
ASSISTED REPRODUCTION TECHNOLOGIES

Low versus high volume of culture medium during embryo transfer:
a randomized clinical trial

George Α. Sigalos1,2 & Yannis Michalopoulos2 & Athanasios G. Kastoras2 & Olga Triantafyllidou2
& Nikos F. Vlahos1

Received: 11 September 2017 /Accepted: 30 November 2017 /Published online: 12 December 2017
# Springer Science+Business Media, LLC, part of Springer Nature 2017

Abstract
Purpose The aim of this prospective randomized control trial was to evaluate if the use of two different volumes (20–25 vs 40–
45 μl) of media used for embryo transfer affects the clinical outcomes in fresh in vitro fertilization (IVF) cycles.
Methods In total, 236 patients were randomized in two groups, i.e., Blow volume^ group (n = 118) transferring the embryos with
20–25 μl of medium and Bhigh volume^ group (n = 118) transferring the embryos with 40–45 μl of medium. The clinical
pregnancy, implantation, and ongoing pregnancy rates were compared between the two groups.
Results No statistically significant differences were observed in clinical pregnancy (46.8 vs 54.3%, p = 0.27), implantation (23.7
vs 27.8%, p = 0.30), and ongoing pregnancy (33.3 vs 40.0%, p = 0.31) rates between low and high volume group, respectively.
Conclusion Higher volume of culture medium to load the embryo into the catheter during embryo transfer does not influence the
clinical outcome in fresh IVF cycles.

Trial registration number: NCT03350646
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Introduction

An effective embryo transfer is the final and probably the most
crucial step for a successful in vitro fertilization (IVF) attempt.
Several clinical or practical details on the technique of embryo
transfer, such as the type of the catheter, the composition of the
culture medium used for the transfer, or even the catheter
loading technique, may affect implantation and subsequent
pregnancy rates [1–5].

The volume of culture medium used for the transfer is
another variable that has been speculated to affect the IVF
outcome. Some authors have suggested that a large volume
of fluid may result in embryo expulsion out of the uterus [6, 7]
while extra low volumes (< 10 μl) may result in implantation

failure [8]. Others have reported that higher volumes of cul-
ture medium (35–40 vs 15–20 μl) may favor the embryo im-
plantation [9]. In the majority of the studies, however, the
volume of culture medium used to load the embryos is in the
range of 20 to 30 μl [10, 11], albeit there is not a consensus on
the volume of media that should be used during the transfer.
Interestingly, according to a recent web-based survey, the fluid
volume loaded during the embryo transfer by the
embryologist/technician showed great heterogeneity [12].
However, it is not clear which is the exact volume of the
transferred medium during embryo transfer. Since the evi-
dence for optimal transfer volume is lacking, the objective of
this study was to determine if a low vs high volume of transfer
medium influenced cycle outcomes.

Material and methods

Patients undergoing embryo transfers in our center during the
period betweenNovember 2014 to December 2016were eval-
uated for possible inclusion in the study. The inclusion criteria
were as follows: age ≤ 45 years old, BMI ≤ 36 kg/m2, baseline
FSH concentration < 15 IU/l, ovarian stimulation with the
same GnRH antagonist protocol, normal uterine cavity with
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endometrium thickness > 7 mm, and trilaminar morphology at
the time of transfer and semen parameters of > 1 × 106/ml
motile spermatozoa with > 4% physiological morphology (ac-
cording to 5th edition of WHO laboratory manual for the
examination and processing of human semen) [13]. PGD, fro-
zen–thaw, natural cycles or patients following different ovar-
ian stimulation protocol were excluded from the study.
Patients who fulfilled the inclusion criteria and agreed to par-
ticipate in the study were randomized, on the day of the em-
bryo transfer, into group A, low volume (20–25μl), and group
B, high volume (40–45 μl).

The randomization was accomplished with the use of an
online research randomizer. To avoid potential bias, the em-
bryo assessment and embryo loading on the transfer catheter
were performed by the same experienced embryologist. Both
patients and physician performing the transfer were unaware
of the volume of the culture medium used in each case.

Cases requiring a rigid catheter, the presence of retained
embryos, or excessive presence of mucus or blood on the
catheter tip or cases where extensive manipulations during
catheter insertion were documented, were excluded from fur-
ther analysis. The study was approved by the Aretaieion
University Hospital ethics committee (School of Medicine,
National and Kapodistrian University of Athens, registration
no. B-74/30-10-2014). Informed consent form was obtained
from all patients.

