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Abstract:

Background: it is important to study a history of the science to appreciate the 
past as a motive for hard work in the present for better future. In the other hand, 
the factors affecting pregnancy rate of frozen embryos are yet to be clarified at 
different embryonic developmental stages.
Objectives: to record a brief history of embryo cryopreservation in Iraq and to 
study many clinical and embryological factors that might affect the pregnancy 
rate.
Subjects, materials and Method: a cross-sectional study of many clinical and em-
bryological variable, where120 frozen-thawed embryo transfer cycles enrolled in 
the study at the period from January 2017 till July 2018. The variables were sta-
tistically analyzed first by one factor analysis comparing between pregnant and 
non-pregnant cases; then by multivariate logistic regression analysis to illustrate 
main factors without a possible confounder effect.
Results: In one factor analysis, the following variables showed a significantly 
high effect on pregnancy rate (P value <0.001) which are women’s age, women’s 
weight, number of retrieved oocytes, mature oocytes and good quality embryos, 
developmental stage, E2 level, and endometrial thickness. While in multivariate 
logistic regression analysis the women’s weight, the number of retrieved oocytes 
and good quality embryos were the main factors.
Conclusions: it is judiciously to consider these factors while managing infertile 
couples with embryo cryopreservation programs especially the modifiable fac-
tors.

Keywords: embryo cryopreservation history, vitrification, frozen-thawed em-
bryo transfer.  
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Introduction:
Due to the past and current situations in 
Iraq, one of the important medical fields 
and services delayed significantly until 
establishing, this is reproductive medi-
cine field. This field itself considered a 
relatively recent medical specialty world-
wide.
Before 2003, there were only two gov-
ernmental institutions for infertility man-
agement which are Kamal Al-Samarraee 
Hospital and High Institute for infertili-
ty Diagnosis and Assisted Reproductive 
Technologies. Both of them were with 
very limited resources and achieve-
ments.
After 2003, the economic status generally 
improved, however, it couldn’t approach 
huge needs in medical and health services 
and, unfortunately, reproductive medi-
cine area comes last after other priorities. 
Accordingly, infertility cases were facing 
a big problem which was that no qualified 
IVF centers were found which necessitat-
ing infertile couples to seek help abroad in 
neighboring countries. This burdens their 
shoulders with expensive IVF costs in ad-
dition to requirements of travel.
It was a big need and priority to upsurge 
the established IVF centers and build up a 
new centers to match a growing need for 
IVF services.
One of the important steps in this way was 
taken in Al-Najaf Al-Ashraf to establish 
well recognized specialized IVF center 
(the Fertility Center) in Al-Sadr Medical 
City belong to Al-Najaf Al-Ashraf health 
directorate in collaboration to Faculty of 
Medicine, University of Kufa, which ac-
tually opened in 2008. It, firstly, provided 
a medical diagnosis for infertility in addi-
tion to medical treatments and intrauter-
ine inseminations.
The efforts continued to supply this cen-
ter with the requirements for intra-cyto-
plasmic sperm injection (ICSI) procedure 
in one side, and to recruit qualified per-
sonnel with extensive training in different 

