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ABSTRACT
Objectives. To evaluate which type of embryo transfer (ET) has a superior pregnancy rate. 
Material and method. Prospective observational non-randomized study including 79 women that underwent 145 ET. 
Outcomes. The results show that the highest biochemical pregnancy rate (BPR) was in the fresh day 3 ET group (47.62%), 
but in this group there were also the highest abortion rate (80%) and the highest premature birth rate (100%), giving that, 
after 21 fresh day 3 ET did not result any term live birth. The frozen day 3 embryo has the lowest BPR (30%), but also the 
lowest abortion rate (33.33%) and the lowest premature birth rate (0%), in the present study after 13 frozen day 3 ET 
resulting 2 full-term births (15.38%). The results for the fresh day 5 blastocyst show a good BPR (43.48%), a low abortion 
rate (33.33%) and the lowest premature birth rate (0%), giving that in the study performed after 23 day 5 ET resulted 4 
newborns at term (15.38%). The frozen day 5 blastocyst has a very good BPR (46.07%), the highest birth rate (21.62%), a 
high abortion rate (37.14%) and a low premature birth rate (7.41%), taking into account that in the present study after 
89 day 5 frozen ET resulted 24 newborns, of which 22 full-term births (24.71%). 
Conclusions. The use of frozen day 5 blastocysts had the best results in terms of the ultimate goal - the birth of a live 
fetus at term.
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INTRODUCTION

The birth rate (BR) has decreased in most coun-
tries, and moreover, the natural increase has been 
negative for several years in Romania, according to 
the National Institute of Statistics. In addition, the 
global fertility rate is 2.1 (number of children per 
woman, World Population Data Sheet 2021) and the 
number of women over the age of 35 who want to 
become mothers has increased in Europe alone 
from 8 to 24% between 1990 and 2020. This aging of 
the population has medical, psychological and fi-
nancial effects on society [1-6].

Assisted human reproduction techniques (ART) 
are developing rapidly, bringing to light a new per-

spective on couple infertility and new opportunities 
for these families. Moreover, the development of 
embryonic culture technology and cryopreserva-
tion techniques determined a significant progress 
in the world of ART, from the transfer of fresh em-
bryos to the transfer of frozen (or cryopreserved) 
blastocysts [7-14].

OBJECTIVES

We conducted this study to analyze in parallel 
the 4 types of embryo transfers (ET) - fresh day 3, 
frozen day 3, fresh day 5 and frozen day 5 – in order 
to determine the highest pregnancy rates (PR) and 
live birth rates (LBR).
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MATERIALS AND METHODS

The present study is prospective, observational, 
non-randomized. We included patients diagnosed 
with infertility, who underwent specialized treat-
ments to obtain a pregnancy in the ART Department 
of “Prof. Dr. Panait Sîrbu” Clinical Hospital of Ob-
stetrics and Gynecology. 

The research methodology, the patient question-
naire and the informed consent have been endorsed 
by the Ethics Committee and comply with the legis-
lation in force regarding research studies. This sam-
ple is representative of a Romanian population un-
dergoing infertility treatment in a specialized 
center. The study took place between March 2018 
and May 2020.

We used the following inclusion criteria: pa-
tients undergoing ART who have at least one em-
bryo for transfer, who will undergo the ET proce-
dure (fresh or cryopreserved) in the Clinical 
Hospital of Obstetrics and Gynecology “Prof. Dr. Pa-
nait Sîrbu”, who completed an informed consent 
form in which they agree to be included in this 
study and keep in touch with the investigator dur-
ing pregnancy and to update the online question-
naire until the moment of birth.

We excluded from the study patients who refused 
to sign the consent or who during the study request-
ed the waiver, patients with whom we lost contact 
during the procedures performed or due to their lack 
of response later, after obtaining the pregnancy.

Patients obtained the embryos following natural 
or controlled ovarian stimulation with different 
protocols, including the use of long, short, follicular 
or luteal phase protocols with FSH, LH, hMG, aro-
matase inhibitors, GnRH agonists or antagonists, in 
various combinations. The trigger constituted of 
r-hCG or triptorelin 0.1-0.3 mg/ml or a combination
of these injected 35-36 hours prior to the ovarian
puncture. Oocyte extraction was performed by ul-
trasound-guided transvaginal puncture and the oo-
cytes were placed in Gamete Buffer culture media
then moved to the fertilizing medium Fertilization.
After being left in the incubator for one hour, they
were fertilized by in vitro fertilization (IVF) or in-
tracitoplasmatic sperm injection (ICSI) depending
on the parameters of the semen analysis, the pa-
tient’s history (miscarriages), the degree of sperm
fragmentation.