Ovarian stimulation, fertilization, and embryo culture

Ovarian stimulation was achieved according to a short GnRH
antagonist protocol with the use of human menopausal gonado-
tropins (hMG) (Merional, IBSA or Menopur, Ferring) followed
by the administration of GnRh antagonist (Cetrorelix, Merck
Serono Europe or Ganirelix, Merck Sharp & Dohme) starting
on day 6 of gonadotropin stimulation. The final maturation of
follicles was induced by administration of 10.000 IU hCG
(Pregnyl,Merck Sharp&Dohme)when at least 2 follicles reached
a mean diameter of 18 mm. Oocytes were aspirated under ultra-
sound guidance 34–36 h after the hCG administration.

Oocytes were inseminated either by conventional IVF or
by ICSI, 4 h after oocyte retrieval. Embryos were cultured in
sequential medium (Origio Sequential Series, Denmark) at
37 °C, 6% CO2. 17 ± 1 h post fertilization oocytes were eval-
uated for the appearance of two pronuclei and two polar bod-
ies. Embryo morphology was assessed 68 ± 1 h post insemi-
nation according to the Istanbul consensus workshop [14].
The embryos were rated as good (GI) when six to eight cells
were present, the cell size was stage specific with no
multinucleation, and the fragmentation was less than 10%.
The embryos were rated as average (GII) when six to eight
cells were present, the majority of the cells had normal size
with no evidence of multinucleation, and the fragmentation
was less than 10–25%. The embryos that did not fulfill these

criteria were rated as poor (GIII). After morphological evalu-
ation, the selected embryos were placed in a center well cul-
ture dish filled with sequential Blast medium (Origio
Sequential Series, Denmark) at 37 °C, 6% CO2 until embryo
catheter loading. According to the manufacturer, the protein
and macromolecule supplementation of the transferring medi-
um are human serum albumin (HSA), hyaluronan, and syn-
thetic serum replacement (SSR); however, the ratio of each
component is unknown. All embryo transfers were performed
on day 3 and surplus embryos, when available, were vitrified
for future transfers. The number of the transferred embryos
varied from one to four according to the national regulating
law.

Luteal phase support was initiated the day after oocyte
retrieval, with 200 mg of progesterone three times a day vag-
inally (Utrogestan; Besins Healthcare, Brussels, Belgium).
Serum hCG levels were measured 12 days after the embryo
transfer. In the case of a positive hCG, a vaginal ultrasound
was performed 2 weeks later to confirm a clinical pregnancy
with positive fetal heart rate. The follow-up of clinical preg-
nancies continued up to the 20th week of gestation to ensure
the ongoing pregnancy rate.

Embryo transfer technique

For all embryo transfers, an ultrasoft catheter with an
echogenic tip (Ultrasoft Frydman Set Echo, CCD, France)
was used in conjunction with a sterile, disposable insulin sy-
ringe (as recommended from ESHRE guideline group on
good practice in IVF) [15].

Since no disposable syringe with scale < 100 μl is available
and to assure that the loading volume is accurate, the volume
was pre-measured based on Frydman’s catheter guide marks
and a 100-μl (P100) Gilson pipette (Pipetman®, Classic,
Gilson Inc). A drop of 5, 20, and 40 μl was accurately mea-
sured with the Gilson pipette and the drop was immediately
loaded into the catheter to match each volume with catheter’s
guide marks. The measurements were repeated (× 10) to as-
sure accuracy. Pre-marked catheters were used to load the
embryos with low or high volume of transferring medium at
the time of the actual transfer.

To avoid any drop in the temperature of the culture medium
during loading, all catheters were kept in the incubator for
20 min at 37.0 °C prior to loading. The warm catheter was
pre-washed with culture medium and loaded by the same ex-
perienced embryologist (G.S.). The three-drop method was
used to load the catheter [16] with two different volumes of
culture medium (low volume, 20–25 μl, vs high volume, 40–
45 μl).

Initially, the catheter was loaded with 5 μl of culture medi-
um separated with an air bubble from the main (high or low
volume) drop of medium containing the embryos. An air bub-
ble followed the main drop and at the end of the catheter,
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another 2–3 μl of culture medium was loaded. In all cases,
special attention was paid to avoid formation of small air
bubbles within the drop containing the embryos (Fig. 1).