required specialties prominently infertil-
ity physicians and embryologists. Both 
enrolled in abroad and in situ training 
courses and workshops.
The first recorded pregnancy in this center 
with conventional IVF was in November 
2009, while the first pregnancy by ICSI 
in January 2010. This center continually 
works with steadily improving success 
rates approaching that of well recognized 
IVF centers worldwide.
However, a very important step was 
missed due to fluctuations in resources in 
one side and training opportunities in the 
other side. This step was a well-organized 
embryo cryopreservation program.
In 2014, with the help of generous hand 
of extraordinary professor and one of pi-
oneers in IVF field in Europe, Professor 
Safaa Al-Hasani a German embryologist 
originally from Iraq (he was in the team 
achieving the first IVF baby in Germany 
1982) comes to Al-Najaf Al-Ashraf and 
assisted in establishing a qualified em-
bryo cryopreservation program with his 
precious instructions and hands on train-
ing for the embryologists that they are the 
core of success as he said. This was a big 
step that had led eventually to the deliv-
ery of the first Iraqi baby born from cryo-
preserved embryos who was a male baby 
born in 23th of August 2015, although 
late; but the first. Meanwhile, Kamal 
Al-Samarraee Hospital and the High In-
stitute of infertility Diagnosis and Assist-
ed Reproductive Technologies continued 
their tremendous efforts in developing 
their work and outcomes regarding ICSI 
in general and then regarding embryo 
cryopreservation. The first babies born 
from frozen embryos were in November 
30th 2016 and in June 24th 2018 in Kamal 
Al-Samarraee Hospital and High Institute 
for Infertility Treatment and Assisted Re-
productive Technologies – Al-Nahrain 
University respectively.
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In addition, other two governmental cen-
ters had been established; one in Basra 
(2012) and the other in Baghdad (Um Al-
Baneen fertility center-2015); both be-
long to the Ministry of Health. Moreover, 
due to relative huge needs, many private 
centers established in Iraq, especially in 
Baghdad, before and after these dates; 
however, mainly depended on foreign 
teams due to a vast shortage in adequate 
well trained staffs.
All these centers, especially governmen-
tal ones, had different levels of collabo-
rations and communications to improve 
their results.
Even globally, vitrification procedure in 
human embryo cryopreservation consid-
ered relatively new due to the slow shift-
ing from traditional slow-freezing proce-
dure to it, but, eventually, the irresistible 
comparative evidence made clear to al-
most everybody that in all developmental 
stages, vitrification produces better sur-
vival and more competent embryos than 
traditional freezing (1). 	
However, there is limited understanding 
of the factors affecting success rates after 
frozen-thawed embryo transfer using vit-
rification procedure (2).
Few innovations have had such a great 
transformative impact on the assisted 
reproductive technologies (ART’s) field 
as vitrification had; and this impact will 
only raise more if the work on develop-
ment and refinement of this novel pro-
cedure continue regarding its technology 
and methodology (3).
In this study, we will summarize a cryo-
preservation results and analyses the 
factors that could affects the pregnancy 
rate in embryo cryopreservation pro-
gram using vitrification in Iraqi patients 
attending the fertility center in Al-Najaf 
Al-Ashraf and High Institute for infertil-
ity Diagnosis and Assisted Reproductive 
Technologies.

Subjects, Materials and Meth-
ods:
One hundred twenty infertile couples 
entering frozen-thawed embryo transfer 
(FTT) cycle in the period from January 
2017 till June 2018 were enrolled in this 
cross-sectional study. From each couple, 
detailed history was taken with compre-
hensive physical examination and related 
investigations. 
The female partners’ mean age was 
(30.48 ± 4.99 SD) years, mean duration 
of infertility period was (6.14±1.59 SD) 
years.
The couples were of either male fac-
tor (less than reference value of sperm 
concentration or progressive motility or 
normal morphology or any combination) 
(46%) or of female factor (54%) (Poly-
cystic ovarian syndrome (PCOS); Tubal 
factor; and hypogonadotrophic hypogo-
nadism (HH)). 
Couples involved in this study were ei-
ther of primary infertility 82.5% (99 in 
number) or secondary infertility 17.5% 
(21 in number).
Regarding vitrification solutions, they 
were ready to use directly (Kitazato, Ja-
pan). For vitrification; two-steps solu-
tions were used which are:
1.	 Equilibration solution (ES): con-
sist of 7.5% Ethylene Glycol (EG) and 
7.5% Dimethyl Sulfoxide (DMSO) in 
culture medium supplemented with 20% 
Human Serum Albumin (HSA). The em-
bryos were placed in this solution for 
5-15 minutes according to shrinkage and 
recovery process.
2.	 Vitrification solution (VS): con-
sist of 15% EG, 15% DMSO and sucrose 
(0.5 M) in culture medium supplemented 
with 20% HSA. The embryos were placed 
in this solution for about 1 minute; then 
loaded on ivitri straw (Sunlight Medical, 
USA) with minimum volume and plunged 
in liquid nitrogen (LN) for storage. 
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For Thawing (Kitazato, Japan); the 
following solutions were used:

