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INTRODUCTION 

Conventional in-vitro fertilization (IVF) protocols 

involve the transfer of a fresh embryo in utero during the 

same cycle in which the oocytes are retrieved and 

freezing extra embryos for future use. A novel approach 

to improving IVF outcomes has recently emerged in 

which all embryos generated from an oocyte retrieval 
cycle are electively frozen and transferred in a subsequent 

cycle. This ‘freeze-all’ approach, initially developed as a 

strategy for minimising risk of ovarian hyperstimulation 

syndrome (OHSS) in high risk patients, also addresses 
concerns raised that the drugs used for ovarian 

stimulation during IVF may have a negative impact on 

the endometrial receptivity of some patients.1-4 In theory, 

therefore, waiting until a later ‘natural’ cycle for embryo 

transfer (ET) should improve outcomes in these patients; 

however, evidence supporting this claim is limited.5 The 
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objective of the study was to compare the pregnancy rates 

in fresh embryo transfers after ovarian stimulation using 

antagonist protocol and frozen-thawed embryo transfers 

(FETs) in artificially prepared endometrium after 

cryopreservation of embryos in stimulated cycle. 

METHODS 

Retrospective cohort study of patients who underwent 

embryo transfers from April 2018 to March 2019 at 

Nadkarni’s 21st Century Hospital and IVF Centre, Surat. 

175 cycles of embryo transfers (119 fresh and 56 frozen) 

were included in the study. 

Inclusion criteria 

• Women less than 38 years of age, who had 
undergone intracytoplasmic sperm injection (ICSI) 

treatment with controlled ovarian stimulation (COS) 

using antagonist protocol 

• Serum progesterone level of less than or equal to 1.3 

ng/ml on the day of trigger in fresh cycle or on 

day10-12 of frozen cycle 

• Endometrial thickness more than 8 mm, grade I 

endometrial vascularity on the day of embryo 

transfer 

• Transfer of not more than 3 embryos per cycle 

(Grade 1 / 2 / 1 and 2). 

Exclusion criteria 

• Patients undergoing artificial reproductive treatment 

using gamete/embryo donation/surrogacy 

• Fresh cycles where more than 20 oocytes were 

retrieved, terminal estradiol levels above 2500 

pg/ml and cycles complicated by ovarian 

hyperstimulation syndrome 

• History of Asherman syndrome/thin endometrium. 

Procedure 

Data was collected from the IVF and embryo transfer 

registers at our centre and analysed. 

• Ovarian stimulation: Recombinant FSH/ highly 

purified urinary FSH/menotropins injections were 

administered, starting from day 3 of the menstrual 

cycle after confirming day 2  FSH and                   
LH < 5-7 m IU/ml and serum oestradiol < 50-70 

pg/ml. Gonadotropin dose used for ovarian 

stimulation was based on patient’s BMI, AMH, 

AFC and modified as per the follicular response.       

Serial follicular growth monitoring was done using 

transvaginal ultrasound and injection cetrorelix acetate 

(0.25mg) s.c. was added daily from the day when the lead 

follicle reached 14 mm diameter till the day of trigger. 

Once there were adequate number of follicles of 18-20 

mm diameter, ovulation was trigerred  using 

choriogonadotropin alfa (Inj. Ovitrelle®, 500mcg i.e. 

13,000 IU) or a combination of 6500 IU 

choriogonadotropin alfa and Inj. Buserelin acetate 

(0.5mg) s.c. Endometrial thickness was measured by 

transvaginal ultrasound  and  serum LH, oestradiol and 

progesterone values were determined on the day of 
trigger. Ovum pick up was performed 34-36 hours after 

the trigger injection. 

Embryo transfer (ET) process 

In fresh cycles: Embryo transfer was done if serum 

progesterone level on the day of trigger was ≤ 1.3 ng/ml. 

Day 3 ET or day 5, blastocyst transfer was done post-

ovum pick up i.e. single ET or on day 3 followed by day 

5 i.e. sequential ET, based on the availability of good 

quality embryos and after discussion with patient and 

written, informed consent. Not more than a total of 3 

embryos (grade 1/ 2 / 1 and 2) were transferred per cycle. 

