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Abstract
Purpose  The precise timing of insemination after oocyte retrieval is sometimes challenging. In this study, we have assessed 
the effect of the variation in insemination timing on reproductive outcome for both conventional insemination (CI) and 
intracytoplasmic sperm injection (ICSI) cycles.
Methods  A single-center retrospective cohort data analysis was performed on 6559 patients (9575 oocyte retrievals) from 
January 2017 to July 2019. The main outcome measured was live birth rates. Secondary outcomes included fertilization rate 
per all oocytes retrieved, blastocyst utilization, clinical pregnancy, and miscarriage rates. The time interval between oocyte 
retrieval and insemination was analyzed in eight categories: 0 (0– < 0.5 h), 1 (0.5– < 1.5 h), 2 (1.5– < 2.5 h), 3 (2.5– < 3.5 h), 
4 (3.5– < 4.5), 5 (4.5– < 5.5), 6 (5.5–6.5), and 7 (6.5– < 8 h). The number of retrievals in each group (0–7) was 586, 1594, 
1644, 1796, 1836, 1351, 641, and 127 respectively.
Results  The mean fertilization rate for CI ranged from 54.1 to 64.9% with a significant difference between time categories 0 
and 5 (p < 0.001) and 1 and 5 (p < 0.0.001). The mean fertilization rate for ICSI ranged from 52.8 to 67.3% with no significant 
difference between time categories. Blastocyst rate for CI and ICSI was not significantly different. Miscarriage and clinical 
pregnancy rates in CI and ICSI were not significantly different. Live birth rates differed significantly (p < 0.05) in CI with 
time categories 0 and 7 representing the lowest rates, but not in the ICSI group.
Conclusion  If performing CI or ICSI before 1.5 h and > 6.5 h, any detrimental effects are moderate on fertilization but do 
not affect blastocyst usage and birth rates.
Trial registration  Institutional Review Board Approval from the Beth Israel Deaconess Medical Centre [IRB Protocol #: 
2015P000122].
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Introduction

The precision and timing of protocols for the in vitro fer-
tilization (IVF) laboratory are highly influenced by the 
biological characteristics of the manipulated gametes. As 
it becomes more mainstream, the need to maintain high 

standards to ensure the patient receives the best results 
from each cycle is imperative. More people now use IVF 
to achieve pregnancy and this increases the laboratory and 
clinic workload, resulting in challenges to performing all 
procedures according to schedule. Data from the Interna-
tional Committee Monitoring Assisted Reproductive Tech-
nologies (ICMART) [1] report shows that there were nearly 
2 million IVF cycles, which represented a 9.3% increase 
from 2015. This included a large increase in the frequency 
of frozen embryo transfer cycles.

With the increasing implementation of IVF, logistics have 
begun to play a greater role in influencing the sequence of 
events occurring in the IVF laboratory. Analysis of labo-
ratory and clinical outcomes of assisted reproduction is 
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essential to validate the use of these processes. For exam-
ple, important information about individual oocytes can 
be obtained from observing the development of the ferti-
lized oocyte from the 2PN stage to blastocyst, through to 
implantation and delivery of the live newborn. In this study, 
our objective was to examine how the time variation from 
retrieval to insemination affected the above outcomes for 
each retrieval; including fertilization, blastocyst develop-
ment, and pregnancy outcomes.

The female gamete has a unique biological characteris-
tic. At ovulation, the oocyte is assumed to have achieved 
full maturity and fertilization potential. However, in the 
case of ovarian hyperstimulation, this is not always true as 
a percentage of oocytes are still immature [2]. The nuclear 
maturity of the oocyte is said to have occurred when the 
second meiotic division occurs. It is believed that nuclear 
maturation occurs faster than cytoplasmic maturation hence 
the need for an appropriate period of incubation to allow 
the cytoplasm to catch up [3]. Oocyte cytoplasmic matura-
tion includes those events that enable the oocyte to complete 
nuclear maturation, insemination, early embryogenesis and 
therefore provide a foundation for proper implantation, ini-
tiation of pregnancy, and normal fetal development[4].

