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Key clinical message
In in vitro fertilization (IVF), laser offers several advantages. In this study, we 
employed laser to eliminate the zona pellucida of a contaminated embryo. This 
approach helps to rescue embryo with bacterial contamination, and improve 
embryo- endometrium interaction.

Abstract
To present a case report on the removal of a contaminated zona pellucida from an 
embryo of patient with a history of recurrent implantation failure (RIF), which 
was followed by a successful live birth. We present the case of a 34- year- old pa-
tient with a history of 3 years of infertility who underwent in vitro fertilization. 
During the culture process, the embryos became contaminated, leading to three 
failed implantations. Despite the aneuploidy of the embryo and the implementa-
tion of a washing technique, the contamination persisted. In the final attempt, 
the contaminated zona pellucida was successfully removed using laser, followed 
by embryo transfer, resulting in a live birth. We provided detailed clinical in-
formation, including patient demographics, infertility history, ovarian response, 
evidence of bacterial contamination, embryo development, treatment protocols, 
and outcomes. Laser excision of the zona pellucida is a safe and effective method 
for addressing bacterial infection in embryos.
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1  |  INTRODUCTION

The success of in  vitro fertilization (IVF) relies on a se-
ries of crucial laboratory procedures, including the culture 
and development of embryos in a controlled environment. 
However, despite strict quality control, there is a risk of 
bacterial contamination during the embryo culture pro-
cess.1 Such contamination poses a threat to the IVF out-
comes. Bacterial contamination in the IVF laboratory can 
arise from various sources, including air, water, equip-
ment, and personnel.2 It can also occur at different stages 
of the IVF process, such as during oocyte retrieval, sperm 
preparation, handling of culture dishes, or manipulation 
of embryos. Bacteria introduced into the culture media 
can proliferate rapidly, producing harmful byproducts and 
triggering inflammatory responses that may negatively 
impact embryo development. Additionally, certain bac-
teria may directly adhere to the embryo's zona pellucida, 
compromising its integrity and reducing the chances of 
successful implantation.

Commonly, the washing technique is employed to res-
cue embryos that have been contaminated. It involves the 
gentle removal of external contaminants from the em-
bryo's surface. The washing process begins by transferring 
the contaminated embryo to a clean petri dish containing 
a culture media supplemented with antibiotics or anti-
fungal agents. Gentle swirling motions are then used to 
perform the washing. After that, the embryo is transferred 
to a fresh, uncontaminated dish with a clean culture me-
dium. However, a study has demonstrated that washing 
alone is not effective in eliminating bacteria, as some still 
remain in the zona pellucida.3 In a recent case report by 
Li R et  al.,4 a new method was proposed to rescue con-
taminated embryos, involving the removal of the con-
taminated zona pellucida using Tyrode acid. It has been 
observed that the porous structure of the zona pellucida 
makes it difficult to completely eliminate microorgan-
isms.5 Additionally, the zona pellicida itself can prevent 
embryo development in later stages.6 Therefore, removing 
zona pellucida is a promissing method to solve the con-
tamination problems.

In assisted reproductive technology (ART), the use of 
laser offers several advantages, primarily due to their preci-
sion. For example, an application of laser is assisted hatch-
ing (AH), involving the creation of a small opening in the 
zona pellucida.7 It enhances the embryo's ability to hatch 
from its protective shell and successfully implant into the 
uterine lining. While the technique is well- established in 
the field of ART, our specific approach, as detailed in this 
report, aims to address contamination concerns. We de-
scribe an alternative method using lasers to remove the 
contaminated zona pellucida from an embryo. The sig-
nificance lies in adapting this established technique to a 

unique context, deviating from its routine application. We 
present the clinical details, procedural methodology, and 
subsequent outcomes of this unique case, thereby shed-
ding light on the promising prospects for assisted repro-
ductive technologies.

2  |  CASE PRESENTATION

The key patient, born in 1987, presented with a body 
mass index (BMI) of 20.34. She had a history of nullipar-
ity (PARA: 1021) and had been actively trying to conceive 
for 3 years. After unsuccessful attempts at intrauterine 
insemination (IUI) in 2018, she was recommended for 
IVF. Table 1 provides an overview of the patient's base-
line characteristics. Preimplantation genetic testing for 
aneuploidy (PGT- A) was also carried out to investigate the 
ploidy status of embryos.

