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Abstract
Purpose This study compared the impact of using the
Steiner-Tan pseudo double lumen needle for antral follicle
oocyte retrieval to using a conventional non-flushing needle.
The Steiner-Tan needle has a much smaller dead space than
the needles commonly used for IVM oocyte retrievals.
Methods This was a retrospective cohort study. The patient
population was determined by the time period in which a
patient underwent IVM in a single physician’s IVF practice.
The following data was abstracted from clinical and embryology records: oocytes retrieved, oocytes matured, early
maturing oocytes, oocytes fertilized, embryo quality measures, retrieval time, needle punctures, clot formation, and
clinical pregnancy rate.
Results The Steiner-Tan needle did not increase the number
of oocytes retrieved. It also did not increase the time required for retrieval. However, flushing of antral follicles
significantly decreased clot formation in fluid aspirates.
Use of the Steiner-Tan needle also significantly decreased
the number of vaginal needle punctures during each case.
There was a trend toward improved embryo quality, but
statistical power was inadequate to show a difference.
Conclusions The primary benefit of the Steiner-Tan needle
was on the embryological aspects of IVM. Decreased blood
and blood clots in the aspirates made an IVM retrieval more
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like conventional IVF for the embryologist. The patient also
experienced less tissue trauma without increasing anesthesia
or surgical time. There was no improvement in the number of
oocytes retrieved, but based on the results, we hypothesized
that oocytes were more commonly retrieved from slightly
large follicles than when using a routine needle.
Keywords IVM . In vitro maturation . Follicle flushing .
Oocyte retrieval . In vitro oocyte maturation techniques

Introduction
In vitro maturation (IVM) is a variant of IVF in which
oocytes are retrieved from the antral follicles (AFs) of a
patient before FSH stimulation enables most oocytes to
undergo reach maturity (polar body extrusion). For most
practitioners of IVM, the process is relatively natural, although estrogen, FSH and/or hCG may be used. Retrieved
oocytes are cultured in the laboratory and after they achieve
maturity, oocytes are treated as in conventional IVF. Usually
60–80 % of oocytes will become mature and the fertilization
rate is similar to that of conventional IVF [1, 2, 7, 11, 17].
Some studies suggest that successful pregnancy with IVM is
correlated with the number oocytes retrieved [3].
Oocytes are usually retrieved using a single lumen needle
(19 to 17 gage). Because the volume of most antral follicles
is less than the internal volume of the needle (Tables 1 and
2), several AFs are aspirated before the needle is removed
from the vagina and rinsed with media to clear the needle of
follicular fluid, blood and oocytes [11]. Because of the
blood that has been sitting in the needle for a period of time,
the specimen is more difficult for the embryologist to work
with, requires additional equipment, and oocyte identification is more time consuming than in conventional IVF [11].
If the follicle could be flushed without removing the needle
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Table 1 Antral follicle volumes
Antral follicle diameter (mm)

Calculated volume (ml)

2
4
6
8
10
12

0.003
0.025
0.085
0.201
0.393
0.679

from the ovary and vagina, all of these issues might be improved upon. Flushing may also enable the physician to more
quickly learn how effective he or she was in obtaining oocytes.
The problem of large differences in volumes of antral
follicles and the aspiration needle dead space volume was
solved by Dr. Hans-Peter Steiner [15]. He invented a pseudo
double lumen needle where the volume of the fluid remaining
in the needle after flushing was smaller than most visualizable
antral follicles (Table 2). The ST needle is composed of three
parts: a 7 cm long 21 gage needle which penetrates the vagina
and ovary, an adjacent rigid 17 gage tube which carries
aspirates and flush media back to a collection tube, and a
plastic sheath surrounding this tube for carrying flush media
which connects to a flush syringe on one end and extends
down to the top of the 21 gage needle on the other end. There
are holes drilled in the 21 gage needle so that flush media goes
through it into the ovary (Fig. 1). The suction on the longer 17
gage tube pulls the aspirate and flush media away from the
patient and into the media collection tube. The process significantly dilutes the aspirate so that it is generally not bloody
enough to form clots in the needle or in the collection tube. A
major difference between the ST needle and a standard 19
gage single lumen needle that is important for IVM retrievals
is the amount of dead space. The dead space in a 19 gage
needle will hold the fluid contained in more than four 6 mm
follicles; whereas, the dead space in the ST needle will only
hold the fluid from only one (Tables 1 and 2).
The objective of this study was to retrospectively compare the ST needle (www.ivfetflex.com, Graz, Austria) to
the needle we had used previously for IVM retrieval: the 19
gage Immature IVM Ovum Aspiration Needle (K-OPS7035-RWH-ET, Cook Australia, Queensland, Australia)
which we will call the Cook needle. We were interested in
the impact of these needles on oocyte retrieval effectiveness.
We were also concerned about any other impacts on the