Surplus embryos,if any,were vitrified with consent using 

Kitazato® embryo vitrification kit (cryotop method). 

If the endometrial thickness was greater than 8 mm, 

micronized natural progesterone suppositories, at a daily 

dose of 400 mg, twice, vaginally was started for luteal 

phase support, beginning on the day of oocyte retrieval 

until 12 weeks after conception. 

In frozen ET cycles: Patients in the study underwent FET 

if pregnancy was not achieved in previous attempt (in 

fresh/frozen cycle) and surplus embryos were available 

for freezing. 

When embryo transfer could not be performed during the 

first attempt because of risk of ovarian hyperstimulation 

was suspected, serum progesterone level greater than 1.3 

ng/ml, endometrium was not appropriate on the day of 

embryo transfer. 

After ovarian down-regulation with inj. Triptorelin 

acetate (0.1mg) daily starting 4 - 5 days before date of 

expected menses, for 5 doses, patients were administered  

estradiol valerate tablets (4 mg) BD for 5 days followed 

by TDS for next 15 days, starting from day 2 of menses  

Vaginal progesterone administered following same 

regimen as in fresh ET, if endometrial thickness was 

greater than 8 mm (day 10 - 12 of cycle). After 4 days of 

the progesterone regimen, frozen embryos were thawed 

and transferred. The luteal phase support with estradiol 

valerate and micronized vaginal progesterone continued 

until 12 weeks after conception.  

Frozen embryos were thawed using Kitazato® embryo 

thawing media and transferred. Either day 3 embryo or 

day 5 (blastocyst) i.e. single ET or day 3 frozen-thawed 

embryo followed by blastocyst i.e. sequential ET was 

done, based on the availability of good quality embryos 
and after discussion with patient and written, informed 

consent. Not more than a total of 3 embryos (grade 1/ 2 / 

1 and 2) were transferred per cycle. 
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Table 1: Consensus scoring system for cleavage-stage 

embryos (in addition to cell number). 

Grade Rating Description 

1 Good <10% fragmentation 

  Stage-specific cell size 

  No multi-nucleation 

2 Fair 10-25% fragmentation  

  
Stage-specific cell size for 

majority of cells 

  No evidence of multinucleation 

3 Poor 
Severe fragmentation (>25%) 

cell-size not specific 

  Evidence of multinucleation 

Table 2: Scoring system for blastocysts. 

  Grade Description 

Stage of 

development 

  

  

1 

Early blastocyst with 

blastocoele cavity less than 

half the volume of embryo 

2 

Blastocoele cavity equal to or 

more than half the volume of 

the embryo 

3 

A full blastocyst with 

blastocoele cavity completely 

filling the embryo 

4 

Expanded blastocyst with 

blastocoele cavity larger than 
the volume of the embryo and 

thinning of the zona (shell) 

5 

Hatching blastocyst with 

trophoectoderm starting to 

herniate through the zona  

6 

Hatched blastocyst with 

complete escape of blastocyst 

from the zona 

 

 
Grade Rating Description 

Inner cell 

mass 

1 Good 

Prominent, many 

cells tightly packed 

together 

2 Fair 
Many cells, loosely 

grouped together 

3 Poor 
Difficult to discern, 

very few cells 

Trophecto-

derm 

1 Good 

Many cells forming 

a cohesive 

epithelium 

2 Fair 
Few cells forming a 

loose epithelium 

3 Poor Very few cells 

In both fresh and frozen cycles 

Embryo transfer done under abdominal ultrasound 

guidance with full urinary bladder using Cook® Sydney 

IVF Embryo Transfer Catheter Set, by the same provider 

and the same transfer technique was scrupulously 

maintained in all patients included in the study. Embryos 

graded as 1 and /or 2 were transferred. 

Pregnancy was diagnosed by increasing concentration of 

serum β-hCG which was first measured after 15 days 
post-ET and subsequent demonstration of intrauterine 

gestational sac on transvaginal ultrasound (TVUS) 

examination. 

