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Abstract The aim of this retrospective study was to investigate factors affecting clinical pregnancy rates, especially age and dura-
tion of embryo transfer, in IVF/intracytoplasmic sperm injection cycles (1313 embryo transfers). Overall clinical pregnancy rate was
30.0% (n = 394). Clinical pregnancy rates were found to be 31.6% for the <44 s interval, 25.9% for the 45—59 s interval and 23.6% for
the >60 s interval (P = 0.020). In the <35 year age group, clinical pregnancy rates were 35.1%, 29.9% and 30.6%, and in the >35 year
age group, they were 26.9%, 21.0% and 13.4% (P = 0.013), respectively. According to logistic regression analyses, the odds of failed
pregnancy increased by 1.61 times [95% confidence interval (Cl) 1.07—2.41] for embryo transfer durations longer than 60 s and odds
ratios of a failed pregnancy were 1.53 (95% ClI 1.18—1.99) in the >35 year age group, 1.49 (95% Cl 1.05—2.12) for fewer than five
oocytes and 3.38 (95% Cl 2.10—5.43) for fewer than two transferred embryos. In conclusion, to increase the likelihood of a successful
pregnancy in women over 35 years of age, the duration of embryo transfer must be kept below 60 s. The number of oocytes obtained
and the number of transferred embryos also play a role in the success of pregnancy. nline
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Introduction

Unsuccessful implantation after embryo transfer is still the
most important problem of IVF. It has been estimated that
implantation failure occurs in 85% of replaced embryos
(Edwards, 1995). The most important factors influencing
implantation rates are age, patient selection, type of

protocol, uterine receptivity, gamete and embryo quality
and transfer efficiency. Despite the fact that embryo trans-
fer is the most important mechanical step of IVF, much less
effort has been placed on improving it compared with other
aspects of IVF (Salha et al., 2001; Schoolcraft, 2001; Wood
et al., 2000). In recent years, however, interest has
increased concerning the methodology of embryo transfer
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and catheter quality. A number of prognostic factors have
been described for embryo transfer, such as atraumatic
transfer, absence of blood or mucus in the transfer cathe-
ter, absence of bacterial contamination, using soft cathe-
ters, not touching the uterine fundus, uterocervical angle
and using ultrasound guidance (Matorras et al., 2002; Sallam
et al., 2002; Schoolcraft, 2001).

Implantation failure may be a result of uterine contrac-
tions (Fanchin et al., 1998) and endometrial damage
(Marikiniti et al., 2003) caused by cervical manipulation
during difficult transfers and touching of the catheter on
the uterine fundus (Salha et al., 2001). It is also thought that
embryos can be damaged when subject to environmental fac-
tors other than that of the human body and that the composi-
tion of catheters can have a detrimental effect on embryos
(Kea et al., 2007; Matorras et al., 2004; Quinn, 2000). The as-
pect of duration of embryo transfer has been previously stud-
ied in respect to IVF success by Matorras et al. (2004) who
have found that the longer the interval between loading and
discharging of embryos, the lower the clinical pregnancy
rate. The aim of the present study was to study the effect
of factors affecting clinical pregnancy rates in IVF/intracyto-
plasmic sperm injection cycles, especially age and time em-
ployed in the performance of the transfer (the time interval
between catheter loading and discharging of embryos).

Materials and methods

The data used in this study was collected from all the IVF/
intracytoplasmic sperm injection cases performed at the
study unit between January 2004 and January 2007. A total
of 1313 IVF cycles (1306 patients) which underwent embryo
transfer were included; however, frozen embryo and blasto-
cyst transfer cycles were not included in the study. The two
cycles of 7 patients who underwent IVF twice were included
in the study as they did not become pregnant and a mini-
mum of 6 months had passed between each treatment. Of
the 1306 patients, 1184 had primary infertility while 122
had secondary infertility. None of the patients had had a
previous IVF pregnancy.