Fig. 1 Steiner-Tan needle with the plastic outer sheath removed. The
arrow indicates the hole through which flush fluid passes flowing in
both directions in the needle

IVM process that this change in needles might entail. The
ST needle used with flushing has not previously been compared to a traditional needle used for IVM. However, follicle
flushing with a 16 or 17 gage double lumen needle has been
studied in conventional IVF. Flushing with this needle in
conventional IVF has convincingly been shown in recent
meta-analysis to be ineffective in increasing the number of
oocytes retrieved [9, 12]. Additionally, flushing often almost
doubles the time required for oocyte collection and may
decrease embryo competence [9].

Methods
Our program began using the ST needle exclusively for
IVM case retrievals in September of 2011. Embryology
and clinical records were reviewed on this first series of
patients (through October, 2012). If a patient had more than
one retrieval using the ST needle, only the last case was
reviewed (18 unique patients). Patients who had IVM retrievals using the Cook needle in the immediate time period
preceding the use of the S-T needle were used as a comparison group. This group consisted of all (19) unique patients
undertaking IVM between July, 2010 and August, 2011. If a
patient had more than one retrieval, only the last retrieval
was utilized for this study and if a patient had retrievals
using both needles, her records were only used in the ST
needle group. Patients (one using the ST needle and three
using the Cook needle) without transfers were excluded
from this study.

Table 2 Needle characteristics
Measured

Cook 19 gage needle

Steiner-Tan 21 gage needle

Dead space volume (SD)
Needle tip to ultrasound mark
Distance from tip to top of lumen

0.53 ml (0.08)
5 mm
3 mm

0.096 ml (0.002)
4 mm
3 mm
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Patients were candidates for IVM if they met routine
criteria for IVF, were under 38 years old, and had a total
AF count of 20 or greater. AFs were cysts between 2 and
12 mm in diameter. Ovulatory and anovulatory polycystic
ovarian patients were not distinguished and were treated
identically. Patients self-selected IVM as an alternative to
conventional IVF.
All patients were treated with oral contraceptives for
cycle timing. Most received low dose gonadotropins for
priming1 and all received hCG for priming. Patients with a
thin endometrial lining were managed with supplemental
estrogen. When the lead follicle averaged 10–12 mm in
diameter and the endometrial lining was at least 6 mm in
diameter, 10,000 U of HCG was given and a retrieval was
performed 38 h later. The retrieval was performed under IV
sedation using propofol. Retrievals utilized an Acuson Sequoia 512 ultrasound machine and a Rocket of London
suction device (Model 1641-3, Herts, England) set at a
pressure of 100 to 120 mmHg. Media used were DPBS
(Gibco 14287-080, Grand Island, NY, US), Oocyte Washing
Medium with Hepes (ART-1600-A, Sage, Trumbull, CT,
US), Oocyte Maturation Medium (ART-1600B, Sage,
Trumbull, CT, US) with 75 U/L of Menopur (Ferring Pharmaceuticals, Parsippany, NJ, US) and Embryo Maintenance
Medium (ART-1600-C, Sage, Trumbull, CT, US)
When the Cook needle was used, AFs were visualized by ultrasound. The needle was passed through the
vagina and into the ovary and follicle. The follicle was
aspirated as the needle was gently rotated from side-toside before the needle was moved within the ovary to
another AF. After three or four follicles were aspirated,
the needle was removed from the ovary and vagina.
The needle tip was placed in a 14 ml polystyrene
round bottom collection tube (BD Falcon, Franklin
Lakes, NJ) and media was flushed thru the needle
tubing and needle to clear it. The tube was then passed
to the embryologist for oocyte identification. While
this was being done, the needle was again passed
through the vagina and into the ovary to try to obtain
additional oocytes.
Although the media contained heparin (2 IU/ml), almost
all tubes contained blood and clots. As is relatively routine
[11] for IVM, a 70 μm nylon cell strainer filter (BD Falcon
352350, Franklin Lakes, NJ, US) was used to aid in oocyte
identification. Aspirates were retained for additional review
at the end of the surgical case or during breaks between new
tubes. About 10 to 20 % of the oocytes retrieved were found
in these tubes in later checks. Oocytes retrieved were kept in
1
The choice of using low dose gonadotrophins (50 U FSH for 4 to
6 days) had the objective of increasing antral follicle diameters [8, 13]
without pushing past the 12 mm largest AF diameter size target. The
value of this approach has been affirmed in recent publications [5, 10].

