen analysis. One of the most common reasons of male 
infertility is teratozoospermia (1). This term refers to 
semen samples in which the percentage of normal sperm 
morphology is below the threshold value defined by the 
World Health Organization (WHO). This threshold has 
varied significantly (50 to 4%) from the first to the latest 
edition of WHO since 1980 to 2021 (2). Teratozoospermia 
is associated with a wide range of abnormalities in the 
sperm head, neck, mid-piece, principle, and tail regions 
(3).  Chemes et al. (4, 5) suggested that there are a number 
of ultrastructural abnormalities in sperm that cannot be 
assessed by microscopic evaluation of sperm morphology 
and so far have not been described by the WHO. As such, 
the latest edition of WHO (2021) states that a number of 
individuals with normal ejaculate analysis, could have 
sperm with structural abnormalities in the acrosome 
region and acrosome reaction affecting the ability 
of these sperm to penetrate and activate the oocytes 

(6). In some semen samples there are certain sperm 
abnormal phenotypes which are dominant like: round-
head (globozoospermia), large-head (macrozoospermia), 
acephalic, pear head shape, amorphic, and multiple 
morphological abnormalities of the flagella (MMAF) 
(7). It is now well established that the treatment strategy 
for this type of infertility is intracytoplasmic sperm 
injection (ICSI). Although ICSI is considered as the 
sole treatment approach for severe teratozoospermia, the 
fertilization and ICSI success rate are limited in patients 
with some of the above abnormal dominate phenotypes, 
like globozoospermia or cases with small head (8-11). 
To improve ICSI success rate, ICSI along with assisted 
oocyte activation (AOA) has been proposed (12, 13). It 
has been shown that AOA could increase ICSI success 
rate in patients with globozoospermia or individuals with 
failed fertilization in previous in vitro fertilization (IVF) 
cycles (14), however, limited attention has been paid to 
AOA due to sole teratozoospermia. 

The low fertilization rate following ICSI in severe 
teratozoospermia appears to be related to the inability 
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of such sperm to induce oocyte activation (OA) (10, 
15). Oocyte activation is induced upon release of 
sperm-borne oocyte activation factor (SOAF) from 
equatorial or post-acrosomal sheath (PAS) region 
of sperm into oocyte. Numerous factors have been 
reported to play this role but it is now evident that a 
sperm-specific phospholipase C zeta (PLCζ) acts as 
main SOAF and other factors may have complementary 
role in the activation process. After the release of 
PLCζ from sperm into the oocyte, it hydrolyzes 
phosphatidylinositol 4, 5-bisphosphate (PIP2) into 
inositol-1,4,5-triphosphate (IP3) and diacylglycerol 
(DAG). IP3 stimulates the release of calcium from the 
endoplasmic reticulum into the oocyte cytoplasm and 
induces calcium oscillations inducing oocyte activation 
and meiotic resumption (15). Heytens et al. (16), 
and other investigators (17) have demonstrated the 
expression of PLCζ in the sperm PAS and its key role 
during fertilization and, stated that male infertility is 
associated with the mutant forms of PLCζ. In addition, 
sperm with abnormal morphology or sperm with small 
or absent acrosome (globozoospermia) are unable 
to penetrate the zona pellucida and possess a lower 
capacity for the oocyte activation (18-20). This may be 
associated with absence or low expression of PLCζ and 
failed oocyte activation. Several studies displayed a 
functional correlation between the expression of PLCζ 
in sperm with ability to trigger calcium oscillations and 
oocyte activation (21, 22). 

Concerns regarding the health of children born 
through ICSI-AOA was raised (23). AOA is not a 
routinely used technique in most IVF centers because 

of its safety concerns, and there is a need for large 
prospective studies to examine its safety. A recent meta-
analysis considering 4 studies show that AOA does 
not significantly increase the rate of major anomalies 
in children born through ICSI-AOA. In addition, the 
neonatal and neurodevelopmental outcomes of children 
aged ≥ 3 years were within the expected ranges (24). 
However, a plea for caution not to utilize AOA in cases 
where AOA is not necessary remains (23). Despite 
such a plea, current literature indicate that AOA is 
being implemented for couples with different infertility 
categories referred for treatment (13). This review aims 
to describe the clinical outcome of teratozoospermic 
men who underwent ICSI-AOA and determine whether 
the ICSI-AOA should be considered as a suitable option 
for these infertile couples.