The antagonist protocol was performed on 348 cycles
while the long protocol was performed on 965 cycles. In
the study unit, recombinant FSH (Puregon, Organon,
Turkey, and Gonal F, Serono, Turkey), gonadotrophin-
releasing hormone agonist (leuprolide acetate, Lucrin,
Abbott Laboratories, Turkey) and gonadotrophin-releasing
hormone antagonist (Cetrotide 0.25mg, Serono, and
Orgalutron 0.25mg. Organon), were used for ovarian
stimulation and recombinant human chorionic gonadotro-
phin (Ovitrelle, Serono) or urinary human chorionic gonado-
trophin (Pregnyl 5000, Organon) were used for the triggering
of ovulation. Oocyte retrieval was performed under ultra-
sound guidance 35 h after human chorionic gonadotrophin
injection. The protocols of the embryology laboratory were
performed under the Revised European Society for Human
Reproduction and Embryology [ESHRE] Guidelines for Good
Practice in IVF Laboratories (Magli et al., 2008). The scoring
of high quality embryos was according to Veeck’s published
criteria (Veeck, 1999). Luteal phase support was achieved
with 200 mg/8 h vaginal micronized natural progesterone
(Progestan, Kocak Laboratories, Turkey).

A mock-transfer was performed on all patients before
the start of the treatment (Mansour et al., 1990). Difficult
mock-transfers were characterized by a difficult insertion
of a Wallace catheter and/or the need for a tenaculum or
anaesthesia. In difficult cases, an embryo difficult transfer
(EDT) catheter was planned to be used in the embryo
transfer. The need for general anaesthesia and use of a
tenaculum was found to be required on only seven patients
during the mock transfer and to evaluate the cavity of
patients with difficult mock-transfers, a diagnostic hyster-
oscopy was performed before the start of the treatment.
This way, the catheter and method to be used (map of
cervical canal and whether anaesthesia was necessary)
was determined before the day of embryo transfer. During
embryo transfer, neither tenaculum nor anaesthesia were
used in these patients as the use of an EDT catheter was suf-
ficient. The average endometrial thickness on the day of the
transfer was 12 mm. The day of embryo transfer for all
patients was day 3 and only grade 1 and 2 embryos were
transferred. The number of embryos transferred depended
on the number of embryos obtained, a maximum of three
embryos being allowed in Turkey irrespective of patient’s
age. The embryos of patients with more than three embryos
were frozen. Quinn’s Advantage Protein Plus Cleavage med-
ium (Sage, USA) was used for all embryos.

A speculum was inserted into the vagina of the patient
lying with a full bladder in the lithotomy position. The cervix
was cleaned (G rinse, Vitrolife, USA) and cervical mucus was
wiped off the external ostium. Mucus aspiration was rarely
performed. After this, the endometrial lining was measured
using ultrasound and the uterus and endometrium were
shown on the screen to the patient. During this time, an
EDT catheter 18 mm (Rocket UK) was used in patients who
previously had a difficult mock-transfer and a Wallace Soft
Catheter 18 mm (Smith, UK) was used in patients who pre-
viously had an easy mock-transfer. The outside sheath of
the catheter was inserted up to the internal os being careful
not to insert it into the cavity. The embryos were released
under ultrasound guidance in the middle of the uterine
cavity. A chronometer was started by one embryologist as
soon as the embryos were loaded into the catheter and
the chronometer was stopped as soon as the embryos were
released from the catheter. The duration of embryo trans-
fer (time interval the embryos remained in the catheter)
was then recorded in the patient’s file. In some patients
with either easy or difficult mock-transfers, the insertion
of the catheter into the cavity through the internal os was
difficult during the embryo transfer causing longer embryo
transfer durations. Dilatation was not performed on any
patient. All embryo transfers were performed by the same
clinican. Clinical pregnancy was defined by the visualization
of a fetal heart beat at 7—8 weeks of amenorrhoea.

Variables such as age, infertility, protocol, length of
stimulation, endometrial thickness, total oocyte number,
total number of transferred embryos, difficulty of embryo
transfer and duration of embryo transfer were collected.
Embryo transfer duration was categorized according to
age (above and below 35 years) and into three groups: (i)
less than 44s; (ii) 45—59s; and (iii) 60 s or more, which
was subdivided into two groups, less than 59 s and 60s or
more.
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Statistical analysis

Normality was checked for each continuous variable. Nor-
mally distributed values were expressed as mean + SD, num-
ber (%) and others as median (range), where appropriate. A
P-value <0.05 was considered as significant. The categorical
variables between the groups were analysed by using the
chi-squared test. The odds ratio (OR) and its 95% confidence
interval (95% Cl) were estimated using the Statistical Pack-
age for Social Sciences version 12.0 (SPSS, USA). Logistic
regression analysis was used to calculate the OR of failed
pregnancy in subjects after adjustment of risk categories
such as age, number of oocytes, duration of embryo trans-
fer, number of transferred embryos and difficulty of trans-
fer as independent variables. Independent variables were
selected as the variables which had P-values which were
<0.2 according to the clinically important factors analysis

Table 1 Factors related to achieving pregnancy.

for each variable. In addition, a clinically important factor
such as difficulty of transfer was also selected as an inde-
pendent variable. Results of difficulty of transfer were ana-
lysed by chi-squared trend analysis. Tables showing the
subgroup analysis were not included in the article because
of low numbers.

