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Background: Egg freezing, also known as oocyte cryopreservation, has become an increasingly significant topic in reproductive 
medicine. A large number of articles have been published on egg freezing; however, there is still a lack of studies that use visualization 
methods for bibliometric analysis of relevant literature. This study aimed to explore the publication landscape and identify key trends, 
influential authors, institutions, and emerging topics in egg freezing research using bibliometric analysis.
Methods: Publications related to egg freezing from 1979 to 2024 were retrieved from the Web of Science Core Collection. 
A bibliometric analysis was conducted using Excel 365, VOSviewer (version 1.6.20), CiteSpace (version 6.3.R1), and R 4.3.3 to 
map co-authorship networks, institutional collaborations, and keyword co-occurrence patterns.
Results: A total of 1072 publications were identified, with an annual growth rate of 9.68%. The research was contributed by 4392 
authors and originated from 1380 institutions in 59 countries. The United States leads with 337 publications accounting for 31.4%, 
followed by Italy and China. The Royal Women’s Hospital in Australia was prominent institutional contributors. Oktay Kutluk. ranks 
first with 18 articles published and a 18 H-index. The leading journals included Fertility and Sterility, Reproductive Biomedicine 
Online, and Human Reproduction. Keywords analysis identified three clusters, including egg freezing technology, fertility preservation 
for young women scheduled for chemotherapy, and social recognition on egg freezing. The most recent occurring keywords were 
“outcome”, “infertility”, and “knowledge”, indicating core areas of research focus in the future.
Conclusion: This bibliometric analysis provides valuable insights into the global trends and research hotspots in egg freezing. The 
research highlights a growing focus on the technological aspects of egg freezing. Moving forward, researchers should focus on the 
social aspects of egg freezing, such as public education and awareness regarding egg freezing options.
Keywords: egg freezing, bibliometrics, VOSviewer, citespace, trends

Introduction
In recent years, a notable trend has emerged among women delaying childbearing, with the average age of first childbirth 
now surpassing 30 in numerous countries.1 This postponement frequently results in a decline in fertility, as both the 
quantity and quality of oocytes diminish with advancing age.2 To address this concern, elective (social) egg freezing 
(EEF), also known as oocyte cryopreservation,3 has become a significant fertility preservation option for women opting 
to defer motherhood for personal reasons, including career advancement, educational pursuits, the absence of a partner, 
or financial considerations. While egg freezing has historically been utilized for medical purposes, such as preserving 
fertility in women undergoing cancer treatment, its application for social reasons is a relatively recent development.4,5 

EEF enables women to extend their reproductive window by freezing their eggs at a younger age, thereby allowing them 
to conceive later without relying on third-party donors, thus avoiding associated costs and complexities.6,7 This method 
has become increasingly accepted as a fertility preservation option “planned before medical indications arise”.8

Despite the advantages associated with egg freezing, evidence concerning the outcomes for live-born children 
remains limited, and the risks linked to in vitro fertilization and later-life pregnancies are well-documented.9 The most 
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significant medical risks related to egg freezing arise from ovarian stimulation, which can result in conditions such as 
ovarian hyperstimulation syndrome. Mild-to-moderate cases of this syndrome may manifest symptoms including 
fatigue, nausea, headaches, abdominal pain, breast tenderness, and irritability.10 In severe instances, ovarian hyper
stimulation syndrome can lead to serious complications, such as blood clots, shortness of breath, abdominal pain, 
dehydration, and vomiting, potentially necessitating hospitalization.11 Furthermore, the American Society for 
Reproductive Medicine (ASRM) and the Society for Assisted Reproductive Technology (SART) have specifically 
cautioned against employing egg freezing as a safeguard against age-related fertility decline due to its limited 
benefits.12

The increasing interest in egg freezing has stimulated a growing body of research across various domains, 
including reproductive medicine, ethics, and social sciences.13–16 However, comprehensive analyses of global research 
trends in this field remain scarce. Bibliometric analysis serves as a valuable tool for evaluating research progress, 
identifying key contributors, and mapping collaboration networks.17,18 By employing bibliometric methods, this study 
can provide a roadmap for researchers seeking to contribute to this rapidly growing field. Recognizing high-impact 
journals helps target submissions, while mapping leading authors and institutions facilitates collaboration. The 
keyword analysis reveals trending research areas, guiding future studies on both clinical and technical aspects of 
egg freezing.