Search strategy
A computerized literature search was conducted for 

studies in English language in PubMed, Science Direct 
and Google Scholar between 2006 and 2022. We aimed 
to identify all relevant studies that compared fertilization 
and pregnancy outcome, and health of children conceived 
by ICSI-AOA compared with conventional ICSI. 
The terms teratozoospermia, intracytoplasmic sperm 
injection, assisted oocyte activation, fertilization rate, 
congenital abnormalities, and birth defects were used 
as keywords to extract the relevant literature. Details on 
the strategy of search as well inclusion and exclusion 
criteria are shown in Table 1. Globozoospermia is 
excluded since using AOA for these couples has been 
well-established.

Table 1: Search criteria and eligibility

Databases PubMed, Science Direct, and Google Scholar
Keywords Teratozoospermia, Intracytoplasmic sperm injection, Assisted oocyte activation, Fertilization 

rate, Congenital abnormalities, and Birth defects
Years 2006-2022
Outcomes The ICSI-AOA technique as a recommended option for teratozoospermic men
Language English
Type of study design - Prospective pilot study

- Laboratory study
- Case report study
- Prospective, randomized, unblinded clinical study
- Pilot historical cohort study
- Prospective randomized sibling oocyte study 
- Retrospective study
- Original study

Inclusion criteria - Studies on teratozoospermia (abnormal morphology <4 %) 
- The exposure of oocytes to SrCl2, Ionomycin; Electrical; Calcium ionophore
- The outcome of interest was: fertilization, pregnancy, and health of children born through ICSI-
AOA in humans
- Comparison of ICSI-AOA to conventional ICSI

Exclusion criteria - Studies on globozoospermia 
- Studies on other severe forms of teratozoospermia such as acephalic sperm or macrocephalic  
sample
- Studies without full data
- Poster studies 
- Studies with inappropriate comparison group or without control subjects 

AOA; Assisted oocyte activation and ICSI; Intracytoplasmic sperm injection.
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Table 2: Summary of the 10 papers to investigate the application of AOA treatment after ICSI in couples with teratozoospermia male factor

No. Authors 
(Reference)

Type of study Type of oocyte Type of ART Chemical Cases 
(No.)

Age (Y)

1 Moaz et al. (9) Prospective pilot M-II ICSI Ionomycin ST
n=56

Female: 22- 37
Male: Not 
reported

2 Nasr-Esfahani et al. (10) Laboratory M-II 
(Sibling oocytes)

ICSI Ionomycin ST
n=87

Female: 18-40
Male: 19-45

3 Eftekhar et al. (28) Prospective, randomized, 
unblinded clinical

M-II ICSI Calcium 
ionophore

TT
n=38

Female: <40
Male: ≤40

4 Mansour et al. (29) Prospective randomized M-II ICSI Electrical SOAT
n=241

Female: <40
Male: Not 
reported

5 Nasr-Esfahani et al. (30) Laboratory M-II
(Sibling oocytes)

ICSI Ionomycin ST
n=8

Female: <35
Male: <40

6 Deemeh et al. (31) Pilot historical cohort M-II ICSI Ionomycin ST
n=681

Female: <36
Male: ≤40

7 Kim et al. (32) Case report M-II ICSI Calcium 
ionophore

MOT
n=1

Female: 32
Male: 33

8 Aydinuraz et al. (33) Prospective randomized 
sibling oocyte

M-II
(Sibling oocytes)

IMSI Calcium 
ionophore

TT
n=21

Female: <35
Male: <35

9 Norozi-Hafshejani et al. (34) Prospective randomized 
sibling oocyte

M-II 
(Sibling oocytes)

ICSI Ionomycin/
SrCl2

ST
n=105

Female: <35
Male: <40

10 Li et al. (35) Retrospective M-II ICSI Ionomycin SOAT
n=194

Female: <40
Male: ≤45

AOA; Assisted oocyte activation, ICSI; Intracytoplasmic sperm injection, M-II; Metaphase II, ART; Assisted reproductive technology, ST; Severe teratozoospermia, TT; Teratozoospermia, 
SOAT; Severe oligoasthenoteratozoospermia, and MOT; Moderate oligoteratozoospermia.

