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Abstract

Background: A major hurdle to improved in vitro fertilization (IVF) success rate is defective
endometrial receptivity and implantation. Various techniques have been advocated to increase
implantation while reducing side effects. Currently, embryo transfer (ET) is performed blindly
without direct visualization. As such, we sought to develop a technique utilizing a flexible mini-
hysteroscope with a flexible catheter for direct implantation of the blastocyst(s).

Materials and Methods: This was a case study performed at West Coast [VF Clinic, Inc., Beverly
Hills, California 90212. A total of 15 IVF Cycles in 13 patients (average age = 29) underwent
visually directed ET and endometrial implantation. All women received luteal support.

The main outcome measure in this study, both clinically and procedurally, was the relevant
development and assessment of a novel surgical technology.

Results: In this study, eight (60%) pregnancies ensued [5 (62.5%) clinical and 3 (37.5%)
biochemical]. Of note, there was no uterine scratching, uterine bleeding, or ectopic pregnancies.
Significantly, high-order pregnancies were decreased; only one twin was conceived.

Conclusion: Preliminary data suggest mechanically assisting implantation with a hysteroscopic

blastocyst ET (SEED) offers a viable option for improving pregnancy outcome.
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Introduction

After two decades of clinical practice, the take home
pregnancy rate hovers around 38% for women un-
der 35 years of age and decreases to less than 15%
for women 41-42 years of age (1). Considering that
the ‘normal’ pregnancy rate has been theorized to
approximately 10-15%, this low “take home baby
rate” is a reflection of biological, genetic, morpho-
logical, and endocrine inaccuracies associated with
the system in question. In patients undergoing in
vitro fertilization (IVF) procedures one major set
of hurdles, which often prevents healthy embryos
from becoming pregnancies, are problems associ-
ated with endometrial receptivity and implantation
(2-5). From a clinical practice perspective in our
new age of pre-implantation diagnosis, the embryo
transfer process may now be regarded as a rate-
limiting factor.

Various techniques for embryo transfer (ET) have
been advocated to increase pregnancy rates while
reducing side effects from the procedure, such as
lost embryos and ectopic pregnancies (6, 7). In ad-
dition, the advantages of different catheters have
been debated (8-10). These methods, however, use

a “blind” technique of catheter introduction into the
uterus. Thus since the embryo, having the zona pel-
lucida at time of transfer, would still be floating in
the uterine cavity between one to three days from
the time of transfer, the problems of “lost embryos”
and the occurrence of ectopic pregnancies persist.
We have hypothesized that the mechanical insertion
of the blastocyst into the endometrium under direct
visualization would increase the implantation and
clinical pregnancy rate of IVF. The aim of this study
was to re-investigate the potential of sub-endothelial
ET, a procedure which originated from early mouse
experiments (11) and in humans in the mid to late
1990’s (12, 13) via trans-abdominal approaches. In
contrast to these earlier investigations we propose to
use hysteroscopy to direct and effect the implantation
procedure.

Materials and Methods

Patients

The study was approved by local IRB at West Coast
IVF Clinic, Inc. There were 13 patients under the
age of 35 years, who had 15 consecutive IVF cy-
cles in this study. Controlled ovarian hyperstimu-
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lation was initiated with follitropin B (Follistim®,
Organon Pharmaceuticals, Inc.). Endogenous go-
nadotropins [the prevention of a luteinizing hor-
mone (LH) surge] were controlled with ganirelix
acetate (Antagon™, Organon Pharmaceuticals,
Inc.). Oocyte retrieval was carried out in an office
setting under local anesthesia and mild sedation.
Embryo culturing was performed using sequential
media (G1 and G2; Vitrolife) to day five. Up to two
fully expanded hatching grade 1 blastocysts were
transferred (Fig 1A). Luteal phase support was
provided (3000 IU of hCG at three and six days
post retrieval; Fig 1B, C). Serum human chorionic
gonadotropin (hCG) was quantified at ten days fol-
llowing the last hCG administration. A concentra-
tion of 5 IU/ml with increased range over two days
and delayed menses were used as confirmations of
pregnancy. Informed consent was obtained prior to
the start of the cycle.