Statistical analysis 

Statistical analysis of data was done using the SPSS 

(Statistical Package for the Social Sciences, version 18.0, 

SPSS Inc, Chicago, Illinois, USA). Differences among 

variables of the two groups were analyzed using 

Student’s t- test. Chi- square test was applied to compare 

categorical variables. p<0.05 was considered statistically 

significant for all measures. 

Outcomes 

Primary outcomes measured were  

• Positive (biochemical) pregnancy rate:  

Confirmation of a successful implantation by 

detecting an increased serum β-hCG concentration 

(>50 IU/ml) after 15 days post-embryo transfer, was 

considered as positive biochemical pregnancy 

• Clinical pregnancy rate: Clinical pregnancy was 
defined by a presence of a gestational sac on TVUS 

• Ongoing pregnancy rate: Ongoing pregnancy was 

defined by the presence of an intrauterine 

gestational sac with foetal heart activity on 

ultrasound at 12 weeks of pregnancy. 

Secondary outcomes measured were-miscarriage rate, 

ectopic pregnancy rate, singleton and multiple pregnancy 

rate. Miscarriage was considered as any clinical 
pregnancy that did not achieve ongoing pregnancy status. 

RESULTS 

Patients’ characteristics in the two groups are listed in 

Table 3. There were no significant differences regarding 

patients’ characteristics between the groups                           

(p < 0.05). The most common cause of infertility was 

unexplained in the fresh ET group and in frozen ET 

group it was male factor and unexplained. 

Table 4 presents the cycle characteristics. The average 

number of embryos transferred per cycle in the fresh ET 

group was 2.56±0.496 and in frozen ET group was 
2.5±0.534, and there was no significant difference 

between the two groups (p <0.05). 

Table 5 presents the different outcomes in the two 

groups. There were no statistically significant differences 

between positive pregnancy rate, i.e. positive β-hCG 

(54.6% versus 60.7%), clinical pregnancy rate (48.73% 
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versus 57.14%) and ongoing clinical pregnancy rate 

(45.38% versus 51.78%) in fresh ET and FET cycles, 

respectively. p < 0.05 considered statistically significant. 

However, positive β-hCG, clinical and ongoing 

pregnancy rates were higher in the frozen ET group. 

Table 3: Patients’ characteristics. 

 Fresh ET Frozen ET 
p-

value 

Age of females 

(years)a,b 30.23±3.45 29.83±3.02 0.475 

Age of males 

(years)a,b 33.03±3.17 32.8±3.02 0.652 

Duration of 

infertility         

(years) a,b 

4.08±1.44 4.39±1.74 0.222 

S. AMH 

(ng/ml)a,b 2.52±0.81 2.4±0.73 0.355 

Antral Follicle 

Counta,b (both 

ovaries) 

9.45±1.72 8.93±1.42 0.053 

Type of infertility:c 

Primary 91  47 
0.259 

Secondary 28 09 

Cause of infertility:c 

Male factor 47 21 

0.204 Female factor 17 14 

Unexplained 55 21 

a- Data are presented as mean ± standard deviation.                                   
b- Data were assessed using t- test.  
c- Data were assessed using Chi-square (ᵪ2) test. 

Table 4: Cycle characteristics. 

Cycle 

characteristics 
Fresh ET Frozen ET 

p-

value 

Number of 

embryos 
transferreda,b 

2.56±0.496 2.5±0.534 0.448 

Grades of 
embryos 

transferred c 

(Number of cycles) 

1 32 21 

0.138 2  9 7 

1 and 2 78 28 

Endometrial 

thickness at ET 

(mm)a,b 

10.8±1.774 10.5±1.798 0.370 

Type of transfer c (Number of cycles) 

Single ET 23 12 
0.745 

Sequential ET 96 44 

a- Data are presented as mean ± standard deviation.                                    
b- Data were assessed using t- test.  
c- Data were assessed using Chi-square test. 

Statistically significant differences were not observed in 

the viable pregnancy (45.37% v/s 51.78%) and 

miscarriage rates (3.36% v/s 5.35%) nor singleton (55.6% 

v/s 69%) and multiple (44.4% v/s 31%) pregnancy rates 

in the fresh ET and FET groups.  