Intracytoplasmic sperm injection with assisted oocyte 
activation

ICSI is the most effective tool in assisted 
reproduction technology (ART) with high fertilization 
success, however total fertilization failure (TFF) 
following ICSI is still occurs in 1% to 5% of ICSI cycles 
in Europe and the United States (14, 25). According 
to the literature, TFF following ICSI is defined 
as the absence of male and female pronuclei in all 
oocytes injected during an ICSI cycle. TFF is strongly 
depended on the number of mature oocytes (MII) and 
in most cases, there is an inverse relationship between 
TFF and total number of oocytes available for ICSI. 
Sun and Yeh (14) reported 2.14% TFF in couples with 
3 or more MII oocytes while they found 17.4% in 
couples with only 1 or 2 MII oocytes. TFF happens 
owing to technical problems, defects in the oocytes, 
or inability of sperm to induce oocyte activation 

(24). Technical errors were reported in almost 10% 
of couples with failed fertilization due to the sperm 
DNA that remains outside of the oocyte cytoplasm. It 
seems that in majority of the cases, oocyte activation 
failure (14) is considered as the main reason for total 
or partial failed fertilization.

As stated above, the main cause of failed fertilization 
after ICSI is “oocyte activation failure”. Various 
mechanical, electrical, and chemical procedures have 
been used to assist oocyte activation (26). Among these 
methods, chemical oocyte activation using different 
materials such as ethanol, ionomycin and A23187 has 
been the most frequently applied procedure (27, 28). 
Table 2 shows information of 10 original published 
papers on AOA following ICSI in couples with 
teratozoospermia using different chemicals such as 
calcium ionophore, neomycin, and strontium chloride 
(SrCl2) to induce calcium oscillation. 
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ICSI-AOA and fertilization outcomes 
From the 10 studies, information regarding 

fertilization and cleavage rates and development to day 
3 or blastocyst stage were available in 7 papers (Table 
3). A significant increase in  fertilization rate was 
reported in four studies (9, 10, 29, 30), and significantly 
improved cleavage rate was reported in one study 
(10), also, a significant difference in the percentage of 
high quality embryos was observed in the Aydinuraz 
et al. (33) study. A recent study demonstrated that 
mean number of high quality blastocysts significantly 
increased after ICSI-AOA in couples with unexplained 
infertility, OAT, PCOS and couples with both male and 
female factors compared with their previous cycles 
(13). 

The application of Ca2+ in oocyte activation has been 
investigated in depth. For years, the ICSI-AOA has been 
successfully used in cases of severe male infertility 
and resulted in increased fertilization rate and clinical 
outcome (9, 10, 36, 37). Swann et al. (38) observed the 
induction of calcium oscillations after microinjection 
of PLCζ cRNA into oocytes of couples with history of 
failed fertilization. Recently, a review study by Sun 

Table 3: Overview of the effect of ICSI-AOA in fertilization outcomes in the patients with teratozoospermia male factor

No. Authors 
(Reference)

Male factor Fertilization rate (%)a Cleavage rate (%)b High quality embryo rate (%)c

ICSI ICSI-AOA P value ICSI ICSI-AOA P value ICSI ICSI-AOA P value
1 Moaz et al. (9) ST (n=56) 

A=amorphous 
head 
B=tapered head 
C=bent neck

36.7 
39.3 
49.4

82.7
81.7
48.2

0.0008
0.005
NS

51.5
47.8
3.6

51.9
50.4
42.5

NS
NS
NS

57.6
65.2
61.5

58.0
64.1
62.5

NS
NS
NS

2 Nasr-Esfahani 
et al. (10)

ST (n=87) 52.73 66.79 0.001 49.95 74.77 0.001 67.16 67.9 9 NS

3 Eftekhar et al. 
(28)

TT (n=38) 84.4 95.33 NS 89.56 87.74 NS 44.4 35.3 NS

4 Mansour et al. 
(29)

SOAT (n=241) 60 68 P<0.0001 NR NR NR NR NR NR

5 Nasr-Esfahani 
et al. (30)

M-II (Sibling 
oocytes)
ST (n=12)