1.	 Thawing solution (TS): consist 
of medium with 1 M sucrose. After 
remove the straw from LN, rapidly 
placed in about 1 mL of this solution 
for 1 minute.
2.	 Dilution solution (DS): con-
sist of medium with 0.5 M sucrose. 
Place the embryos in this solution for 
3 minutes.
3.	 Washing solution (WS): only 
medium supplemented with 20% 
HSA. Wash the embryos in this me-
dium for several times and transfer 
them to prepared culture dish in CO2 
incubator for about two hours till em-
bryos assessment and transfer. 
According to literatures, work expe-
rience and availability of data or pro-
cedures, the following variables were 
included in our study: Age; Body 
mass index (BMI) kg/m2; Cause of in-
fertility; Duration of infertility; Type 
of infertility (primary or secondary); 
Cycle day 2 hormonal profile (FSH, 
LH and PRL) and E2 at the day of 
hCG injection; Induction protocol for 
controlled ovarian hyperstimulation 
COH; Number of retrieved oocytes; 
Number of mature oocytes; Fertil-
ization rate; Good quality embry-
os; Number of transferred embryos 
post-thawing; Pregnancy rate; and 
Implantation rate.
Statistical analysis was done by using 
SPSS (statistical package for social 
sciences) version 20. Frequency, per-
centage, mean and standard deviation 
were used as descriptive statistics. 
For analysis, chi square test for cat-
egorical data and independent sample 
t-test and analysis of variance with 
LSD for numerical variables were 
used in addition to multivariate re-
gression analysis. P value ≤0.05 re-
garded significant.

Results:
Pregnancy rate in different embryo 
stages was presented in Figure (1). 
The cases ended with pregnancy were 
42 cases with an overall 35% preg-
nancy rate. However, within each sep-
arated group (2PN, 8-cells stage and 
blastocyst) the pregnancy rate was 
25%, 30% and 35% respectively.
The comparison of different variables 
between pregnant and non-pregnant 
women after frozen-thawed embryo 
transfer cycle by one factor analysis 
statistics was displayed in Table (1).  
Age and BMI of women significantly 
higher in non-pregnant women; while 
the number of oocyte, mature oocyte, 
good quality oocyte, endometrial 
thickness and E2 significantly higher 
in pregnant women.
To know the independent factors 
among them, in this study, multivari-
ate logistic regression analysis of fac-
tors was applied as shown in table (2) 
which revealed that the most import-
ant factors for success of pregnancy 
after frozen-thawed embryo transfer 
cycle of this study were BMI, number 
of oocyte and good quality.
There was no significant association 
between type of protocol and preg-
nancy rate (table 3). Also, there was 
no significant association between 
pregnancy occurrence and cause of 
infertility (table 4). Table (5) shows 
significant positive association be-
tween OHSS, as a cause of cryopres-
ervation, and pregnancy rate. Figure 
(2) shows no significant association 
between type of infertility and preg-
nancy and in all women the primary 
infertility is the common.
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Figure(1):Pregnancy rate in different 
embryo stages (within the same devel-
opmental stage) (P value 0.853). 2PN: 2 
pronuclear stage (zygote).

Table (1): Comparison between pregnant 
and non-pregnant women in different 
variables.

Table (2): Multivariate logistic regres-
sion analysis of factors.*

* B regression coefficient, SE of regres-
sion coefficient, the modified Homs-
er-Lemshow goodness of fit X2 test sta-

tistics was 17.11 (p =0.029)

Table (3): Association between type of pro-
tocol and pregnancy rate.

Table (4): Association between cause of in-
fertility and pregnancy rate

HH: hypogonadotrophic hypogonadism; 
M: male factor; PCOS: Polycystic ovari-
an syndrome; Tubal: uterine tube obstruc-
tion
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Table (5): Association between causes of 
cryopreservation and pregnancy 
rate.

OHSS:ovarian hyperstimulation syn-
drome

Figure (2): Association between type of 
infertility and pregnancy outcome. 
PT: Pregnancy Test

