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Abstract 
Objective: Achieving pregnancy in poor ovarian response patients is a challenge. Failed fertilization after 
ICSI, despite normal semen parameters is due to defects in oocyte activation. In-vitro activation of 
oocytes using Ca+2 agents can be useful in increasing the fertilization rates in these patients. This study 
aimed to evaluate the efficacy of artificial oocyte activation by calcium ionophores in poor responders in 
improving fertilization, cleavage, implantation and clinical pregnancy rates. 
Materials and methods: This is a prospective, cohort study conducted on 120 patients having poor 
ovarian response, (POSEIDON criteria) undergoing in-vitro fertilization/intracytoplasmic sperm injection 
(IVF/ICSI) treatment at Southend Fertility and IVF, New Delhi from 1st August 2019 to 31st March 2020. 
Exclusion criterion was patients with partners with abnormal semen parameters. After OPU patients 
were randomized into two groups, study group (n=50) underwent ICSI-AOA (ICSI followed by artificial 
oocyte activation) using calcium ionophore- GM508 Cult-Active Solution) while the controls (n=57) were 
subjected to ICSI only. 
Results: Comparison of ICSI-AOA and ICSI groups showed: (i) number of fertilized oocytes - 2.42 vs. 2.16, 
p = 0.049 (ii) No. of cleavage stage embryos 2.32 vs. 1.96, p = 0.008 (iii) No. of grade A embryos 1.52 
vs. 1.04, p = 0.009 (iv) fertilization rate - 89.00% vs. 83.04%, p = 0.093 (v) cleavage rate - 96.33% vs. 
92.55%, p = 0.165 (vi) implantation rate - 27.14% vs. 11.74%, p = 0.098 (vii) clinical pregnancy rate - 
34.3% vs. 20.5%, p = 0.167. 
Conclusion: The number of fertilized oocytes, grade A embryos and cleavage stage embryos formed after 
ICSI-AOA were statistically significantly more than ICSI. ICSI-AOA has not shown improvement in fertilization, 
cleavage, implantation and clinical pregnancy rate. From the present study the conclusive evidence cannot 
be drawn due to small sample size hence further studies are needed on a larger population. 
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1Introduction 
Assisted reproductive technology has made major 
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advances in achieving successful pregnancy in 

infertile couples, but treating patients with poor 

ovarian response is still a challenge. Ovarian 

response measured by number of oocytes retrieved 

after maximal stimulation is a major predictor of 

successful cycle (1, 2). Lesser the number of oocytes, 
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lesser are the good quality embryos formed, 

consequently lower pregnancy rates as compared to 

the normoresponders (3, 4). Thus the outcome of an 

ART cycle depends upon a number of independent 

factors including couple’s age especially female 

partner, duration of infertility, response of the ovaries 

to stimulation, number of oocytes obtained and 

semen factors to name a few (5, 6). Further, 

irrespective of the chronological age, women with 

lesser number of oocytes have higher total 

fertilization failure rate (TFF) (7). 

Many attempts have been made to identify and 

define poor responders, e.g. Bologna criteria, but 

proved inadequate in many studies. Recently a new 

stratification of poor and hypo responders has been 

defined i.e. POSEIDON stratification. POSEIDON 

criteria defines, retrieval of < 4 oocytes as poor 

ovarian response and between 4-9 oocyte retrieval as 

a hypo response. Diminished ovarian response is 

mainly seen in advanced age women (>35 years), 

wherein ovarian reserve falls due to increasing 

follicle atresia and reduced sensitivity of follicles to 

FSH (8, 9). But nevertheless patients with good 

ovarian reserve can also exhibit suboptimal response 

which may be due to suboptimal gonadotropin dose 

or genetic polymorphisms that affects endogenous 

gonadotropins or their receptors (10, 11).  

Amongst the different therapeutic strategies 

adopted to improve the success rate in poor 

responders ICSI is a major breakthrough, but failed 

fertilization with ICSI does occur despite of normal 

semen parameters. This is due to oocyte related 

deficiencies i.e. defects in oocyte activation (12, 13). 

As compared to normal fertilization many steps of 

sperm-oocyte interaction are bypassed in ICSI. The 

first calcium oscillations begin after a delay of 

approximately 30 minutes to several hours. This 

delay is due to the time required by the oocyte’s 

cortical cytoskeleton for breaking the plasma 

membrane of sperm, removal of acrosome and to 

expose the sperm factor (PLC zeta) to the oocyte 

cytoplasm. In this process, by the time calcium 

oscillations begin; the oocyte might get older (as 

regards the length of time from LH surge), decreasing 

its reproductive potential. Sperm chromatin 

decondensation is also delayed causing failure of 

fertilization (14, 15).  

Oocyte activation defects resulting in failed ICSI 

can be treated by in-vitro artificial oocyte activation, 

where intracellular Ca+2 oscillations are triggered by 

enhancing oollemma permeability and by modulating 

extracellular content to favor calcium influx (16). 

Three different techniques have been developed to 

achieve oocyte activation: mechanical, electrical  

and chemical (17). Chemical oocyte activation is the 

most accepted technique; involving exposure of  

ICSI-oocytes to one of the compounds i.e. calcium 

ionophore A213187, ionomycin, strontium chloride, 

ethanol, puromycin, phorbol ester and thimerosal. These 

compounds generate pores in the oollemma causing 

extracellular calcium ion influx (16, 17, 18, 19). 