Once a cumulus oocyte complex is collected, the proto-
col in most laboratories is to incubate the oocyte for 4–5 h 
before insemination [5]. This is influenced by evidence 
of fertilization outcomes observed by studies in the early 
days of IVF [6]. In most IVF laboratories, the timing of 
the ovulation trigger injection is usually co-ordinated such 
that the time of ovulation falls into a workload schedule of 
oocyte retrieval in the morning and inseminations by after-
noon. This sequence optimizes laboratory functioning and 
efficiency[7].

The debate about the effect of time of insemination of 
the oocyte after retrieval on reproductive outcome has been 
ongoing from the 1980s, with publications supporting a pre-
incubation period of at least 3 h using conventional insemi-
nation (CI) [5, 6]. In contrast, there are recent studies that 
describes minor differences in fertilization rates and oth-
ers that report no differences. For example, Ho et al. [8] 
observed some beneficial increase in fertilization rate of 
oocytes pre-incubated for at least 2.5 h before insemination 
but not more than 8 h for both IVF and ICSI cycles. How-
ever, the study had a relatively small sample size (176 IVF 
cycles with 1883 eggs retrieved and 76 ICSI cycles with 802 
eggs retrieved). Pujol et al. [9] also attempted to address this 
concern by studying how time to ICSI affects reproductive 
outcome using laboratory time divided into deciles, to main-
tain an equal category population, and showed that both bio-
chemical and clinical pregnancy rates diminish progressively 
as time between oocyte pick up and ICSI increased after 
fresh embryo transfer. More recently, Vandenberghe et al. 
[10] reported that the optimal injection time window may be 

less stringent than previously thought, as both embryologi-
cal and clinical outcome parameters were not significantly 
affected in relation to the early or later denudation and ICSI.

The true test of the normality or maturation of the oocyte 
is confirmed by its ability to develop to the blastocyst stage 
and finally the birth of a normal offspring following embryo 
transfer. This is because the competent oocyte is able to 
complete the transition from maternal to embryonic genome 
and proceed to implant [11]. The time to insemination gives 
the retrieved pre-ovulatory oocyte the chance to achieve 
maturation. It is thought that the reproductive capability of 
a human oocyte starts declining after 7 h of retrieval [12] 
and most studies have a peak fertilization outcome at 5–5.5 h 
[6, 13]. However, the majority of available literature does not 
include inseminations done in a broad timespan, including 
less than 1.5 h and after 7 h. More recent studies have also 
focussed largely on ICSI outcomes.

In this study, we have assessed the effect of time to insem-
ination post-retrieval by examining: fertilization rate per egg 
retrieved, blastocyst rate, clinical pregnancy rate, miscar-
riage rate, live birth, and cumulative live birth rate in both 
CI and ICSI procedures at a single center using similar pro-
tocols for all cycles. Our results examined the time-span of 
CI or ICSI from 0 to 8 h post-retrieval by assessing outcomes 
of 9575 oocyte retrievals in a wide spectrum of patients.

Materials and methods

Patient population

This study population was composed of 6559 patients, who 
had IVF treatment with 9575 oocyte retrieval cycles at Bos-
ton IVF from January 1, 2017, to July 31, 2019. Oocyte 
insemination was done by either CI or ICSI. The study was 
conducted under an expedited Institutional Review Board 
Approval from the Beth Israel Deaconess Medical Centre 
[IRB Protocol #: 2015P000122]. All cycles with at least 1 
mature oocyte retrieved in the study period were included 
while those with surgically retrieved sperm, frozen-thawed 
oocytes, and cycles with only Metaphase I or GV (Germinal 
Vesicle) oocytes retrieved were excluded.