Materials and Methods
Search Strategies and Data Sources
A comprehensive literature search was conducted using the Web of Science Core Collection (WoSCC) database.19 The 
search was performed on August 13, 2024. The search query was formulated as TS=(“Egg Freezing” OR “Oocyte 
Cryopreservation” OR “Oocyte Freezing” OR “Oocyte Frozen”). The inclusion criteria were as follows: (1) original 
research articles published between January 1, 1979, and August 13, 2024 and written in English, and (2) studies 
focusing on egg freezing. Publications with document types other than “article” were excluded. These included meeting 
abstract, review article, editorial material, proceeding paper, early access, letter, book review, correction, news item, and 
book chapters. The bibliographic information for these studies was exported in “Full record and cited references” and 
“plain text” formats for detailed examination. Data extracted included publication years, countries/regions, institutions, 
journals, authorship details, keywords, and citation counts, all of which were used for the bibliometric analysis. 
A detailed flowchart illustrating the literature screening process is presented in Figure 1.

Data Analysis and Visualization
For the bibliometric analysis and data visualization, we utilized three tools: VOSviewer (version 1.6.20), CiteSpace 
(version 6.3.R1), and R 4.3.3. VOSviewer was used to map co-authorship networks, institutional collaborations, co- 
citation relationships, and keyword co-occurrence patterns, providing a comprehensive view of the collaborative and 
citation structures within the field of egg freezing research. To further understand emerging trends and research hotspots, 
we conducted keyword burst detection by CiteSpace, which was used to visualize and identify the keywords with the 
strongest citation bursts in this study. In the resulting visualizations, the size of each node represented the number of 
publications, the thickness of the connecting lines indicated the strength of the connections, and the colors corresponded 
to different time periods.

R 4.3.3 was employed to conduct a bibliometric analysis and trend mapping, which facilitated the ranking of 
countries, institutions, and authors, as well as the creation of trend charts detailing publication volume and citation 
metrics over time.

Impact factor (IF) is obtained from the latest version of Journal Citation Reports (JCR). H-index, a critical metric for 
evaluating the scientific contributions of researchers, was calculated for each author using data obtained from WoSCC, 
offering a predictive measure of their future scholarly achievements,20,21 which was employed to quantify the academic 
impact of individual authors and journals.
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Results
Overview of Publication Status
A total 1796 studies identified using WOS database from 1979 to 2024 were screened. After exclusion of abstract, 
meeting, review, etc., 1,072 studies were ultimately selected for further analysis, contributed by 4392 authors, 297 
journals, 1380 institutions and 59 countries/regions (Figures 1 and 2A).

Furthermore, the annual publication trend is shown in Figure 2B. After a relatively stagnant period from 1979 to 
1990, the number of publications began to rise steadily in the 1990s, reaching 21 in 2003. A significant increase occurred 
in the mid-2000s, with the number of articles nearly doubling from 24 in 2006 to 45 in 2010. Another notable rise can be 
seen from 2019 to 2022, where the publications peaked at 92 in 2022, though a slight decrease is noted in 2023 with 64 
publications. The overall annual growth rate of publications was 9.68%.

Analysis of the Contributions of Countries
The bibliometric analysis indicates that the publications originated from 59 different countries and regions. The United 
States leads with 337 publications accounting for 31.4%, followed by Italy (112, 10.4%), China (71, 6.6%), United 
Kingdom (64, 6%) and Australia (50, 4.7%). The remaining countries/regions have fewer than 50 publications 
(Figure 3A and Table 1). The analysis also highlights international collaborations. The United States has most multiple- 
country publications, indicating a substantial amount of international cooperation, followed by Italy (19) and China (12) 
(Figure 3A). Subsequently, we filtered and visualized 59 countries based on the number of international collaborations 
more than or equal to 1, and constructed a collaborative network based on the number and relationship of publications in 

Figure 1 Literature search and screening flowchart.
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each country (Figure 3B). There is a lot of active cooperation between different countries. Specifically, the USA has the 
highest number of collaborations with other countries (133), followed by Belgium (88) and the Italy (75). Besides, the 
United States has active cooperation with China, Israel and Belgium.