Table 5: Pregnancy rates in fresh and frozen                      

ET groups. 

 

Fresh 

cycle ET 

(n=119) 

Frozen 

ET 

(n=56) 

Odds 

ratio 

(95% CI) 

p-valuec 

 (Number of cycles)  

Biochemical pregnancy 

β-hCG 

positive 
65 34 

0.78 

(0.41-1.49) 
0.45 

β-hCG 

negative 
54 22 

Clinical pregnancy 

Gestational 

sac present 
58 32 

0.52 

(0.1 - 2.64) 
0.42 

Gestational 

sac absent 
7 2 

Ongoing clinical pregnancy  

Foetal 

cardiac 

activity 

present  

54 29 

1.4 

(0.29-6.67) 
0.674 

Foetal 

cardiac 

activity 

absent 

4 3 

c-Data were assessed using Chi-square test. 

 

Figure 1: Viable, only biochemical, ectopic pregnancy 

and miscarriage rates in fresh and frozen ET groups. 

Figure 1 presents the pregnancy rates in the two ET 

groups. The viable pregnancy rate, miscarriage rate and 

only biochemical pregnancy rate were 45.37%, 3.36% 

and 5.88%, respectively in the fresh ET group and 

51.78%, 5.35% and 3.57%, respectively in the frozen ET 

group. There was no ectopic pregnancy in either group.  
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Table 6: Secondary outcome measures. 

 
Fresh 

ET 

Frozen 

ET 

Odds ratio 

(95% CI) 
p-value c 

Viable 

pregnancy 
54 29 

 1.4 

(0.29 - 6.67) 

0.674 

 
Miscarriage  4 3 

Ectopic 

pregnancy 
0 0 

Singleton 30 20 
0.56  

(0.23-1.36) 
 0.234 Twins 17 8 

Triplets 7 1 

DISCUSSION 

Successful cryopreservation of human embryos was first 

reported in 1983 by Trounson and Mohr with 

multicellular embryos that had been slow-cooled using 

dimethyl sulphoxide (DMSO).6 Subsequent modifications 

of the technique, introducing 1,2-propanediol and sucrose 
as cryoprotectants  and slow-cooling to -30°C prior to 

plunging into liquid nitrogen, resulted in the introduction 

of cryopreservation as a standard method offered by 

virtually every IVF program world-wide.7 Slow freezing 

is known as equilibrium freezing due to the exchange of 

fluids between the extra- and intracellular spaces and 

results in safe freezing without serious osmotic and 

deformation effects to cells. This technique is accepted to 

be a safe procedure because of the use of relatively low 

concentration of cryoprotectants  and slow-cooling to       

-30°C prior to plunging into liquid nitrogen, resulted in 
the introduction of cryopreservation as a standard method 

offered by virtually every full-service IVF program 

world-wide.7 However, as low concentrations of 

cryoprotectants may be insufficient for avoiding ice 

crystal formation within the cells, the slow freezing is 

more time-consuming and requires an expensive 

programmable freezing machine; most of the 

embryologists are not satisfied with this technique and try 

to find other cryopreservation protocols such as 

vitrification.8-11   

Verification technique was first reported by Rall and 

Fahy in 1985 for the cryopreservation of mammalian 
embryos, with a later attempt for human cleavage-stage 

embryo and followed by a successful delivery in 

1990.12,13 Vitrification is a non-equilibrium method and is 

a radical approach in which ice crystal formation is 

totally eliminated. Nevertheless, it requires an extremely 

high cooling rate along-side much higher concentrations 

of cryoprotectants when compared with slow freezing.14 

Human embryo vitrification has been attempted with a 

variety of vessels such as electron microscope   grids, 

open pulled and hemi-straws, the Flexipet, the Cryotop  

and the CryoLoop. Until now, vitrification has been 
widely used for the cryopreservation of human oocytes, 

