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ORIGINAL ARTICLE

Intracytoplasmic sperm injection using hyaluronic acid or
polyvinylpyrrolidone: a time-lapse sibling oocyte study

Yanhe Liua,b, Katie Feenana, Vincent Chapplea, Peter Robertsb and Phillip Matsona,b

aFertility North, Joondalup, Australia; bSystems and Intervention Research Centre for Health (SIRCH), School of Medical and Health
Sciences, Edith Cowan University, Joondalup, Australia

ABSTRACT
This study evaluated the effect of sperm selection and intracytoplasmic sperm injection (ICSI) on
subsequent fertilization and embryo development using the hyaluronic acid-based SpermSlowTM

(HA-ICSI) compared to injection with polyvinylpyrrolidone (PVP-ICSI). A total of 206 metaphase II
oocytes were collected from 21 prospectively enrolled ICSI cycles at Fertility North between July
2014 and March 2015. Sibling oocytes were randomized into HA-ICSI and PVP-ICSI (n¼ 103 per
group). Subsequent fertilization outcomes and embryo development in terms of qualitative and
quantitative time-lapse measures following three-day culture in the EmbryoscopeTM were com-
pared. HA-ICSI resulted in significantly lower abnormal fertilization rates (1.9% vs 9.7%,
p¼ 0.017), and a trend towards increased normal fertilization rates (73.8% vs 62.1%, p¼ 0.073)
with increased injection time (2.5 vs 2.1min, p¼ 0.001). No differences between HA-ICSI and
PVP-ICSI were observed in (a) the proportion of good conventional morphology embryos (50%
vs 53.1%, p¼ 0.712), (b) time-lapse qualitative measures (p> 0.05) and (c) time-lapse quantitative
measures (p> 0.05). In conclusion, HA-ICSI improves fertilization outcomes although sperm injec-
tion takes longer to complete. Subsequent embryo development up to day 3 is not affected.
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Introduction

Intracytoplasmic sperm injection (ICSI) is widely used
in assisted reproduction technology (ART) clinics for
fertility treatment, in particular in the treatment of
male factor infertility (Mansour et al., 2014; Palermo,
Joris, Devroey, & Van Steirteghem, 1992). However, the
technique bypasses natural physiological barriers that
occur during the in vivo fertilization process and con-
ventional in vitro fertilization (IVF), such as sperm-
cumulus interaction (Carrell, Middleton, Peterson,
Jones, & Urry, 1993) and sperm-zona penetration
(Overstreet, Yanagimachi, Katz, Hayashi, & Hanson,
1980). In conventional ICSI, a single spermatozoon is
artificially selected by the embryologist for injection,
based mainly on motility and morphology. The devi-
ation from in vivo biological process has led to con-
cerns over the potential adverse impact of ICSI on
subsequent fertilization, embryo development and on
the health of the resulting offspring (Lewis & Kumar,
2015; Said & Land, 2011; Sakkas, Manicardi, Bizzaro, &
Bianchi, 2000). To facilitate the ICSI process, polyvinyl-
pyrrolidone (PVP) is used to reduce sperm velocity
and assist with the smooth injection of oocytes.

However, PVP is potentially toxic to human gametes
and embryos, due to sperm membrane integrity dam-
age (Esfahani et al., 2008) and the inability of human
oocytes to degrade it (Jean, Mirallie, Boudineau, Tatin,
& Barriere, 2001). As such, efforts have been made to
discover a physiologically more friendly alternative
sperm handling/injection medium (Butler & Masson,
1997; Ebner, Filicori, Tews, & Parmegiani, 2012).
Hyaluronic acid (HA) is a natural component of the
extracellular matrix (ECM) surrounding human oocytes
and has been proposed as an alternative to PVP
(Parmegiani, Cognigni, Bernardi, et al., 2010;
Parmegiani, Cognigni, Ciampaglia, et al., 2010). Mature
motile human sperm have HA receptors on the cell
membrane on the head region enabling them to pass
through the ECM, thus reaching the oocyte faster
(Huszar et al., 2003). In vivo, sperm without the HA
receptors may be deselected against, resulting in a
reduced chance of reaching the zona. However,
in vitro, sperm without such HA receptors could be
selected and injected during the ICSI process.