Recent studies including a randomized controlled 

trial (20) have studied the role of artificial oocyte 

activation after ICSI (ICSI-AOA) using calcium 

ionophore A213187 in improving the fertilization, 

implantation and pregnancy rate in women with poor 

ovarian reserve. Although the data is limited, there is 

no evidence suggesting association of AOA with 

chromosomal anomalies in the embryos, perinatal 

morbidity and mortality. 

Materials and methods 

The present study was a prospective, single center 

cohort study conducted on a total of 120 women 

diagnosed with poor ovarian response, as per the 

POSEIDON criteria (< 4 oocytes retrieved after 

ovarian stimulation), undergoing treatment at 

Southend Fertility and IVF, New Delhi from 1st 

August 2019 to 31st March 2020. 

Inclusion criteria 

• Patients with poor ovarian response [less than  

4 oocytes retrieved at the time of oocyte pick up 

(OPU)] in the previous as well as present cycle. 

Exclusion criteria 

• Patients with abnormal semen parameters in male 

partner. Semen parameters will be assessed as per 

WHO 2010 criteria. 

• Patients in whom more than 4 oocytes were 

retrieved. 

All eligible patients were enrolled for the study 

after an informed written consent. Complete his-tory 

was taken and physical examination was done. 

Detailed demographic data and investigation record 

including pre-IVF tests, ovarian reserve tests i.e. 

serum AMH levels, Day 2 S. FSH, LH, Estradiol, 

Progesterone were noted. All the patients were 

subjected to pelvic ultrasound to assess antral follicle 

count (AFC). Ovarian stimulation protocol was 

individualised depending on the above findings. 

Oocyte retrieval was planned after 34 to 36 hours of 

recombinant hCG trigger. Trans-vaginal ultrasound 
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guided oocyte retrieval was done under general 

anaesthesia. Patients were randomized using block 

randomization with blocks of 10 into two equal 

groups i.e. study and control (n=60 each). ICSI 

procedure was done in both the groups. Study group 

patients (n=60) were subjected to artificial oocyte 

activation (AOA) using calcium ionophores (CI) after 

ICSI while control group (n=60) women underwent 

ICSI only. Artificial oocyte activation was done using 

Calcium ionophore – GM508 Cult-Active solution. 

The CI solution was incubated in 5.0%- 7.0% CO2 at 

37°C for four hours prior to use. After ICSI, MII 

oocytes were incubated in 50μl calcium ionophore 

solution for fifteen minutes. Oocytes were later 

washed with 500μl cul-ture media followed by 

incubation until fertilization was achieved. 

Fertilization was confirmed by appearance of two 

pronuclei. Further, embryo grading was done 

according to Istanbul consensus 2011 for scoring of 

embryos and the embryos were graded as “A”, “B” 

and “C”. Data was col-lected and compared for 

stimulation protocol, total dose and duration of 

gonadotropin used, en-dometrial thickness on the day 

of hCG trigger, number of total oocyte retrieved, 

number of MII oocyte obtained, fertilization and 

cleavage rate, number and grade of embryos, number 

of embry-os transferred per patient. Following 

Embryo Transfer (ET), progesterone was given for 

luteal phase support. Serum b-hCG level was done 

for all patients on day 14 of embryo transfer. Lev-els 

>50 ng/ml were suggestive of pregnancy. 

Implantation rate was calculated as “number of G-sac 

seen on TVS per number of embryos transferred” and 

clinical pregnancy rate calculation “was done on the 

basis of presence of foetal cardiac activity on TVS”. 

Implantation and clinical preg-nancy rate were 

compared in the two groups. Embryo transfer 

procedure was cancelled in patients with high P4 

values (>1.5ng/ml) at the time of trigger, too thin/ 

thick endometrium, total fertiliza-tion failure. The 

observation and outcome was recorded in a performa 

for each individual case. 

Data were analyzed using SPSS version 20. 

Descriptive statistics were used in the form of Mean/ 

Standard deviation and medians for continuous 

variables and percentages for categorical variables. Chi-

square test was used for group comparisons for 

categorical data. Fisher’s exact test was used in cases 

where the expected frequency in the contingency tables 

was found to be < 5% for > 25% of the cells. For  

non-normally distributed data Wilcoxon test was used.  

Results 

A total of 120 women (60 in each group) were initially 

enrolled for the study. After optimal controlled ovarian 

hyperstimulation, at the time of oocyte retrieval, 04 

patients had empty follicles, 09 patients had only the 

immature follicles. These patients (n=13) were 

dropped out from the study. After the final 

recruitment, 50 patients were there in the study group 

and 57 patients were in the control group. 

Table 1 shows the median age of women in both 

the groups was 34 years (range 26-44 years).  

46.0% of women taken as cases and 47.4% of 

controls had advanced age (age ≥35 years). Majority 

of the patients had primary infertility (72% vs. 

73.7%) with the mean duration of infertility  

2.01 years in cases and 1.72 years in controls. The 

various causes of infertility in the study and control 

group were: (i) advanced maternal age (≥35 years) 

(ii) Tubal Factor (iii) Endometriosis (iv) history of 

endometrial tuberculosis in the past, (v) 

Hypothyroidism (vi) More than one above-

mentioned factors causing infertility. As shown in 

table 2 the baseline hormone levels on Day2 of 

periods which were comparable in the two groups. 