All transfers were performed by a single highly experienced
doctor (A.K.) under transabdominal ultrasound guidance.
Before loading the embryos, any cervical mucus was removed
with a sterile cotton swab. The catheter containing the embryos
was inserted atraumatically through the cervical canal and ad-
vanced up to 15–20 mm from the fundus. The position of the
catheter was confirmed via ultrasound and the embryos were
smoothly expelled. After the expulsion of the embryos, the cath-
eter was slowly withdrawn with the plunger continuously com-
pressed to avoid the re-suction of the embryos, and returned to
the embryologist to evaluate if there were retained embryos or
excessive amount of blood or mucus.

Statistical analysis

The main outcome measured was clinical pregnancy rate
(CPR) and secondary outcomes were implantation rate (IR)
and ongoing pregnancy rate (OPR). The sample size was
calculated based on an expected 48% clinical pregnancy rate
(the overall pregnancy rate of the clinic) and the findings of
the retrospective study from Montag et al. [9]. Based on a
power of 80% and an alpha error of 5%, a study population of
117 patients per arm was required to indicate a minimum
increase of 10% in clinical pregnancy rate between the low-
and the high-medium volume groups. The chi-square test
(Fisher’s correction, where applicable) was used to check
for statistically significant differences. Statistical analyses
were conducted with Statistical Package for Social Sciences
(SPSS) version 23 (IBM Corp., Armonk, NY, USA).

Regarding CPR, IR, and OPR, in order to test for
confounders among BMI, patient age and the number
of fertilized oocytes, we used logistic regression (or
Poisson regression, where appropriate) analysis. The
multivariate regression models included the volume of
culture medium used for transfer as well as the afore-
mentioned parameters.

Results

A total of 404 patients undergoing fresh IVF cycles/embryo
transfer were assessed for eligibility. Eventually, 236 patients
were randomized in two groups: 118 patients in group A (20–
25 μl total volume of transfer medium) and 118 patients in
group B (40–45 μl total volume of transfer medium). Twenty
patients were excluded from the analysis due to the difficulty
in embryo transfer procedure or the use of different types of
catheter (Fig. 2). There were no embryos retained in both
groups of patients. Patient’s demographics in terms of age,
BMI, type of infertility, and baseline hormonal values are
shown in Table 1. Overall, there were no differences between
the two treatment groups (Table 1).

Similarly, there was no difference between the two groups
in any of the stimulation parameters such as peak estradiol
levels and total dose of gonadotropins required for the stimu-
lation (Table 2).

There was no difference between the two groups regarding
the mean number of the oocytes retrieved (8.7 vs 9.3, p =
0.37), the fertilization rate (71.1 vs 70.5%, p = 0.92), the mean
number of the embryos transferred (2.3 vs 2.3, p = 1.00), the
mean number of embryos vitrified (1.6 vs 1.7, p = 0.76), and
the embryo quality (GI 53.4 vs 58.8%, GII 33.2 vs 30.2%,
GIII 13.4 vs 11.0%; p = 0.45). Finally, no significant differ-
ences were observed in CPR (46.8 vs 54.3%, p = 0.27), IR
(23.7 vs 27.8%, p = 0.30), and OPR (33.3 vs 40.0%, p =
0.31) between groups A and B, respectively (Table 2).

Multivariate regression analysis showed that only patient’s
age and the number of fertilized oocytes are significant param-
eters that can affect CPR (OR 0.9, 95% CI 0.83–0.98, p =
0.010 and OR 1.12, 95% CI 1.04–1.22, p = 0.004, respective-
ly), IR (OR 0.93, 95% CI 0.89–0.97, p = 0.002 and OR 1.06,
95% CI 1.02–1.11, p = 0.003, respectively), and OPR (OR
0.88, 95% CI 0.80–0.94, p < 0.001 and OR 1.11, 95% CI
1.02–1.20, p = 0.012, respectively). On the other hand, higher
volume of culture medium used for transfer is not significantly
related to CPR (OR 1.40, 95% CI 0.80–2.46, p = 0.24), IR
(OR 1.24, 95% CI 0.87–1.76, p = 0.23), and OPR (OR 1.54,
95% CI 0.85–2.78, p = 0.15).

Pre-washed 
catheter with C.M.