After fertilization, the cells were left in the ferti-
lization culture medium, in the incubator (Miri 
Esco) at 37 degrees Celsius, 6% CO2 and 5% oxygen. 
After 16-18 hours from fertilization, the oocytes 
were evaluated for the presence of pronuclei and 
moved to the One Step (Sage) culture medium. Then, 
the development of the embryos was evaluated at 3 
or 5 days. The embryologist together with the at-
tending physician determined, depending on the 

patient and the characteristics of the embryo, the 
transfer method: fresh, frozen, on day 3 or 5. 

The embryos were frozen by vitrification in the 
cryopreservation medium Kitazato or Rapid VitOm-
ni (Vitrolife) and stored in liquid nitrogen at -196 
degrees Celsius, closed system type. For frozen em-
bryos, thawing before the ET procedure was per-
formed by removing the sequins from the device 
and deposit them in various thawing media (Kitaza-
to, Thawing or Rapid Warm Omni - Vitrolife) on the 
day of the ET, 2-4 hours before the procedure. After 
thawing, the embryos were moved to the ET medi-
um (EmbryoGlue).

The ET procedure was performed at the number of 
days corresponding to the implantation window de-
pending on the age of the embryo (for example, ET on 
day 3 was performed 3 days after the puncture day for 
fresh embryos or 3 days after ovulation, in case of 
thawed transfer). Prior to ET, almost all patients re-
ceived luteal phase supportive treatment with proges-
terone (mostly administered intravaginally) and 
treatment with Aspenter 75 mg in the evening. The ET 
was performed without anesthesia, with transabdom-
inal ultrasound guidance, using a soft Wallace-type 
catheter. After every procedure, the embryologist 
checked the catheter to confirm the ET.

At least 10 days after the ET, patients performed 
a serum β-HCG assay, to establish the presence of 
biochemical pregnancy (BP). The diagnosis of clini-
cal pregnancy was made at the time of visualization 
of the embryo with cardiac activity in the uterus. 
Pregnancy was monitored by quarterly tests: blood 
(HLG, coagulation tests, biochemistry, thyroid mark-
ers), urine, vaginal discharge, maternal serum 
screening, 1st, 2nd and 3rd trimester morphology, 
blood pressure monitoring plus other tests depend-
ing on patient characteristics.

The time of birth was determined by the attend-
ing physician according to the evolution of the preg-
nancy, without being influenced by the mode of ET 
performed. The method of birth (natural or cesar-
ean section) was established together with the at-
tending physician, in various maternity hospitals in 
the country or abroad.

If the same patient performed both ICSI and IVF 
procedures, only the data for the procedure that 
was successful and which resulted in at least one 
embryo were retained, the data related to the failed 
procedures being removed from the final analysis. 
For patients who underwent multiple ART proce-
dures, but all were followed by failure, only data on 
a single randomly selected procedure were retained 
for analysis.

Statistical analysis 

We performed various types of statistical analy-
sis. A usual descriptive analysis with a simple uni-
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variate binomial logistic regression was frequently 
used. The bidirectional χ² test was used to assess the 
difference between the success rate of one ET tech-
nique versus the other, and the Fisher exact test 
was used to assess whether the differences between 
the techniques are statistically significant.

For statistical analysis we used the R program, 
version 4.0.2 Copyright (C) 2020 “The R Foundation 
for Statistical Computing, R Core Team (2020). A: A 
language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, 
Austria”. URL https://www.R-project.org.

We considered the differences to be statistically 
significant at a p < 0.05.

RESULTS

The study groups

Of the 300 patients who initially agreed to be in-
cluded in the study, only 79 kept in touch with the 
investigator and had the data included in the statis-
tical analysis. On these patients were performed a 
total of 145 ET procedures.

The patients were between 27 and 47 years old 
and all stated that they did not consume alcohol, 19 
patients stated that they smoked, and 4 patients re-
ported using drugs.

The minimum BMI was 16.32 and the maximum 
– 38.56.

In regard to their family medical history, only 4
patients mentioned infertility, but we observed a 
high prevalence of diseases (62.02%).