Mean antral follicle count on Day2 was 5.34 and 

5.11 in the cases and controls respectively. Majority 

of the patients had good ovarian reserve (60%  

vs. 51%) and belonged to Poseidon group I  

(40.0% cases vs. 31.6% controls) and Poseidon 

group II (20.0% cases vs. 19.3% controls). Table 2 

shows that maximum number of patients in the two 

groups, 90% vs. 80.7% respectively received the 

antagonist protocol for ovarian stimulation. The 

mean duration of stimulation and total gonadotropin 

dose required for stimulation was comparable in the 

two groups. All the patients were given recombinant 

hCG (rHCG) as trigger. At the time of ovum pick-up 

the average number of oocytes obtained in the study 

group were 2.82 and 2.70 in the controls. Table  

3 shows that the mean M-II oocytes in the two 

groups were 2.72 (0.50) and 2.65 (0.55) 

respectively. The mean number of oocytes fertilized 

after ICSI- AOA were 2.42 (0.64) and 2.16 (0.70) 

after ICSI. The average number of cleavage stage 

embryos formed in the interventional group was 

2.32 (0.65) and control group was 1.96 (0.68)  

(p = 0.008). As per the Istanbul consensus of 

embryo grading, Grade A embryos were 

significantly more in ICSI-AOA than ICSI group 

[1.52 (0.95) vs. 1.04 (0.93), p = 0.009].  
 



Kaur et al. 

48      Vol. 17, No. 1, March 2023 http://jfrh.tums.ac.ir Journal of Family and Reproductive Health  

Table 1: Comparison of the two groups on the basis of demographic profile 

Parameters Groups P value 

Case (n = 50) Control (n = 57) 

Age (Years) 34.58 ± 3.83 33.89 ± 4.29 0.3851 

Age     0.8872 

<35 Years 27 (54.0%) 30 (52.6%)  

≥35 Years 23 (46.0%) 27 (47.4%)  

Husband's Age (Years) 36.04 ± 3.72 35.39 ± 4.34 0.3133 

Type Of Infertility     0.8452 

Primary 36 (72.0%) 42 (73.7%)  

Secondary 14 (28.0%) 15 (26.3%)  

Duration Of Infertility (Years) 2.01 ± 1.01 1.72 ± 0.79 0.1031 

Cause of Infertility      

Advanced maternal age (> 35 years) 23 (46.0%) 27 (47.4%) 0.887 

Tubal factors 10 (20.0%) 12 (21.1%) 0.893 

Endometriosis  6 (12%) 7 (12.3%) 0.965 

H/O endometrial TB in past 3 (6%) 3 (5.3%) 1.000 

Hypothyroidism 2 (4%) 6 (10.5%) 0.279 

More than one above mentioned causes 37 (74%) 42 (73.8%) 0.965 

Poseidon Group     0.6492 

I 20 (40.0%) 18 (31.6%)  

II 10 (20.0%) 11 (19.3%)  

III 7 (14.0%) 13 (22.8%)  

IV 13 (26.0%) 15 (26.3%)  
1: t-test, 2: Chi-Squared Test, 3: Wilcoxon Test 

 

The average number of blastocysts formed in 

these patients were 1.25 (0.46) vs. 1.00 (0.00). The 

mean blastocyst formation rate was 47.92% (cases) 

and 44.44% (controls).  

Majority of the women underwent fresh embryo 

transfer; 60.0% cases and 71.4% controls while 

frozen embryo transfer was performed in 10.0% cases 

and 7.1% controls. 

 

Table 2: Comparison of the two groups on the basis of details of controlled 

ovarian hyperstimulation 

Parameters Groups P value 

Case (n = 50) Control (n = 57) 

Hormonal Levels on Day 2   0.4924 

S. FSH (mIU/mL) 8.06 ± 2.50 7.74 ± 2.13 0.4731 

S. LH (mIU/mL) 4.21 ± 3.81 3.38 ± 1.62 0.2733 

S. Estradiol (pg/mL) 30.07 ± 13.25 34.55 ± 14.00 0.0953 

S. Progesterone (ng/mL) 0.56 ± 0.61 0.64 ± 0.62 0.1883 

S. AMH (ng/mL) 1.67 ± 0.91 1.39 ± 0.62 0.0853 

Day 2 Antral Follicle Count 5.34 ± 1.57 5.11 ± 1.54 0.4253 

Stimulation Protocol    

AACEP 1 (2.0%) 2 (3.5%)  

Antagonist 45 (90.0%) 46 (80.7%)  

Long Protocol 02 (4.0%) 03 (5.3%)  

Minimal Stimulation 1 (2.0%) 5 (8.8%)  

Stop Protocol 1 (2.0%) 1 (1.8%)  

Total Days of Stimulation 11.20 ± 2.02 11.65 ± 2.06 0.1583 

Total Gonadotropin Dose 3305.70 ± 1244.46 3319.59 ± 834.16 0.3103 

Trigger (rHCG) 50 (100.0%) 57 (100.0%) 1.0002 

Hormonal Levels at the Time of Trigger     0.1534 

S. Estradiol (pg/ml) 963.98 ± 284.44 1100.25 ± 284.44 0.0303 

S. LH (mIU/ml) 1.68 ± 1.03 2.15 ± 1.13 0.0283 

S. Progesterone (ng/ml) 0.75 ± 0.52 0.84 ± 0.50 0.1783 
1: t-test, 2: Chi-Squared Test, 3: Wilcoxon Test, 4: Fisher's Exact Test 
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Table 3: Comparison of the two groups on the basis of ICSI-AOA and 

