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A B S T R A C T

The position of transfer air bubbles after 
embryo transfer is related to the preg-
nancy rate. With the conventional manual 
embryo-transfer technique it is not possible 
to predict the final position of the air bub-
bles. This position mainly depends on the 
catheter load speed at transfer (injection 
speed), a parameter that remains uncon-
trollable with the conventional technique 
even after standardization of the proto-
col. Therefore, the development of an auto-
mated device that generates a standard-
ized injection speed is desirable. This study 
aimed to examine the variation in injec-
tion speeds in manual embryo transfer and 
pump-regulated embryo transfer (PRET). 

Seven laboratory technicians were asked 
to perform simulated transfers using the 
conventional embryo-transfer technique. 
Their injection speeds were compared with 
that of a PRET device. The results indicate 
that in manually performed transfers, even 
after standardization of the protocol, there 
is still a large variation in injection speed, 
while a PRET device generates a reli-
able and reproducible injection speed and 
therefore brings new possibilities for fur-
ther standardization of the embryo-transfer 
procedure. Future research should reveal 
whether these experiments mimic real 
clinical circumstances and if a standard-
ized injection speed results in more exact 
positioning of the transferred embryos and 
therefore higher pregnancy rates.
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I N T R O D U C T I O N

One of the final opportunities to influ-
ence pregnancy rates after IVF or intracy-
toplasmic sperm injection is the moment 
of embryo transfer. Patients reaching the 
stage of embryo transfer have successfully 
completed other important phases in treat-
ment, from ovarian stimulation to oocyte 
retrieval, fertilization and early develop-
ment of the embryo. Finally, one or two 
good-quality embryos can be transferred 
into the uterine cavity. Although the major-
ity of patients reach the phase of embryo 
transfer with good-quality embryos, the 
fate of the embryo in the uterine cavity is 
beyond external control and 85% of trans-
ferred embryos resulting from IVF fail to 
implant in the uterus  1 .

Many factors have been proposed to explain 
the disparity between the high percentage 
of patients with good-quality embryos and 
the low resulting pregnancy rates. Much 
of the inefficiency of embryo implanta-
tion may derive from the embryo-transfer 
technique  2 . Even though this procedure is 
only short and often simple, its importance 
is often underestimated. Since embryo 
transfer was first described 26 years ago, 
the technique has not changed in princi-
ple  3 . The technique gained more inter-
est following the publication of the report 
by Coroleu et al.  1 , who demonstrated that 
the depth of embryo replacement into the 
uterine cavity may influence implanta-
tion rates. These findings are supported 

by the studies of Pope et al., Pachiarotti et 
al. and Tiras et al.  4-6 . Since the increased 
use of single-embryo transfer, even more 
emphasis is placed on optimization of the 
embryo-transfer protocol  7 .

Different aspects of the embryo-trans-
fer technique have already been analysed 
for their potential influence on pregnancy 
rates: avoidance of blood, mucus, bacte-
rial contamination, excessive uterine con-
tractions and trauma to the endometrium 
are all associated with optimal pregnancy 
and implantation rates  2 . Furthermore, van 
Weering et al.  8  demonstrated that transfer 
catheters with a soft distal part significantly 
increase the success rate of an IVF treat-
ment. This was confirmed in a review of the 
topic by Abou-Setta et al.  9 .

The catheter load speed (injection speed), 
however, has been scarcely investigated. 
The injection speed affects the dynamic dis-
persion pattern of the transferred volume 
and consequently the position of the cathe-
ter load: the catheter load contains invisible 
embryo(s) and visible air bubbles that are 
the result of the loading technique (three-
drop technique) of the transfer catheter  10 . 
Generally, the air bubbles are believed to 
indicate the final position of the embryos 
and can therefore be used as a marker for 
their position  11 .
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In a previous study  12 , it was found that, in 
transfers resulting in pregnancy, the final 
position of the air bubbles after transfer 
was closer to the fundus than in transfers 
that did not result in pregnancy. In the same 
study it was also observed that, despite 
standardization of the transfer by proto-
col (gentle release of the catheter load at 
a standardized position of the catheter), 
the final position of the transfer air bub-
bles was not predictable. This final position 
seems to be dependent on the catheter load 
speed at transfer, which in turn depends 
on the force used to press the plunger, the 
resistance of the plunger and a possible 
uterine resistance.

