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ABSTRACT

Objectives: Transfer of cryopreserved-warmed blastocysts is common in the practice of in 

vitro fertilization. The purpose of the study is to examine the available evidence and 

determine whether cryopreservation of blastocysts and subsequent frozen blastocyst transfer 

(BT) result in better outcomes than fresh BT. 

Material and methods: Related studies comparing outcomes of in vitro fertilization (IVF) 

cycles between fresh and frozen BTs were retrieved from Medline, Cochrane Central Register

of Clinical Trials, EMBASE, DARE, and CINAHL through March 2020. The outcomes of 

interest were preterm birth, extremely preterm birth, small for gestational age, large for 

gestational age, low birth weight, extremely low birth weight, caesarean section, perinatal 

mortality and preeclampsia. The analysis was performed using Rev Man 5.1 software. Risk 

ratios (RRs) and risk differences were calculated with 95% confidence intervals, to evaluate 

the results of each outcome. The quality of the referenced studies was assessed using the 

Newcastle-Ottawa scale (NOS) checklists.

Results: Nine studies with 42,342 women incorporated in this meta-analysis. The incidence 

of preterm birth (RR = 0.89, 95% CI: 0.82, 0.97) and small for gestational age (RR = 0.55, 

95% CI 0.41–0.74) was low in frozen BT group. There was no significant difference in the 

risk of low birth weight (RR = 0.89, 95% CI: 0.67, 1.19) and perinatal mortality (RR = 1.47, 

95% CI: 0.85, 2.55) between frozen-thawed and fresh BT. Singleton pregnancy after frozen 

BT was associated with higher large for gestational age (RR = 1.47, 95% CI: 1.37, 1.57), 



caesarean section rates (RR = 1.24, 95% CI: 1.13, 1.36) and preeclampsia compared with 

fresh BT (RR = 1.85, 95% CI: 1.22, 2.82).

Conclusions: The frozen BT results in better perinatal outcomes compared with that of fresh 

BT. Furthermore, comprehensive randomized clinical trials comparing freeze-all with fresh 

BT cycles are needed to draw sound conclusions.

Key words: fresh blastocyst transfer; frozen blastocyst transfer; obstetric outcomes; perinatal 

outcomes



INTRODUCTION

During the past decade, frozen-thawed embryo transfers (FETs) have contributed to an 

increase in the proportion of live deliveries that occur following the use of assisted 

reproductive technology [1, 2]. However, the relative effectiveness and safety of in vitro 

fertilization (IVF) treatment with the freeze-all strategy compared to the conventional 

IVF/ICSI (intracytoplasmic sperm injection) strategy is unclear. A previous systematic review

[3] reported that a freeze-all strategy was associated with higher ongoing and clinical 

pregnancy rates and lower miscarriage rates than the conventional IVF/ICSI strategy. 

However, recently a Cochrane systematic review noted that there was no clear evidence of a 

difference between the freeze-all strategy and the conventional IVF/ICSI strategy in 

cumulative live birth rates per woman, but the prevalence of ovarian hyper-stimulation 

syndrome (OHSS) appeared to be lower after the freeze-all strategy [4].

In recent years, with the refinement of techniques for blastocyst culture and in 

compliance with the guidelines for reducing the risk of multiple pregnancies [5], the 

application of single blastocyst transfer has become increasingly popular. Compared with 

cleavage stage embryo transfer, blastocyst transfer (BT) has been shown to increase delivery 

rate, particularly in younger women [6], which allows for an improved selection of potentially

viable embryos at this late stage of development, and thus results in better live birth rates [7]. 

There are reviews and meta-analysis such as fresh versus frozen embryo transfers 

focused on the cleavage embryo and frozen blastocyst versus cleavage-stage embryo transfer

[8, 9]. However, there was only one randomized controlled trial that compared the obstetric 

and perinatal outcomes between frozen BT and fresh BT [10]. Therefore, a meta-analysis is 

urgently needed to compare the obstetric and perinatal outcomes in singleton pregnancies 

between frozen BT and fresh BT as supplementary evidence. The present study aimed to 

evaluate if frozen BT has a better perinatal outcome than fresh BT of singleton pregnancies.

MATERIAL AND METHODS

Data sources and searches

Two authors independently searched Medline, Cochrane Central Register of Clinical 

Trials, EMBASE, DARE, and CINAHL from each database’s inception to the end of March 

2020. We used the following keywords to search the literature: blastocyst, vitrification, 

embryo transfer outcome, preterm birth, extremely preterm birth, small for gestational age, 

large for gestational age, low birth weight, and extremely low birth weight. We also hand 



screened references of relevant review articles to identify other potential studies. The 

disagreement was settled by group discussions. Duplicated studies were carefully considered, 

and comprehensive and high-quality studies were included. 