A number of commercial products use binding cap-
acity to HA as an indicator of sperm integrity.
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Furthermore an increasing number of reports have
documented the practical benefits of such products,
including HA coated dishes (PICSIVR dish) and HA con-
taining media (SpermSlowTM and SpermCatchTM)
(Balaban et al., 2003; Beck-Fruchter, Shalev, & Weiss,
2016; Majumdar & Majumdar, 2013; McDowell et al.,
2014; Nasr-Esfahani, Razavi, Vahdati, Fathi, & Tavalaee,
2008; Parmegiani et al., 2012; Parmegiani, Cognigni,
Bernardi, et al., 2010; Parmegiani, Cognigni, Ciampaglia,
et al., 2010; Pregl Breznik, Kovacic, & Vlaisavljevic, 2013;
Worrilow et al., 2013). Randomized controlled trials
(RCTs) have compared the use of PICSIVR dishes to con-
ventional ICSI using PVP in terms of fertilization,
embryo quality and pregnancy outcomes, however,
conclusions have not been consistent (Beck-Fruchter
et al., 2016; Majumdar & Majumdar, 2013; McDowell
et al., 2014; Worrilow et al., 2013). Worrilow et al. (2013)
have proposed that HA-ICSI is only beneficial within
selected patient population groups, however, a study
on couples with unexplained infertility reported
improvements using HA-ICSI compared to PVP-ICSI
(Majumdar & Majumdar, 2013).

With the introduction of time-lapse technology in
human ART laboratories, a greater level of detail can be
observed in embryo development with the advantage
of uninterrupted culture condition (Gardner, Meseguer,
Rubio, & Treff, 2015). Information obtained via time-
lapse culture has potential benefits for embryo selec-
tion, using embryo morphokinetics (Meseguer et al.,
2011; Wong et al., 2010) and abnormal cleavage pat-
terns (Liu, Chapple, Feenan, Roberts, & Matson, 2015;
Liu, Chapple, Roberts, & Matson, 2014; Rubio et al.,
2012). With such measures, selection and deselection
models have been reported which have claimed to
improve the prediction of treatment outcomes (Liu,
Chapple, Feenan, Roberts, & Matson, 2016; Petersen,
Boel, Montag, & Gardner, 2016). The present study aims
to compare the fertilization outcome and time-lapse
measures of randomized groups of sibling embryos cre-
ated via PVP-ICSI or HA-ICSI (SpermSlowTM).

Materials and methods

Patient recruitment

This prospective randomized sibling oocyte study was
a registered clinical trial (reference number
ACTRN12613000957796 at www.anzctr.org). Data col-
lection and analysis were approved by the Ethics
Committees at both Joondalup Health Campus (Ref
1319) and Edith Cowan University (Ref 9975).
Recruitment of participants occurred between July
2014 and March 2015. Inclusion criteria comprised:

(1) patients undergoing routine ICSI treatment at
Fertility North; (2) patients who had elected to allow
the use of the EmbryoscopeTM for embryo culture; (3)
couples in which semen sample was an ejaculated
sample with an initial motile sperm count �1 M/ml on
the day of oocyte collection (fresh samples) or �1 M/
ml post thaw (frozen samples); and (4) cycles in which
at least 4 M II oocytes were available for injection after
denudation. Twenty-two couples were recruited and
consented, but one couple was then excluded due to
poor sperm motility (motile sperm count <1 M/ml) on
the day of treatment.