The IVF treatment followed a standardized protocol. 
Controlled ovarian stimulation was achieved through 
a GnRH- antagonist protocol, with daily administration 
of 150 IU of Gonal- F® and 150 IU of Pergoveris® (Merck 
Serono S.p.A., Italy). Cetrotide® (Merck KGaA, Germany) 
was introduced on the seventh day of stimulation. 
The patient received an intravenous administration of 
10,000 units of hCG IVF- C (LG Chem, Korea).

Oocyte retrieval was performed on September 23, 
2021, followed by embryo vitrification on September 28, 
2021. The embryos were cultured in a Geri™ Time- lapse 
Incubator at 37°C with a controlled atmosphere consist-
ing of 6% CO2, 5% O2, and 89% N2. On the day of oocyte 
retrieval, her husband collected semen through mastur-
bation. The sperm analysis yielded a favorable result. The 
swim- up method was applied to prepare the sperm sam-
ple for fertilization. The sample was incubated in G- IVF 

T A B L E  1  Baseline characteristics of the key patient.

Characteristics Value

Male age 38

Female age 34

BMI 20.34

PARA 1- 0- 2- 1

Reason for IVF IUI failed 3 cycles

Infertility duration 3 years

Baseline FSH (mIU/mL) 4.88

Baseline LH (mIU/mL) 3.64

AMH (ng/mL) 5.0

Prolactin (mIU/mL) 15.42

Abbreviations: AMH, Anti- mullerian hormone; BMI, Body mass index; FSH, 
Follicle stimulating hormone; IVF, In vitro fertilization; LH, Luteinizing 
hormone; PARA, parity.
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PLUS media (Vitrolife, 10,136) for 30 min to collect motile 
spermatozoa. Detailed information on semen quality is 
described in Table 2.

For oocyte retrieval, we used Modified HTF Medium 
with Gentamicin (FUJIFILM Irvine Scientific, 90,126). 
Following retrieval, the oocyte- cumulus complexes 
(OCCs) were cultured using G- IVF PLUS media (Vitrolife, 
10,136). A total of 23 oocytes were retrieved, comprising 
18 mature (MII) oocytes, 3 immature (MI) oocytes, and 2 
germinal vesicle (GV) stage oocytes. Out of these, 18 oo-
cytes underwent successful fertilization, resulting in the 
formation of two pronuclei (2PN) embryos.

Embryo development proceeded using Geri medium 
(Genea Biomedx, ONE- 50), resulting in 13 blastocysts 
on the fifth day. Trophectoderm cells from eight good- 
quality blastocysts were selected for aneuploidy screening 
using next- generation sequencing (NGS) technology. The 
screening identified five euploid embryos, indicating a fa-
vorable prognosis for successful implantation. Detailed in-
formation regarding the IVF with PGT- A cycle is provided 
in Tables 3 and 4. All embryos were preserved using the 
Vitrification Kit 101 (Cryotech, Japan).

Following endometrium preparation, the patient 
was recommended for frozen embryo transfer (FET). 
The embryologists thawed one embryo for transfer 
using the Warming Solution Set 205 (Cryotech, Japan). 
Unfortunately, the patient experienced three unexplained 
implantation failures. During the culture process, we ob-
served cloudy particles in the petri dishes (Figure  S1A) 
and even at the blastocyst stage (Figure S1B). Those par-
ticles proliferated afterward, raising concerns about bac-
terial contamination. To investigate this, we collected 
IVF medium and sent it to the Department of Medical 
Microbiology for examination. The later result confirmed 
the contamination of Rhizobium radiobacter bacteremia, 
an infrequent cause of human infection. It's important 
to highlight that the contamination occurred during the 
initial stages of embryo culture. Consequently, bacte-
ria became cryopreserved along with the embryos. For 
the second and third FET attempts, we implemented a 
washing step for the embryos in culture medium before 
transfer. However, the patient continued to experience un-
successful outcomes. In the final attempt, we employed 
the Octax NaviLase® Laser from Vitrolife to remove the 

zona pellucida. Following this intervention, the patient 
achieved pregnancy, and ultimately, a live birth was ac-
complished. The baby was born healthy, weighing 2608 g 
at 37.5 weeks' gestation. Comprehensive details regarding 
the four FET cycles of the patient are presented in Table 5.

3  |  DISCUSSION

During the proliferation process, bacteria created en-
dotoxin, which is harmful to embryonic development.8 
Washing is a commonly used method to remove micro-
organisms from the embryo surface. However, it may 
not be the most effective approach, as demonstrated by 
the patient in our study who experienced failed preg-
nancies despite careful washing of the embryos during 
the second and third transfers. This could be attributed 
to the high bacterial load in the culture medium and the 
qualitative nature of the washing procedure, leading to 
recontamination.4

The zona pellucida is a critical structure that surrounds 
the oocyte and later, the developing embryo in humans. 
The ultrastructure of zona pellucida has been clearly de-
scribed in a related study.9 It can act as a protective barrier 

T A B L E  2  Semen quality at the day of ovum pickup.