64.00 91.75 <0.05 NR NR NR NR NR NR

M-II
NSM (n=41)
ST (n=8)

76.16 70.14 NS NR NR NR NR NR NR

6 Aydinuraz et 
al. (33) 

TT (n=21) 73.2 82.5 NS 91.5 91.3 NS 53.5 35 0.024

7 Norozi-Haf-
shejani et al. 
(34)

ST (n=105) 68.58* Ionomycin: 
65.23
SrCl2: 49.65

NS 
0.005

NR NR NR 16.70* Ionomycin: 
20.65
SrCl2: 29.9

NS
NS

AOA; Assisted oocyte activation, ICSI; Intracytoplasmic sperm injection, NS; Not significant, NR; Not report, ST; Severe teratozoospermia, SOAT;  Severe oligoasthenoteratozoospermia, 
TT; Teratozoospermia, NSM; Percentage of sperm with normal morphology higher than 4% in semen, a; Defined as the ratio of fertilized oocytes/ the total number of survived injected 
metaphase II (MII) oocytes×100, b; Defined as the total of cleaved embryos on day 3/number of zygotes×100, c; Defined as the number of top quality embryos on day 3/the number of 
normally fertilized oocytes×100, and *; The external control group with routine ICSI/AOA procedure using Ionomycin.

and Yeh (14) has emphasized that one main reason for 
total failed fertilization in animal and human oocytes 
could be associated to abnormal calcium oscillations 
post- fertilization. 

ICSI-AOA and pregnancy outcomes

Table 4 shows implantation and pregnancy outcomes 
including biochemical pregnancy, clinical pregnancy, 
miscarriage and ongoing pregnancy rates in ICSI-AOA 
and ICSI groups. Some studies revealed that there was 
no significant difference between the ICSI-AOA and 
ICSI pregnancy outcomes (28-31, 33). However, the 
ICSI-AOA treatment can improve fertilization rate, and 
potentially provide more available embryos, which in 
turn, may increase cumulative pregnancy rate. When 
oocytes are activated and fertilized, their subsequent 
development depends on several factors including 
chromatin and chromosomal (ploidy status) integrity 
and may not be influenced by AOA. Overall, literature 
suggest that the latter two parameters are lower in 
severe teratozoospermia (39) and published studies have 
shown that sperm DNA fragmentation is associated with 
abnormal morphology (40, 41).

Tavalaee et al.



Int J Fertil Steril, Vol 17, No 2, April-June 2023 96

Table 4: Overview of the effect of ICSI-AOA on pregnancy outcomes in the cases with teratozoospermia male factor

No. Authors
(Reference)

Implantation rate (%)a Chemical pregnancy 
(%)b

Clinical pregnancy (%)c Abortion (NO. or %)d Ongoing pregnancy (%)e

ICSI ICSI- 
AOA

P value ICSI ICSI- 
AOA

P value ICSI ICSI- 
AOA

P value ICSI ICSI- 
AOA

P value ICSI ICSI- 
AOA

P value

1 Eftekhar 
et al. (28)

7.4 17.6 NS 16.7 47.1 0.07 16.7 41.2 NS 0 11.8 NS 100 85.7 NS

2 Mansour
et al. (29) 

NR NR NR NR NR NR 48 44 NR 9 20 NR NR NR NR

3 Nasr-Esfahani 
et al. (30)

21*

21
18**

9.1
NS
0.042

NR NR NR 48*

48
50**

25
NS
NS

NR NR NR NR NR NR

4 Deemeh 
et al. (31) 

NR NR NR NR NR NR 33.0 43.2 NS 13.4 13.0 NS NR NR NR

5 Aydinuraz 
et al. (33)

40.0 33.3 NS 0 0 - 40.0 33.3 NS 10 0 NS 30.0 33.3 NS

AOA; Assisted oocyte activation, ICSI; Intracytoplasmic sperm injection, NS; Not significant, NR; Not report, βhCG; Beta human chorionic gonadotropin, a; Defined as the fraction of 
gestational sac(s) to the number of embryos transferred, b; Defined as the serum βhCG ≥25 IU/L after 2 weeks of embryo transfer, c; Defined as the presence of a gestational sac with heart 
beat on vaginal or abdominal ultrasound at 3-5 weeks after embryo transfer, d; Defined as pregnancy losses before 20 weeks of gestation, e; Defined as progression beyond 12 weeks of 
gestation, *; This control ICSI group included couples whose sperm had normal morphology, and **; The ICSI- AOA groups included couples with teratozoospermia and in sibling oocytes 
at least 50% of inseminated oocytes were artificially activated by exposure to Ionomycin.