Patient characteristics

Table 1 summarizes the characteristics of the 21 ICSI
treatment cycles. All 21 couples were diagnosed with
male factor infertility, five of which (23.8%) also had
female factors – two with tubal obstruction and three
with endometriosis. The median age of the women
was 35 years (inter quartile range: 32–37 years) with
two previous IVF attempts (inter quartile range: 1–3).
Ovarian stimulation protocols involved agonist 33.3%
(7/21) or antagonist 66.7% (14/21) cycles. The median
age of the male partners was 35 years (inter quartile
range: 28–40 years), with sperm concentration on
the day of treatment having a median value of
10.5M/ml (inter quartile range: 4.7–27.5 M/ml) and
progressive sperm motility 42% (inter quartile range:
25–60%).

Ovarian stimulation and gamete collection

Ovarian stimulation was administrated as previously
described (Liu et al., 2014), and oocyte collection per-
formed 36 hours post human chronic gonadotrophin
(HCG) trigger injection. Semen samples were collected
within two hours post oocyte collection, either via
masturbation or by thawing of a previously frozen
sample. Sperm for treatment were isolated using
95%:50% density gradients (Puresperm, Nidacon,
M€olndal, Sweden) centrifugation. Cumulus cells were
removed at least one hour post collection by brief
incubation with Synvitro Hyadase (Origio, Måløv,
Denmark) and mechanical denudation. After assessing
the maturity of all oocytes within the same cohort,
metaphase II (M II) oocytes were divided equally
between wells 1 and 2 in a 4-well dish (Nunc,
Roskilde, Denmark). If an odd number of M II oocytes
occurred, the extra oocyte was allocated to well 1.
Oocytes at metaphase I (M I) and germinal vesicle (GV)
stages were placed in a separate well. Randomization
was used to allocate M II oocytes into HA-ICSI or
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PVP-ICSI using the list randomizer at https://www.ran-
dom.org/lists/. M I oocytes that became M II stage by
the time of ICSI were allocated to either or both
groups to achieve a balanced distribution.

HA-ICSI and PVP-ICSI

The ICSI procedure was performed between 4 and
6 hours post oocyte collection. In the PVP-ICSI group,
sperm were selected for injection based upon good
motility and morphology, and immobilized in a 10-ml
drop of PVP (Origio, Måløv, Denmark) immediately
before injection. In the HA-ICSI group, additional
sperm selection was performed based upon the pres-
ence of sperm binding to HA with the use of
SpermSlowTM medium (Origio, Måløv, Denmark).
Binding was indicated by the presence of a hyper-
active tail movement without progressive motility, as
originally described by Parmegiani et al. (2012). The
time taken to complete injection was recorded for
each cohort of M II oocytes and used to calculate the
average time of injection per oocyte. Injected oocytes
were placed in a MINC incubator (Cook, Brisbane,
Australia) for overnight culture at 37 �C under 6% CO2,
5% O2 and 89% N2. The laboratory had a quality con-
trol programme which compared the performance of
all ICSI operators on a quarterly basis, with indicators
including normal/abnormal fertilization rate, degener-
ation rate and subsequent pregnancy rate. Any oper-
ator consistently underperforming underwent re-
training and supervision to improve their results.

Embryo culture and annotation

Fertilization was assessed at 16–18 hours post injection
by observing two pronuclei (PN) under an inverted
microscope (Olympus, Tokyo, Japan). Other patterns of
PN structure (e.g. 1PN, 3PN, 4PN, or fragmented PN)
were classified as abnormal fertilization. Fertilized
oocytes were transferred to an EmbryoslideVR and cul-
tured individually in the EmbryoscopeTM incubator
(both Vitrolife, G€oteborg, Sweden) at 37 �C under 6%
CO2, 5% O2 and 89% N2 for three days before transfer
or cryopreservation. Embryo annotations were per-
formed using the EmbryoViewerTM software (Vitrolife,
G€oteborg, Sweden) and a range of time-lapse meas-
urements taken. Qualitative measures included multi-
nucleation (MN) at 2- and 4-cell stages (Ergin et al.,
2014), direct cleavage (DC) (Rubio et al., 2012), reverse
cleavage (RC) (Liu et al., 2014), and fewer than six
intercellular contacts at the end of the 4-cell stage (<6
ICCP) (Liu et al., 2015). Quantitative measures included
the time from pronuclear fading to the 5-cell stage
(T5_PNF), duration of the 2-cell stage (CC2), duration
of the 3-cell stage (S2), time from the 4-cell to 5-cell
stage (T5_T4), from pronuclear fading to the 8-cell
stage (T8_PNF), and from the 5-cell to 8-cell stage (S3).