in vitro matured oocytes, pronuclear stage, cleavage stage 

or blastocyst-stage. Many studies have shown that 

vitrification, in contrast to slow freezing, is an efficient 

method for cryopreservation of cleavage-stage embryos 

and blastocysts; with providing higher survival rates and 

minimal deleterious effects on post warming embryo 

morphology it can improve clinical outcomes.15,16 

Aflatoonian et al, reported that biochemical pregnancy 

rate was 27% (54/200) in the FET group and 22.1% 

(122/500) in the fresh ET group and biochemical 

pregnancy rate was comparable between FET and fresh 

ET.17 Another study reported significantly higher 

implantation, ongoing and clinical pregnancy rates in 

FET group.18 A retrospective case-control study by Pei-

Yun Ku et al. at a hospital in Taipei, Taiwan, compared 

the clinical outcomes between fresh and vitrified-thawed 

day-5 blastocyst transfers with the same morphologic 

quality of embryos.19 It included 118 cycles of fresh 

blastocyst transfer and 59 cycles of vitrified-thawed 

blastocyst transfer. They found that clinical pregnancy 
rate, implantation rate and ongoing pregnancy rate did 

not differ significantly between fresh and freeze-thawed 

blastocyst transfer groups.  

In a retrospective analysis of 1341 IVF-ET cycles, 

including 1169 fresh ET cycles and 172 FET cycles as 

the first embryo transfer in the controlled ovarian 

hyperstimulation cycle, Song T et al. found that the 

clinical pregnancy rate was significantly higher in frozen 

ET than fresh ET group.20 In an analysis of 43,5765 

cycles from the National ART Surveillance System- the 

only CDC approved data reporting system for ART 
procedures in the USA, Keenan et al. found that  women 

above the age of 37 years have superior pregnancy rates 

with frozen compared with fresh embryo transfers.21  

Nayar et al, in a randomised controlled trial, concluded 

that, clinical pregnancy rates in normo-responders is 

significantly higher in the elective cryopreservation group 

compared to the fresh embryo transfer group.22 In a 

prospective cohort study of 126 PCOS patients, by Nayar 

et al, clinical pregnancy and live birth rates were slightly 

higher in the FET group compared to fresh ET, though 

not statistically significant. The miscarriage rate in both 

the groups were similar.23 Belva et al, reported that 
pregnancy rates were significantly higher in the FET 

group than fresh ET group.24 In this retrospective cross-

sectional study of 1014 ICSI-ET cycles (426 fresh ET 

and 588 FET) in a hospital at Iran, Basirat et al concluded 

that there were no significant differences between 

biochemical and clinical pregnancy rate, in fresh ET and 

FET cycles.25 

Some of the mechanisms and reasons behind increased 

success rate of and patient benefit from FETs are: 

• Theory about ‘embryo cryo‐treatment’: According 

to some authors, the thawing of embryos has a 
mitigating effect on some epigenetic aberrations as a 

result of the IVF/ICSI procedure.27,28 

Freezing/thawing is a way to activate the 

endogenous survival and repair responses in pre-

implantation embryos. Embryo thawing induces a 
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stress. Controlled stress is not necessarily 

detrimental, because it generates a phenomenon that 

is counteracted by several known biological 

responses aimed to repair mitochondrial damage of 

membrane and protein misfolding. The term for 
favourable biological responses to low exposures to 

stress is called ‘hormesis’. The process of freezing 

and thawing of embryos reduces the levels of 

reactive oxygen species and mitochondrial DNA 

mutations.28 Results are more “healthy” embryos 

with higher implantation potential and a positive 

influence on placentation and early embryo 

development in women of advanced maternal age. 

• FET is thought to give better results as compared to 

fresh transfer probably due to disturbed receptivity 

due to elevated steroidal levels in stimulated 

cycles.29 Laboratory-based studies demonstrate 
morphological and molecular changes to the 

endometrium and reduced responsiveness of the 

endometrium to hCG, resulting from controlled 

ovarian stimulation.1-4 FET allows ovaries to 

recover from ovarian stimulation and also allows 

time for the exposed endometrium to shed. 

• FETs overcome the negative effect that elevated 

progesterone levels have on pregnancy outcomes. 

• Risk of ovarian hyperstimulation syndrome is 

reduced. 