Insemination criteria for ICSI and CI

Massachusetts has mandated health insurance, which cov-
ers IVF for the majority of the population working in the 
state. Under the IVF insurance mandate, patients with < 4 
million total motile sperm per ml post preparation or with 
previous failed fertilization have ICSI performed. In some 
cases, patients with sperm numbers greater than this may 
do ICSI; however, the ICSI portion of the procedure is not 
covered by insurance.
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Stimulation protocol

Patients underwent ovarian stimulation, vaginal oocyte 
retrieval, embryo transfer, and subsequent blastocyst vitri-
fication using antagonist and agonist protocols at the dis-
cretion of the treating physician. These protocols included 
subcutaneous doses of gonadotropins; monitoring with 
transvaginal ultrasound, serum estradiol, luteinizing hor-
mone, and progesterone levels; and follicle maturation 
with human chorionic gonadotropin (hCG), gonadotropin-
releasing hormone agonist, or both, as described previously 
[14, 15]. Ultrasound-guided oocyte retrieval was performed 
36 h after hCG administration. Embryos were transferred 
fresh, either on day 3 (cleavage stage) or day 5 (at the blas-
tocyst stage) determined on a case-by-case basis. Blastocyst 
cryopreservation occurred on day 5 or day 6 after reaching 
expansion grade 3 or greater and any ICM or trophectoderm 
grade combination of A and B, according to the Gardner 
scoring criteria [16–18].

Timing of oocyte retrievals, insemination, and ICSI

The timing of laboratory events was documented by the 
embryologist in the Electronic Medical Record Database 
(eIVF, Practice Highways). Timing of HCG trigger dose was 
reported by the patient. Oocyte retrievals commence at 0730 
and are programmed to end by 1600. If the retrieval vol-
ume exceeds this time period, a second group of retrievals 
will be performed in parallel. Once collected, the cumulus 
oocyte complexes are washed in handling media (MHM, 
Irvine Scientific) and placed in a culture dish of Continuous 
Single Culture Media (CSC) (Irvine Scientific) under oil 
(Vitrolife). ICSI denudation is initiated at 1030 and once 
denudation is completed for a patient ICSI is performed. 
For oocyte retrievals that occur after 1500, CI or ICSI can 
be initiated immediately leading to a shorter time period 
between retrieval and CI or ICSI. On the contrary, in some 
cases when there are delays in acquiring the sperm sample 
and the retrieval has occurred earlier, the time period can 
be longer.

Insemination and embryo culture

CI was performed in a culture dish in 75ul droplets using 
a final count of 100,000 motile sperm per drop. The COCs 
were placed in a group of 5 to a drop. For ICSI, denuded 
oocytes were assessed for nuclear maturity under the micro-
scope and only MII oocytes were placed in the culture dish 
and injected. Once injected, oocytes were rinsed in CSC and 
placed in the post-ICSI culture dishes.

Once assessed for fertilization, embryos were cultured 
in drops of CSC and all embryos were cultured in bench 
top incubators controlled at 7%CO2, 6%O2, 87% N2, and 

36.8 °C. Fertilization assessment was performed between 
16 and 20 h post insemination.

Statistical analysis

Variable determination

All analysis was conducted using time of insemination 
as a categorical variable in both CI and ICSI cycles. The 
categories for time of insemination were considered from 
oocyte pickup (OPU) to insemination (CI/ICSI) in timings 
of 0 < 0.5 h, 0.5 < 1.5 h, 1.5 < 2.5 h, 2.5 < 3.5 h, 3.5 < 4.5 h, 
4.5 < 5.5 h, 5.5 < 6.5 h, and 6.5 < 8 h. As the variable of 
interest was time, post-retrieval cases were divided based 
on the above times and not distributed in groups of equal 
sizes. This created 8-time categories of observations stated 
as 0, 1, 2, 3, 4, 5, 6, and 7 respectively. Fertilization rate was 
defined as the number of 2PN seen on day 1 of insemination 
divided by the total number of retrieved oocytes in both ICSI 
and CI cycles, in percentage. It is important to note that ICSI 
fertilization rates were not based on how many MII oocytes 
were injected but as a percentage of all oocytes retrieved. 
We defined the fertilization rate using number of retrieved 
oocytes to ensure that we had a condition in which both 
the CI and ICSI cycles could be compared using the same 
denominator. Blastocyst rate was defined as the total number 
of usable blastocysts (those transferred and/or cryopreserved 
on day 5, 6, and 7) divided by the total number of fertilized 
oocytes on day 1 in both ICSI and CI cycles, in percentage.