Study selection

Inclusion criteria: An initial scoping exercise found only one randomized controlled trial.

The remaining studies included in this paper were observational studies (published), the main 

outcome measure of these studies were obstetric and perinatal outcomes in singleton 

pregnancies between fresh BT and frozen BT.

Exclusion criteria: If the outcome measures were not obstetric and perinatal outcomes, or

could not distinguish between singleton and twin outcomes, the study was excluded.

Exposure in the included studies

In the included studies, blastocysts were frozen by vitrification or slow-freezing 

techniques on day five or day six. Frozen blastocysts were thawed and transferred in natural 

cycle or artificial cycle.

Outcome measures

The following outcome measures were included: preterm birth (delivery before 37 

weeks), extremely preterm birth (delivery before 32 weeks), low birth weight (birth weight < 

2,500 g), extremely low birth weight (birth weight < 1,500 g), small for gestational age, large 

for gestational age, caesarean section (both emergency and elective), perinatal mortality and 

preeclampsia.

Statistical analysis

For each result, data were extracted in 2 × 2 tables. Meta-analysis was conducted 

wherever appropriate. Risk ratios (RRs) with 95% confidence intervals (CI) were used to 

describe the dichotomous outcomes of each study. We used forest plot to evaluate the 

heterogeneity of the exposure effects graphically and applied l2 to assess the heterogeneity 

among the studies. When l2 is higher than 50%, sensitivity analysis was performed by altering

the fixed-to-random effect analysis. We used Rev Man 5.1 software (The Nordic Cochrane 

Centre, The Cochrane Collaboration 2011) to perform analysis. 

Two authors did quality assessment independently of each observational study. Any 

disagreements about the type and quality of the studies were resolved through group 



discussions. Newcastle-Ottawa scale (NOS) checklist were used to assess the quality of 

observational studies. If the NOS score of the study ≥ 6, it was considered a high-quality 

study.

Assessment of reporting biases

Funnel plots were constructed to test for reporting bias when at least three studies 

reported that outcome.

RESULTS

Results of the searches

A total of 172 citations were retrieved from literature. Then, 163 were excluded when 

reading the titles and abstracts. Next, 16 full articles were obtained from literature. In 

addition, 7 articles were found by a manual search of cross-references. Of the 16 articles 

acquired from literature, 7 were excluded for the following reasons (no data on obstetric and 

perinatal outcomes = 5; cryopreservation of 2PN oocyte were used in frozen-thawed BT = 2). 

Nine retrospective/cohort/RCT studies were included in the completed review (Fig. 1). All 

retrospective/cohort studies scored high (≥ 6) on the NOS checklists. Data were from the 

database.

Characteristics of included studies

Nine eligible studies with 42,342 participants that reported obstetric and perinatal 

outcomes of BT after frozen BT versus fresh BT (BT) cycles were incorporated in this review.

Characteristics of each study are provided in Table 1. In the included studies, seven studies 

included patients undergoing IVF/ICSI [11–16], one study included couples undergoing only 

IVF [17], and one study included couples undergoing only ICSI [18]. Additionally, the 

vitrification technique was applied for blastocysts in seven studies, one study used 

vitrification or slow-freezing techniques [17], and the freezing technique was not mentioned 

in one study [19].

Results of the outcome measures

Preterm birth (delivery at < 37 weeks)



Nine studies (n = 30,891 vs 11,451 pregnancies from frozen BT vs fresh BT) were 

included in the present study compared the preterm births after frozen BT versus fresh BT 

cycles. The RR of delivery at < 37 weeks was 0.89 (0.82–0.97) in singleton births after frozen

BT compared with the risks after fresh BT (Fig. 2). Then, the Q statistic P-value = 0.007, and 

the I2 = 0%. The results indicated that a significantly lower risk of preterm birth in singleton 

pregnancies resulted from frozen BT compared with those after fresh BT. The funnel plot did 

not show any publication bias (Fig. S1).

Extremely preterm birth (delivery at < 32 weeks/< 34 weeks)

Five studies (n = 29,581 vs 9,957 pregnancies from frozen BT vs fresh BT) reported the 

proportion of deliveries at < 32 weeks, and another two studies (n = 569 vs 586 pregnancies 

from frozen vs fresh BT) reported the proportion of deliveries at < 34 weeks. Hence, we 

categorized two subgroups for our analysis: “deliveries at < 32 weeks” and “deliveries at < 34

weeks.” In the “deliveries at < 32 weeks” subgroup, the relative risk (95% CI) was 1.05 

(0.58–1.88) in singleton pregnancies after frozen BT as compared with those after fresh BT. 