Results

The data were divided into two groups: pregnant (success)
and not pregnant (failure). As seen in Table 1, these two
groups were then compared according to age, type of infertil-
ity, type of protocol, length of stimulation, endometrial
thickness (cut off >7 mm), total oocyte number, total num-
ber of transferred embryos, difficulty of embryo transfer, em-
bryo transfer duration and embryo transfer duration interval.
Age (P =0.0001), number of transferred embryos (P =0.001)

Factor Non-pregnant (failure) (n=919) Pregnant (success) (n = 394) P-value
Age

<35 years 497 (69.8) 256 (34.0)

>35 years 422 (75.4) 138 (24.6) 0.0001
Infertility

Primary 826 (69.8) 358 (30.2)

Secondary 89 (73.0) 33 (27.0)

Not known 4 (57.1) 3 (42.9) NS
Protocol

Antagonist 244 (70.1) 104 (29.9)

Long 675 (69.9) 290 (30.1) NS
Length of stimulation (days) 9.9 +£2.6; 10 (1-26) 9.8+2.4; 10 (1-26) NS
Endometrial thickness 12.2 £1.9; 12 (7-23) 12.3+£1.8; 12 (4-23.5) NS
Total number of oocytes 12.0 £ 8.0; 10 (1—42) 12.6 £7.9; 12 (1—44) NS
Number of oocytes

Fewer than five (poor responder) 228 (73.5) 82 (26.5) NS
Five or more (normal) 691 (68.9) 312 (31.1)

Number of transferred embryos

One embryo 154 (85.1) 27 (14.9)

Two embryos 195 (74.4) 67 (25.6)

Three embryos 570 (65.5) 300 (34.5) 0.001
Ease of transfer

Easy 886 (70.2) 376 (29.8)

Difficult 33 (64.7) 18 (35.3) NS
Duration of embryo transfer (s) 37.7 +25.7; 30 (10—171) 35.5+22.1; 30 (10—140) NS
Embryo transfer duration interval (s)

<44 690 (68.4) 319 (31.6)

45-59 103 (74.1) 36 (25.9)

>60 126 (76.4) 39 (23.6) 0.020
Total 919 (70.0) 394 (30.0)

Values are expressed as number (%) or mean + SD; median (range). NS = not statistically significant.



Table 2 Relationship between the transfer duration intervals and difficulty of transfer according to the age subgroup and analyses of achieving pregnancy.

Age <35 years Age >35 years Total
Failed Pregnancy OR Failed Pregnancy OR Failed Pregnancy OR
pregnancy pregnancy pregnancy
Duration of embryo transfer (s)
<44 375 203 1 315 116 1 690 (68.4) 319 1
(64.9) (35.1) (reference) (73.1) (26.9) (reference) (31.6) (reference)
45-59 54 23 1.3 49 13 1.4 103 (74.1) 36 1.3
(70.1) (29.9) (0.7-2.2) (79.0) (21.0) (0.7-2.8) (25.9) (0.9-2.0)
>60 68 30 1.2 58 9 2.4 126 (76.4) 39 1.5
(69.4) (30.6) (0.8-2.0) (86.6) (13.4) (1.1-5.3) (23.6) (1.0-2.3)
NS? 0.013° 0.020°
Duration of embryo transfer (s)
<60 429 226 1.2 364 129 2.3 793 (69.1) 355 1.4
(65.5) (34.5) (0.7-1.9) (73.8) (26.2) (1.1-4.7) (30.9) (0.9-2.1)
>60 68 30 NS? 58 9 0.023* 126 (76.4) 39 NS?
(69.4) (30.6) (86.6) (13.4) (23.6)
Difficulty of transfer
Difficult 18 15 0.6 15 3 1.7 33 (64.7) 18 0.8
(54.5) (45.5) (0.3—-1.2) (83.3) (16.7) (0.5-5.8) (35.3) (0.4—1.4)
Easy 479 241 NS? 407 135 NS? 886 (70.2) 376 NS?
(66.5) (33.5) (75.1) (24.9) (29.8)
Total 497 256 422 138 919 (70.0) 394
(66.0) (34.0) (75.4) (24.6) (30.0)
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Values are number (%) or OR (95% confidence interval); NS = not statistically significant; OR = odds ratio.
2 P-value for chi-squared test.
b p-value for chi-squared trend analyses.
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and embryo transfer durationintervals (P = 0.02) led to statis-
tically significant differences in clinical pregnancy rates.