Each year, approximately 2,400 transfers 
are performed in the study centre. During 
the transfer procedure, the physician intro-
duces a cannula passing through the cer-
vical canal and, with the cannula in posi-
tion, a laboratory technician is asked to 
gently expel the embryos into the uterine 
cavity. Despite extensive training on how to 
inject the embryos into the uterine cavity in 
the most controlled and gentle way, a large 
variation in pregnancy rates is observed 
among laboratory technicians (26–40%). 
Although this variation could be explained 
by a number of possible confounding vari-
ables (e.g. transferring physician, embryo 
quality, depth of transfer), the laboratory 
technician performing the embryo transfer 
appears to be an independent factor affect-
ing pregnancy rates  2;13 . Thus it is postu-
lated here that variation in pregnancy rates 
may also be related to such differences in 
embryo transfer and that standardization 
may be beneficial.

The current study aimed to investigate the 
variation in injection speed among labora-
tory technicians and to compare the injec-
tion speed of manual transfers with that 
of transfers performed with a device for 
pump-regulated embryo transfer (PRET) 
specially designed to standardize this 
speed.
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M A T E R I A L S  A N D  M E T H O D S

Development of a PRET device
In an effort to standardize the catheter 
load speed during embryo transfer, a PRET 
device was developed in co-operation with 
the Delft University of Technology to enable 
a more exact positioning of the embryos 
into the uterine cavity. The requirements 
for this PRET device included the ability 
to use conventional embryo-transfer cath-
eters (embryo-transfer set; Cook Medical, 
Sydney IVF) and to load the catheter with 
the three-drop technique, in which the drop 
of medium containing the embryo(s) is sep-
arated from the preceding and following 
drops of medium by an air bubble  12 . A per-
istaltic pump system was selected because 
of its excellent ability to pump small vol-
umes of both fluid and air, as well as gen-
erating a standardized injection speed. The 
speed of the motor is controlled through an 
electronic circuit that guarantees a constant 
motor speed as the voltage over the batter-
ies declines over time. To prevent expulsion 
of additional amounts of air into the uterus, 
the pump motor has a feedback mecha-
nism that monitors the volume (transfer 
medium and air bubbles) that was loaded 
into the catheter. This mechanism ensures 
that during ejection the PRET device auto-
matically stops pumping when an equal vol-
ume as was loaded into the PRET device is 
released into the uterus. The pump hous-
ing was designed to be ergonomically com-
fortable in use under the specific conditions 
in the laboratory while working at the flow 

cabinet and at the bedside during the actual 
transfer. FIGURE 1 presents a schematic 
view of the pump-catheter control system.

Test set-up for recording the catheter 
load speed
FIGURE 2 shows the set-up of the test con-
figuration. During the simulated transfers 
which were performed on a bench, move-
ment of the catheter load was recorded 
using a high-speed camera recording 500 
frames/s. Seven laboratory technicians 
were instructed to perform simulated 
embryo transfers in the test set-up accord-
ing to the standardized protocol. Techni-
cians were asked to imagine that they were 
transferring embryos into a patient in order 
to prevent increases in injection speeds, as 
is likely in non-clinical conditions, which 
would most likely reduce the variability in 
injection speeds.