a holding dish without an oil overlay (oil interfered with the
effective use of the filter) on the heated flow hood covered
with an air atmosphere.
When the ST needle was used, the needle was passed
through the vagina and into the ovary and follicle. The
surgeon controlled both the needle movement and flush
fluid injection. Flush fluid was contained in a hand held
10 ml syringe (Norm-Ject, Tuttlingen, Germany) that
was replaced with a new syringe by an assistant whenever all the fluid in the syringe had been used. With the
needle in the follicle, a small amount of fluid was
injected into the follicle to confirm correct placement
within the AF by visualization of turbulence, before
aspiration. Only a small fraction of a milliliter of media
was required to produce turbulence. With good placement within the follicle, the AF was rinsed by gently
inflating it with media before aspirating the contents. As
with the Cook needle, the ST needle was gently rotated
from side-to-side during aspiration to enhance the free
flow of fluid between the opening in the needle and the
follicle wall. The tubes were then passed to the embryologist who provided feedback about its cellular content
to the surgeon. The number of flushes, which usually
varied from 3 to 12, depended on continued good
visualization, good placement in the AF, and feedback
from the embryologist that an oocyte had been found or
that the fluid was repeatedly acellular.
The embryologist identified oocytes using the same protocols and equipment used in conventional IVF. Oocytes
retrieved were kept in a holding dish with an oil overlay on
the heated flow hood covered with an air atmosphere.
Needles were removed from the vagina only when needle
replacement was deemed necessary or there was a change in
the side of the patient’s ovary on which aspiration was being
done. About once per case, flushing would impair optimal
visualization of the AFs in an ovary and the surgeon would
switch ovaries and return later to that side of the patient after
visualization cleared which would necessitate another puncture in the vagina.
All data was obtained retrospectively from clinical and
laboratory records. The following data was recorded: oocytes retrieved, oocytes matured, oocytes matured at first
assessment, oocytes fertilized, the number of patients with at
least one good embryo on day 3, the total number of good
embryos on day 3, surgical retrieval time, embryology retrieval time, needle punctures, number of aspirates evaluated, patients with clot formation, and clinical pregnancy rate.
A good embryo on day 3 was defined as originating from an
oocyte that matured within 10 h of aspiration and by day 3
(64 to 72 h after aspiration) had developed into a 7 or 8 cell
embryo with less than 10 % fragmentation and with relatively uniform blastomeres [14]. The surgical time was
defined as the time interval from when the embryologist
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was handed the first tube to when she was handed the last
tube as recorded on the embryology record sheet. Embryology time was defined as the time interval from when the
embryologist was handed the first tube to when all the
oocytes for the case had been placed in the holding dish
and the embryologist had given up on finding additional
oocytes. The number of needle punctures refers to the number of times a needle was passed through the vagina into an
ovary. Clot formation refers to macroscopically visible clots
that were large enough to potentially completely obscure an
oocyte.
Data was analyzed using the unpaired t-test and the Fisher
exact test, as appropriate. The software utilized was Prism for
Windows, GraphPad Software, Inc. (www.graphpad.com).
All p values quoted were two sided. A probability >0.05
was considered not significant (NS). Power and sample size
computations used DSS Research, Fort Worth, TX
(www.dssresearch.com).