Analysis of the Contributions of Institutions
A total of 1,380 institutions were involved in research on egg freezing. To explore institutions’ contributions to egg 
freezing, the number of publications from various institutions was analyzed. The top 10 productive institutions were 
displayed in Figure 4A. 5 research institutions are from the US, 2 from France, one from Italy, Israel and Australian. 
Among them, the Assistance Publique Hopitaux Paris (APHP) leads in research output, contributing 69 articles to the 
field, followed by Northwestern University (68) and Harvard University (64).

To further investigate collaboration between institutions, a co-authorship analysis was conducted. Among the 208 
institutions involved in international collaborations with a minimum of 3 articles, Royal Women’s Hospital has the 
highest number of collaborations with other countries (70), followed by Yale University (63) and University of 
Melbourne (57), reflecting a broad engagement across multiple countries and enhancing the exchange of knowledge 
and expertise. The collaboration network further highlights the central role of European and American institutions 
(Figure 4B).

Analysis of the Contributions by High-Impact Authors
A total of 4,392 authors participated in research on egg freezing. We ranked authors based on the H-index to identify 
high-impact researchers (Table 2), Oktay Kutluk. ranks first with 18 articles published and a 18 H-index, followed by 
Noyes Nicole (17 articles, H-index=13) and Chian Ri-Cheng (12 articles, H-index=12). Furthermore, Oktay Kutluk. 
emerges as the high-impact author, with their work being referenced 3,096 times, which further emphasizes their pivotal 

Figure 2 General information. (A) General trends in the publication of papers. (B) Annual output and growth rate on a year-on-year basis with regard to egg freezing from 
1979 to 2024.
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roles in advancing the field. Researchers’ collaborative relationships are illustrated with 296 authors with three or more 
articles in Figure 5. We observed close collaboration among multiple authors. Patrizio Pasquale has the highest number 
of collaborations with other authors (49), followed by Flamigni C (44) and Noyes Nicole (43). For highly cited papers, 

Figure 3 Analysis of countries. (A) Distribution of Publications by Country. (B) Visualization map of countries/regions.

Table 1 Publication and Citation Profiles of Leading Countries

Country Articles Freq SCP MCP MCP_Ratio TP TP_Rank TC TC_Rank Average Citations

USA 337 0.314 295 42 0.125 929 1 14,374 1 42.7

Italy 112 0.104 93 19 0.17 392 2 4816 2 43

China 71 0.066 59 12 0.169 217 3 1005 9 14.2

United Kingdom 64 0.06 57 7 0.109 177 6 1800 3 28.1

Australia 50 0.047 39 11 0.22 181 5 1559 6 31.2

(Continued)
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the article published on the Journal of Clinical Oncology by Loren AW. gained the highest total citations (TC), followed 
by articles published on Reproductive BioMedicine Online by Kuwayama M. and Lancet by Chen C. Moreover, the 
papers on Fertility and Sterility by Penzias A. and Human Reproduction Open by Anderson RA. had high normalized 
TC, attracting high attention recently.

Analysis of Contributions of Influential Journals
Publications related to egg freezing were published in 297 journals. Among the most prominent journals, Fertility and 
Sterility leads with 100 articles published and 50 h-index (Q1, IF=6.6, 2023), followed by Human Reproduction with 98 
articles published and 45 h-index (Q1, IF=6, 2023) and Reproductive Biomedicine Online with 78 articles published and 
33 h-index (Q1, IF=3.7, 2023) (Table 3). Subsequently, we screened 117 journals based on the minimum number of 
relevant publications equal to 2 and mapped the co-occurrence networks (Figure 6A) and coupling networks (Figure 6B). 
The three key journals with the highest total link strength in Co-occurrence Networks were Fertility and Sterility (1999), 
Human Reproduction (1729), and Reproductive Biomedicine Online (1346), while the three key journals with the highest 
total link strength in Co-occurrence Networks were Fertility and Sterility (59433), Reproductive Biomedicine Online 
(51859), and Human Reproduction (47360).