ICSI outcome 

Parameters Groups P value 

Case (n = 50) Control (n = 57) 

Number of M-II Oocytes 2.72 ± 0.50 2.65 ± 0.55 0.5123 

Number of Fertilized Oocytes** 2.42 ± 0.64 2.16 ± 0.70 0.0493 

Number of cleavage stage embryos 2.32 ± 0.65 1.96 ± 0.68 0.008 

Number of Grade A Embryos** 1.52 ± 0.95 1.04 ± 0.93 0.0093 

Number of Grade B Embryos 0.70 ± 0.79 0.82 ± 0.81 0.4343 

Number of Grade C Embryos 0.10 ± 0.30 0.14 ± 0.35 0.5073 

Number of Blastocysts (n=8)  

1.25± 0.46 

(n=3) 

1.00 ± 0.00 

0.4473 

Blastocyst formation rate (%) 47.92 ± 24.30 44.44 ± 9.62 0.822 

Type of Embryo Transfer     0.5054 

Fresh 30 (60.0%) 40 (71.4%)  

Frozen (FET) 5 (10.0%) 4 (7.1%)  

No embryo transfer / Vitrification 15 (30.0%) 12 (21.4%)  

Number of Embryos Transferred 2.14 ± 0.65 2.00 ± 0.57 0.2893 

Day of Embryo Transfer (n=35)  (n=44)  0.1144 

Day 2 1 (2.9%) 7 (15.9%)  

Day 3 27 (77.10%) 33 (75.0%)  

Day 5 3 (8.6%) 3 (6.8%)  

DAY 3, 5 4 (11.4%) 1 (2.3%)  

Fertilization Rate (%) 89.00 ± 17.37 83.04 ± 18.93 0.0933 

Cleavage Rate (%) 96.33 ± 11.33 92.55 ± 15.56 0.1653 

Implantation Rate (%) 27.14 ± 41.04 11.74 ± 26.06 0.1103 

Clinical Pregnancy Rate (Positive) 12 (34.2%) 9 (20.45%) 0.1672 
**Significant at p<0.05, 1: t-test, 2: Chi-Squared Test, 3: Wilcoxon Test, 4: Fisher's Exact Test 

 

The mean number of embryos transferred in the 

two groups was comparable: 2.14 (0.65) vs. 2.00 

(0.57). Majority of the patients underwent Day  

3 embryo transfer: 77.1% vs. 75% cases and controls 

respectively. The mean fertilization rate in the case and 

controls was 89.00 (17.37%) vs. 83.04 (18.93%) 

respectively (p = 0.093). The mean cleavage rate in the 

two groups was 96.33 (11.33%) vs. 92.55 (15.56%)  

(p = 0.165). The mean implantation rate in the  

ICSI-AOA group and ICSI group was 27.14 (41.04%) 

vs.11.74 (26.06%). Clinical pregnancy was detected in 

34.3% women who underwent ICSI-AOA as compared 

to 20.5% in ICSI group (X^2 = 1.911, p = 0.167). 

Discussion 

In most of the studies on poor responders, these 

patients are recruited on the basis of exhibition of 

poor ovarian response in previous ovarian 

hyperstimulation cycles and/or tests suggesting poor 

ovarian reserve (21). In the present study, initial 

enrollment of poor responders was based on the same 

criteria. After COH with adequate gonadotropin dose 

the patients still exhibiting poor ovarian response (< 4 

oocytes) on the day of OPU were finally recruited for 

the present study, thus removing the selection bias. 

In an attempt to increase FORT (follicular output 

rate) and FOI (follicular oocyte index) in poor 

responders various strategies have been documented 

i.e. use of recombinant-FSH with increased rFSH 

dose, rLH supplementation, DHEAS use before OS, 

dual stimulation. None of the trials as yet has 

explicitly evaluated the effectiveness of these 

interventions (22). Based on these findings we 

speculated that this set of patients might benefit from 

oocyte activation, as this intervention is independent 

of the stimulation protocol chosen. The real focus 

should be to obtain the best results out of ‘limited 

number of oocytes available’ in both expected and 

unexpected poor responders. 

In the present study iCOS (individualised 

controlled ovarian stimulation) was given to optimize 

the results. Antagonist protocol (23- 25) was given to 

majority of our patients (90% cases vs. 80.7% 

controls). Long protocol was adopted for cyst 

suppression in patients with Persistent corpus luteal 

cyst (4% cases and 5.3% controls). A meta-analysis 
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including 17 RCTs showed “no significant difference 

in the number of oocytes retrieved (mean difference 

0.09; 95% CI 0.53-0.36) and clinical pregnancy rate 

(OR- 1.24, 95% CI 0.88-1.73) between the GnRH 

long agonist and antagonist protocol in poor 

responders (26). 

In a few selected patients i.e. advanced age group 

with poor ovarian reserve and previous multiple 

failed IVF/ICSI cycles using antagonist protocol; 

AACEP protocol Fisch et al. (27) (Gonadotropin 

releasing hormone agonist/antagonist conversion with 

estrogen priming; 2% cases vs. 3.5% controls) and 

minimal stimulation protocol Mitwally and Casper 

(28) Goswami SK et al. (29). (Letrozole in 

combination with gonadotropins; 2% cases vs. 8.8% 

controls) was given. Minimal stimulation protocol 

was adopted as a last resort before offering donor 

oocytes to the poor responders. 