Description of hysteroscopic implantation

A lightweight flexible mini- hysteroscope (Storz™)
was used for visualization of the endometrial cav-
ity (Fig 1D). The scope incorporates a flexible dis-
tal end of 3mm in diameter with a straight through
operating channel. In addition, the optic filter is
directly connected to a light source, decreasing the
weight of the scope. Nitrogen gas instead of CO, is
used for uterine distention. Nitrogen gas is inert and
is used in the trimixture of Nitrogen, Oxygen and

Carbon Dioxide utilized for embryo culture in an
IVF laboratory. Gas pressure is set at max 70 mm
mercury (HG). A maximum of 50 cc of gas is used
during the entire procedure. The transfer catheter is
polycarbonate based with a tapered tip (to 500 pwm),
beveled to 45-60° (Precision Reproduction, LLC
Los Angeles, CA 90212 USA). The catheter is in-
serted to a distance of 0.5cm horizontally and to a
depth of approximately 1mm into the endometrium.
The embryo is deposited under direct hysteroscopic
visualization (Fig 1D).

Results

In this study, 15 IVF cycles in 13 patients were
completed. A total of 11 cycles involved the use
of intra-cytoplasmic sperm injection (ICSI) due
to male factor problems. Endometrial thicknesses
varied between 7 and 16mm by transvaginal ultra-
sound. There were eight positive BhCGs at levels
greater than 5IU/ml eleven days after embryo im-
plantation. There were five clinical pregnancies as
evidenced by the presence of a gestational sac (Fig
1E) visualized by ultrasound examination at five
weeks of gestation and heart beat at six weeks of
gestation (Fig 1F). A total of 3 first trimester spon-
taneous abortions occurred at seven to eight weeks
of gestation. Healthy term babies were delivered
by two patients; of which one of these patients had
a spontaneous abortion in a previous implantation.
No ectopic pregnancies were seen (Table 1).

Table 1: Clinical data of subendothelial ET (transcervcial).

Diagnosis Age Weight Gravida Para Sab Ectopic Endometrial Pregnancy
(Ibs) thickness (mm) outcome
Tubal disease 31 200 1 0 0 1 9 Negative
Tubal disease 31 200 1 0 0 1 8 Negative
Idiopathic 33 130 0 0 0 9 Negative
Endometriosis/ 31 172 10 Biochemical
Male factor
Male factor 31 130 0 0 0 13 Spont. Ab
Ovulatory dysfunction/ 34 170 1 0 1 9 Biochemical
Male factor
Male factor 33 202 0 0 0 0 10 Negative
Idiopathic 34 136 3 0 3 0 13 Negative
Male factor 31 130 0 0 0 0 12 Negative
Tubal factor 28 254 3 3 0 0 16 Negative
Ovulatory dysfunction 26 150 0 0 0 0 9 Spont. Ab
Male factor 34 130 0 0 0 0 Spont. Ab
Ovulatory dysfunction/ 31 224 2 0 2 0 Biochemical
Male factor
Ovulatory dysfunction 26 150 0 0 10 Term preg
Ovulatory dysfunction 29 133 0 0 0 11 Term preg
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Fig 1: Stages of subendometrial embryo transfer. Expanded hatching blastocyst (A); estrogenic endometri-
um (B); progestational endometrium (C); subendometrial embryo transfer (D); early gestational sac at 5

weeks (E); fetus at 6 weeks (F).

Discussion

Various techniques and technologies for ET have
been proposed since the introduction of IVF. This
list includes ultrasound-controlled transcervical
intrauterine transfer or transmyometrial transfer
and more invasive procedures, often referred to as
surgical ET, which include: gamete intra-fallopian
transfer (GIFT), zygote intra-fallopian transfer
(ZIFT), pronuclear stage transfer and embryo intra-
fallopian transfer (EIFT) (14-17). Although ultra-
sound guided ET was desired to improve success-
ful pregnancy outcomes and reduce side effects,
it has been received with mixed results (18-32).
It also requires simultaneous coordination of two
professionals, the physician performing the trans-
fer and the ultrasonographer (29). Furthermore,

all transcervical and transmyometrial techniques
involve “blind” introduction of the embryo(s)
via transfer catheters with no real time flexibility
of the tip of the transfer catheter and subsequent
release of embryo(s) onto the surface of the en-
dometrium. As a result if the embryo fails to ad-
here, due to some luteal phase defect or other, un-
defined “implantation window” problem, there is
a significant risk that the embryo might be washed
out of the cervix or become lodged in the fallopian
tubes. In part, to compensate for this potential con-
ceptus loss, physicians have adopted the practice
of transferring higher numbers of embryos back
to the uterus. Here we re-investigate the potential
of surgical implantation of embryos developed to
the blastocyst stage in vitro by day 5 or 6 post in-
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semination. It does appear that this procedure may
enable circumvention of those problems associated
with the maternal receptivity aspect of the so called
“window of implantation”(5).