The age at menarche was between 11 and 17 
years, and 56 patients reported having dysmenor-
rhea, while 16 women reported having dyspareu-
nia. Almost half of the patients in this group stated 
that they performed previous abortions (30 pa-
tients), half of them being on request (18) and 17 
spontaneous.

The majority of women included in the study 
(86.08%) had no history of ectopic pregnancies. The 
diagnosis of endometriosis was relatively high, with 
17 patients declaring that they were diagnosed with 
this pathology. Almost half of the included patients 
had impermeable fallopian tubes (30 patients) 
while their AMH ranged from 0.10 to 12.50, with a 
median of 2.00.

For 54 patients was performed IVF to obtain em-
bryos, while for 24 was performed ICSI. Out of the 
79 patients, 53 obtained biochemical pregnancies 
following the 145 ETs, 46 of these pregnancies were 
confirmed by ultrasound, and 27 of the pregnancies 
resulted in the birth of a live fetus.

Pregnancy rate 

The analysis focused on the ability of ET tech-
niques to obtain a BP. The deductible analysis must 

be carefully weighed as the study is not randomized. 
In this way we appreciate that there is a great possi-
bility of bias that targets both the person who per-
formed the procedure and the patient. The study 
was performed using 145 ETs performed in the 
study population comprising 79 patients (Table 1).

TABLE 1. Fresh vs Cryopreserved embryotransfer and bio-
chemical pregnancy rate

Procedure Failure - N (%) Success - N (%)
Fresh day 3 embryo 11 (52.38) 10 (47.62)
Frozen day 3 embryo 7 (70.00) 3 (30.00)
Fresh day 5 blastocyst 13 (56.52) 10 (43.48)
Frozen day 5 blastocyst 48 (53.93) 41 (46.07)

We evaluated the existence of a statistical signif-
icance using the chi-square test of type χ² which is 
bidirectional for at least two samples that are differ-
ent from each other. Table 2 shows the test result.

TABLE 2. χ² ET fresh versus Day 3 or Day 5 frozen test

Statistic χ² Degrees of freedom / Number Value of p
1.02 4 / 145 0.7946

Since p > 0.05 there is no statistical significance. 
For this reason, we cannot say a difference between 
the success rate of one technique versus the other. 
We will analyze this result in more detail in the up-
coming research.

The next aspect to be determined was which of 
the four different types of ET was the most success-
ful in producing a BP, detected by high serum β-hCG 
levels.

We can see that the results with a success rate of 
47.62% appeared in the case of using the fresh day 3 
embryo, in this case half of the 21 ET having as fi-
nality the BP. This result is followed by a 46.07% suc-
cess rate of frozen day 5 blastocyst, obtaining 41 
pregnancies out of the 89 ET performed. In order of 
success rate follows the fresh day 5 blastocyst, with 
a percentage of 43.48%, respectively 10 biochemical 
pregnancies obtained out of a total of 23 transfers 
performed. According to the data of the study, the 
ET with frozen day 3 embryo had the most modest 
success rate obtaining 3 biochemical pregnancies 
from a total of 10 ETs.

Live birth rate

The best success rate for the birth of a live fetus, 
according to Table 3, was in the case of using the 
frozen day 5 blastocyst, with a percentage of ap-
proximately 21.62% and a number of 24 ETs that led 
to a live newborn. The ET using frozen day 3 em-
bryo and fresh day 5 blastocyst had both success 
rates of 15.38% being at the same level. On the last 
position regarding the success rate was the ET made 
with fresh day 3 embryo which led to a single birth.
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TABLE 3. Success rate on live birth for each type of ET

Procedure Failure – N (%) Success – N (%)
Fresh day 3 embryo 20 (95.24) 1 (4.76)
Frozen day 3 embryo 11 (84.62) 2 (15.38)
Fresh day 5 blastocyst 22 (84.62) 4 (15.38)
Frozen day 5 blastocyst 67 (78.38) 24 (21.62)

Premature birth rate

Table 4 shows the capacity of each type of ET to 
generate a premature birth rate.

The lowest rate of premature birth was recorded 
in the case of fresh day 5 blastocyst and in the case 
of frozen day 3 embryo, both procedures obtaining 
full-term infants. In the case of the frozen day 5 
blastocyst, 21 full-term fetuses were born out of a 
total of 23. The most modest results appeared when 
using the fresh day 3 embryo, the only newborn ob-
tained being premature.

