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Objective: This prospective study was set up in order to analyze 
whether additional treatment (cutting off supernumerous cumulus 
cells; adding hyaluronidase) of the cumulus-oocyte-complex (COC) 
would help to improve treatment outcome.
Material and Methods: COCs from 50 patients were prospectively 
subdivided into a control group A (no manipulation of COC) and two 
study groups. In group B, surplus cumulus cells were cut off using 
syringes, and in the second study group COCs were incubated with 
a 1:11 dilution of hyaluronidase (final concentration 7 IU/l). Main out-
come measures were fertilization rate, embryo development, as well 
as rates of implantation, pregnancy, and live birth. 
Results: Fertilization was higher in group C as compared to the un-
treated control group A (p<0.05). However, complete fertilization 
failure could not be avoided by any of the modified IVF approaches. 
Compaction on day 4 and blastocyst quality on day 5 were significant-
ly improved in group C as compared to group B (but not to group A). 
Rates of implantation, pregnancy, and live birth were not affected by 
any of the methods. 
Conclusion: ICSI seems to be the only choice for avoiding the vast 
majority of fertilization failures after IVF. 
(J Turkish-German Gynecol Assoc 2011; 12: 135-9)
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Amaç: Bu prospektif çalışma, kümülus-oosit-kompleksine (KOK) ila-
ve işlemin (çok sayıdaki kümülus hücrelerinin kesilip ayrılması; hiya-
luronidaz eklenmesi) tedavi sonuçlarını iyileştirmede yardımcı olup 
olmayacağını analiz etmek için yapıldı.
Gereç ve Yöntemler: Elli hastadan elde edilen KOK’lar prospektif 
olarak bir kontrol grubuna (Grup A; KOK manipülasyonu yok) ve iki 
çalışma grubuna bölündü. Grup B’de, artık kümülus hücreleri şırınga-
lar kullanılarak kesilip ayrılmıştır ve ikinci çalışma grubunda KOK’lar 
hiyaluronidazın 1:11’lik dilüsyonu (son konsantrasyon 7 IU/l) ile inkü-
be edildi. Başlıca sonuç ölçümleri fertilizasyon oranı, embriyo geliş-
mesi yanı sıra implantasyon, gebelik ve canlı doğum oranlarıydı. 
Bulgular: İşlem yapılmamış kontrol grubu A’ya kıyasla fertilizasyon, 
grup C’de daha yüksekti (p<0.05). Bununla beraber, tam fertilizasyon 
başarısızlığı modifiye edilmiş herhangi bir IVF yaklaşımı tarafından ön-
lenemedi. 4. günde kompaktlaşma ve 5. günde blastokist kalitesi grup 
C’de grup B’ye kıyasla (fakat grup A’ya değil) anlamlı olarak iyileş-
mişti. İmplantasyon, gebelik ve canlı doğum oranları bu yöntemlerin 
herhangi birinden etkilenmedi.
Sonuçlar: IVF sonrası fertilizasyon başarısızlıklarının büyük çoğunlu-
ğundan sakınmak için tek seçenek ICSI gibi görünmektedir. 
(J Turkish-German Gynecol Assoc 2011; 12: 135-9)
Anahtar kelimeler: Blastokist, kümülus-oosit kompleksi, fertilizas-
yon, hiyaluronidaz, IVF
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Introduction

The choice of whether to use conventional in vitro fertilization 
(IVF) or intracytoplasmic sperm injection (ICSI) to guarantee 
fertilization is mostly based on the semen quality of the male 
partner. ICSI was found to be highly efficient in cases of 
severe male infertility which would otherwise be untreatable. 
The success of ICSI, however, led to extensive use (1, 2) of 
this rather invasive method culminating in routine ICSI (3). 
Avoidance of complete fertilization failure may be the most 
important reason for this overuse.

The risk of fertilization failure seems to be marginal if IVF 
is done in normozoospermic patients (4, 5). However, in 
patients with teratozoospermia (6) or asthenozoospermia 
(7) these reduced sperm parameters will affect the fertiliza-
tion rate. Provided that there is a sufficient number of motile 
spermatozoa, higher insemination concentrations may yield 
adequate results in terms of fertilization (8-10). However, 
many patients principally fulfilling the WHO (11) criteria 
for normozoospermia show borderline sperm parameters. 
Although conventional IVF may be the method of choice, 
embryologists tend to split the recruited oocytes into IVF and 



ICSI ones, thus rescuing approximately 10% of the cycles in 
which standard IVF did not work (12). This value is even higher 
(33%) with mild male factor infertility (13).
The question is, whether use of a rather invasive method, such 
as ICSI, is really indicated, in cases in which IVF (following in 
vivo fertilization) would yield the same results. This prospective 
study was set up in order to analyze whether additional treat-
ment (cutting off supernumerous cumulus cells; adding hyal-
uronidase) of the cumulus-oocyte complex (COC) would help 
to increase fertilization rate, embryo development, and rates of 
implantation and pregnancy in normozoospermic patients as 
well as borderline patients.