• Frozen embryos provide infertile patients with 
additional cycle opportunities. Also these patients 

may prefer to generate more embryos for 

cryopreservation in an attempt to limit the number 

of stimulated cycles needed to achieve their family 

goals. 

• FET cycles are cheaper than fresh cycles as 

expenses of both medication and treatment are less 

than in a fresh cycle. Costs of treatment are reduced 

since there are fewer monitoring visits and there is 

no need for oocyte retrieval, microinjection or 

embryo culture. Various studies endorse the cost-
effectiveness of freeze-all cycles when compared to 

fresh embryo transfers.30,31 

• An FET cycle is easier for patients because they 

need not undergo oocyte retrieval or anesthesia. 

• Frozen embryos allow for genetic testing: 

Preimplantation genetic diagnosis (PGD) and 

preimplantation genetic screening (PGS).In 

appropriately selected candidates, this testing may 

result in improved live birth rates.  

• FET has paved the way toward single embryo 

transfer (SET), thereby decreasing the risk of 
multiple gestation pregnancy and associated health 

risks.32,33 

In the study, 4 out of 58 clinical pregnancies in the fresh 

ET group and 3 out of 32 clinical pregnancies in the FET 

group resulted in miscarriage (a rate of 3.36% and 5.35% 

respectively). Pittenger et al. found that clinical 

pregnancies stemming from FET are 1.7 times more 

likely to result in spontaneous abortions than that 

following fresh embryo transfers.34 

In the study, there was no ectopic pregnancy (EP) in 

either group. Saidah et al found that there was a lower 

rate of EP with frozen embryos in comparison to fresh 

embryos, although this did not demonstrate statistical 

significance.35 However, Huang et al found that frozen-
thawed ET cycles were associated with a statistically 

significantly lower risk of EP compared to fresh cycles.36  

CONCLUSION 

The results showed that there were no statistically 

significant differences in the biochemical, clinical, 

ongoing clinical pregnancy rates and miscarriage rates 

between comparable fresh and frozen embryo transfer 

groups, though each of these rates were higher in the 

frozen embryo transfer group. Literature demonstrates 

reduced endometrial receptivity in controlled ovarian 

stimulation cycles and supports the clinical observations 

that FET reduces the risk of OHSS and improves 
outcomes for both the mother and baby. These factors 

coupled with better optimisation of fertility treatment 

costs and patient-feasibility make FETs a prudent 

strategy to improve reproductive outcomes in patients 

undergoing IVF-ICSI treatment. 

ACKNOWLEDGMENTS 

Authors would like to thank the patients and staff, 

Department of Assisted Reproductive Techniques, 

Nadkarni’s 21st Century Hospitals & IVF Centres- Surat, 

Vapi, Killa Pardi - Gujarat, India for their support during 

the study. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required  

REFERENCES 

1. Vaerenbergh I, Lommel L, Ghislain V, Veld P, 

Schuit F, Fatemi HM, Devroey P, Bourgain C. In 

GnRH antagonist/rec-FSH stimulated cycles, 

advanced endometrial maturation on the day of 
oocyte retrieval correlates with altered gene 

expression. Hum Reprod. 2009;24:1085-91. 

2. Kolibianakis EM, Devroey P. The luteal phase after 

ovarian stimulation. Reprod Biomed Online. 

2002;5(1):26-35. 

3. Chetkowski RJ, Kiltz RJ, Salyer WR. In premature 

luteinization, progesterone induces secretory 

transformation of the endometrium without 

impairment of embryoviability. Fertil Steril. 

1997;68:292-7. 

4. Evans J, Hannan NJ, Hincks C, Rombauts LJ, 
Salamonsen LA. Defective soil for a fertile seed? 

Altered endometrial development is detrimental to 

pregnancy success. PLoSONE. 2012;7:e53098. 

5. Kang HJ. Programmed versus natural frozen embryo 

transfer: which is the best nest? Fertility Sterility. 

2018;110(4):636-7. 



Shetty RK et al. Int J Reprod Contracept Obstet Gynecol. 2019 Sep;8(9):3774-3781 

International Journal of Reproduction, Contraception, Obstetrics and Gynecology                                     Volume 8 · Issue 9    Page 3780 

6. Trounson A, Mohr L. Human pregnancy following 

cryopreservation, thawing and transfer of an eight-

cell embryo. Nature. 1983;305:707-9.  