TABLE 4. Fetal premature birth rate by each type of ET

Procedure Failure – N (%) Success – N (%)
Fresh day 3 embryo 1 (100.00) 0 (0.00)
Frozen day 3 embryo 0 (0.00) 2 (100.00)
Fresh day 5 blastocyst 0 (0.00) 4 (100.00)
Frozen day 5 blastocyst 2 (7.41) 21 (92.59)

Abortion rate

According to Table 5, the highest abortion rate 
(80%) occurred with fresh day 3 ET. The next proce-
dure as abortion rate (approximately 37.14%) was 
that with frozen day 5 blastocyst. The ET with fresh 
day 5 blastocyst and the one with frozen day 3 em-
bryo had very low and approximately equal rates of 
abortions.

TABLE 5. Rate of abortion by ET

Procedure Yes - N (%) No - N (%)
Fresh day 3 embryo 4 (80.00) 1 (20.00)
Frozen day 3 embryo 1 (33.33) 2 (66.67)
Fresh day 5 blastocyst 2 (33.33) 4 (66.67)
Frozen day 5 blastocyst 13 (37.14) 22 (62.86)

DISCUSSIONS

The highest success rate of BP was 47.62% and 
occurred in the use of fresh day 3 embryo, the next 
being 46.07% of frozen day 5 blastocyst, then fresh 
day 5 blastocyst - 43.48% and ET with frozen day 3 
embryo - 30%.

The best success rate for the birth of a live fetus 
was when we used frozen day 5 blastocyst (21.62%), 
while when using ET with frozen day 3 embryo and 
fresh day 5 blastocyst the live birth rate was 15.38% 
and ET with fresh day 3 embryo led to a single birth 
(4.76%) (although in the previous study this type of 
embryo had the highest BPR).

The lowest rate of premature birth (0%) was re-
corded in the case of fresh day 5 blastocyst and in 
the case of frozen day 3 embryo, both procedures 
obtaining only full-term newborns, then 7.41% us-
ing frozen day 5 blastocyst, and an interesting re-
sult (100% rate) was in the case of fresh day 3 em-
bryo, the only newborn being premature (although 
in our previous study this type of embryo had the 
highest rate of biochemical pregnancies).

The highest abortion rate (approximately 80%) 
occurred in fresh day 3 ET, then 37.14% in frozen 
day 5 blastocyst, while ET with fresh day 5 blasto-
cyst and frozen day 3 ET have the lowest abortion 
rates 33.33%.

Due to these results, we highlight the importance 
of reporting LBR after ART procedures and not to 
focus on the BPR. It is obvious that one can have 
very good PR after a certain type of ET, but after 
this, because of high abortion rate and high prema-
ture births, to result a very low number of children. 
And we should not forget that the success of the pro-
cedures is represented by the number of healthy 
children the couples will take home.

International specialty literature reports show 
similar results, a favorable prognosis for the trans-
fer of frozen blastocysts in terms of implantation 
rate and live birth rate, if after fertilization all em-
bryos are frozen and transferred on subsequent cy-
cles (RR 1.30) BPR (45.8% vs 64.3% cryopreserved) 
LBR (45% vs. 60.55%) [15]. Nevertheless, it was ob-
served a favorable prognosis of thawed ET in terms 
of spontaneous abortion rate, perinatal mortality 
rate, preeclampsia rate, low birth weight rate, pre-
mature birth rate and antepartum hemorrhage rate 
[16]. This is due to the fact that during the cycle of 
ovarian hyperstimulation that results in obtaining 
oocytes, drugs negatively influence the quality of 
the endometrium. Thus, by impairing the implanta-
tion, the number of pregnancies obtained will be 
affected consecutively. Uterine contractility can 
also be increased in the controlled hyperstimula-
tion cycle, and the implantation window is some-
times already exceeded at the time of transfer 
[17,18]. At the same time, were observed reduced 
associated malformations in the case of thawed ET 
[19] and the low incidence of hyperstimulation syn-
drome [20-24].

In a Cochrane meta-analysis that included 27 
randomized clinical trials involving 4031 women 
we observed the following results: in the “fresh 
group”, the rate of live infants after fresh blastocyst 
was higher than that after fresh embryo transfer 
(13 randomized clinical trials including 1630 pa-
tients, low quality evidence, OR 1.48, 95%CI 1.20 to 
1.82, I2 = 45%). No differences in cumulative preg-
nancy rates were observed after a single ovarian 
puncture between the fresh and cryopreserved 
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group (5 randomized clinical trials, including 632 
patients) [25-28]. Obstetric and perinatal patient 
outcomes were better also in the frozen groups OR 
0.89, CI = 95%; I2 = 71% (with very low-quality re-
sults) [11]. Comparing the groups with blastocysts, a 
higher rate of clinical pregnancies was observed for 
the use of fresh blastocysts (27 randomized clinical 
trials, 4031 patients, OR 1.30, 95%CI 1.14 to 1.47, I2 = 
56%, evidence of moderate quality) [29-32].