All statistical analyses were performed using SPSS soft-
ware version 22.0 (Armonk, NY, USA). A p value of < 0.05 
was set as statistically significant. Graphs were plotted using 
MS Excel 2007 and SPSS. The categorical variables (CI or 
ICSI times post-retrieval) were analyzed by one-way analy-
sis of variance (ANOVA). Post hoc analysis was determined 
by Tukey HSD pair-wise comparison and homogenous sub-
set when necessary. The χ2 test was used to compare the 
pregnancy, miscarriage, ongoing, and live birth rates within 
time categories.

Results

Demographic data

We analyzed data for a total of 6559 patients with 9575 
oocyte retrieval cycles from January 1, 2017, to July 31, 
2019. The mean age (± SD) and mean number of oocytes 
(± SD) of the patients in each category are shown in Table 1. 
The mean oocytes inseminated across each observed time 
category were significantly different in the time category 0 
for CI and ICSI cycles. It was significantly lower compared 
to time categories 1–5 in CI; and time categories 2–7 for 
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ICSI cycles. This was largely due to smaller patient numbers 
in the 0 and 7 time groups.

Fertilization rate

The overall mean fertilization rate was 58.6%. The modal 
distribution was time category 4 with a population of 1193 

cycles. The fertilization rate by CI in each time category is 
shown in Table 2 and Fig. 1a. Analysis using ANOVA of 
the mean fertilization rates of the observed time catego-
ries showed a significance of p < 0.0001 indicating there 
were significant differences in the means of fertilization 
rates between some time categories. Pair-wise compari-
son showed that the 0 and 1 categories were significantly 

Table 1   Age and number of 
oocytes collected for patients 
undergoing CI and ICSI in the 
different time categories groups

* Significantly different to times 1–5
** Significantly different to times 2–7

All cycles CI ICSI

Time category N Mean SD N Mean SD N Mean SD

AGE 0 586 36.3 4.3 565 36.2 4.3 21 37.3 3.9
1 1594 35.7 4.3 1312 35.7 4.2 282 36.2 4.7
2 1644 36.1 4.3 1099 36.1 4.3 545 36.1 4.3
3 1796 35.9 4.3 905 36.0 4.2 891 36.0 4.4
4 1836 36.3 4.2 643 36.3 4.3 1193 36.3 4.2
5 1351 36.0 4.3 283 35.5 4.5 1068 36.1 4.2
6 641 35.9 4.2 117 35.6 4.1 524 35.9 4.2
7 127 36.1 3.6 31 36.7 3.6 96 36.0 3.6

Oocytes 0 586 10.0 6.2 565 10.1* 6.2 21 6.5** 5.0
1 1594 12.7 8.8 1312 13.0 9.0 282 11.4 7.6
2 1644 12.1 8.0 1099 12.2 8.1 545 12.0 7.7
3 1796 12.6 8.3 905 12.6 8.2 891 12.6 8.4
4 1836 12.3 8.1 643 12.6 8.0 1193 12.1 8.1
5 1351 12.4 8.1 283 12.8 7.9 1068 12.3 8.2
6 641 12.5 7.9 117 12.6 9.4 524 12.5 7.5
7 127 13.0 8.6 31 9.3 6.1 96 14.2 9.0

Table 2   Comparison of mean 
fertilization rates in cases of 
CI and ICSI in relation to the 
time of insemination after egg 
retrieval

Time (Grp) Number Mean SD SE 95% confidence interval

Min Max

CI
  0 565 54.06 27.54 1.16 51.78 56.33
  1 1312 57.56 25.59 0.71 56.17 58.94
  2 1099 60.43 25.13 0.76 58.94 61.92
  3 905 63.62 25.38 0.84 61.97 65.28
  4 643 64.79 26.11 1.03 62.77 66.81
  5 283 64.87 25.44 1.51 61.89 67.85
  6 117 62.41 26.77 2.47 57.51 67.31
  7 31 61.00 26.06 4.68 51.44 70.56