Total clinical pregnancy rates were found to be 31.6%
for the <44s interval, 25.9% for the 45-59s interval
and 23.6% for the >60 s interval (P =0.020). The relation-
ship between embryo transfer duration intervals and
clinical pregnancy rate was analysed according to age
groups (Table 2). Clinical pregnancy rates were found to
be 35.1%, 29.9% and 30.6% in the <35year age group,
and 26.9%, 21.0% and 13.4% in the >35year age group
(P=0.013), respectively. In addition to that, the embryo
transfer duration was classified into groups of <60s and
>60s and odds ratios were calculated for these according
to age groups. The total clinical pregnancy rate was lower
in embryo transfer durations >60 s than in durations <60 s
(OR 1.4, 95% Cl 0.9—2.1); however, this was not found to
be statistically significant. The clinical pregnancy rate was
lower in the >35 age group with duration >60s and the
difference was found to be statistically significant (OR
2.3, 95% ClI 1.1-4.7; P=0.023). According to age
subgroups, no relationship was found between difficulty
of transfer and clinical pregnancy rate.

When endometrial thickness was evaluated as categori-
cal data such as using 7 mm as a cut-off value, the numbers
become too low for statistical analyses. Therefore, this
parameter was used as a continuous variable.

The results of the logistic regression analysis are pre-
sented in Table 3. Age, number of oocytes, duration of
embryo transfer and number of transferred embryos were
significantly associated with failed pregnancy. The odds of
failed pregnancy increased by 1.61 times (95% Cl
1.07—2.41) for embryo transfer durations longer than 60 s.
The odds ratios were found to be 1.53 (95% Cl 1.18—1.99)
for the age group above 35, 1.49 (95% Cl 1.05—2.12) for
the number of oocytes less than five (poor responder) and
3.38 (95% Cl 2.10—5.43) for the number of transferred
embryos less than two.

Number of oocytes or embryos were related with age.
But these factors were already evaluated and the result
was already standardized with these factors by the
multivariate analyses.

Discussion

Many studies have shown the importance of avoiding factors
which negatively affect embryo implantation. Factors asso-
ciated with failed implantation include the clinician and
embryologist’s experience, catheter choice, endometrial
damage, uterine contractions, presence of blood or bacteria
in the catheter and embryo misplacement (Coroleu et al.,
2002; Fanchin et al., 1998; Lesny et al., 1998; Marikiniti
et al., 2003). Difficult or sequential embryo transfers do
not adversely affect IVF pregnancy rates or outcome (Tur
Kapsa et al., 1998); however, blood found outside, but not
inside, the transfer catheter after embryo transfer is associ-
ated with lower rates of embryo implantation and clinical
pregnancy. An emphasis on atraumatic transfer techniques
with prevention of bleeding at the time of embryo transfer
should contribute to improved pregnancy outcome (Goudas
et al., 1998). In another study, the difficult transfers were
associated with lower clinical pregnancy rates compared
with easy transfers, although the difference was not statis-
tically significant (Sallam et al., 2002). In the present study,
the difference in clinical pregnancy rates between difficult
and easy embryo transfers was not statistically significant.

Ultrasound-guided embryo transfer was performed on all
cases. Ultrasound-guided embryo transfer was first sug-
gested in 1985 (Sallam et al., 2002). Ultrasound was also
used to confirm the correct deposition of embryos into the
uterine fundus. The results showed that this new technique
improves both clinical pregnancy and implantation rates
(Sallam et al., 2002). Although Drakely et al. showed no
difference between ultrasound guidance and clinical touch
in their paper (Drakeley et al., 2008), the use of ultrasound
helps in the insertion of the catheter by showing the utero-
cervical angle and the internal os, avoiding touching the
fundus and damaging the endometrium during the insertion
of the guided catheter (EDT) and seeing where the embryos
are released. However, despite the use of ultrasound, some-
times the insertion of the catheter into the cavity through
the internal os can be difficult. Some transfer durations
were longer than anticipated because of difficulties encoun-
tered during the embryo transfer, such as the bladder of the

Table 3 Multivariate analysis of factors affecting pregnancy.