Results
Age and BMI were not different between the ST needle
group and the Cook needle group (Table 3). The number
of oocytes retrieved, the number of oocytes matured, and the
number of oocytes fertilized (11, 7.7, and 5.4 for the ST
needle and 11.7, 6.9, and 4.9 for the Cook needle; Table 3),
were not different between the two groups. The surgical
retrieval time was not increased with flushing using the ST
needle (38.9 min for the ST compared to 40.9 min for the
Cook; NS) (Table 3).
The use of the ST needle similarly did not increase
embryology case time (39.5 min for the ST compared to
42.9 min for the Cook; NS) (Table 3). It markedly
decreased the number of needle punctures used (2.7
for the ST and 12 for the Cook; p<0.0001) (Table 3).
It also decreased the number of patients with clot formation in their collection tubes (6 for ST compared to
10 for the Cook; NS) (Table 3) and markedly decreased
the proportion of aspirates containing large clots (2 %
for the ST needle and 9.2 % for the Cook needle;
p<0.0001) (Table 3).
The clinical pregnancy rate was not inferior in the ST
group compared to the Cook group (50 % versus 36.8 %;
NS). Similarly, the number of patients in the ST group who
had at least one good embryo compared to the Cook group
(66.7 % versus 36.8 %; NS) and the total number of good
embryos in the ST group compared to the Cook group
(20.6 % versus 13.8 %; NS) were not inferior (Table 3).
Also noteworthy was that approximately one additional
oocyte with early maturation was identified in the ST needle
group compared to the Cook needle group (p = 0.017,
Table 3).

Discussion
Although the original motivation to use the ST needle was
to increase the number of oocytes retrieved for IVM, this
study demonstrated a similar retrieval rate for both needles.
A sample size assessment of what would be required to
demonstrate a difference in the number of oocytes obtained
(with a 5 % alpha error using the SD of the Cook group)
based on Steiner’s results [15] found that sample size was
adequate with a statistical power of 95 %. More importantly,
the use of the ST needle resulted in much easier IVM cases
for both the physician and the embryologist without
resulting in any problems that might harm the patient (decreased pregnancy rate, decreased embryo quality, increased
anesthesia time, or increased tissue trauma).
Compared to the ST needle, the use of the Cook needle
was frustrating for the surgeon. Aspiration was done without
a source of feedback about how successful the process was.
In retrospect, it was clear that without the ability to flush, the
needle sometimes appeared to be in an AF when it was not.
In spite of that, occasionally, oocytes were found in that
aspirate. With the ST needle, providing conformation of the
tip being in the needle by flushing, follicles usually deflated
with aspiration. This was not true during use of the Cook
needle. With the Cook needle, it was possible to believe that
the needle was perfectly placed in a 4 to 6 mm follicle in
spite of it not deflating. Without any means to test needle
placement and without immediate feedback on whether or
not an oocyte was obtained, it was possible to lose the
ability to aspirate a given follicle with the Cook needle.
With the ST needle, the surgeon could be certain that a well
visualized follicle was aspirated.
It is possible that slightly different populations of oocytes
were obtained with the use of the different needles. The use
of the ST needle may have favored successful oocyte retrieval from larger follicles. Larger follicles (with 6 mm
diameters or more) were easier structures in which to perform repeated flushes than smaller follicles and were more
easily visualized after flushing because of the extrafollicular fluid introduced into the ovary. Larger follicles
were likely to produce more useful oocytes [8, 13]. This
could contribute to a better quality embryos being obtained
if the ST needle is used rather than the Cook needle. This
hypothesis is further supported by the finding that more
early maturing oocytes were obtained using the ST needle
compared to the Cook needle. Early maturation has been
reported to be a positive prognostic factor for IVM [14].
The primary benefit of the use of the ST needle appeared
to be its impact on the embryological aspects of the case.
The oocyte identification procedure and the equipment used
were much closer to that of conventional IVF when the ST
needle rather than the Cook needle was used. This was
primarily due to a significant reduction in the amount of
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Table 3 Results compared for use of the Cook and Steiner-Tan needles
Cook needle group