Analysis of the Keywords
Keyword co-occurrence analysis offers a detailed representation of the thematic scope within the field. The keyword 
co-occurrence network was performed in Figure 7A, where node size represented keyword frequency and colors 
correspond to thematic clusters. These keywords can be grouped into three categories. The red cluster centered around 
the egg freezing technology, including “vitrification”, “frozen”, and “1,2-propanediol”. The green cluster emphasized 

Table 1 (Continued). 

Country Articles Freq SCP MCP MCP_Ratio TP TP_Rank TC TC_Rank Average Citations

Israel 42 0.039 31 11 0.262 153 7 879 11 20.9

France 41 0.038 31 10 0.244 192 4 1068 8 26

Belgium 40 0.037 27 13 0.325 116 9 1774 4 44.4

Canada 33 0.031 22 11 0.333 91 10 985 10 29.8

Japan 30 0.028 26 4 0.133 121 8 1236 7 41.2

Spain 25 0.023 21 4 0.16 59 13 1649 5 66

Germany 19 0.018 12 7 0.368 53 15 363 15 19.1

Korea 19 0.018 14 5 0.263 59 12 330 17 17.4

Netherlands 18 0.017 15 3 0.167 70 11 604 12 33.6

Turkey 16 0.015 10 6 0.375 48 16 264 18 16.5

Brazil 14 0.013 11 3 0.214 41 17 444 14 31.7

Iran 13 0.012 12 1 0.077 37 18 73 23 5.6

Denmark 12 0.011 10 2 0.167 34 19 209 19 17.4

Sweden 12 0.011 10 2 0.167 56 14 477 13 39.8

Switzerland 9 0.008 5 4 0.444 18 23 62 25 6.9

Notes: Articles: Publications of Corresponding Authors only. Freq: Frequence of Total Publications. 
Abbreviations: MCP_Ratio, Proportion of Multiple Country Publications; TP, Total Publications; TP_rank, Rank of Total Publications; TC, Total Citations; TC_rank, 
Rank of Total Citations; Average Citations, The average number of citations per publication.
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the fertility preservation for young women scheduled for chemotherapy, with terms like “pregnancy”, and “chemother
apy”. The blue highlighted social recognition on egg freezing, featuring keywords such as “intentions”, “knowledge”, 
and “attitudes”.

Figure 4 Analysis of institutions. (A) Top 10 institutions by article count and rank. (B) The co-authorship network visualization map of institutions for related research.

Table 2 Publication and Citation Profiles of High-Impact Authors

Author h-Index g-Index m-Index PY_Start TP TP_Frac TP_Rank TC TC_Rank

Oktay Kutluk 18 18 0.947 2006 18 6.37 1 3096 1

Noyes Nicole 13 17 0.813 2009 17 3.71 2 913 8
Chian Ri-Cheng 12 12 0.667 2007 12 2.82 4 594 9

Patrizio Pasquale 11 13 0.846 2012 13 2.53 3 428 10

Flamigni C 10 10 0.357 1997 10 1.65 7 1393 3
Cobo Ana 9 10 0.529 2008 10 1.85 7 1580 2

Goldman Kara N. 8 12 0.667 2013 12 2.48 4 342 12

Gracia Clarisa 8 8 0.5 2009 8 1.15 13 924 7

(Continued)
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Keyword co-occurrence analysis offers a detailed representation of the thematic scope within the field. Using 
VOSviewer, 151 keywords appeared more than 10 times were used to generate the time-overlay visualization map in 
Figure 7B. The purple nodes indicate early hotspots and the yellow nodes indicate emerging hotspots. Early research 
mainly focused on “fertilization”, “mouse oocytes”, “meiotic spindle”, “intracytoplasmic sperm injection” and 
“birth”. Recent studies have concentrated on topics such as “women”, “age”, “knowledge”, “outcomes” and 
“intentions”.

Figure 5 Visualization map depicting the collaboration among different authors.

Table 2 (Continued). 