Independent variables OR 95.0% Cl P-value
Age >35 years 1.53 1.18—1.99 0.001
Fewer than five oocytes (poor responder) 1.49 1.05-2.12 0.025
Difficult transfer 0.66 0.35—-1.23 NS
Duration of embryo transfer (s)

<44 Reference 0.038
45—-59 1.32 0.88—1.99 NS
>60 1.61 1.07—-2.41 0.021
Number of transferred embryos

Three embryos Reference 0.0001
Two embryos 1.71 1.21-2.40 0.002
One embryo 3.38 2.10-5.43 0.0001

Cl = confidence interval; NS = not statistically significant; OR = odds ratio.
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patient being too full, the patient being too nervous and/or
the clinician not being able to give the catheter the right
utero-cervical angle. The embryos in these embryo transfers
therefore remained in the catheter for a longer time period.
This was especially seen in patients with an easy previous
mock-transfer. In cases with difficult mock-transfers, the
embryo transfer procedure was started as soon as the em-
bryos were inserted into the catheter to limit the time the
catheter remained in the uterine cavity. However, despite
this, embryo transfer durations were sometimes higher in
this group also due to the above causes.

Many studies have also shown the detrimental effect of
environmental factors such as light, heat, polyvinyl chloride
and polychlorinated biphenyls on oocytes and embryos
(Cohen et al., 1997; Evans et al., 1999; Hunter et al.,
1988; Pocar et al., 2001; Rocha et al., 1998; Smith, 1993).
The importance of keeping embryos close to 37°C and be-
tween specific oxygen and carbon dioxide concentration
ranges is well known (Bavister, 1995; Cohen et al., 1997).
Many technological devices have been designed to protect
oocytes and embryos from environmental damage during
manipulation and storage. However, it is considerably diffi-
cult to control environmental factors during loading and dis-
charging of embryos into and from the catheter. Therefore,
it is speculated that pregnancy rates decrease with longer
time intervals spent in the catheter. This has been shown
in Matorras et al. (2004)’s study. In the present study, trans-
fer durations had an effect on the clinical pregnancy rates
of women below 35 years of age; however, this was not sta-
tistically significant (34.5% and 30.6% for time intervals
<60 s and >60 s respectively). However, clinical pregnancy
rates of women above 35 years of age were significantly af-
fected. The odds of no pregnancy achieved increased by
1.61 times (95% Cl 1.07—2.41) for embryo transfer durations
longer than 60 s. The odds ratio was found to be 1.53 (95% ClI
1.18—1.99) for the age group above 35. This supports the
theory that gametes and embryos of women above the age
of 35 are more sensitive to environmental factors than ga-
metes and embryos of younger women. In addition to that,
the odds ratio was 1.49 (95% Cl 1.05—2.12) for fewer than
five oocytes (poor responder), and 3.38 (95% Cl 2.10—5.43)
for less than two transferred embryos. The possibility of
finding fewer than five oocytes in patients aged above 35
was more than the patients aged below 35. Because of
low numbers of oocytes, the embryo numbers were also
lower. According to multivariate analysis, both oocyte and
transferred embryo numbers can be thought as factors
increasing pregnancy failure in women above 35 years of
age.

In conclusion, embryo transfer is one of the most impor-
tant steps of IVF and this has been shown in many recent
studies. It is known that the depth of placement of embryos
in the uterine cavity, their placement in the middle of the
cavity, embryo quality, the embryo transfer technique,
the use of ultrasound, the type of catheter used and the
presence of blood on the catheter are all important factors
in the success of pregnancy and implantation. In addition to
that, because embryos are negatively affected by external
factors, especially in patients above the age of 35, keeping
the time that the embryos spend between the incubator and
the uterine cavity to a minimum will be important in the
success of IVF.

Factors that might cause a longer embryo transfer are
the patient’s bladder being too full, the patient being too
nervous because of inadequate psychological support (part-
ner’s presence, acupuncture, etc.), the clinican’s inexperi-
ence, the performance of the transfer at a busy time of day
and not performing the mock-transfer before the start of
the treatment. The embryo transfer duration can be low-
ered if the clinician and embryologist have experience using
the catheter, if the mock transfer is performed before the
start of the treatment and if the distance between the incu-
bator and uterus is short (laboratory to transfer room). The
performance of all transfers on calm patients with the use
of EDT catheter and under ultrasound guidance without
passing the internal os will lower the embryo transfer dura-
tion and therefore the embryos, especially embryos of wo-
men above the age of 35, will be less affected by
environmental factors.
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