We can observe that the majority of studies have 
results with not enough statistical significance, and 
we found the same aspect in our study. Analyzing 
this aspect, we concluded that there are two neural-
gic points to mention in this study: the first is that 
we have very few cases of transfer with frozen day 
3 embryos and a biochemical success rate of only 
30% and there is practically the possibility that the 
tests performed, related to test strength and sample 
size to be wrong - for this reason we did not go fur-
ther with the analysis for patients with day 3 em-
bryos and we focused more on day 5 blastocysts.

The second problem is that we studied patients 
with various procedures (some patients underwent 
several IVF or ICSI procedures and transferred sev-
eral embryos, some fresh, some cryopreserved, 
some – day 3 and some – day 5). The multiple statis-
tical analysis performed tried to cover and compen-
sate this aspect, in order to obtain correct results. 
The results are accurate, at least for patients who 
received day 5 blastocysts (fresh or frozen).

Another aspect worth mentioning is the number 
of patients included. As the pregnancies obtained in 
the ART clinic then went to the attending physician 
for monitoring, perhaps in another city or even an-
other country, in many cases the contact with the 
patient was lost. We included in the final study only 
the patients who signed the consent for inclusion in 
the study, then filled in the online questionnaire, 
updated the data in the questionnaire during preg-
nancy and then at birth and kept in touch with the 
investigators. Because we wanted to investigate 
several variables (pregnancy rate, pregnancy pro-
gression and birth outcome), many patients were 
excluded because they did not respond later on (out 
of 500 patients invited, only 300 patients signed con-
sent, and of these only 79 kept in touch with investi-
gators throughout the study).

The patients’ explanations for this phenomenon 
were represented by the fact that contacting inves-
tigators to update the data along the way creates a 
negative psychological impact, as many patients did 
not get pregnant after the first or second ET and the 

investigators reminded them of this failure by ask-
ing the updating questions. 

We are talking about emotionally sensitive pa-
tients who are under intense psychological stress. A 
retrospective and not a prospective study could 
have been a solution in this respect but given that 
patients after ART procedures return to the attend-
ing physician in the city of residence, it would have 
been much more difficult to establish contact with 
them later, as they would not have signed the in-
formed consent giving us the right to contact them 
during pregnancy and after birth. If we would have 
analyzed only the rates of biochemical and clinical 
pregnancies, a retrospective study would have been 
easier to achieve than a prospective study. But be-
cause we wanted to be able to analyze the evolution 
throughout pregnancy and birth, we would not 
have had access to these data of patients who gave 
birth in another maternity than “Prof. Dr. Panait 
Sîrbu” Clinical Hospital of Obstetrics and Gynecolo-
gy, Bucharest.

This project was developed in order to follow the 
evolution of these embryos from the cell stage to the 
first years of life, to observe how we can improve in 
the future the chances of couples with infertility to 
get pregnant quicker on one hand and to achieve 
healthier babies on the other hand, by taking into 
account what happens after birth and the evolution 
of children. The patients signed in the consent that 
they agree to be contacted annually even after the 
birth of the children, in order to obtain comparative 
data on the evolution of the children obtained after 
fresh ET versus cryopreserved ET. This long-term 
study can come as a complement to the present trial.

CONCLUSIONS

The fresh day 3 embryo has the highest BPRs, but 
also the highest abortion rate and the highest pre-
mature birth rate, in the study performed not re-
sulting any term birth.

Frozen day 3 embryo has the lowest BPRs, but 
also the lowest abortion rate and the lowest prema-
ture birth rate.

Fresh day 5 blastocyst has a good BPR, low abor-
tion rate and the lowest premature birth rate.

Frozen day 5 blastocyst ET has a very good BPR, 
the highest birth rate, high abortion rate and low 
premature birth rate.

After this study we can conclude that the use of 
frozen day 5 blastocyst had the best results in terms 
of the ultimate goal: the birth of a live fetus at term.
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