Material and Methods

According to our IRB, informed consent was obtained from 
all persons involved. Within a period of 6 months, a total of 50 
patients (32.9±4.1 years) fulfilled our inclusion criteria, namely 
being under the age of 40 years, not suffering from endometrio-
sis or PCO, and having at least 9 COCs. Patients showed either a 
tubal factor (n=28), unexplained infertility (n=9) or a combina-
tion of more than one factor (n=12).
In preparation for follicular puncture, all patients treated in 
the Kinderwunsch Zentrum Linz, Austria, had their controlled 
ovarian hyperstimulation done using either a long protocol 
or an antagonist protocol. In the long protocol, down-reg-
ulation of the pituitary was achieved with the GnRH ago-
nist buserelin (Suprecur®, Sanofi-Aventis, Frankfurt am Main, 
Germany). Stimulation was initiated with human menopausal 
gonadotrophin (Menopur®, Ferring, Kiel, Germany) or recom-
binant FSH (Puregon®, Aesca Pharma, Vienna, Austria). In 
the GnRH-antagonist protocol, recombinant FSH (Puregon®, 
Aesca Pharma, Vienna, Austria) was started on day 3 of the 
cycle. In addition, a GnRH-antagonist (Orgalutran®; Organon, 
Vienna, Austria) was administered after 5-6 days of stimulation, 
depending on the presence of a 12-13 mm follicle. In all patients 
ovulation was induced with 10,000 IU human chorionic gonado-
trophin (hCG, Pregnyl®, Aesca Pharma, Vienna, Austria). Oocyte 
retrieval was carried out transvaginally under ultrasound guid-
ance 36 hours after hCG administration. Cumulus-oocyte com-
plexes (COC) were collected in BM1 medium (Eurobio, Les 
Ulis, France) and incubated for two to three hours until IVF.
Meanwhile, the ejaculate of patients was incubated in a sperm 
selecting chamber (Zech-selector, AssTIC Medizintechnik 
GmbH, Leutsch, Austria,) which accumulates an adequate 
number of motile sperm without exposure to centrifugation 
stress (14). The Zech device consists of two concentric wells 
overlaid by a U-ring and a cover glass. In detail, progressive 
motile spermatozoa migrate from the ejaculate in the outer 
well to concentrate in the medium-filled inner well by using 
a capillary bridge created by the overlying U-ring. After 
approximately 1-2 hours a 500μl sperm sample was taken from 
the central chamber, analyzed and used for insemination. 
COCs were split into a control group A (no manipulation) 
and two study groups. In the study groups, COCs were either 
mechanically manipulated by cutting off their supernumerous 
cumulus cells with syringes (group B) or enzymatically treated 

(group C) by diluting the culture medium at a rate of 11:1 
with 80 IU of hyaluronidase (Origio, Copenhagen, Denmark). 
In detail, 50μl of enzyme were pipetted into 500μl of sperm 
solution.
Treated and untreated COCs as well as corresponding embryos 
were inseminated in groups in 4-well-dishes (approximately 
25-50,000 sperms per egg). From the zygote stage on, concepti 
were cultured in small drops (50μl) of either sequential medi-
um (EmbryoAssist® and BlastAssist®, MediCult, Copenhagen, 
Denmark) or global medium (GM501 Cult®; Gynemed, Lensahn, 
Germany).
Fertilization was checked 18-21 hours post insemination. Two 
aligned pronuclei were considered to be a regular fertiliza-
tion. If both pronuclei were not aligned, of uneven size and/
or situated in the periphery, these types were separated since 
they were thought to have impaired development (15, 16). At 
the cleavage stage, the number and size of blastomeres were 
taken into account as well as the degree of fragmentation 
and multinucleation. On day 4, embryos were screened for 
signs of compaction. On day 5, survival to blastocyst stage and 
blastocyst quality were evaluated taking both cell lineages into 
account. It is noteworthy that the quality of inner cell mass and 
trophectoderm could only be analyzed from the full blastocyst 
stage onwards (17).
With adequate consideration of all prognostic markers (day 1 to 
day 5) a maximum of 2 embryos (n=16) or blastocysts (n=30) 
were chosen for intrauterine transfer. Therefore, all patients 
were placed in the lithotomy position during embryo replace-
ment and neither sedation nor anaesthesia was used. Embryos 
were loaded into a Gynetics catheter (Gynemed, Lensahn, 
Germany) using <10μl of BlastAssist medium 2 or GM501 Cult 
and then expelled approximately 1 cm from the fundus. 
A total of 9,000 IU hCG (Pregnyl®, Organon, Vienna, Austria) 
were injected on the day of ovum pick-up (3,000 IU), the day 
of transfer (3,000 IU) and day 3 (1,500 IU) and 6 (1,500 IU) post 
transfer to support the luteal phase. No hCG was administered 
in case of OHSS. In addition, progesterone was given from the 
day after follicular puncture until the day of the pregnancy test. 
This was given either in the form of house-made vaginal sup-
positories (400mg) or as vaginal tablets (Utrogestan®, Meda 
Pharma, Vienna, Austria, 300mg). 
Seventeen days after intrauterine transfer, the blood concentra-
tion of hCG was measured. Clinical pregnancy was determined 
by visualization of at least one gestational sac with positive 
heart activity 4 weeks after embryo transfer. Subclinical preg-
nancy showed no fetal heartbeat. 
The chi-square test was used to analyze nominal variables in 
the form of frequency tables. Ordinal variables were analyzed 
with the Mann-Whitney U test. Statistical significance was 
accepted if p-value was <0.05.