The heterogeneity (I2 = 58%) among the studies was high. In the “deliveries at < 34 weeks” 

subgroup, the relative risk (95% CI) was 1.07 (0.53–2.16). There was no heterogeneity (I2 = 

0%) among the studies (Fig. 3). Based on the above results, we concluded that extremely 

preterm birth was comparable between frozen BT and fresh BT. The funnel plot did not 

demonstrate any publication bias (Fig. S2).

Low birth weight (birth weight < 2,500 g)

Eight studies (n = 30,064 vs 10,882 pregnancies from frozen BT vs fresh BT) included 

low birth weights defined as < 2,500 g. The RR of birth weight < 2,500 g was 0.89 (0.67, 

1.19) for frozen BT singletons compared with fresh BT newborns (Fig. 4). The Q statistic P-

value = 0.43, and the I2 = 65%, showing high heterogeneity. The results suggested that 

incidence of low birth weight in frozen BT is not higher than fresh BT group. No publication 

bias was found in the funnel plot (Fig. S3).

Extremely low birth weight (birth weight < 1,500 g)

In this meta-analysis, six studies (n = 29,721 vs 10,151 pregnancies after frozen BT vs 

fresh BT) examined extremely low birth weights. The RR of very low birth weight was 0.95 

(0.50–1.80) for frozen BT singletons compared with fresh BT newborns. Furthermore, the Q 

statistic P-value = 0.86, and the I2 = 47%. The results indicated that incidence of extremely  



low birth weight was comparable between frozen BT group and fresh BT group (Fig. 5). The 

funnel plot showed no publication bias (Fig. S4).

Small for gestational age

In our meta-analysis, four studies (n = 29,917 vs 10,134 pregnancies after frozen BT vs 

fresh BT) investigated small for gestational age outcomes. Compared with singleton births of 

fresh BT, the RR of infants being small for gestational age with frozen BT was 0.55 (0.41–

0.74) (Fig. 6). The Q statistic P-value ＜ 0.001, and the I2 = 48%. The results suggested that a 

significantly decreased risk of small for gestational age in singleton pregnancies resulted from

frozen BT compared with that after fresh BT. The funnel plot did not show any publication 

bias (Fig. S5).

Large for gestational age

Four studies covered large for gestational age outcomes (n = 29,917 vs 10,134 

pregnancies after frozen BT vs fresh BT). The RR of infants being large for gestational age 

was 1.48 (1.38–1.58) in singleton births for frozen BT singletons compared with fresh BT 

newborns (Fig. 7), the statistic P-value was < 0.00001, and there was low heterogeneity (I2 = 

7%) among the studies. These results indicated that the incidence of large for gestational age 

in frozen BT group is higher than fresh BT group. The funnel plot did not demonstrate any 

publication bias (Fig. S6).

Caesarean section

Four studies were included in the meta-analysis (n = 29,789 vs 9,916 pregnancies after 

frozen BT vs fresh BT). Caesarean section in frozen BT group is higher than fresh BT group 

(RR = 1.24, 95% CI 1.13–1.36) (Fig. 8), there was high heterogeneity (I2 = 55%) among these 

studies. No publication bias was found in the funnel plot (Fig. S7).

Perinatal mortality

Of the three studies (n = 2,125 vs 3,732 pregnancies after frozen BT vs fresh BT) that 

reported perinatal mortality, the RR of perinatal mortality was 1.47 (95% CI 0.85–2.55) in 

singleton pregnancies for frozen BT versus fresh BTs (Fig. 9). There was no heterogeneity (I2 

= 0%) among the studies. The results suggested that there was no increased risk of perinatal 

mortality after frozen BT compared with the risk after fresh BT. The funnel plot did not reveal

any publication bias (Fig. S8).



Preeclampsia

There were four studies indicated preeclampsia in the meta-analysis (n = 2,569 vs 4,205 

pregnancies after frozen BT vs fresh BT). Preeclampsia incidence of frozen BT group is 

higher than fresh BT group (RR = 1.85, 95% CI 1.22–2.82) (Fig. 10). No publication bias was

found in the funnel plot (Fig. S9).

DISCUSSION

This meta-analysis compares the obstetric and perinatal outcomes of singleton 

pregnancies between frozen BT and fresh BTs for the first time. In this meta-analysis, we 

found the risks of both preterm births and infants being small for gestational age were lower 

after frozen BT than after fresh BTs. In addition, the rate of large for gestational age and 

caesarean section in pregnancies of frozen BT group was higher than that of fresh BT group.