7. Anderson AR, Wilkinson SS, Prince S, Crain JL. 

Reduction of high order multiples in frozen embryo 
transfers. Reprod Biomed Online. 2005;10:402-5. 

8. Rama GA, Haranath GB, Krishna KM, Prakash GJ, 

Madan K. Vitrification of human 8-cell embryos, a 

modified protocol for better pregnancy rates. Reprod 

Biomed Online. 2005;11:434-7. 

9. Al-Hasani S, Osmen B, Koutlaki N, Schoepper B, 

Diedrich K, Schultze A. Three years of routine 

vitrification of human zygotes: is it still fair to 

advocate slow-rate freezing? Reprod Biomed Online. 

2007;14:288-93.  

10. Balaban B, Urman B, Ata B, Isiklar A, Larman MG, 

Hamilton R, et al. A randomized controlled study of 
human day 3 embryo cryopreservation by slow 

freezing or vitrification: vitrification is associated 

with higher survival, metabolism and blastocyst 

formation. Hum Reprod. 2008;23:1976-82. 

11. Kuwayama M, Vajta G, Ieda S, Kato O. Comparison 

of open and closed methods for vitrification of 

human embryos and the elimination of potential 

contamination. Reprod Biomed Online. 

2005;11:608-14.  

12. Rall WF, Fahy GM. Ice-free cryopreservation of 

mouse embryos at -196°C by vitrification. Nature. 
1985;313:573-5.  

13. Gordts S, Roziers P, Campo R, Noto V. Survival and 

pregnancy outcome after ultrarapid freezing of 

human embryos. Fertil Steril. 1990;53:469-72.  

14. Vajta G, Nagy ZP. Are programmable freezers still 

needed in the embryo laboratory? Review on 

vitrification. Reprod Biomed Online. 2006;12:779-

96.  

15. Liu J, Huang G. Comparison of the vitrification and 

slow freezing protocol for day 3 embryo 

cryopreservation. Fertil Steril. 2011;361:213. 

16. Muthukumar K, Mangalaraj AM, Kamath MS, 
George K. Blastocyst cryopreservation: Vitrification 

or slow freeze? Fertil Steril. 2008;90:427. 

17. Aflatoonian A, Mansoori Moghaddam F, 

Mashayekhy M, Mohamadian F. Comparison of 

early pregnancy and neonatal outcomes after frozen 

and fresh embryo transfer in ART cycles. J Assist 

Reprod Genet. 2010;27:695-700. 

18. Aflatoonian A, Oskouian H, Ahmadi S, Oskouian L. 

Can fresh embryo transfers be replaced by 

cryopreserved-thawed embryo transfers in assisted 

reproductive cycles? A randomized controlled trial. J 
Assist Reprod Genet. 2010;27:357-63. 

19. Ku PY, Lee RK, Lin SY, Lin MH, Hwu YM. 

Comparison of the clinical outcomes between fresh 

blastocyst and vitrified-thawed blastocyst transfer. J 

Assist Reprod Genet. 2012;29(12):1353-6. 

20. Song T, Liu L, Zhou F, Lin XN, Zhang SY. 

Frozenthawed embryo transfer (FET) versus fresh 

embryo transfer in clinical pregnancy rate during in 

vitro fertilization-embryo transfer. Zhonghua Yi Xue 

Za Zhi. 2009;89:2928-30. 

21. Keenan J, Marshall E, Heidel E. Women over 37 

have superior pregnancy rates with frozen compared 

with fresh embryo transfers-An analysis of 43,5765 
cycles from the national art surveillance system 

(NASS). Fertility and Sterility. 2017;108(3):167-8. 

22. Nayar KD, Ahuja R, Singh M, Gupta M, Kant G, 

Sharma N et al. Elective frozen versus fresh embryo 

transfer in antagonist cycle in normo-responders: a 

randomised study. Fertil Steril. 2017;108(3):168. 