Despite employing different stimulation protocols, 

the peak E2 levels at the time of trigger  

(963.98 ± 284.44 pg/ml vs. 1100.25 ± 284.44pg/ml) 

were comparable in the two groups. Mean M II 

oocytes obtained were also comparable (2.72 ± 0.50 

vs. 2.65 ± 0.55) but ICSI followed by artificial oocyte 

activation achieved higher number of fertilized 

oocytes as compared to ICSI only group (2.42 ± 0.64 

vs. 2.16 ± 0.70, p-0.049) showing statistically 

significant difference. The above findings indicate 

that, the calcium ionophore used in ICSI-AOA 

increases calcium concentration in the cytoplasm 

enabling its activation resulting in successful 

fertilization. The total fertilization rate with ICSI-AOA 

was higher than ICSI (89.00 ± 17.37 vs. 83.04 ± 18.93, 

p = 0.093). Although this difference was not 

statistically significant, the results indicate that ICSI-

AOA improves fertilization rate in poor responders.  

Another advantage of ICSI-AOA in the present 

study was that, none of the patients in ICSI-AOA 

group had total fertilization failure as compared to 

ICSI where total fertilization failure rate was 1.75%. 

Khamsi et al. documented that 2.9% women had total 

fertilization failure after ICSI despite normal sperm 

parameters (30). Studieshave been reported 

demonstrating better fertilization rates with calcium 

ionophores in couples who have experienced 

fertilization failures in previous ICSI cycles 

regardless of the male factor (31- 33).  

Ca+2 signalling following oocyte activation plays a 

pivotal role in pronuclear union, in initiating first and 

subsequent embryonic cleavages (34, 35). In the 

present study the cleavage rates (96.33% ± 11.33 vs. 

92.55% ± 15.56, p = 0.165), the number of embryos 

formed at day 2 check (2.32 ± 0.65 vs.  

1.96 ± 0.68, p = 0.008), the number of cleavage stage 

grade A embryos (1.52 ± 0.95 vs. 1.04 ± 0.93,  

p = 0.009) were higher in oocyte activation group in 

comparison to ICSI group. Although some of the 

findings do not show statistically significant 

difference but these observations suggest the 

beneficial role of calcium signalling in development 

of patterning and morphogenesis of early embryos as 

demonstrated by Whittaker (36) and Ebner et al. (37).  

In the present study, we preferred to transfer the 

embryos at the cleavage stage so as to prevent the 

embryo loss in the extended cultures. Nonetheless, 

blastocyst transfer was performed in patients (n=11, 

13.9%) with certain indications i.e. previous 

implantation failures in cleavage stage embryo 

transfer, PGS testing, and those who insisted on 

blastocyst transfer only. Ebner et al. (37) found a 

significant improvement in blastocyst formation rate 

(47.6% vs. 5.5%) after artificial oocyte activation in 

patients with complete developmental arrest/delay or 

poor blastocyst formation rate (<15%) in their 

previous cycles. However, in the present study the 

blastocyst formation rate was comparable in the two 

groups (47.92 ± 24.30% vs. 44.44 ± 9.62%). The 

probable explanation for the insignificant difference 

could be that in ICSI-AOA group embryos cultured 

till blastocyst stage were from relatively advanced 

age women as compared to the ICSI only group (38 

years vs. 33.66 years). Although AOA had improved 

the blastocyst formation rate but it could not 

compensate for “the age related abbrations in the 

oocyte quality”, thus affecting the blastocyst 

formation capacity. The small sample size also 

affected the results.  

Conflicting evidence is available in the literature 

with regards to “the perfect timing for embryo 

transfer” and the “optimal embryo transfer strategy” 

in poor responders. In the present series majority of 

our patients had undergone fresh embryo transfer in 

both the groups (60% vs. 71.4%). Fresh transfer was 

deferred in the patients with high P4 values 

(>1.5ng/ml) at the time of trigger, where PGS 

testing was needed, too thin/thick endometrium at 

the time of trigger.  

Day 3 embryo transfer was preferred in most of 

the women of the two groups (77.1% vs. 75%) as day 

3 transfer allows expression of additional 

morphological features that increases the chances of 

successful implantation (38). On the contrary, 
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Bahceci et al in a RCT concluded that exposing the 

embryos to in-vitro conditions for an extended time 

(till day 3) might hamper the developmental 

competency and there might occur embryo loss. In 

the present study 3% (n=1) cases and 16% (n=7) 

controls had embryo developmental arrest in previous 

cycles and in present cycle low-grade embryos were 

formed, day 2 transfer was chosen, considering the 

results of Bahceci et al. (39).  

On the basis of Cochrane review (40) of 12 RCTs 

favoring blastocyst transfer, Berkkanoglu et al. (41) 

had attempted blastocyst transfer in poor responders 

as well, achieving encouraging results. Despite the 

above knowledge, in the present study blastocyst 

transfer was performed in only 13.9% women that too 

with specific indications so as to avoid embryo loss in 

extended cultures.  