Author h-Index g-Index m-Index PY_Start TP TP_Frac TP_Rank TC TC_Rank

Nagy Zsolt Peter 8 8 0.471 2008 8 1.79 13 326 13

Porcu E 8 8 0.286 1997 8 2.04 13 1051 5
Tan Seang Lin 8 8 0.444 2007 8 1.71 13 323 14

Birenbaum-Carmeli Daphna 7 9 0.875 2017 9 2.73 10 145 20

Blakemore Jennifer K. 7 11 1.167 2019 11 2.59 6 156 18
Borini Andrea 7 9 0.412 2008 9 2.16 10 237 16

Fabbri R 7 7 0.25 1997 7 1.04 18 1001 6

Grifo James A. 7 10 0.438 2009 10 2.21 7 383 11
Inhorn Marcia C. 7 9 0.875 2017 9 2.06 10 149 19

Remohi Jose 7 8 0.412 2008 8 1.45 13 1356 4

Baldwin Kylie 6 7 0.6 2015 7 4.95 18 294 15
Chang Ching-Chien 6 6 0.353 2008 6 1.39 20 216 17

Notes: H_index: The h-index of the journal, which measures both the productivity and citation impact of the publications. g_index: The g-index of the 
journal, which gives more weight to highly-cited articles. m_index: The m-index of the journal, which is the h-index divided by the number of years since the 
first published paper. 
Abbreviations: TP, Total Publications; TP_rank, Rank of Total Publications; TC, Total Citations; TC_rank, Rank of Total Citations; Average Citations, The 
average number of citations per publication; PY_start, Publication Year Start, indicating the year the journal started publication.
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In Figure 8, we present the top 20 keywords with the strongest citation bursts lasting at least one year. The 
keywords “meiotic spindle” (1991–2011) received the most sustained attention. However, keywords such as “outcome” 
(2017–2022), “infertility” (2018–2024), and “knowledge” (2019–2024) have recently been used. These terms highlight 
the emerging trends and promising developments in research, particularly in areas related to improving the outcomes 
and alleviating the infertility.

Discussion
This bibliometric analysis aimed to explore global trends and hotspots in the field of egg freezing by analyzing 
publications from 1979 to 2024. The key findings reveal significant growth in the number of publications, with the 
USA, Italy, and China leading in contributions, and journals like Fertility and Sterility and Reproductive Biomedicine 
Online emerging as major sources for research dissemination.

General Information: Authors, Countries, Institutions, and Journals
A total of 4,392 authors contributed to this body of literature, underscoring significant collaboration across various 
disciplines. Notably, institutions from 59 countries and regions participated in this research, with the United States 
emerging as the leading contributor, accruing 14,374 citations. This reflects the nation’s prominent role in advancing 
research, likely attributable to its well-established fertility preservation programs and substantial funding. Key institu
tions, such as Assistance Publique Hôpitaux de Paris and Northwestern University, each made significant contributions 
through a considerable number of published articles. Analyzing the distribution of these publications and collaborations 
can assist researchers in identifying major research hubs and key institutions for future partnerships. Furthermore, 
Fertility and Sterility continues to be the leading journal in this field, rendering it an essential resource for researchers 
focused on egg freezing.