To assess the ‘within-laboratory techni-
cian variation’, 10 simulated transfers were 
performed per laboratory technician using 
a 1 ml disposable tuberculin syringe, as 
is currently used in the study centre. To 
mimic clinical practice for each transfer, a 
new syringe was used. An embryo-trans-
fer catheter was connected to the syringe 
and this catheter was loaded using the 
three-drop technique, but without load-
ing embryos  12 . Then, the catheter load 
was released by pushing the plunger of 
the syringe. After the conventional manual 
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FIGURE 1 
Schematic overview of the pump-catheter control system showing the pump-regulated embryo-
transfer device connected to an embryo transfer catheter. The motor drives the pump head and 
rollers on the pump head squeeze the pump tube to generate a constant fluid flow within the tube.

FIGURE 2 
Configuration of the test set-up. The high speed camera is positioned directly above the 
catheter. The catheter is fixed with a clamp for stability during the recordings. Parallel 
to the catheter lays a ruler with millimetre markings. fps= frames per second.
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transfer technique, the same experiment 
was done 20 times for the device-controlled 
transfer. In these experiments, a conven-
tional transfer catheter was connected to 
the PRET device and then loaded using a 
scroll-wheel interface on the device, again 
using the three-drop technique. Thereafter, 
the catheter was unloaded by pushing the 
eject button on top of the device.

From the camera recordings, every 10 ms, 
the distance covered by the catheter load 
was measured using a ruler with millimetre 
markings positioned parallel to the trans-
fer catheter. To calculate the catheter load 
speed, the covered distance was divided by 
time (10 ms) according to the equation v = 
l/t, where v is the mean catheter load speed 
(mm/s) during 10 ms, l is the distance (mm) 
covered by the catheter load and t is the 
time of measurement (ms). FIGURE 3 illus-
trates how the catheter load speed was cal-
culated from the camera recordings.

FIGURE 3 
Calculation of catheter load speed showing how the recordings were analysed in order 
to evaluate injection speeds during transfer. Every 10 ms (five frames) the mean catheter 
load speed was calculated by dividing the covered distance (l) by the time (10 m/s).
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Statistical analysis
To study the change in repeated injection 
speed over time, longitudinal data analysis 
was conducted using linear mixed models. 
A typical feature of these measurements is 
that they are clustered. The clusters con-
sisted of the repeated measurements of 
speed over time (level 1) and within each 
recording (level 2). Furthermore, record-
ings were repeatedly assessed within the 
PRET device or laboratory technician. This 
latter level of analysis was only used as a 
fixed-effect term in the linear mixed mod-
els. The repeated recordings within the 
PRET device and the laboratory technician 
were defined as random (cluster) effects  14 . 
From the fixed effects, the mean changes 
in speed development over time between 
the PRET device and the laboratory techni-
cians, included as indicator variable, were 
estimated. In these models, interaction 
terms were introduced between the indica-
tor variable and time. 

This study also evaluated the variation in 
repeated recordings within the PRET device 
and within each laboratory technician sepa-
rately by obtaining the estimated predicted 
values of speed over time. These predicted 
values were used to test differences in vari-
ance of speed at baseline (intercept) and 
over time (slope) between the PRET device 
and each laboratory technician. Levene’s 
test to assess the equality of variances was 
used for this purpose. An assumption of the 
linear mixed model is the normal distribu-
tion of the residuals (i.e. no trend). Because 
this assumption was violated, the outcome 
variable speed was successfully natural 
log-transformed in all models. The injec-
tion speed generated by laboratory tech-
nicians and the PRET device were plot-
ted over time to visualize the development 
of the speed during catheter discharge. 
Observed data were plotted by applying 
the locally weighted scatterplot smoothing 
technique and predicted values were plot-
ted as a result of the linear mixed model. 
SPSS was used for descriptive analysis and 
SAS 9.2 for longitudinal analysis.

7



118

R E S U L T S

The observed catheter load speeds gen-
erated by the laboratory technicians and 
the PRET device are shown in FIGURE 4. 
The catheter load speeds generated by the 
PRET device were within the range of those 
generated by the laboratory technicians.