In few of our patients (6.3%), dual transfer i.e. 

day3 and day 5 transfer was also performed. These 

patients had specifically demanded day 5 transfer but 

because previously they had embryo loss in extended 

cultures, we counseled them for dual transfer so as to 

prevent this risk. Fortunately, all these patients had 

successful blastocyst formation. 

Embryos were cryopreserved in 25% (n=27) 

patients for the following reasons: 25% (n=7) of them 

wanted embryo collection prior to transfer. 15% 

(n=4) of these women had postponed ET due to 

personal reasons. In the remaining patients (60%, 

n=16), embryo transfer had to be postponed due 

nationwide lockdown/curfew because of COVID-19 

pandemic (42).  

Secondary outcome in the present study was clinical 

pregnancy rate and implantation rate. “Clinical 

pregnancy rate per cycle” (34.3% vs. 20.5%, p = 0.167, 

odds ratio 2.03, 95% CI = 0.81-3.49) and the 

“implantation rate per embryo transfer” (27.14 ± 41.04 

vs. 11.74 ± 26.06, p = 0.098) was higher in ICSI-AOA 

group in comparison to ICSI patients although 

differences were not statistically significance.  

In subgroup analysis unexpected poor responders 

had significantly higher clinical pregnancy rate with 

calcium ionophore use as compared to the patients 

where CI was not used (41.66% vs. 23.80%,  

p = 0.046). The clinical pregnancy rate in expected 

poor responders was comparable in two groups 

(18.18% vs. 17.39%) indicating that calcium 

ionophore was not beneficial in this class of  

patients with regards to clinical pregnancy rate and 

further studies are needed to arrive at a conclusion. 

Aytac et al. (20) demonstrated no significant 

difference in the clinical pregnancy rate in expected 

poor responders with calcium ionophore use (13.6% 

vs. 8.1%, p = 0.13).  

Meta-analysis of 14 studies (43) to demonstrate 

the effect of artificial oocyte activation concluded 

that overall pregnancy rate (per ET; 36.9% vs. 15.5%, 

OR-3.48; 95% CI 1.65-7.37) and live birth rate 

(26.8% vs. 9.8%, OR 3.33; 95% CI, 1.50-7.39) 

increased with the use of calcium ionophores. It was 

further demonstrated that statistically significant 

improvement in the fertilization rate (59.2% vs. 

47.4%, OR 3.74, 95% CI= 1.84-7.57), cleavage rate 

(68.3% vs. 48.7%, OR 2.28, 95% CI= 1.23-4.21) and 

blastocyst formation rate (51% vs. 10.7%, OR 6.70, 

95% CI= 2.59-17.28) was noted with the use of 

calcium ionophores for AOA. This meta-analysis has 

included the studies using AOA for various 

indications (previous TFF/LF, embryo development 

arrest/ delay, decreased blastulation rate, diminished 

ovarian reserve). 

Limitations 

• Small sample size and heterogeneity in patient 

population. 

• For an ideal comparison sibling oocytes from each 

women should have been split into two halves and 

subjected to ICSI-AOA and ICSI respectively. But 

this was not practically feasible for us due to poor 

yield of oocytes. 

• Use of different stimulation protocols, different 

timings and strategies of embryo transfer, which 

was inevitable. 
 

Conclusion 

The number of fertilized oocytes, grade A embryos 

and cleavage stage embryos formed after ICSI-AOA 

were statistically significantly more than ICSI. Thus, 

artificial oocyte activation acts at the next step after 

ICSI i.e. it improves the cytoplasmic competency of 

the available oocytes further enhancing the 

fertilization capacity of the gametes and better 

embryo development. ICSI-AOA has not shown 

improvement in fertilization, cleavage, implantation 

and clinical pregnancy rate. To the best of our 

knowledge, the present series is the first prospective 

study evaluating the efficacy of calcium ionophores 

in poor responders. Although a conclusive evidence 

cannot be drawn due to small sample size, further 

studies are needed on a larger population. 

Conflict of Interests 

There are no conflicts of interest among the authors. 



Kaur et al. 

52      Vol. 17, No. 1, March 2023 http://jfrh.tums.ac.ir Journal of Family and Reproductive Health  

Acknowledgments 

The present study has been approved by the 

appropriate ethical committee and has been 

performed in accordance with the ethical standards as 

laid down in 1964 Declaration of Helsinki. 

References 

1. Drakopoulos P, Blockeel C, Stoop D, Camus M, Vos 

M, Tournaye H. Conventional ovarian stimulation and 

single embryo transfer for IVF/ICSI. How many 

oocytes do we need to maximize cumulative live birth 

rates after utilization of all fresh and frozen embryos? 

Hum Reprod 2016; 31(2): 370–6. 

2. Sunkara SK, Rittenberg V, Raine-Fenning N, 

Bhattacharya S, Zamora J, Coomarasamy A. 

Association between the number of eggs and live birth 

in IVF treatment: an analysis of 400 135 treatment 

cycles. Hum Reprod 2011; 26(7): 1768–74. 

3. Esteves SC, Roque M, Bedoschi GM, Conforti A, 

Humaidan P, Alviggi C. Defining Low Prognosis 

Patients Undergoing Assisted Reproductive 

Technology: POSEIDON Criteria-The Why. Front 

Endocrinol (Lausanne). 2018 Aug 17;9:461. 

4. Polyzos NP, Sunkara SK. Sub-optimal responders 

following controlled ovarian stimulation: An 

overlooked group. Hum Reprod 2015; 30(9): 2005-8. 