Pre-washed 
catheter with C.M.

5 μl C.M.

5 μl C.M.
High volume (40 μl) C.M.
with embryos

Low volume (20 μl) C.M.
with embryos

Fig. 1 Loading the catheter with
the three-drop method. C.M. cul-
ture medium
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Discussion

This prospective randomized study examinedwhether the vol-
ume of the media used for fresh transfers [(low (20–25 μl) or
high (40–45 μl)] has any impact on pregnancy rates. Our
study did not show any significant differences in pregnancy
rates with the use of either low or high volume. The CPR, IR,
and OPR were comparable between the two groups.

The optimum media volume used for embryo transfer is
still unresolved in the literature [8, 9, 16]. While some recom-
mend the use of low volume in order to minimize the inci-
dence of ectopic pregnancy [7] and avoid embryo expulsion

out of the uterus [17], others argue that there is a minimal
volume of culture media required to fulfill the nutritional re-
quirements of the embryo inside the endometrial cavity prior
to implantation [9]. Moreover, some authors advocate that
ultra low volume of transferring medium (< 10 μl) may neg-
atively affect pregnancy and implantation rates [8].

So far, there has been no prospective randomized trial
to evaluate the volume of medium used for embryo trans-
fer. In addition, the majority of the relative studies are of
limited value due to significant heterogeneity and variabil-
ity regarding the operator loading the catheter or the per-
son performing the transfer. Furthermore, in most relevant
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different type of catheter)

Fig. 2 Flowchart showing the
number of patients in each stage
of the study
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studies, the description of the transfer method is lacking
the necessary details [18].

Our study was designed to detect a 10% difference in clin-
ical pregnancy rates between the two arms because we believe
that this difference is of clinical importance.

We were not able to demonstrate any difference in preg-
nancy rates or in any other outcome between the low and the

high volume groups. Our results are in contrast with the results
of the retrospective study ofMontag et al. [9] which found that
a high volume (40–50 vs 15–20 μl) for loading the transfer
catheter resulted in significantly higher clinical pregnancy and
implantation rates. In the study of Montag et al., two experi-
enced doctors performed the embryo transfers. However, there
is evidence that there may be differences in pregnancy rates
even between experienced providers and their effectiveness to
achieve high outcomes may change over time [19].
Additionally, differences in pregnancy rates have been ob-
served between providers even there is no discernible differ-
ence in the embryo transfer technique. Furthermore, it is not
clear if ultrasound guidance or Bclinical touch^ was used to
transfer the embryos by the two operators. This could also
introduce a potential bias in the study of Montag et al. since
there is evidence to suggest that ultrasound guidance prevails
over Bclinical touch^ in terms of live birth/ongoing and clin-
ical pregnancy rates [20].

Our protocol was conducted based on the current knowl-
edge on ovarian stimulation and embryo transfer. Ovarian
stimulation was achieved based on the classic GnRH antago-
nist protocol. In order to avoid bias, the catheter was loaded by
a single embryologist and embryo transfers were performed
by a single experienced doctor. To avoid the possible effect of
the type of catheter on the outcomes, all embryo transfers were
performed with the same ultra soft type and if extra manipu-
lations or use of more rigid catheter was required, these pa-
tients were excluded from the analysis [3, 21]. Moreover, the
three-drop method was selected to load the catheter since the
air brackets serve to protect the embryos till their expulsion
into the uterine cavity [8] and enables the embryo position
monitoring during ultrasound guidance [22]. It has been
shown that the presence of air bubbles to bracket the drops

Table 2 Stimulation
characteristics, embryological,
and clinical outcomes according
to the volume of culture medium
used for transfer

Group A (n = 111) Group B (n = 105) p value

Peak estradiol-E2 on the day of hCG (pg/ml) 2123 ± 1157 2203 ± 1025 0.59

Total gonadotrophin dose (IUs) 1924 ± 556 1884 ± 510 0.58

Ooocyte retrieval (n) 8.7 ± 5.0 (n = 809) 9.3 ± 4.8 (n = 975) 0.37

Fertilization rate (n) 71.1% (n = 686) 70.5% (n = 687) 0.92

Number of embryos transferred (n) 2.3 ± 0.6 (n = 253) 2.3 ± 0.6 (n = 245) 1.00

Embryo quality (%)

em. Q I 135 (53.4%) 144 (58.8%) 0.45
em. Q II 84 (33.2%) 74 (30.2%)

em. Q III 34 (13.4%) 27 (11.0%)