Discussion:
In the present days, embryo cryopreser-
vation with vitrification is a usual daily 
work in IVF centers worldwide. 
Actually, without qualified cryopreser-
vation program, it is hardly to consider 
such place an IVF center because it loses 
a precious materials for cryopreservation 
and greatly minimizes an overall chance 
of getting pregnancy in many cases; and, 
moreover, even abolishes such a chance in 
other cases as in some cases with OHSS 
when fresh embryo transfer is highly not 
recommended (4, 5, 6).
In spite of great importance of embryo 
cryopreservation, there is a limited un-
derstanding of laboratory and clinical 
factors that could affect the success rate 
of frozen embryo transfer (2, 3). In view 
of that, this Iraqi pioneer study comes 
to participate in directing a spot of light 
to this vital area of reproductive medi-
cine.
First of all, it is worthy to proud by over-
all pregnancy rate in the current study 
(35%) which is comparable to that of Eu-
rope (7). Europe could be considered a 
good standard to compare with, because 
it actually leads the world in ART’s where 
it contributes in approximately 50% of 
all reported ART’s cycles globally (7). 
In more details, the pregnancy rates ac-
cording to the developmental stage at the 
time of transfer in this study were 25%, 
31.25% and 36% for 2PN stage, cleavage 
stage (day 3) and blastocyst stage respec-
tively (Figure 1) with no significant dif-
ference. 
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As in table (1) and as it expected and 
well known, as a fact, that female age is 
a single most important factor and has a 
significant detrimental effect on both: the 
fertility potential where studies demon-
strated that fertility declines with increas-
ing age and started to decline at age 25 
years on (8, 9, 10); and on ART’s success 
rates (11, 12, 13). It has been found that 
there was an increment in the prevalence 
of infertility from 1% to 55% at age 25 
years and 45 years respectively (9).  This 
effect of age on fertility potential and 
ART’s outcomes could be explained by 
several aspects including increasing an-
euploidy, decreasing ovarian reserve, 
decreasing oocyte quantity and quality 
and decreasing availability of competent 
embryos for transfer in IVF cycles (13, 
14). 
On the other hand, no such effect is ob-
served regarding duration of infertility 
(Table 1); where there was no significant 
deference in duration of infertility be-
tween pregnant and non-pregnant cases. 
This might be clarified by that the age it-
self is the main factor regardless of dura-
tion of infertility where, in addition, the 
infertile patient commonly delay the de-
cision of ART’s.
Although the age impact was significant 
in single factor analysis; it has no such an 
effect with multivariate logistic analysis 
(Table 2). This could be explained by the 
fact that the majority of cases in our study 
(pregnant and non-pregnant) were under 
the age of 30 years and much less number 
of cases above 35 years.  
Obesity was considered to have a draw-
back effect on different outcomes of 
many ART’s procedures including ICSI 
outcome and frozen embryo transfer ac-
cording to Rahim AI and Chen R et al. 
respectively (15, 16). However, it is still 
unclear if these detrimental effects of 
obesity are due to the effect of obesity on 
oocytes or embryos or endometrial mi-
lieu or all of these (17). Many explana-

tions for such an effect of high BMI were 
hypothesized. Some researches blame its 
effect on oocytes quality and subsequent 
embryonic development (16, 18). Others 
blame the uterine milieu itself even when 
there were euploid embryos for transfer 
by increasing miscarriage rate in frozen 
embryo transfer cycles (17). Also, it was 
obviously that obesity detrimental effects 
are still even with donor programs with 
young, lean donors if the recipients were 
with high BMI (19). Some researchers 
found that obesity associated with low 
progesterone levels produced by corpus 
luteum (20, 21). Others found that obesi-
ty impairs decidualization (22) and alters 
a mid-luteal endometrial protein profile 
(23). Some researchers postulated a pos-
sible epigenetic effect of high BMI on the 
oocytes or embryos, even though when 
the pre-implantation genetic screening 
was normal (17); the possibility of this 
idea raised by others where they did re-
ported an alteration of placental gene ex-
pression (24) and alteration of metabolo-
mics signature of early embryos (25) in 
obese women.
Normal body-mass index (BMI) has a 
highly significant effect on the success 
rate in this study (Table 1). Actually 
there was no single pregnancy in obese 
women in the studied cases. Moreover, 
not merely a single factor analysis shows 
such an effect of high BMI; but also with 
multivariate logistic analysis (Table 2) 
indicating that high BMI and obesity is 
an independent negative impact factor in 
the prediction of success rate with frozen 
embryo transfer cycles.
Although using the antagonist protocol 
was more than the use of agonist proto-
col in all studied cases and in pregnant 
cases, there was no significant impact of 
the used protocol on the pregnancy rate 
(Table 3).
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This was in agreement with Tulic L (26) 
and Singh N et al. (27) that they found no 
difference between these two protocols in 
general milieu and in outcomes; so it is 
clearer to find this neutral effect in FTT 
cycles too. However; the explanation of 
the use of antagonist protocol more pop-
ularly could be returned to its assumed 
decreasing OHSS likelihood and its sim-
ple use and follow up with more patients’ 
compliance (27, 28, 29).
More pregnancy cases were found in cas-
es where the causes of infertility were 
PCOS and male factor (Table 4). This 
could be refereed to that more cases with 
these two infertility causes were recruit-
ed in this study reflecting the usual cases 
seeking ART’s. Though, there was no sig-
nificant effect of the cause of infertility 
on the pregnancy rate (Table 4) indicating 
a high ability of ART’s, including frozen 
embryo transfer, to overcome a variety of 
infertility obstacles.
Regarding the causes of cryopreserva-
tion, leftover embryos was the first cause 
followed by OHSS cases and then freeze-
all embryos due to non-medical causes 
like difficulty reaching to the center in 
appropriate time for embryo transfer (Ta-
ble 5). This was, also, the order in preg-
nant cases. Though, pregnant cases were 
significantly higher in cases where OHSS 
was the cause of cryopreservation (Table 
5). This result is in agreement with Shi W 
et al. study (30). It had been found that 
women failed to conceive in fresh cy-
cle embryo transfer have less chance to 
conceive in frozen cycle (31, 32) and, in 
opposite, women have higher chance to 
conceive if they had pregnancy in their 
fresh embryo transfer cycle and women 
with OHSS in frozen transfer cycle (33, 
34, 35). Also, it is logic to transfer the 
most component embryos in fresh cycle 
to maximize the pregnancy rate which 
might lower the availability of adequate 
component embryos for cryopreserva-
tion. Whereas, in OHSS, all competent 
embryos, which usually adequate in 