ICSI
  0 21 67.28 30.57 1.16 53.36 81.20
  1 282 52.72 26.04 0.71 49.67 55.77
  2 545 54.83 24.55 0.76 52.76 56.90
  3 891 55.24 22.84 0.84 53.74 56.74
  4 1193 58.34 23.72 1.03 56.99 59.69
  5 1068 57.34 22.93 1.52 55.96 58.71
  6 524 57.18 23.22 2.47 55.19 59.17
  7 96 61.08 23.64 4.68 56.29 65.87
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lower (Fig. 2a). The fertilization rate by ICSI in each time 
category is shown in Table 2 and Fig. 1b. Analysis using 
ANOVA of the mean fertilization rates of the observed 
time categories showed a significance of p < 0.001 indi-
cating there were significant differences in the means of 
fertilization rates between some time categories. Pair-wise 
comparison showed that only some significant differences 
existed; however, the number of cases in time category 0 
for ICSI was small (Fig. 2b). When examining ICSI ferti-
lization rates per MII oocyte injected for the different time 
categories, no significant difference was observed (Sup-
plementary Table 1).

Blastocyst utilization rate

The blastocyst utilization rate includes blastocysts that 
were vitrified or transferred in fresh cycles as blastocysts. 
The blastocyst utilization rate for CI and ICSI is shown in 
Table 3. For this calculation, the day 3 freshly transferred 
embryos were removed. In these cases, all embryos were 
continued for cryopreservation to the blastocyst stage. Blas-
tocysts derived from category 6 in CI had the highest utiliza-
tion rate at 48.32% and those from category 5 had the lowest 
utilization rate at 42.34%. The overall blastocyst utilization 
rate within the observed time period was 45.26%. Blastocyst 
derived from category 0 in ICSI had the highest utilization 

Fig. 1   Box plots of the mean 
fertilization rate in the different 
time categories after CI and 
ICSI
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Fig. 2   Post hoc analysis comparison of time categories for CI and ICSI fertilization showing confidence intervals. Comparisons that are signifi-
cantly different are shown in red

2701Journal of Assisted Reproduction and Genetics (2021) 38:2697–2706



1 3

rate at 48.86%; and those from category 7 had the lowest 
utilization rate at 38.94%. The overall blastocyst utilization 
rate for ICSI within the observed time period was 45.25%. 
Post hoc analysis of both the blastocyst utilization and over-
all blastocyst rate for CI and ICSI showed no significantly 
differences for all time categories.

Pregnancy, miscarriage, and live birth rate

The positive pregnancy, miscarriage, and live births per 
transfers originating from the retrieval cycles in each time 
category are shown in Table 4. Cycles with transferred 
embryos in both fresh and frozen transfers were included 
in this analysis. The mean number of embryos transferred 
(+ SD) for both CI and ICSI in each time category did not 
differ significantly. For CI, the mean (+ SD) was 1.6 ± 0.9 
and 1.2 ± 0.5 day 3 and day 5 fresh transfers, respectively. 
For ICSI, the mean (+ SD) was 1.8 ± 0.9 and 1.4 ± 0.6 for 
day 3 and day 5 fresh transfers, respectively. For both CI and 
ICSI, the mean number of embryos transferred (+ SD) was 
1.1 ± 0.4 frozen blastocysts.

In both CI and ICSI, there was no significant difference 
across time categories for pregnancy, miscarriage, and live 
birth rates. The percentage of day 3 fresh transfers across all 
groups were not significantly different for the CI and ICSI 
time categories (Table 4). The percentage of PGT cycles per 
retrieval in the CI and ICSI groups was 32.1% (range: 27.3 to 
35.5%, Chi-square = 11.5, p > 0.05) and 37.1% (range: 33.3 

to 39.2%, Chi-square = 6.5, p > 0.05) respectively in both 
groups. Analysis across all time categories did not show 
any significant difference in the use of PGT-A for CI or ICSI 
groups.

Discussion

This study investigated if there were any differences in labo-
ratory and clinical outcome in ART cycles inseminated at 
varying time periods after oocyte retrieval using CI or ICSI. 
Our findings suggest that fertilization rates for CI were sig-
nificantly lower at insemination time category 0 and 1. Also, 
the fertilization rate for ICSI was significantly lower in the 
time category 1. The number of ICSI cycles in time category 
0 however was low and might have affected the ability to 
adequately test for significant differences. Once fertilized, 
the embryos showed no significant decline in their ability to 
reach the blastocyst stage and progress to live birth in rela-
tion to the different time categories.