Table 5: Summary of the conclusions of the 10 papers that were investigated the application of the ICSI-AOA in couples with teratozoospermia male factor

No. Authors (Reference) Conclusions 
1 Moaz et al. (9) The ICSI-AOA in cases with 100% sperm abnormal morphology may increase fertilization rate in some sperm morphologi-

cal abnormalities (amorphous head and tapered head) but not in others sperm morphological (bent neck). However, there 
was no significant effect on early cleavage or number of good embryos in all subgroups.

2 Nasr-Esfahani et al. (10) The ICSI-AOA in cases with severe teratozoospermia may improve fertilization and cleavage rates, which in turn, affect the 
implantation and pregnancy rate.

3 Eftekhar et al. (28) The ICSI-AOA in cases with teratoozoospermia resulted in a significant increase in the fertilization and cleavage rates, and 
an insignificant improvement in the implantation and pregnancy rates.

4 Mansour et al. (29) The ICSI-AOA (oocyte electroactivation) in cases of severe oligoasthenospermia or azoospermia with 100% abnormal forms 
or zero motility significantly improved the fertilization rate.

5 Nasr-Esfahani et al. (30) Pregnancy rate was insignificantly higher in ICSI and ICSI/ ICSI-AOA group compared to ICSI-AOA; however, a significant 
difference was obtained for implantation rates between the ICSI and ICSI-AOA groups, and also the fertilization rate is improved 
by AOA.

6 Deemeh et al. (31) There is no difference in preterm delivery, lower birth weight, NICU hospitalization, abnormal behavior according to age, 
abnormal growth rate, and major birth defects in the ICSI-AOA cases compared to the ICSI cases.

7 Kim et al. (32) The ICSI-AOA in cases with oligoteratozoospermia resulted in a clinical pregnancy and delivery.

8 Aydinuraz et al. (33) The AOA-IMSI in teratozoospermic cases did not improve the fertilization rate and may reduce the ability of successfully 
fertilized oocytes to develop into top-quality embryos.

9 Norozi-Hafshejani et al. 
(34)

The ICSI-AOA in cases with 99–100% abnormal sperm morphology may be more in quality embryos.

10 Li et al. (35) The ICSI-AOA in cases with severe oligoasthenoteratozoospermia did not adversely affect pregnancy and neonatal outcomes. 

AOA; Assisted oocyte activation and ICSI; Intracytoplasmic sperm injection.

The improvements in embryo development and 
implantation rates could have resulted from Ca2+ 
oscillation restoration to physiological or supra-
physiological status (42), that influences events 
necessary for mammalian embryonic development both 
early events such as oocyte activation (43, 44), and 
late events including post-implantation developmental 
competency (45). Researchers have revealed that lack of 
Ca2+ signaling could alter preimplantation development, 
blastocyst quality, and profile of gene expression (46, 
47). In addition to implantation and post implantation 
development, long-term fetal morphology and variation 
of offspring weight are believed to be affected by 
changed Ca2+ signaling patterns in mouse embryos (45). 
In mammals sperm-induced Ca2+ oscillations, which are 
vital for oocyte activation, continue for several hours 
until pronucleus formation. Therefore, proper regulation 

of Ca2+ signaling following oocyte activation is essential 
to achieve developmentally competent embryos, and 
healthy offspring. Lv et al. (13) applied ICSI-AOA in 
796 couples with low or failed fertilization, poor embryo 
quality, and couples with male and/or female infertility, 
and compared clinical outcomes with their previous 
cycle. They concluded that AOA could significantly 
improve implantation, and clinical pregnancy. In 
addition, live birth rate significantly improved in the 
aforementioned groups except in women with primary 
ovarian insufficiency. The miscarriage rate significantly 
reduced in couples with OAT, PCOS, and unexplained 
infertility following ICSI-AOA cycles compared to 
their previous cycle. Subsequent, Table 5 is revealed 
a summary of the conclusions of the 10 papers that 
investigated the application of the ICSI-AOA in couples 
with teratozoospermia male factor.