number, were subjected to the cryopres-
ervation increasing the chance of having 
more competent embryos post thawing. 
Regarding third group of this study, as 
a cause of cryopreservation, it could be 
considered an emergency plan to rescue 
the available embryos by cryopreserva-
tion, and not a matter of embryo selec-
tion; in addition to their lower number in 
comparison with OHSS cases and left-
over cases (Table 5).  
Also there was no difference in outcomes 
between primary infertility and secondary 
infertility cases regarding frozen embryo 
transfer cycles (Figure 2); reflecting the 
power of ART’s to overcome a variety of 
infertility causes and situations; however, 
as usual, in both pregnant and non-preg-
nant cases, the women with primary in-
fertility were more than the women with 
secondary infertility.
Regarding to the studied embryological 
variables in our study, with one factor 
analysis, the number of retrieved oo-
cytes, the number of mature oocytes, and 
the number of good quality embryos, all 
these were significantly higher in preg-
nant cases (Table 1). The same highly 
significant impact was for high E2 levels 
(Table 1) reflecting the higher possibility 
of getting more oocytes.
This higher significant effect of these 
factors comes with logic and sense where 
more available competent materials pro-
vide wider spectrum of selection and 
could anticipate higher results. This is 
comes in agreement of other studies which 
are Zdravka V et al. (2), Lin YP et al. (31) 
and Darkopoulos P et al.  (36). 
Although, high E2 level could have det-
rimental impact on the endometrium re-
ceptivity (37, 38, 39); no such effect was 
found on the oocyte and embryo quality 
as stated in some studies (38, 40).
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In addition, such a negative impact of 
high E2 levels on the endometrium and its 
receptivity was eliminated by cryopres-
ervation and postponed embryo transfer 
to controlled preparation of endometri-
um.
In the same conscious, endometrial thick-
ness had highly significant effect on the 
pregnancy rate (Table 1). Endometrial re-
ceptivity might be considered, till now, a 
mysterious factor of success rate where 
although with transfer of high quality 
embryos, the success rate still below the 
desired goal indicating a crucial rule of 
endometrium (41, 42, 43).
Neither fertilization rate nor other hor-
monal levels (FSH, LH and PRL) (Table 
1) had significant effect on the outcome. 
Although fertilization rate didn’t signifi-
cantly differ in both groups (pregnant 
and non-pregnant cases), the more fertil-
ized oocytes that resulted in more good 
embryos were higher in pregnant cases. 
Also, the hormonal levels, other than E2, 
were within accepted levels in all wom-
en especially regarding FSH and LH hor-
mones (Table 1).
The multivariate logistic analysis ap-
proves the effect of the number of re-
trieved oocytes and the number of good 
quality embryos (Table 2). No such im-
pact was seen regarding ET in spite of its 
significant effect in one factor analysis 
(Table 1 and 2). this could be referred to 
the fact that we didn’t enrolled the wom-
en in the FTT cycle unless they approach 
ET of 9 mm and more which is within the 
range of accepted ET for embryo transfer 
in other studies like El-Toukhy T et al. 
study (44).
Regarding the number of embryo trans-
fer, there was no significant difference 
between pregnant and non-pregnant cases 
(Table 1). This result comes in the con-
sistent of the present attitude of lowering 
the number of transferred embryo, more 
precisely elective single embryo transfer, 
to lower the likelihood of multiple preg-

nancy and its complication. 
However, it is wisely to state that to de-
cide the number of embryos for transfer, 
it depends on many factors including the 
age of the women, the embryos stage and 
quality, the rank of the transfer trial and 
even the success rate of the center where 
the procedures done in it (45).
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