Embryo transfer and clinical outcome

One or two embryos were selected and transferred on
day 3, depending on the female age and treatment
history as judged by the clinical practitioner. Clinical
pregnancy was confirmed by detection of foetal heart

Table 1. Cycle characteristics.
Parameters

No. ICSI cycles included 21
Female age (years, median/interquartile range) 35 (32–37)
No. previous attempts (median/interquartile range) 2 (1–3)
Aetiology

Male factor only 76.2% (16/21)
Combined male/female factors 23.8% (5/21)

Ovarian stimulating protocol
GnRH agonist 33.3% (7/21)
GnRH antagonist 66.7% (14/21)

Male age (years, median/interquartile range) 35 (28–40)
Sperm count (M/ml, median/interquartile range) 10.5 (4.7–27.5)
Sperm progressive motility (median/interquartile range) 42% (25–60%)
No. oocytes collected (median/interquartile range) 11 (8–15)
No. M II oocytes for injection (median/interquartile range) 9 (7–12)
No. oocytes normally fertilized (median/interquartile range) 5 (4–7)
No. good quality embryos (median/interquartile range) 3 (2–4)
No. cycles with embryo transfer 20
Clinical pregnancy rate 30% (6/20)
Live birth rate 30% (6/20)

Live birth involving HA-ICSI only 33.3% (3/9)
Live birth involving PVP-ICSI only 16.7% (1/6)
Live birth involving both 40% (2/5)

ICSI: intracytoplasmic sperm injection; M II: metaphase II; HA-ICSI: ICSI using hyalur-
onic acid; PVP-ICSI: ICSI using polyvinylpyrrolidone.
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beat under ultrasound at 7 week pregnancy. All preg-
nancies were followed up until birth. Twenty out of
the 21 cycles led to embryo transfer with pregnancy
and birth outcomes summarized in Table 1, while one
cycle had all embryos frozen due to the risk of ovarian
overstimulation.

Statistical analysis

Continuous data were expressed as median (interquar-
tile range), and tested for significance using the
Mann–Whitney U test. Proportional data were tested
using Chi-squared analysis. All statistical analyses were
carried out using the Statistical Package for the Social
Sciences 20.0 (SPSS, Chicago, IL), with p< 0.05 consid-
ered significant.

Results

Conventional embryology outcomes

Table 2 provides a comparison in fertilization out-
comes and conventional embryology markers between
HA-ICSI and PVP-ICSI groups after randomization of
sibling oocytes. Injection of oocytes in the HA-ICSI
group (2.5, 2.0–2.9min per oocyte) took significantly
longer (p¼ 0.001) than oocytes in the PVP-ICSI group
(2.1, 1.6–2.5min per oocyte). There was an increased
incidence of abnormal fertilization in the PVP-ICSI
group (9.7% vs 1.9%, p¼ 0.017), with a trend towards
an increased normal fertilization rate in the HA-ICSI
group (73.8% vs 62.1%, p¼ 0.073). The proportion of
good quality embryos was similar in the HA-ICSI and
PVP-ICSI groups (50% vs 53.1% per fertilized oocyte,
p¼ 0.712; 36.9% vs 33.0% per injected oocyte,
p¼ 0.559; respectively).