ICSI-AOA in Severe Teratozoospermia
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Safety of ICSI-AOA 
A major concern regarding AOA procedure is its safety. 

However, reported data indicates that AOA did not result 
in birth defects. Deemeh et al. (31) have reported that 
ICSI-AOA has not imposed a greater risk on the physical 
and mental health of 79 children born through ICSI-AOA. 
In this retrospective cohort study, no difference was 
observed on structural malformations and chromosomal 
aberrations, malformation (heart, urogenital, and limb), 
birth weight, and the gestational week at the time of 
delivery in 83 babies born after ICSI-AOA as compared 
to babies born from ICSI alone (48). Moreover, one 
study included a cohort of 38 babies who were delivered 
following ICSI-AOA, and no congenital birth defects 
were detected (37). In addition, Vanden Meerschaut et al. 
(49) reported normal neurodevelopmental, intelligence, 
language, and social communication features in children 
born (ages 3-10 years) following the ICSI-AOA. Li et 
al (35).  observed no significant differences between 
babies born in couples undergoing ICSI and ICSI-AOA in 
regards to birth weight, gestational age, sex, and preterm 
birth characteristics. Besides, a meta-analysis included 
5 studies revealed that there is not enough evidence of 
the prevalence of chromosomal and non-chromosomal 
aberrations in children born following ICSI-AOA as 
compared to ICSI, and the risk of birth abnormality may 
be related to the ICSI methods or an primary male/female 
factor than AOA (50).

To ensure the safety of the AOA technique, in addition 
to health of children born through ICSI-AOA, researchers 
should consider the effect of AOA on gene expression 
profile. In this regard, a study showed that the gene 
expression profile following ICSI-AOA was similar to 
IVF and ICSI alone (51). A recent study showed that gene 
expression profiles from good quality blastocysts derived 
from ICSI-AOA using PLCζ-null-sperm and ionomycin 
or strontium chloride or human recombinant PLCζ or and/
or TPEN, did not differ with gene expression profiles of 
good quality blastocysts derived from ICSI alone (52) 
, however, in this study comparison with IVF embryos 
was not carried out. Unlike these studies, a recent study 
assessed global patterns of gene expression in mouse 
blastocysts derived from ICSI-AOA compared to ICSI, 
and observed AOA could affect imprinted gene Igf2r 
regulated by the imprinted Airn lncRNA. However, 
more studies are needed to investigate the impact of this 
technique on the health of the next generation, especially 
in humans (53). In addition, chromosomal investigation 
using fluorescence in situ hybridization (FISH) has 
revealed that embryos resulting from ICSI-AOA have the 
normal chromosomal number (54). 

Conclusion
To the best of our knowledge, this review is the first 

to include published studies on ICSI-AOA in infertile 
couples with teratozoospermia. We conclude that couples 
with severe teratozoospermia can benefit from ICSI-
AOA in terms of higher fertilization rate, which in turn 

increases the number of available embryos and may 
improve the implantation and pregnancy rates. However 
existing controversy in the literature on the effect of AOA 
on fertilization rate may have resulted from case selection, 
limited sample size, and the type of chemical agents used 
to induce AOA. Therefore, prospective, randomized 
clinical trials are needed to address these ambiguities. 
In addition, published studies and meta-analysis suggest 
no enhanced risk of pregnancy and neonatal abnormality 
after ICSI-AOA, and AOA does not appear to inflict 
a higher risk of major birth defects and malformation. 
Therefore, based on these studies one may recommend 
that couples with teratozoospermia may benefit from 
AOA, but until the safety of the procedure is validated at 
an international scientific community, it is sensible to use 
ICSI-AOA mainly for those patients with history of TFF 
or those with few numbers of oocytes available for ICSI.
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