Results

A total of 592 COCs were collected in 50 patients. Unfortunately, 
no fertilization occurred in four patients (8%) regardless of 
the IVF method used. In the remaining 46 patients, 70.6% 
(398/564) of the oocytes showed two pronuclei on day 1 of 
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culture. Thirty-five zygotes were tripronuclear (6.2%), whereas 
only 2 zygotes showed one pronucleus (0.4%). Eighteen 
eggs (3.2%) were still immature (GV stage) at the time of 
fertilization check.
On day 2 of development, 338 embryos out of 398 zygotes 
(85.0%) showed regular cleavage, i.e. without multinucleation. 
The number and quality of embryos allowed blastocyst culture 
in only 30 patients (60%). In this special cohort, the overall 
blastulation rate was 150/280 (53.6%). The percentage of good 
quality blastocysts was approximately 79% (119/150). 
In those patients finally having an embryo or blastocyst transfer 
(n=46), 24 pregnancies could be achieved (52.2%). Since 2 
biochemical pregnancies occurred, clinical pregnancy and life 
birth rate dropped to 47.8%. In terms of multiple pregnancy 
six twins (25%) were observed, but in four cases a vanishing 
twin occurred. The corresponding implantation rate was 32.6% 
(30/92).
Table 1 indicates that, in group A, significantly more (p<0.05) GV 
stage ovae were found at the time of fertilization check than in 
the two study groups (p<0.01). Fertilization was higher in group 
C as compared to the untreated control group A (p<0.05). In 
addition, significantly fewer (p<0.001) 3 PN zygotes were found 
in the enzymatically treated group C. Embryo quality on days 
2 and 3 (data not shown) were comparable between all three 
groups. Blastocyst formation was significantly higher (p<0.05) 
in group C as compared to group B (but not to group A). The 
same also holds for blastocyst quality (p<0.05). 
Although low sample numbers and mixed transfers do not 
support statistical analysis, results shown in Table 2 indicate 
that embryos derived from enzymatically treated COCs indeed 
have a higher implantation potential. In detail, 16/24 (66.7%) 
patients having at least one embryo transferred from group C 
achieved pregnancy, which is higher than for groups B (50%) 
and A (45.5%).

Discussion

Decisions concerning the treatment option for assisted repro-
duction (IVF or ICSI) are usually taken after evaluation of male 
fertility factors, or after taking into account the results of previ-
ous IVF attempts. There are no widely accepted criteria, so 
decisions for couples with male subfertility are often empirical 
and may lead to complete fertilization failure after IVF, or to the 
unnecessary use of ICSI.
In principle, it is advisable to use the least invasive method of 
insemination, namely IVF, whenever possible. This decision is 
of course a difficult balancing act. One problem encountered 
is that no exact cut-off value for sperm parameters is available 
indicating to an embryologist whether to use IVF or ICSI. 
Naturally, sperm number and motility after processing of 
the ejaculate will facilitate the decision of which method to 
choose. However, in terms of morphology, the information from 
the literature is not conclusive. A report by Zollner et al. (18) 

Table 1. Comparison of fertilization rates and embryonic development in control and study groups

 COC not COC treated COC treated p-value
 manipulated mechanically enzymatically

n 208 184 172 

PI 0a,b 10 (5.4)a 8 (4.7)b <0.01

2PN 144/208 (69.2)c 124/174 (71.3) 130/164 (79.3)c <0.05

0PN 44 (21.2) 34 (18.5) 28 (16.3)