While we observed that fertilization might be more time 
sensitive, other laboratory and clinical outcomes may rely 
more on intrinsic embryo characteristics unrelated to tim-
ing of fertilization. It is accepted that oocyte nuclear and 
cytoplasmic maturation are highly co-ordinated processes 
and are not interdependent. Nuclear maturation encom-
passes the processes reversing meiotic arrest at prophase 
I and driving the progression of meiosis to metaphase II 

Table 3   The percentage 
outcome of blastocysts by 
time category in CI and ICSI. 
Utilization rate is the number 
of blastocysts transferred and 
frozen (by vitrification) per 
fertilized embryos, while the 
blastocyst rate is the number of 
embryos reaching the blastocyst 
stage (Gardner grade 3 and 
above) per fertilized embryo

Time category Number frozen Number discarded Number 
trans-
ferred

Total Utilization rate Average 
blastocyst 
rate

CI
  0 1034 1837 405 3276 43.93% 46.7%
  1 3786 5532 882 10,200 45.75% 53.2%
  2 3047 4530 805 8382 45.81% 52.2%
  3 2868 4127 637 7632 45.91% 53.5%
  4 2055 3098 396 5549 44.15% 54.3%
  5 846 1441 212 2499 42.34% 54.2%
  6 373 476 72 921 48.32% 55.8%
  7 61 89 18 168 47.02% 54.0%
  Total 14,070 21,130 3427 38,627 45.26% 52.8%

ICSI
  0 28 45 15 88 48.86% 49.2%
  1 570 912 172 1654 44.86% 49.2%
  2 1294 2012 399 3705 45.70% 50.9%
  3 2293 3424 612 6329 45.90% 51.8%
  4 3021 4720 865 8606 45.11% 49.6%
  5 2785 4253 803 7841 45.75% 50.9%
  6 1331 2154 404 3889 44.51% 49.6%
  7 252 497 65 814 38.94% 46.7%
  Total 11,565 18,017 3,335 32,926 45.25% 50.4%
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while cytoplasmic maturation refers to the processes that 
prepare the egg for activation and preimplantation devel-
opment[19]. Developmentally competent oocytes are able 
to progress to the blastocyst stage because they are able to 
produce and accumulate necessary maternal mRNAs and 
proteins which are undoubtedly critical for successful pre-
implantation development. The attrition of oocytes to live 
birth has previously been shown to be dramatically high 
[20]. It could be argued that the data in this study indicate 
that the event of fertilization may be the first step in weeding 
out incompetent oocytes. Competency therefore does not 
seem to be dramatically impacted by timing of insemination 
or ICSI indicating that intrinsic components of the oocyte 
may already be jeopardized prior to ovulation.

Fertilization is the first step of an ART cycle in getting to 
the embryo transfer stage. Previous studies on the effects of 
time of insemination on laboratory outcome noticed lower 
fertilization rates for oocytes inseminated by CI within the 
first 3 h [13] of oocyte retrieval, but with no significant dif-
ferences after 3 h in CI and ICSI cycles [7, 21]. The initial 
IVF studies by Trounson et al. [6] observed optimal fertiliza-
tion rates when insemination was performed at 5–5.5 h. In 
our own data, the only time category that impacted fertili-
zation rates significantly was when inseminations occurred 
before 1.5 h after retrieval. This could be because the oocytes 
need some time to adjust to the laboratory environment as 
they are collected as pre-ovulatory oocytes. This does raise 
the question of whether the actual ovulation process into the 

fallopian tube is implicated in the final maturation step of 
oocytes. Allowing them to stay in contact with the cumulus 
cells improves their chance of attaining full maturation [22], 
but extended time between retrieval and insemination has 
little or no benefits especially in CI. The time the oocyte 
remains with the cumulus cells in CI is much greater so this 
may have other benefits. The use of ICSI may be a more 
rigorous examination of time of insemination post-retrieval 
as in that case, the cumulus cells are removed.