FIGURE 5 demonstrates the predicted 
mean changes in catheter load speed over 
time for the PRET device and all labora-
tory technicians as generated by the linear 
mixed model. Laboratory technicians 1, 2, 5, 
6 and 7 generated slopes that were signifi-
cantly different from the PRET device (P < 
0.05). The slope of the plots of laboratory 
technicians 3 and 4 did not differ signifi-
cantly from the PRET device.

To evaluate the reproducibility of the cath-
eter load speed in manual and pump-reg-
ulated transfers, the variance in catheter 
load speed within each laboratory techni-
cian (within-laboratory technician variabil-
ity) was compared with that in the PRET 
device (within-PRET variability). The varia-
tion in pump-regulated catheter load speed 
was significantly smaller than that in six out 
of seven laboratory technicians (P < 0.05). 
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FIGURE 4 
Observed catheter load speeds generated by laboratory technicians 
and the pump-regulated embryo transfer (PRET) device

  

FIGURE 5 
Predicted mean changes in catheter load speed over time (natural logarithm values) for 
the laboratory technicians and the pump-regulated embryo transfer (PRET) device
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D I S C U S S I O N

This study reports the development of a 
new method to standardize the injection 
speed during embryo transfer: pump-reg-
ulated embryo transfer. The results indi-
cate that in manually performed embryo 
transfer, even after standardization by 
protocol, there is still a large variation 
in injection speed. The results also indi-
cate that a PRET device generates a reli-
able and reproducible injection speed and 
therefore brings new possibilities for fur-
ther standardization and potential optimi-
zation of the embryo-transfer procedure. 
These findings are of importance, since 
embryo transfer seems to be the most 
inefficient step in assisted reproductive 
techniques  15 .

As far as is known, there has been no pre-
viously published examination of the cath-
eter load speed during embryo transfer 
and no comparison with new standardized 
transfer methods. Even though some lab-
oratory technicians generated injection 
speeds with a similar slope to that gen-
erated by the pump, the within-laboratory 
technician variation was higher than that 
of the PRET device. Apparently, it is impos-
sible to control injection speed in manually 
performed embryo transfer. This is proba-
bly due to the relatively large syringe used 
to release only a small volume and the 
variable resistance provided by plungers of 
different syringes. The variation in injec-
tion speed may explain the variation of the 

position of the air bubbles in the uterine 
cavity even after standardizing the cathe-
ter position  12 .

In this study, patient-related determinants 
as a possible source of uterine resistance 
were not present and it is not known whether 
the fluid flow in the simulated transfers 
mimics in-vivo clinical circumstances or 
accurately reflects intrauterine fluid flow. 
Theoretically, a standardized catheter load 
speed may allow more exact positioning of 
embryos into the uterine cavity  12 . However, 
future research should reveal whether a 
PRET device succeeds in doing this in clin-
ical practice. Furthermore, it is important 
to bear in mind that the injection speed of 
the catheter load during embryo transfer is 
only one of the technical factors that may 
affect the success of procedure.

In summary, the results demonstrate that 
injection speed during manually performed 
embryo transfer varies widely even among 
extensively trained and experienced lab-
oratory technicians working with a stan-
dardized protocol. Therefore, it is difficult 
to assess the connection between injection 
speed and pregnancy rate given that the 
former cannot be standardized in the man-
ual procedure. It is possible that this vari-
ation could also contribute to the variation 
in pregnancy rate following embryo trans-
fer. An automated device developed to stan-
dardize this injection speed has proved that 
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its injection speed is reliable and reproduc-
ible and could potentially enable more exact 
positioning of catheter load. Additional 
research on the device is required to reveal 
the most optimal injection speed, avoid-
ing extrauterine pregnancies and retained 
embryos, and to investigate in a random-
ized clinical trial whether standardization 
of the injection speed results in more exact 
positioning of the transferred embryos and 
therefore higher pregnancy rates. 
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