Characteristics Value

Volume 2.0 mL

Sperm concentration 32 × 106/mL

Progressive motile 33%

Non- progressive motile 4%

Normal morphology 2%

T A B L E  3  Result of IVF cycle.

Characteristics Value

Oocyte number 23

MII 18

MI 3

GV 2

Fertilized oocyte 18

Day- 3 embryo 18

Grade A 8

Grade B 5

Grade C 5

Day- 5 embryo 13

Grade A 7

Grade B 2

Grade C 4

Abbreviations: GV, Germinal vesicle; IVF, In vitro fertilization; MI, 
Immature oocyte; MII, Mature oocyte.

T A B L E  4  Result of preimplantation genetic testing for 
aneuploidies (PGT- A).

Characteristics Value

No. embryo biopsied 8

Euploidy 5

Aneuploidy 1

Mosaic 2
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to prevent multiple sperm from fertilizing the same oo-
cyte. It also protects the developing embryo during its 
journey through the fallopian tubes towards the uterus. 
However, in our study, the zona pellucida cannot protect 
embryo from bacteria. This can be explained due to the 
porous structure of the zona pellucida, which makes it 
challenging to completely eliminate microorganisms.5 
Indeed, Familiari et  al.10 performed a scanning electron 
microscopy (SEM) to prove the spongy structure of zona 
pellucida of mature oocytes. Additionally, during the 
cleavage and blastocyst stages of the embryo, the outer 
surface of the zona pellucida also showed a spongy tex-
ture with wide and flattened fenestrations. Therefore, we 
suggest that zona pellucida removal is an optimal method 
to stop bacterial contamination. This approach can be 
done successfully using both chemical (Tyrode acid) and 
physical method (Laser). However, the effectiveness of 
Tyrode acid can vary depending on the thickness the zona 
pellucida. Additionally, there is a slight risk of exposing 
the embryo to Tyrode acid, which could potentially affect 
its viability or development. In our study, by utilizing a 
laser to remove the contaminated zona pellucida from the 
embryos, the recontamination of bacteria was prevented, 
leading to a successful live birth for the patient. Moreover, 
the removal of the barrier between the embryo and the 
uterine environment could potentially enhance implanta-
tion and increase the chances of a successful pregnancy.11

In this case, the use of laser for zona pellucida removal 
allowed for precise and controlled manipulation. It can 
also be used in a wide range of cases, including embryos 
with thick or tough zona pellucida. It is worth noting that 
the successful outcome obtained in this patient after re-
peated implantation failures, with a healthy live birth, 
suggests the potential benefit of this technique. However, 
further studies with larger sample sizes and controlled set-
tings are needed to validate these findings. Additionally, 
it is important to consider the risks and limitations as-
sociated with zona pellucida removal. The procedure 
requires skilled personnel and specialized equipment to 
ensure proper execution and minimize the risk of dam-
age to the embryo. There is a possibility of damage to the 
embryo during the removal process, potentially impacting 
its viability. Long- term follow- up studies are necessary to 

evaluate the potential effects of zona pellucida removal on 
fetal development and health.

4  |  CONCLUSION

In conclusion, the removal of the zona pellucida can 
mitigate bacterial contamination and improve embryo- 
endometrium interaction. While these findings are prom-
ising, additional research is needed to establish the efficacy 
and safety associated with zona pellucida removal. As this 
technique continues to evolve, this study aims to contrib-
ute to the existing literature and stimulate further investi-
gation in this field.
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T A B L E  5  Detailed information of 4 frozen embryo transfer cycles.

Number
Number of embryo 
transfered

Ploidy 
status

Endometrium 
thickness Intervention Outcome

1st FET 1 Euploidy 9.5 mm None beta hCG = 0.1

2nd FET 1 Euploidy 10 mm Wash 4 times in culture medium beta hCG = 13.9

3rd FET 1 Euploidy 10.5 mm Wash 4 times in culture medium beta hCG = 0.1

4th FET 1 Euploidy 12 mm Zona pellucida removal Successful Live birth

Abbreviations: Beta hCG, Beta human chorionic gonadotropin; FET, Frozen embryo transfer.
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