23. Nayar K, Gupta R, Gupta M, Singh M, Kant G, 

Nayar D. Comparison of fresh versus frozen embryo 

transfer in women with polycystic ovary syndrome. 

Fertility Science and Research.2017;4(2),102-5. 

24. Belva F, Henriet S, Van E, Camus M, Devroey P, 

Vander EJ, et al. Neonatal outcome of 937 children 
born after transfer of cryopreserved embryos 

obtained by ICSI and IVF and comparison with 

outcome data of fresh ICSI and IVF cycles. Hum 

Reprod. 2008;23:2227-38.  

25. Basirat Z, Adib R, Esmailzadeh S, Ali JSG, Hajian- 

TK, Pasha H, et al. Comparison of pregnancy rate 

between fresh embryo transfers and frozen-thawed 

embryo transfers following ICSI treatment. Int J 

Reprod Bio Med. 2016;14(1):39-46. 

26. Vladimirov IK, Tacheva D, Diez A. Theory about 

the embryo cryo-treatment. Reprod Med Biol. 
2017;16:118-25. 

27. Estill MS, Bolnick JM, Waterland RA, Bolnick AD, 

Diamond MP, Krawetz SA. Assisted reproductive 

technology alters deoxyribonucleic acid methylation 

profiles in bloodspots of newborn infants. Fertil 

Steril. 2016;106:629-39. 

28. Diez JA, Rubio C, Marin C. Mitochondrial DNA 

content as a viability score in human euploid 

embryos: less is better. Fertil Steril. 2015;104:534-

41. 

29. Roque M, Lattes K, Serra S, Solà I, Geber S, 

Carreras R, et al. Fresh embryo transfer versus frozen 
embryo transfer in in vitro fertilization cycles: A 

systematic review and meta-analysis. Fertil Steril. 

2013;99:156-62. 

30. Roque M, Valle M, Guimarães F, Sampaio M, Geber 

S. Cost-effectiveness of the freeze-all policy. JBRA 

Assist Reprod. 2015;19(3):125-30. 

31. Zarek SM, Mumford SL, Segars JH, Armstrong AY. 

Cost effective analysis comparing a freeze-all 

protocol to fresh blastocyst embryo transfers in 

normal responders. Fertil Steril. 2014;102(3):241. 

32. Lee AM, Connell MT, Csokmay JM, Styer AK 
Elective single embryo transfer- the power of one. 

Contracep Reprod Med. 2016;1:11. 

33. Elective single-embryo transfer. Fertility and 

Sterility. 2012;97(4):835-42. 

34. Pittenger S, Cedars M, Kao C, Rosen M, Rinaudo P. 

Spontaneous abortion rate is higher after frozen vs. 

fresh embryo transfers. Fertil Steril. 2013;100(3):97. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Roque%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27203090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valle%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27203090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guimar%C3%A3es%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27203090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sampaio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27203090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geber%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27203090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geber%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27203090
https://www.ncbi.nlm.nih.gov/pubmed/27203090
https://www.ncbi.nlm.nih.gov/pubmed/27203090


Shetty RK et al. Int J Reprod Contracept Obstet Gynecol. 2019 Sep;8(9):3774-3781 

International Journal of Reproduction, Contraception, Obstetrics and Gynecology                                     Volume 8 · Issue 9    Page 3781 

35. Saidah TK, Amaral WN, Saidah K, Saidah CM, 

Vieira CA, Caldas CD. Fertil In vitro IVF World. 

Reprod Med Genet Stem Cell Biol. 2017;5(3):1-4. 

36. Huang B, Hu D, Qian K, Ai J, Li Y, Jin L. Is frozen 

embryo transfer cycle associated with a significantly 
lower incidence of ectopic pregnancy? An analysis 

of more than 30,000 cycles. Fertil Steril. 

2014;102(5):1345-9. 

 

 

 

Cite this article as: Shetty RK, Nadkarni PK, Singh 

PP, Nadkarni AA, Nadkarni VK, Singh P. Fresh 

versus frozen embryo transfer: a retrospective cohort 

study. Int J Reprod Contracept Obstet Gynecol 

2019;8:3774-81. 