Number of embryos vitrified (n) 1.6 ± 2.4 (n = 179) 1.7 ± 2.3 (n = 175) 0.76

Clinical pregnancy rate (CPR) (n) 46.8% (n = 52) 54.3% (n = 57) 0.27

Implantation rate (IR) (n) 23.7% (n = 60) 27.8% (n = 68) 0.30

Ongoing pregnancy rate (OPR) (n) 33.3% (n = 37) 40.0% (n = 42) 0.31

Group A = low volume, Group B = high volume

Values are mean ± standard deviation or no. (%)

Table 1 Demographic and baseline characteristics of the two groups

Group A (n = 111) Group B (n = 105) p value

Age (year) 35.5 ± 4.0 36 ± 3.6 0.34

BMI (kg/m2) 24.2 ± 4.0 23.7 ± 3.9 0.35

Infertility factor (%)

Unexplained 20 (18%) 17 (16.2%) 0.44
Male 42 (37.8%) 37 (35.2%)

Tubal 15 (13.5%) 11 (10.5%)

Endometriosis 15 (13.5%) 14 (13.3%)

Pcos 16 (14.4%) 16 (15.2%)

Combined 3 (2.8%) 10 (9.6%)

Treatment cycle

1 65 (58.6%) 59 (56.2%) 0.44
2 30 (27.0%) 29 (27.6%)

3 11 (9.9%) 7 (6.7%)

≥ 4 5 (4.5%) 10 (9.5%)

FSH (IU/ml)a 7.43 ± 2.40 7.10 ± 2.45 0.32

LH (IU/ml)a 4.69 ± 2.20 4.99 ± 2.17 0.31

Estradiol-E2 (pg/ml)a 36.62 ± 10.51 39.38 ± 31.26 0.38

Group A = low volume, Group B = high volume

Values are mean ± standard deviation or no. (%)

BMI body mass index, Pcos polycystic ovarian syndrome
aDay 2 of the cycle, before stimulation
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do not influence the implantation and pregnancy rates when
compared with the fluid-only loading technique [23]. Special
attention was paid to prevent the formation of small air bub-
bles within the drop, containing the embryos, since this may
harm the embryos [8]. To avoid an excessive decrease in me-
dium temperature during embryo loading, the catheters were
pre-warmed at least 20 min before each embryo transfer. The
embryos were injected smoothly into the uterus in order to
avoid embryo degeneration [24]. To achieve optimal implan-
tation rates, the embryos were expelled 15–20 mm from the
fundus [25]. The position of the embryo expulsion into the
uterus was confirmed via ultrasound; however, there were no
observations of air bubble movements following the removal
of the catheter.

In the literature, the final transferring volumemay fluctuate
from 0.1 μl (media volume) [26] to 50 μl [16]. Since the
volume variability is so large, we assume that the use of dif-
ferent ways of volume measurement may be the confound
parameter. In our opinion, the volume of the transferring me-
dium should be documented in the standard operation proce-
dure (SOP) manual of each laboratory. It has been our expe-
rience (according to our SOPs) that a final volume up to 50 μl
(40 μl culture medium, 10 μl air brackets) is large enough to
load the Ultrasoft Frydman catheter with the embryos, regard-
less of the number of the embryos, even for trainee embryol-
ogists. Moreover, since a minority of trials present a standard-
ized protocol or report details for the embryo transfer [18], this
study provides a detailed protocol to investigate the role of
culture medium volume in pregnancy rates.

To our knowledge, this is the first prospective random-
ized trial with adequate power to investigate the potential
differences between low and high volume of transferring
medium during stimulated fresh IVF cycles. Our study did
not reveal any significant impact on pregnancy rates
whether a low or a high volume of media is used during
embryo transfer. However, these findings may apply only
to the specific volumes used (20 vs 40 μl). Moreover,
considering that one type of transferring medium (with a
specific composition) was used in this study, it is essential
to investigate if our findings apply to other types of media
used for transfer. Additionally, the embryo transfer was
performed with a specific type of embryo transfer catheter
by a single doctor and these findings should be verified
under different conditions. Consequently, larger prospec-
tive randomized control trials are needed to evaluate fur-
ther these findings.
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