Table 3 Bibliometric Indicators of High-Impact Journals

Journal H_Index IF 2023 JCR 2023 TP TP_Rank TC TC_Rank PY_Start

Fertility and Sterility 50 6.6 1 100 2 7119 1 1997

Human Reproduction 45 6 1 98 3 5890 2 1992

Reproductive Biomedicine Online 33 3.7 1 78 4 2459 3 2004

Journal of Assisted Reproduction and Genetics 24 3.2 1 106 1 1173 4 1992

Cryobiology 17 2.3 2 28 5 1048 5 1998

Theriogenology 15 2.4 1 22 6 905 6 1992

Current Opinion in Obstetrics & Gynecology 11 2.2 2 13 11 188 24 1991

Seminars in Reproductive Medicine 11 1.9 3 16 8 134 33 2001

European Journal of Obstetrics & Gynecology and 
Reproductive Biology

9 2.1 2 17 7 235 18 2004

PLoS One 9 2.9 1 13 12 211 20 2008

Reproductive Biology and Endocrinology 9 4.2 1 15 10 210 21 2009

Acta Obstetricia Et Gynecologica Scandinavica 8 3.5 1 10 15 279 16 2016

Gynecological Endocrinology 8 2 2 12 13 120 35 2012

Molecular Reproduction and Development 8 2.7 2 9 19 483 11 1991

Biology of Reproduction 7 3.1 2 7 22 702 9 1998

Best Practice & Research Clinical Obstetrics & 
Gynaecology

6 3.9 1 7 21 63 72 2010

Frontiers in Endocrinology 6 3.9 2 10 16 101 41 2019

Human Fertility 6 2.1 2 15 9 146 30 2009

Cryoletters 5 1 3 11 14 66 68 2013

Journal of Medical Ethics 5 3.3 1 7 23 80 58 2012

Notes: H_index: The h-index of the journal, which measures both the productivity and citation impact of the publications. IF: Impact Factor, indicating the average number 
of citations to recent articles published in the journal. JCR_Quartile: The quartile ranking of the journal in the Journal Citation Reports, indicating the journal’s ranking 
relative to others in the same field (Q1: top 25%, Q2: 25%-50%, Q3: 50%-75%, Q4: bottom 25%). 
Abbreviations: TP, Total Publications; TP_rank, Rank of Total Publications; TC, Total Citations; TC_rank, Rank of Total Citations; Average Citations, The average number 
of citations per publication; PY_start, Publication Year Start, indicating the year the journal started publication.
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Figure 6 Visualization analysis of influential journals. (A) Co-occurrence Network of Journals. (B) Citation Coupling Network of Journals.
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Figure 7 Analysis of keywords. (A) Co-occurrence keyword clustering. (B) Time-overlay visualization map of co-occurrence keywords.
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The analysis of authorship shows that certain individuals, such as Pasquale Patrizio and Nicole Noyes, have had 
substantial influence in this area, contributing both in terms of volume and citation impact. Identifying these leading 
contributors provides guidance for those looking to collaborate or understand seminal work in the field.

Keyword Analysis and Research Focus
Keywords provide a critical lens to uncover shifting research priorities and emerging themes. The co-occurrence network 
revealed three major clusters, each representing different dimensions of this field, including egg freezing technology, 
fertility preservation for young women scheduled for chemotherapy, and social recognition on egg freezing.

Egg Freezing Technology (Red Cluster)
This cluster, featuring keywords such as “vitrification”, “frozen”, and “1,2-propanediol”, reflected the rapid development 
of technology of egg freezing. Successful cryopreservation of living cells relies on pre-venting the formation of ice 
crystals that may cause cryodamage and minimising the toxic effects of exposure to cryoprotectant agents.22 Two main 
approaches for cryopreservation currently exist: slow freezing, followed by rapid thawing, and vitrification followed by 
warming with cryoprotectant, such as 1,2-propanediol.23 They differ on how complete sample dehydration is achieved, 
a condition necessary to prevent ice crystal formation and cryo-injuries.24 A recent meta-analysis comparing vitrification 
vs slow freezing in oocytes, cleavage-, and blastocyst-stage embryos revealed the superiority of the former over the latter 
for oocytes and cleavage-stage embryos, but not for blastocyst.25 Similarly, another in vivo study demonstrated that 
vitrification contributes to higher cryo-survival rate than slow freezing in biopsied bovine in vitro produced blastocysts.26 

Taken together, vitrification may be a promising cryopreservation method in the future.

Fertility Preservation (Green Cluster)
The green cluster included keywords like “childhood-cancer”, “pregnancy”, and “chemotherapy”. As 5-year survival 
rates of childhood cancer patients have continued to improve over the last few decades, with >80% of patients surviving 
into adulthood.27 Thus, Ovarian reserve impairment by long-term side-effects of chemotherapy is common in childhood 
and in adolescent female tumor survivors.27,28 The three major mechanisms for ovarian damage are apoptosis induced by 
DNA damage and/or oxidative stress and/or autophagy, over-activation of primordial follicles and ovarian micro-vessel 
network damage.29 A recent trial showed that cryopreservation of oocytes is an emerging option for these patients.30 