5. Malchau SS, Henningsen AA, Loft A, Rasmussen S, 

Forman J, Nyboe Andersen A, et al. The long-term 

prognosis for live birth in couples initiating fertility 

treatments. Hum Reprod 2017; 32 (7): 1439–49. 

6. Haahr T, Roque M, Esteves SC, Humaidan P. GnRH 

agonist trigger and LH activity luteal phase support 

versus hCG trigger and conventional luteal phase 

support in fresh embryo transfer IVF/ICSI cycles-a 

systematic PRISMA review and meta-analysis. Front 

Endocrinol (Lausanne). 2017; 8:116. 

7. Krog M, Prior M, Carlsen E, Loft A, Forman J, Pinborg 

A, Andersen AN. Fertilization failure after IVF in 304 

couples--a case-control study on predictors and long-

term prognosis. Eur J Obstet Gynecol Reprod Biol. 

2015 Jan;184:32-7.  

8. Kocourkova J, Burcin B, Kucera T. Demographic 

relevancy of increased use of assisted reproduction in 

European countries. Reprod Health. 2014 May 26;11:37. 

9. Wallace WH, Kelsey TW. Human ovarian reserve from 

conception to the menopause. PLoS One 2010; 5 (1): e8772.  

10. Alviggi C, Conforti A, Caprio F, Gizzo S, Noventa M, 

Strina I, et al. Is estimated good prognosis patients 

could unexpected “hyporesponse” to controlled ovarian 

stimulation be related to genetic polymorphisms of 

FSH receptors. Reprod Sci 2016; 23(8): 1103–8. 

11. La Marca A, Papaleo E, Alviggi C, Ruvolo G, De 

Placido G, Candiani M. The combination of genetic 

variants of the FSHB and FSHR genes affects serum 

FSH in women of reproductive age. Hum Reprod 2013; 

28 (5): 1369–74. 

12. Van Steirteghem AC, Nagy Z, Joris H, Liu J, Staessen 

C, Smitz J, et al. High fertilization and implantation 

rates after intracytoplasmic sperm injection. Hum 

Reprod 1993; 8(7): 1061–6. 

13. Neri QV, Lee B, Rosenwaks Z, Machaca K, Palermo 

GD. Understanding fertilization through 

intracytoplasmic sperm injection (ICSI). Cell Calcium 

2014; 55: 24–37. 

14. Williams CJ. Signalling mechanisms of mammalian 

oocyte activation. Hum Reprod 2002; 8(4): 313–21 

15. Tarin JJ, Perez Albala S, Perez Hoyos S, Cano A. 

Postovulatory ageing of oocytes decreases reproductive 

fitness and longevity of offspring. Biol Reprod 2002; 

(66): 495-9.  

16. Ebner T, Koster M, Shebl O, Moser M, Ven VH, Tews 

G, Montag M. Application of a ready-to-use calcium 

ionophore increases rates of fertilization and pregnancy 

in severe male factor infertility. Fertil Steril 2012; 

98(6): 1432-7. 

17. Vanden Meerschaut F, Nikiforaki D, Heindryckx B, De 

Sutter P. Assisted oocyte activation following ICSI 

fertilization failure. Reprod Biomed Online. 2014 

May;28(5):560-71.  

18. Heindryckx B, De Gheselle S, Gerris J, Dhont M, De 

Sutter P. Efficiency of assisted oocyte activation as a 

solution for failed intracytoplasmic sperm injection. 

Reprod Biomed Online. 2008 Nov;17(5):662-8.  

19. Yanagida K, Morozumi K, Katayose H, Hayashi S, 

Sato A. Successful pregnancy after ICSI with strontium 

oocyte activation in low rates of fertilization. Reprod 

Biomed Online. 2006 Dec;13(6):801-6. 

20. Caglar Aytac P, Kilicdag EB, Haydardedeoglu B, 

Simsek E, Cok T, Parlakgumus HA. Can calcium 

ionophore “use” in patients with diminished ovarian 

reserve increase fertilization and pregnancy rates? A 

randomized, controlled study. Fertil Steril 2015; 

104(5): 1168–74. 

21. Ubaldi F, Vaiarelli A, D'Anna R, Rienzi L. 

Management of poor responders in IVF: is there 

anything new? Biomed Res Int. 2014;2014:352098. 

22. Conforti A, Esteves SC, Danilo C, Alberto V, Rella Di, 

Ubladi MF, Zullo F, Placido D G, Alviggi G. 

Management of women with an unexpected low 



Artificial Oocyte Activation 

 Journal of Family and Reproductive Health http://jfrh.tums.ac.ir Vol. 17, No. 1, March 2023      53 

ovarian response to gonadotropin. Front Endocrinol 

(Lausanne). 2019 Jun 27;10:387. 

23. Craft I, Gorgy A, Hill J, Menon D, Podsiadly B. Will 

GnRH antagonists provide new hope for patients 

considered 'difficult responders' to GnRH agonist 

protocols? Hum Reprod. 1999 Dec;14(12):2959-62. 