The possible explanations of lower rates of preterm birth and small for gestational age 

but higher rate of large for gestational age in frozen BT group are as follows: First, the 

supraphysiological hormonal conditions produced by controlled ovarian stimulation (COS) 

certainly have the potential to adversely affect many aspects of early conception [20, 21]. In 

addition, frozen BT allows for the removal of iatrogenically administered gonadotropins and 

recovery of the stimulated ovaries. Compared with fresh BT, the frozen BT was in a more 

favourable endometrial environment, which may have a positive effect, such as better 

endometrial receptivity, more suitable for placentation and subsequent fetal growth [22, 23]. 

Second, some studies have shown that large for gestational age in frozen BT may be due to 

epigenetic alterations at the early embryonic stages during freezing/thawing [24, 25]. Third, 

genomewide miRNA analysis suggested that the expression of several miRNAs in placentae 

of the frozen embryo group are involved in an increase of a higher incidence of large for 

gestational age [26].

In addition, we found that the perinatal mortality incidence of frozen BT group is similar 

to fresh BT group. The rate of caesarean section and preeclampsia in frozen BT group was 

higher than that of fresh BT group. The possible reasons may be as follows: first, for those 

women undergoing frozen BT, they were more likely to have had previous caesarean sections 

than women undergoing fresh BT. Second, pregnant women after frozen BT may have tried 

many times before the final pregnancy, and they preferred to choose caesarean section to 

deliver quickly and safely [8, 27]. Thirdly, It is possible that the vitrification and warming 

process may affect the developing trophoblast and account for the increased rate of 

preeclampsia [28]. Finally, one recent study found that vitrified-warmed single BT may be 



associated with an increased risk of maternal complications such as preeclampsia and 

gestational diabetes mellitus (GDM), as well as neonatal complications such as large for 

gestational age; thus, the elevated risk may be attributed to the higher rates of preeclampsia, 

GDM and large for gestational age, which are known risk factors for caesarean deliveries [29, 

30].

However, we found no significant difference of low birth weight between the two 

groups. But many other studies have found significant differences in the birth weights 

between singleton frozen BT pregnancies and fresh BT [17, 19]. The possible reason is that 

serum E2 may be an independent predictor of term LBW and VLBW in normal responders 

undergoing fresh IVF-ET cycles, and it was amplified in high responders [31, 32]. Therefore, 

the predictive ability of E2 for term LBW needs prospective validation and calibration in an 

independent sample of similar patients.

Because there is only one randomized controlled trial, the rest of studies included in this 

review are observational studies.  Therefore, our meta-analysis has some important limitations

that are common in this type of study: 1) There were many differences among observational 

studies, such as design, exclusion and inclusion criteria, definition of results, methodology; 2)

population in fresh cycles are made up of both good and bad prognosis patients, while patients

in the frozen cycle are more with better prognosis, hence there might be difference in the 

outcomes; 3) due to lack of original individual-level data, it is impossible for us  to adjust for 

some confounders and determine whether there were difference in risks between embryos 

frozen by slow freezing and vitrification; 4) not all outcomes have been reported by all 

studies; 5) definitions for some outcomes also differed among different studies, such as very 

preterm birth.

In conclusion, the frozen BT results in better perinatal outcomes compared with that of 

fresh BT. Thus, all available blastocysts can be frozen in patients for whom fresh BT is 

unsuitable, such as patients at risk of OHSS, those with a history of repeated attempts and 

failed fresh embryo transfers, and those in need of pre-implantation genomic diagnosis. 

Furthermore, comprehensive randomized clinical trials comparing freeze-all with fresh BT 

cycles are needed to draw sound conclusions. In addition, follow-up investigations on infant 

growth and developmental progress need to be updated.
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Figure 1. Selection of studies included in the review



Figure 2. Comparison of frozen BT vs fresh BT on preterm birth

 

Figure 3. Comparison of frozen BT vs fresh BT on very preterm birth 



Figure 4. Comparison of frozen BT vs fresh BT on low birth weight

 

Figure 5. Comparison of frozen BT vs fresh BT on very low birth weight

Figure 6. Comparison of frozen BT vs fresh BT on small for gestational age 



Figure 7. Comparison of frozen BT vs fresh BT on large for gestational age

Figure 8. Comparison of frozen BT vs fresh BT on caesarean section

Figure 9. Comparison of frozen BT vs fresh BT on perinatal mortality

Figure 10. Comparison of frozen BT vs fresh BT on preeclampsia
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