Achieving pregnancy is related to the number of mature oocytes retrieved, which is dependent on the age of the patient 
and her ovarian reserve at diagnosis.31 A live birth rate of >40% can be estimated in women younger than 35 years, and 
<30% in older patients, with a very low success after the age of 40 years.32 However, for children and adolescents, when 

Figure 8 Top 20 keywords with the strongest citation bursts.
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deciding whether to carry out egg freezing, psychological and ethical issues should be considered rather than the age 
limit of oocyte preservation.27 Consistently, Azem et al reported the first successful oocyte cryopreservation in 
a prepubertal girl with Turner syndrome mosaicism, indicating that oocyte preservation is technically feasible in 
adolescent patients.33 These evidences may guide physician for fertility preservation in childhood cancer during the 
clinical practice.

Social Recognition (Blue Cluster)
This cluster highlighted social recognition on egg freezing, featuring keywords such as “intentions”, “knowledge”, and 
“attitudes”. With the advancement of the social economy and the popularization of education in developed countries, 
women’s ages at marriage and childbirth have been continuously delayed,34 causing many women to face the risk of age- 
related infertility and decrease of birth rate.34,35 While egg freezing offers women of reproductive age an opportunity to 
delay childbearing and potentially mitigate declining birth rates,36 controversies persist concerning its safety, efficacy, 
commercialization, and ethical implications. Given the low usage rates of 3.1–9.3%,37 a key debate centers on whether 
this technology primarily serves as a countermeasure to demographic challenges or simply as a means to expand 
women’s reproductive choices.34 Financial constraints significantly limit access to EEF, markedly reducing completed 
treatment cycles. Unlike medically-indicated cryopreservation, EEF remains excluded from most public healthcare 
systems, creating substantial economic barriers.38 That led to a suggestion that cryopreservation expenses be covered 
by either healthcare insurance or the state.39 However, in order for the procedure to be cost-effective, the current usage 
rates of frozen eggs is significantly less than theoretical value of 49–61%,38 which may lead to significant resource 
misallocation if universal health coverage.

The reproductive window is narrower in women than in men due to significant decrease of women’s fertility after the 
mid-thirties,40 leading to women’s weak position in career compared to men. Thus, the potential inclusion of EEF in 
employer-sponsored benefits has also sparked ethical discussions, as subsidizing this procedure effectively supports 
reproductive autonomy by enabling individuals to postpone childbearing—often to prioritize career advancement. For 
instance, Facebook announced in 2014 that it would cover SEF for its female employees, and other companies soon 
followed.38 This perspective suggests that by offering EEF coverage, employers may implicitly create expectations for 
employees to both participate in fertility preservation and subsequently maintain longer employment tenure,41 which 
enables women to work towards their professional and educational objectives and may promote the gender equality.

Social survey found low knowledge level of egg freezing and overly optimistic views among some members of the 
general public regarding age-related fertility decline,42 which offers a partial explanation as to why women are freezing 
eggs at an advanced age, when success rates are significantly reduced.43 Thus, educating women about their fertility is 
crucial to allow them to plan their parenthood goals rather than approaching egg freezing as a last resort, at a sub-optimal 
age for its success.42 Comprehensive patient education necessitates a multidisciplinary team to provide detailed 
information concerning the procedure’s benefits, limitations, and potential risks. Counseling should address critical 
factors including cryopreservation duration, financial implications, expected outcomes, and failure probability. Realistic 
expectations should be strongly emphasized, particularly regarding potential therapeutic failure.44 Additionally, an 
additional strategy for patient education may include integrating age-related fertility awareness into school curricula, 
educating students about reproductive potential decline with aging38 and egg freezing with a minimum of 8–10 oocytes 
prior to 35 years of age as the most cost-effective time.45

Taken together, improving technical safety and reducing the cost of egg freezing will be the focus of future 
technological development. Various forms of education for popular science knowledge on egg freezing is discussed to 
improve people’s awareness such that people can make informed fertility decisions.