Several studies that investigated the optimal time of ICSI 
have been carried out over the years with no conclusive data. 
Early studies by Van de Velde et al. [23] showed that the best 
results are obtained if the oocytes are injected 2–6 h after 
retrieval. Barcena et al. [24] reported no significant differ-
ence in clinical outcomes compared to time of ICSI. In this 
study, however, the average patient age was 26 years and the 
earliest time to ICSI was 3 h after egg retrieval in both fresh 
and vitrified oocytes. In contrast, Pujol et al. [9] reported 
deteriorating implantation and pregnancy rates as incuba-
tion time increased for oocytes pre-incubated for at least 1 h 
before ICSI in a fresh embryo transfer cycle. They found 
that there was a paradoxical increase in fertilization rate as 
time proceeded but this had no effect on embryo quality 
and there was no effect on the ongoing pregnancy and live 
birth rates. It was proposed that oocyte aging could explain 
the increase in fertilization rates. Another study reported 
that there was improvement in MII, fertilization rates, and 
embryo quality after 2 h of incubation, with no difference 

Table 4   The percentage outcome of positive pregnancy, miscarriage, and live births per total transfers originating from the initial retrieval

* Includes all transfers performed (day 3 fresh and blastocyst fresh and frozen)

Time categories

0 1 2 3 4 5 6 7 Total

CI
  Positive pregnancy 317 941 754 612 352 154 79 18 3227

44.8% 50.3% 48.8% 49.7% 51.7% 52.0% 46.5% 46.2% 49.3%
  Miscarriage 46 112 107 64 55 14 12 2 412

6.5% 6.0% 6.9% 5.2% 8.1% 4.7% 7.1% 5.1% 6.3%
  Live births 199 638 488 405 232 105 46 9 2122

28.1% 34.1% 31.6% 32.9% 34.1% 35.5% 27.1% 23.1% 32.4%
  Day 3 fresh transfers 119 217 182 132 75 32 22 3 782
  Total fresh and frozen transfers* 708 1870 1544 1232 681 296 170 39 6540

ICSI
  Positive pregnancy 11 169 337 557 773 679 312 79 2917

45.8% 48.1% 46.9% 47.0% 47.3% 47.5% 45.9% 51.3% 47.2%
  Miscarriage 1 27 39 70 113 86 41 12 389

4.2% 7.7% 5.4% 5.9% 6.9% 6.0% 6.0% 7.8% 6.3%
  Live births 8 102 215 369 488 460 208 55 1905

33.3% 29.1% 29.9% 31.1% 29.8% 32.2% 30.6% 35.7% 30.8%
  Day 3 fresh transfers 8 53 112 159 224 212 101 15
  Total fresh and frozen transfers* 24 351 719 1186 1635 1429 680 154 6178
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in implantation and clinical pregnancy rates [25]. Jacobs 
et al. [7] also reported no difference in laboratory outcomes 
(fertilization and blastocyst rates) even after adjusting for 
cofounders in CI and ICSI cycles. However, the study did 
not include the outcome of inseminations done in shorter 
time periods. Other authors who investigated the effect of 
timing of oocyte denudation on ICSI [26, 27] came up with 
a general conclusion that supports at least 2–3 h pre-incu-
bation to improve the competence of the oocytes. Rienzi 
et al. [13] showed that pre-incubation of oocytes with cumu-
lus cell for an average of 2 h post-retrieval was important 
to improve the clinical outcome for ICSI cycles. In many 
studies, however, ICSI fertilization rates are judged by the 
number of MIIs injected. Our study evaluated on the basis 
of number of 2PN divided by all eggs retrieved. Even when 
examining fertilization rates of the MIIs injected, we did not 
see a significant difference in the time categories assessed 
(See supplementary Table 1). In CI cycles, we observed 
a statistically significant trend of increasing fertilization, 
blastocyst, pregnancy, ongoing pregnancy, and live birth 
rates as the time to insemination increased until it peaked at 
4.5–5.5 h before a gradual drop in rates was seen. For ICSI 
cycles, we had an unexplained spike in fertilization rates for 
inseminations done within 30 min of retrieval, and a sudden 
drop between 0.5 and 1.5 h but there was no effect on subse-
quent embryo development. This, however, is likely due to 
the low number of cases performed at the earliest time point. 
Underlying the differences between CI and ICSI are also that 
ICSI has been associated with lower rates of implantation 
(23.0% vs 25.2%; adjusted RR, 0.93; 95% CI, 0.91–0.95) and 
live birth (36.5% vs 39.2%; adjusted RR, 0.95)[28].