Steiner-Tan needle group

P value

Age (years) (SD)
BMI (SD)
Oocytes retrieved (SD)
Oocytes matured (SD)
Average number of oocytes with early maturation
Oocytes fertilized (SD)
Cases with at least one good embryo
Percentage of good embryos

29.7 (3.6)
24.6 (3.6)
11.7 (6.3)
6.9 (3.4)
1.6
4.9 (3.0)
36.8 %
13.8 %

30.7 (3.0)
24.7 (3.0)
11 (3.8)
7.7 (2.9)
2.7
5.4 (2.3)
66.7 %
20.6 %

0.348a
0.956a
0.695a
0.445a
0.017b
0.617a
0.103b
0.253b

Clinical pregnancy rate
Cases with large clots present in at least one tube
Percentage aspirates with large clots
Needle punctures (SD)
Surgical time (minutes) (SD)
Embryology time (minutes) (SD)

36.8 %
52.6 %
9.2 %
12.1 (4.2)
40.9 (8.2)
42.9 (8.4)

50 %
33.3 %
2%
2.7 (0.8)
38.9 (11.4)
39.5 (11.8)

0.515b
0.325b
<0.0001b
<0.0001a
0.541a
0.319a

a

t-test

b

Fisher’s exact test

blood in the specimen, which improved visualization of the
specimens. A consequence of decreased blood was a reduction in the number of tubes with aspirates containing large
clots (2 % versus 9.2 %; p<0.0001). Because of the impact
of decreased blood, aspirate evaluation was much more like
conventional IVF than typical IVM. Easier visualization of
the aspirate was found after using the ST needle. It also
improved oocyte handling and the oocyte’s environment
with the decreased presence of clots and the ability to use
an oil overlay for temperature maintenance. These factors
could contribute to an improved quality of embryos available for transfer [4, 6].
The increase in surgical time which occurs with flushing
in conventional IVF has been the primary argument against
routinely using flushing for conventional IVF. This clearly
is not the case with IVM using the ST needle where the
surgical time was not increased with the ST needle compared to the Cook needle. A statistical power computation
using the mean and standard deviation from the Cook group
and data from Levy [12] shows that there was a 95 %
probability that a statistical difference would have been
detected (with an alpha error of 5 %). Flushing likely did
not increase the time required for retrieval because it was
easier to perform than removing the needle from the vagina
to clear it and then re-puncture the ovary. We have not used
the foot operated fluid delivery device developed by Steiner
for use with this needle which may have further shortened
the time required for flushing [15].
Another reservation about flushing has been that it might
impair the fertilization rate of flushed oocytes [9]. For
example, Waterstone and Parsons showed a 43 %

fertilization rate for oocytes obtained in the first three
flushes and a 24 % fertilization rate for the last three flushes
[16]. In contrast, our results comparing the number of oocytes fertilized, the increased number of early maturing
oocytes, the presence of high quality embryos and the pregnancy rate, suggest that no harm was done to the embryos
by flushing in this setting using the ST needle and that a
larger study might find a benefit. A prospective randomized
approach would also have provided a more robust approach.
The final beneficiary of the use of the ST needle was the
patient, who experienced less tissue trauma with markedly
fewer tissue punctures using a smaller gage needle (21 gage
compared to 19 gage). Because of the decreased dead space
in the needle, it was not necessary to remove the needle
from the vagina to clear the oocytes and avoid clots. This
reduction in trauma was done without increasing surgery or
anesthesia time.
In summary, the ST needle is a major new contribution to
the performance of IVM. It should be adopted for IVM
retrievals because it reduces the difficulty of the embryology
requirements of an IVM case so that they are more similar to
a conventional IVF case. It also simplifies the oocyte retrieval procedure for the surgeon and provides him/her immediate information about the effectiveness of the retrieval.
The skill sets required by both the surgeon and the embryologist are closer to those of conventional IVF, which
should make the IVM procedure more attractive to conventional IVF programs. Although the number of oocytes retrieved was not increased using the ST needle, embryo
quality and pregnancy rates were not harmed and for theoretical reasons may have been improved by the use of this
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needle for retrieval. Unlike some prior results for conventional IVF, antral follicle flushing did not increase the time
required for oocyte aspiration.
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