Time-lapse markers

Table 3 shows abnormal biological events during
three-day time-lapse culture of embryos in the HA-ICSI
and PVP-ICSI groups. No significant differences were
detected between the two groups, for DC (14.5% vs
7.8%, p¼ 0.217), RC (32.9% vs 32.8%, p¼ 1), <6 ICCP

(16.1% vs 22.2%, p¼ 0.432), and MN at 2- (44.7% vs
45.2%, p¼ 0.964) and 4-cell stages (14.3% vs 8.8%,
p¼ 0.347).

Table 4 compares the embryo morphokinetic data
in the HA-ICSI and PVP-ICSI groups. Note that embryos
displaying DC (embryos dividing directly from 1 to 3
cells, or 2 to 5 cells, etc.) were excluded from this ana-
lysis since DC can skew morphokinetic cleavage data
(Liu et al., 2016). HA-ICSI embryos had slightly faster
cleavage rates compared to their PVP-ICSI counter-
parts; however, the differences were not statistically
significant, expressed as medians in hours (HA-ICSI vs
PVP-ICSI), T5_PNF (26.5 vs 27.2, p¼ 0.398), CC2 (11.0 vs
11.4, p¼ 0.163), S2 (0.7 vs 0.7. p¼ 0.953), T5_T4 (12.2
vs 13.4, p¼ 0.099), T8_PNF (30.9 vs 30.5, p¼ 0.406)
and S3 (3.8 vs 3.6, p¼ 0.245).

Discussion

Following the extensive application of ICSI in ART clin-
ics around the world, increasing concerns have been
raised about the safety of the technique (Davies et al.,
2012). Concerns have mainly related to the bypass of
natural sperm selection barriers during the ICSI process
(Jean et al., 2001; Overstreet et al., 1980). Although
efforts have been made to improve sperm selection
during ICSI, such as intracytoplasmic morphologically

Table 2. Comparison of conventional embryology parameters between oocytes inseminated via HA-ICSI and PVP-ICSI.
HA-ICSI PVP-ICSI p value

No. sibling M II oocytes allocated 103 103 –
Time spent on injection per oocyte (min) 2.5 (2.0–2.9) 2.1 (1.6–2.5) 0.001
Normal fertilization rate (2PN) 73.8% (76/103) 62.1% (64/103) 0.073
Abnormal fertilization rate (1PN or 3PN) 1.9% (2/103) 9.7% (10/103) 0.017

1PN 0/103 5/103 0.024
3PN 2/103 5/103 0.249

Good quality embryo rate per 2PN 50% (38/76) 53.1% (34/64) 0.712
Good quality embryo rate per injected oocyte 36.9% (38/103) 33.0% (34/103) 0.559

HA-ICSI: intracytoplasmic sperm injection using hyaluronic acid; PVP-ICSI: intracytoplasmic sperm injection using polyvinylpyrrolidone; M II: metaphase II;
PN: pronucleus.

Table 3. Qualitative time-lapse parameters of embryos gener-
ated from HA-ICSI and PVP-ICSI.

HA-ICSI PVP-ICSI p value

DC 14.5% (11/76) 7.8% (5/64) 0.217
RC 32.9% (25/76) 32.8% (21/64) 1
<6ICCP at the end of

4-cell stage
16.1% (9/56) 22.2% (10/45) 0.432

MN @ 2-cell stage 44.7% (34/76) 45.2% (28/62) 0.964
MN @ 4-cell stage 14.3% (9/63) 8.8% (5/57) 0.347

HA-ICSI: intracytoplasmic sperm injection using hyaluronic acid; PVP-ICSI:
intracytoplasmic sperm injection using polyvinylpyrrolidone; DC: direct
cleavage; RC: reverse cleavage; ICCP: intercellular contact points; MN:
multinucleation.
<6ICCP at the end of 4-cell stage was assessed on embryos that reached
at least the 5-cell stage on day 3.
MN @ 2-cell stage was assessed on embryos that reached at least the
2-cell stage on day 3.
MN @ 4-cell stage was assessed on embryos that reached at least the
4-cell stage on day 3.