There are 2 competing factors that govern the timing of 
insemination. The first is the biology of the oocyte and the 
second is the logistics of performing an IVF cycle. Timing 
of maturation is presumed to take place after HCG trigger 
which in our clinic is 36 h prior to oocyte retrieval. The mat-
uration times can then be extrapolated to post trigger by add-
ing 36 h, even though this could be subject to some patient 
variation. The overall competence of an oocyte largely deter-
mines reproductive outcomes of an ART cycle. The ovu-
lated oocyte is assumed to complete cytoplasmic maturation 
during transportation into the ampulla. In in vitro models, 
retrieved oocytes are mostly pre-ovulatory and they main-
tain the nuclear/cytoplasmic asynchrony [29]. Assuming the 
viability of the oocyte is similar to in-vivo conditions, we 
can say that the oocyte might have a window of fertilization 
and not just a specific time where fertilization is most likely 
to occur. This time window is easier to accommodate in CI 
but is effectively overridden in ICSI cycles. Interestingly, 
timing of ICSI when comparing only fertilization rates of 
MII oocytes showed no differences.

When we consider laboratory logistics, an IVF cycle has 
to be performed to achieve the best results within the avail-
able time period. For example, a busy laboratory perform-
ing oocyte retrievals late in the afternoon may not have the 
capacity to perform ICSI or CI 4–5 h later. The data pre-
sented in this study indicate that overall, early ICSI or CI 
is not detrimental to cycle outcome. Most laboratories with 
low patient load are able to function according to the biology 
of the oocyte; however, in a very busy laboratory with high 
cycle turnover, a balance may need to be achieved between 
oocyte biology and logistics. The retrieved pre-ovulatory 
oocytes can be inseminated after at least 1.5 h of incubation 
without any detriment to fertilization, blastocyst utilization 
rate, or pregnancy and live birth rates.

This study had several limitations. First is that it was a 
retrospective study hence we could not exclude the effect 
of some unknown variables. Secondly, timing of events 
was dependent on the both the patient and embryologist. 
This limitation was compensated for by rounding off the 
time spread into categories covering a unique time range; 
however, this created unevenness in case numbers between 
groups. Even with these limitations, our study had the 
strength of a large sample size, even though early times had 
smaller numbers in ICSI. This time spread was considered 
to be representative of the challenges faced in a busy labora-
tory. Our main focus was on the mean rate of cycle outcomes 
in each time category considered and this helped to reduce 
the effect of outliers in our data. We were able to consider 
the case of rapid inseminations done within the first 30 min 
in both CI and ICSI cycles as this was not studied in majority 
of the available literature [7, 9, 13]. The number of cycles 
in the 0 and 7 time categories for both ICSI and CI was 
however lower. A further limitation is that in some cases, 
not all frozen embryos are accounted for and that some day 
3 fresh embryo transfers were performed which could impact 
blastocyst utilization rates. Importantly, our own data also 
represented the outcome of ICSI from all oocytes and not 
just MII oocytes injected. The population of our study is 
also representative of the average population that seek ART 
treatment with the exception of cycles with surgical sperm 
and other extreme semen parameter related cases. Massachu-
setts has mandated health insurance covering IVF; hence, it 
is more inclusive in the representation of the ART patients.

Conclusion

This large retrospective study indicated that both CI and 
ICSI are optimal when performed between 1.5 and 6.5 h 
after oocyte pickup for consistent outcomes. If perform-
ing CI or ICSI prior to 1.5 h, any detrimental effects are 
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moderate on fertilization but do not impact the final blasto-
cyst usage and pregnancy rate. Further studies on fertiliza-
tion outcome related to time of insemination are warranted, 
in particular when considering factors that may impact the 
oocyte such as the specific cause of infertility and stimula-
tion protocols.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10815-​021-​02299-7.
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