Under normal, non-assisted, circumstances, im-
plantation begins six to seven days post ovulation.
It involves multiple steps which can be summa-
rized as pre-attachment, attachment-invasion, and
decidualization - early placentation (33, 34). The
reader is referred to a recent paper by Dominguez
et al. (3) for a comprehensive review. Thus far,
mechanisms for repairing defects in this process
or clinically relevant markers of uterine receptivity
have proven elusive.

Similarly to the now well-accepted procedure of
ICSI (35), where a single sperm is mechanically
injected into an oocyte, with the development of
this project we aim to develop an instrument and
procedure whereby “mechanical” implantation
of the embryo is achieved. Though this report
only documents a very small number of patients
who underwent this procedure, the data appears
quite promising. A 38% clinical pregnancy rate
was achieved. The year 2000 Center for Disease
Control (CDC) data notes a 36% pregnancy rate
(fresh embryo from nondonor) for women under
37 years of age (1). Of these clinical pregnancies,
two babies were born (13%). For comparison to
this study, normal miscarriage rates range be-
tween 10.6 and 16% for patients under the age
of 35 (1). This rate increases to nearly 40% by 42
years of age. Clearly, a greater number of patients
are needed for conclusions to be drawn on these
rates when compared to those achieved with con-
ventional ET. Not withstanding, we reduced the
number of embryos transferred in these patients,
minimized the chances of “losing” the embryo,
and eliminated ectopic pregnancies. Using the
flexible mini-hysteroscope affords an objective
and accurate confirmation of the placement of the
embryo that should make the procedure replica-
ble, and thus more reliable with more consistent
and improved results.

Allowing the embryos to reach the blastocyst
stage prior to transfer is gaining more accept-
ance (36-38). It allows both for more normal
embryos to be naturally selected and for a more
accurate selection of more viable, healthier
embryo(s) (39-41). Thus a less number of em-
bryos can be selected for transfer with more
certainty for a successful singleton pregnancy
(42, 43).

A possible drawback with the transcervical hys-
teroscopic embryo implantation (SEED) is the
potential to scratch the endometrium and trigger
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some deleterious effect. Yet this is a potential
hazard of “blind” procedures as well. The risk
of disruption of the uterine lining, however is
postulated to be less than “blind” and ultrasound
guided transfers due to the advantage of direct
visualization of the uterine lining and not requir-
ing movement of the catheter to facilitate iden-
tification during ultrasound (31). As opposed to
rigid endoscopes which may cause trauma to the
uterus, the hysteroscope used in this study is a
mini-hysteroscope with a 3mm diameter and flex-
ible tip that allows one to easily follow the curva-
ture of the uterus. With this protocol, though, the
physician may then choose a non-scratched por-
tion of the endometrium for implantation. Having
said that, a growing number of literature suggests
that mild inflammation may very well facilitate,
if not be required for implantation and placenta-
tion (44-46).

Conclusion

Likewise, visualizing implantation allows for
the physician to avoid losing embryos due to
uterine contractions brought on by the trans-
fer, enabling the physician to wait until the
enhanced activity has subsided. Furthermore,
visualization allows one to place the embryo
at a different location if trauma ensues. Also,
the catheter used is semi-rigid to prevent kink-
age as it passes through the endoscope yet with
enough flexibility to bend with the endoscope
however bend and become kinked to prevent
inadvertent passage into the myometrium. In
addition, the uterine cavity is allowed to be dis-
tended during introduction of the hysteroscope
into the uterus by slow passage through the
endocervical canal. This would allow the hys-
teroscope to move in a gaseous space and not
in direct contact with the endometrium as is the
case with the blind procedure. In our study, no
disruption to the uterine lining or uterine bleed-
ing occurred. Increased cost is another draw-
back, however utilizing a hysteroscope with an
objective replicable procedure that improves
results will decrease the costs from multiple
failed IVF-ET attempts and improve patient
satisfaction. Double-blind controlled prospec-
tive studies shall be the subject of future re-
ports, in order to investigate the full advantage
and disadvantages of this technique for ET.
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