4 Y. LIU ET AL.

D
ow

nl
oa

de
d 

by
 [

14
4.

13
6.

16
9.

24
9]

 a
t 0

1:
50

 1
7 

A
ug

us
t 2

01
7 



selected sperm injection (IMSI) (Teixeira et al., 2013),
sperm surface charge (Ainsworth, Nixon, & Aitken,
2005), sperm apoptosis (Grunewald, Paasch, & Glander,
2001) and HA binding based selection; there is still
insufficient evidence to support the introduction of
such techniques into routine practice (Beck-Fruchter
et al., 2016; McDowell et al., 2014). Previously HA bind-
ing of sperm was associated with improved DNA
integrity (Parmegiani, Cognigni, Bernardi, et al., 2010;
Yagci, Murk, Stronk, & Huszar, 2010) and the ploidy
status of sperm (Jakab et al., 2005), thus having the
potential to be a beneficial non-invasive sperm selec-
tion method. Different types of HA binding products
have been investigated including the PICSIVR dish and
SpermSlowTM medium (Beck-Fruchter et al., 2016).
However, the latter is a liquid, which is potentially
more versatile, cost effective and easier to handle
compared to the PICSIVR dish and may have contrib-
uted to reduced injection times observed within a
SpermSlowTM group compared to a PICSIVR dish group
in a recent sibling oocyte RCT (Parmegiani et al.,
2012). In addition, the liquid form of HA can be used
as a sperm handling medium for manipulations and
smooth injections, replacing the potentially toxic PVP
(Jean et al., 2001).

HA binding capability is related to the membrane,
cytoplasmic and nuclear integrity of human sperm
(Huszar et al., 2003; Pregl Breznik et al., 2013; Yagci
et al., 2010), thus providing a possible means of opti-
mizing outcomes in ART such as fertilization and
embryo quality. Findings in the literature however are
inconsistent (Beck-Fruchter et al., 2016; McDowell
et al., 2014). In the current study, the two sperm selec-
tion methods tested resulted in different rates of
abnormal fertilization; and a trend towards, but not
statistically significant, higher normal fertilization rates
(in the HA-ICSI). Similarly Pregl Breznik et al. (2013)
reported a positive correlation between the HA bind-
ing capability of sperm and subsequent fertilization
rates after IVF/ICSI, although another group did not

(Majumdar & Majumdar, 2013). Differences in these
data could be due to different patient populations
(Beck-Fruchter et al., 2016; Majumdar & Majumdar,
2013; McDowell et al., 2014).

In the current study, a longer injection time was
observed in the SpermSlowTM group compared to the
PVP-ICSI group possibly due to the additional sperm
selection step in the HA-ICSI group. Thus, new users
would need to be mindful of this increase; a practical
solution could be to limit the number of oocytes for
injection per dish, thereby limiting the time oocytes
spend outside a controlled incubator. Improvement in
HA-ICSI operator rate might occur with experience.
However, the benefits of improved fertilization results
may outweigh the additional time oocytes spend out-
side a controlled environment.

Time-lapse technology is a recent introduction in
IVF laboratories and has provided increased opportuni-
ties to observe embryo development in detail without
interrupting culture conditions (Gardner et al., 2015).
Recent research has shown the potential of this
method to predict implantation using morphokinetic
data or by identifying abnormal cleavage patterns,
both of which are not possible in conventional culture
(Liu et al., 2014, 2015, 2016; Petersen et al., 2016;
Rubio et al., 2012). The present study differs from pre-
vious studies investigating HA-ICSI, which only used
conventional morphological score to assess embryo
quality. In addition, we used time-lapse parameters to
evaluate qualitative (Table 3) and quantitative parame-
ters (Table 4) of embryo development. Results showed
no significant differences in the incidences of MN,
abnormal cleavage patterns (DC, RC and <6 ICCP at
the end of 4-cell stage) nor in the timing markers
between PVP-ICSI and HA-ICSI embryos. Previously,
time-lapse technology enabled the identification of
groups of embryos with very low implantation poten-
tial, one of which was DC. Such embryos can have a
confounding impact when analysing embryo cleavage
rates by skewing results towards faster cleavage rates