The keyword burst analysis highlights emerging trends and future directions in egg freezing research, as following:

Meiotic Spindle
The keyword “meiotic spindle” experienced a significant citation burst from 1991 to 2011, reflecting a period when 
preserving spindle integrity during oocyte freezing and thawing was a primary focus of research.46 The meiotic spindle 
plays a critical role in ensuring proper chromosome alignment and segregation during cell division, making it essential 
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for the successful development of cryopreserved oocytes.47 During cryopreservation, particularly in slow-freezing 
methods, the meiotic spindle is highly susceptible to damage from ice crystal formation at sub-zero temperatures, 
which can lead to degeneration and compromise oocyte viability post-thaw. To address this issue, vitrification, a rapid 
freezing technique that prevents ice crystal formation, has become the preferred method for oocyte preservation.25 

Vitrification offers superior protection to the meiotic spindle, resulting in higher oocyte survival rates and improved 
pregnancy outcomes in assisted reproductive technologies (ART).24 This advancement underscores the importance of 
spindle integrity in the broader success of egg freezing and fertility preservation.

Fertilization
From 1996 to 2010, research efforts largely concentrated on enhancing fertilization rates following the thawing of 
cryopreserved oocytes, as successful fertilization has been a key focus in assisted reproductive technologies.48 Egg 
freezing, or oocyte cryopreservation, allows women to preserve their fertility by storing eggs for future use, often as 
a means to circumvent age-related fertility decline.24 The process involves retrieving mature oocytes, freezing them via 
vitrification to prevent ice crystal formation, and later fertilizing them through in vitro fertilization (IVF) when the 
woman decides to pursue pregnancy. Fertilization success with frozen eggs (40–55%) is generally comparable to that of 
fresh eggs (50–60%);49 however, outcomes are influenced by factors such as the woman’s age at the time of retrieval and 
the number of oocytes preserved. While this technique offers women greater reproductive autonomy, it is accompanied 
by medical risks related to hormonal stimulation and IVF, as well as significant financial costs, which may limit 
accessibility for some individuals.38,50

Intracytoplasmic Sperm Injection (ICSI)
ICSI is often paired with egg freezing, a combination that gained significant attention from 1997 to 2010 due to its role in 
improving fertilization outcomes, particularly in cases of male infertility.51 ICSI is commonly used when severe sperm 
morphology abnormalities, such as teratozoospermia, make natural conception or conventional IVF difficult. In the 
context of egg freezing, ICSI is also preferred to male infertility because ICSI bypasses issues related to potential change 
of zona pellucid during the thawing process by directly injecting a single sperm into the oocyte.52 However, both egg 
freezing and ICSI carry certain medical risks, such as the potential impact of freezing on oocyte viability and the need for 
careful sperm selection to avoid fertilizing with abnormal sperm.53

Knowledge
Since 2015, research has increasingly focused on public awareness and understanding of fertility preservation options, 
with particular attention to egg freezing. This growing interest highlights how women perceive and make decisions about 
egg freezing, motivated by both medical needs and social factors.40 Egg freezing has become a valuable reproductive 
option for women who wish to delay childbearing, often due to educational or professional goals. As more women pursue 
higher education and career advancement, they may choose to freeze their eggs as a way to preserve fertility and mitigate 
age-related fertility decline.9 However, thorough counseling is crucial, as the procedure involves financial, ethical, and 
medical considerations, and success rates decrease with age. Informed decision-making is essential to align expectations 
with the realities of fertility preservation.54 These keywords not only reflect the technological advances in egg freezing 
but also underscore the evolving priorities in fertility preservation, both for medical purposes and elective fertility 
preservation.

Limitations
Despite its strengths, the analysis does have limitations. The inclusion of only one database limits the breadth of literature 
reviewed, potentially omitting important contributions found in other sources such as books or editorials. Additionally, 
while this analysis covers a wide range of publications, there may be emerging research topics that were not captured due 
to the evolving nature of keyword usage. Some emerging keywords may have been overlooked, as new terms might not 
yet have enough citations to appear prominently in the dataset.
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Conclusion
This bibliometric study provides a comprehensive overview of the global trends and hotspots in egg freezing research 
from 1979 to 2024. The research highlights a growing focus on the technological aspects of egg freezing. Moving 
forward, researchers should focus on the social aspects of egg freezing, such as public education and awareness regarding 
egg freezing options.
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