24. Quigley MM. The use of ovulation-inducing agents in 

in-vitro fertilization. Clin Obstet Gynecol. 1984 

Dec;27(4):983-92.  Wang B, Sun HX, Hu YL, Chen H, 

Zhang NY. Application of GnRH-antagonist to IVF-ET 

for patients with poor ovarian response. National 

Journal of Andrology 2008; 14: 423–6 

25. Wang B, Sun HX, Hu YL, Chen H, Zhang NY. 

[Application of GnRH-antagonist to IVF-ET for 

patients with poor ovarian response]. Zhonghua Nan 

Ke Xue. 2008 May;14(5):423-6. Chinese. 

26. Jeve YB, Bhandari HM. Effective treatment protocol 

for poor ovarian response: A systematic review and 

meta-analysis. J Hum Reprod Sci 2016; 9(2): 70-81. 

27. Fisch JD, Keskintepe L, Sher G. Gonadotropin-

releasing hormone agonist/antagonist conversion with 

estrogen priming in low responders with prior in vitro 

fertilization failure. Fertil Steril. 2008 Feb;89(2):342-7. 

28. Mitwally MF, Casper RF. Aromatase inhibition improves 

ovarian response to follicle-stimulating hormone in poor 

responders. Fertil Steril. 2002 Apr;77(4):776-80. 

29. Goswami SK, Das T, Chattopadhyay R, Sawhney V, 

Kumar J, Chaudhury K, Chakravarty B.N, Kabir S.N. 

A randomized single-blind controlled trial of letrozole 

as a low-cost IVF protocol in women with poor ovarian 

response: a preliminary report. Hum Reprod 2004; 19 

(9): 2031-5. 

30. Khamsi F, Yavas Y, Roberge S, Wong JC, Lacanna IC, 

Endman M. Intracytoplasmic sperm injection increased 

fertilization and good-quality embryo formation in 

patients with non-male factor indications for in vitro 

fertilization: a prospective randomized study. Fertil 

Steril. 2001 Feb;75(2):342-7.   

31. Yang D, Shahata MA, al-Bader M, al-Natsha SD, al-

Flamerzia M, al-Shawaf T. Intracytoplasmic sperm 

injection improving embryo quality: comparison of the 

sibling oocytes of non-male-factor couples. J Assist 

Reprod Genet. 1996 Apr;13(4):351-5.  

32. Montag M, Köster M, van der Ven K, Bohlen U, van 

der Ven H. The benefit of artificial oocyte activation is 

dependent on the fertilization rate in a previous 

treatment cycle. Reprod Biomed Online. 2012 

May;24(5):521-6. 

33. Yoon HJ, Bae IH, Kim HJ, Jang JM, Hur YS, Kim HK, 

Yoon SH, Lee WD, Lim JH. Analysis of clinical 

outcomes with respect to spermatozoan origin after 

artificial oocyte activation with a calcium ionophore.  

J Assist Reprod Genet. 2013 Dec;30(12):1569-75. 

34. Berridge MJ. Calcium signalling and cell proliferation. 

Bioessays. 1995 Jun;17(6):491-500. 

35. Yu Y, Saunders CM, Lai FA, Swann K. 

Preimplantation development of mouse oocytes 

activated by different levels of human phospholipase C 

zeta. Hum Reprod. 2008 Feb;23(2):365-73. 

36. Whitaker M. Calcium at fertilization and in early 

development. Physiol Rev. 2006 Jan;86(1):25-88. doi: 

10.1152/physrev.00023.2005. 

37. Ebner T, Oppelt P, Wober M, Staples P, Mayer RB, 

Sonnleitner U. Treatment with Ca2+ ionophore 

improves embryo development and outcome in cases 

with previous developmental problems: a prospective 

multicenter study. Hum Reprod 2015; 30(1): 97-102. 

38. Oatway C, Gunby, Daya S. Day three versus day two 

embryo transfer following in vitro fertilization or 

intracytoplasmic sperm injection. Cochrane Database 

Syst Rev 2004; 2: CD004378. 

39. Bahceci M, Ulug U, Ciray HN, Akman MA, Erden HF. 

Efficiency of changing the embryo transfer time from 

day 3 to day 2 among women with poor ovarian 

response: a prospective randomized trial. Fertil Steril 

2006; 86(1): 81-5.  

40. Glujovsky D, Blake D, Farquhar C, Bardach A. 

Cleavage stage versus blastocyst stage embryo transfer 

in assisted reproductive technology. Cochrane Database 

Syst Rev 2012; 7: CD002118. 

41. Berkkanoglu M, Coetzee K, Bulut H, Ozgur K. Optimal 

embryo transfer strategy in poor response may include 

freeze-all. J Assist Reprod Genet 2017; 34(1): 79-87. 

42. Veiga A, Gianaroli L, Ory S, Horton M, Feinberg E, 

Penzias A. Assisted reproduction and COVID-19: A 

joint statement of ASRM, ESHRE and IFFS. Fertil 

Steril. 2020 Sep;114(3):484-485.  

43. Murugesu S, Saso S, Jones BP, Milnes TB, Athanasiou 

T, Mania A, Serhal P, Nagi JB. Does the use of calcium 

ionophore during artificial oocyte activation 

demonstrate an effect on pregnancy rate? A meta-

analysis. Fertility and sterility 2017; 108(3): 468-82. 

 
 

Citation: Kaur B, Malik S, Prakash V, Bhatia V, 

Gupta D. Efficacy of Artificial Oocyte Activation 

in Improving the Reproductive Outcome in Poor 

Responders: A Single Centre Cohort Study. J 

Family Reprod Health 2023; 17(1): 45-53. 
 

 