Table 4. Morphokinetics of embryos following HA-ICSI and PVP-ICSI.
HA-ICSI PVP-ICSI

Parameters (h) n Median Interquartile range n Median Interquartile range p value

T5_PNF 49 26.5 25.9–28.8 40 27.2 26.2–29.3 0.398
CC2 49 11.0 10.5–11.3 40 11.4 10.5–12.2 0.163
S2 49 0.7 0.2–1.8 40 0.7 0.3–1.2 0.953
T5_T4 49 12.2 11.0–13.2 40 13.4 11.8–13.9 0.099
T8_PNF 25 30.9 28.1–38.4 22 30.5 27.9–31.9 0.406
S3 25 3.8 2.3–8.8 22 3.6 1.7–6.5 0.245

HA-ICSI: intracytoplasmic sperm injection using hyaluronic acid; PVP-ICSI: intracytoplasmic sperm injection using polyvinylpyrrolidone; T5_PNF: duration
between pronuclear fading and 5-cell stage; CC2: duration of 2-cell stage; S2: duration of 3-cell stage; T5_T4: duration of 4-cell stage; T8_PNF: duration
between pronuclear fading and 8-cell stage; S3: duration between 5- and 8-cell stage.
Comparisons include fully annotated embryos that reached the 5-cell stage at 68 hours post insemination, excluding those displaying direct cleavage.
Embryos with direct cleavage can skew morphokinetic data, as embryos appears to have cleavage faster.
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(Liu et al., 2016). In the present study, DC embryos
were removed from the cohort before analysing the
timing parameters. Interestingly, in a recent meta-ana-
lysis of conventionally cultured embryos comparing
HA-ICSI vs conventional ICSI, faster cleavage rates
were seen in the conventional ICSI group, but the pro-
portion of top quality embryos was higher in the HA-
ICSI group (Beck-Fruchter et al., 2016). The inclusion of
DC embryos may explain the conflicting conclusions
drawn from previous studies that used only conven-
tional static morphological assessment.

It is accepted that embryonic genome is not acti-
vated until the 4–8-cell stage of human embryo devel-
opment (Tesarik, 2005). In the present study, qualitative
and quantitative time-lapse markers were similar up to
the 8-cell stage of development between the HA-ICSI
and PVP-ICSI groups (Table 4). Differences in the mor-
phokinetics between these two groups might become
evident if embryos were analysed up to the blastocyst
stage of development. However, this was not possible
in the current study as the clinic operated a day 3
cleavage stage programme to avoid extended culture
(Liu et al., 2016). Since the majority of embryos were
transferred or stored on day 3, the blastocyst data were
not available in the current dataset. Another limitation
was the small sample size. We originally aimed for 60
cases however, after 21 participants had been enrolled,
recruitment for more participants became very difficult
due to a change of financial situation at the clinic.
Additionally, due to the sibling oocyte design, live birth
outcomes were difficult to compare owing to the
potential mixture of embryos originating from different
groups in double embryo transfers. Live birth outcome
appeared to be favoured in the HA-ICSI group as shown
in Table 1, but the difference did not reach statistical
significance due to small sample size. However, ran-
domizing at the oocyte level enabled an unbiased com-
parison of subsequent embryo development, which
was further carried out using time-lapse analysis.
Further, large scale RCTs using live birth as an end
point are required to validate potential benefits of HA-
ICSI over PVP-ICSI before routine practice can be
advised. Finally, further information on early stage bio-
logical events post ICSI, such as the timing of 2nd polar
body extrusion or PN appearance, were unavailable
since fertilized oocytes were only placed into the
EmbryoscopeTM after fertilization check on day 1.
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