1PN 0 2 (1.1) 0

3PN 20 (9.6)d 14 (7.6)e 0d,e <0.001

Cell number day 2 3.6±1.0 3.8±1.1 3.6±1.4 

Fragmentation day 2 (%) 20.7±17.1 23.8±18.1 18.9±17.5 

n blastocyst culture 102 86 92

n compacting day 4 48 (47.1) 31 (36.1)f 49 (53.3)f <0.05

n blastocyst 54 (52.9) 42 (48.8) 54 (58.7) 

n good quality blastocyst 42 (77.8) 29 (69.0)g 48 (88.9)g <0.05
Values in parentheses are percentages. COC: Cumulus-oocyte complex; PN: Pronucleus/pronuclei.
a-gpercentages marked by identical superscripts are significantly different from each other. The corresponding p-value can be found in the right column

Table 2. Pregnancy outcome in control and study groups 
after double embryo or blastocyst transfer

n transfer COC not COC treated COC treated PR
 manipulated mechanically enzymatically

6 2 0 0 2 (33.3)

10 1 1 0 4 (40.0)

6 1 0 1 4 (66.7)

6 0 2 0 2 (33.3)

8 0 1 1 6 (75.0)

10 0 0 2 6 (60.0)
Values in parentheses are percentages. COC: Cumulus-oocyte complex; 
PR: Pregnancy rate
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found 8% normal spermatozoa to be a threshold significantly 
discriminating between fertilization (66.7% vs. 35.7%). Lundin 
et al. (19) suggested even lower thresholds (5%) because 
they neither saw an impaired fertilization rate nor an increase 
in abortion rate. However, since none of the patients in our 
prospective study  showed a morphology of less than 10%, 
teratozoospermia was  no reason for cases of failed fertilization. 
Unfortunately, facilitating access of the sperms to the egg by 
additional manipulation (groups B and C) could not prevent 
complete fertilization failure. Most likely, this happened due to 
immunological rejection. 
Oocyte maturity and quality at the time of retrieval are dif-
ficult to assess as the egg is obscured by a large cumulus 
mass impairing adequate scoring. From the early years of 
IVF, it became evident that assessment of egg maturation in 
stimulated cycles is rather imprecise (20-23). The reported 
failure of adequate prognosis has more recently been con-
firmed by Ebner et al. (24) who noted a discrepancy between 
the actual appearance of the COC and the nuclear maturity of 
the corresponding egg. Interestingly, some 26% of presumably 
immature oocytes turned out to be at metaphase II, whereas 
approximately 11% of expected metaphase-II eggs did not show 
a first polar body. Since the present analysis carefully tried to 
equally distribute COCs according to morphology, i.e. the pres-
ence of blood clots (24) and presumed maturity, the observed 
difference in prophase I oocytes on the day of fertilization check 
must have a biological reason. It is very likely that ovae from 
untreated COCs (group A) have a higher potential to mature in 
vitro since more cumulus cells stay attached to the zona pel-
lucida, which is not the case if surplus cumulus cells are cut off 
or digested (25). 
This is the first report to show that prolonged incubation (over-
night) with commercially available hyaluronidase has no nega-
tive effect on further outcome. Most commercially available 
hyaluronidases have a concentration of 80 IU/l which is only 
a tenth of the critical threshold above which parthenogenetic 
activation may occur (26). For reducing the theoretical risk of 
harming the oocyte, an approximately. 10-fold dilution was 
applied in group C (approximately 7 IU/l). On the other hand, 
by doing so, no benefit was observed in terms of further pre-
implantation development as compared to untreated COCs. 
The highest fertilization rate in group C primarily suggests that 
enzymatic digestion facilitates access of motile spermatozoa to 
the zona pellucida.
Nevertheless, cleavage results were significantly better than in 
the mechanically treated group B. This indicates that cutting off 
surplus cumulus cells will harm the corresponding gametes by 
either altering the shape of the gamete (27) or generating shear-
ing forces via transzonal processes. 
To summarize, it can be stated that, although none of the modi-
fied IVF approaches showed a clear relation to rates of implan-
tation, pregnancy, and live birth, mechanical manipulation of 
the COC is associated with certain drawbacks and should be 
avoided. This is all the more true as it was shown that oocyte 
morphology cannot be rescued by cutting off suspicious tissue 
or blood clots from the COC (24). A tendency towards a higher 
pregnancy rate in group C would require a more detailed study 
in a larger number of patients. 

Most importantly, it has to be emphasized that none of the 
assisted IVF technologies will rescue a cycle of failed IVF. Thus, 
in cases of borderline sperm quality, ICSI seems to be the only 
choice in order to avoid complete fertilization failure.
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