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Chapter 19

Immature oocyte collection

Bulent Gulekli, ezgi Demirtas, and William M Buckett

INTRODUCTION

In-vitro maturation (IVM) of immature oocytes 
retrieved from women without any ovarian stim-
ulation is a promising new treatment especially 
for women with polycystic ovary syndrome 
(PCOS) and/or polycystic ovaries (PCO), with 
many successful pregnancies reported world-
wide. Although Cha et al.1 reported the first 
birth using IVM of immature oocytes collected 
at cesarean section within an oocyte donation 
program in 1991, in 1994 it was Trounson and 
colleagues2 who put IVM into clinical practice 
when they reported the first pregnancy using 
a woman’s own immature oocytes collected by 
transvaginal ultrasound-guided follicle aspira-
tion from a patient with polycystic ovaries.

Although the classic indication for IVM is 
PCOS/PCO, it is also for other indications today: 
poor responders, fertility preservation of cancer 
patients, normal responders with a history of 
poor oocyte/embryo quality, as well as for oocyte 
donation.

DEVELOPMENT OF OOCYTE 
RETRIEVAL FOR IVF

Before the first successful birth following in-
vitro fertilization (IVF) and embryo transfer, the 

first culture and maturation of human oocytes 
in vitro were carried out on oocytes that were 
obtained by laparotomy. Similar experiments 
were done by Steptoe and Edwards and they 
introduced a laparoscopic method for aspirating 
oocytes from the ovarian follicles3. Laparoscopic 
oocyte retrieval may be performed either by the 
2- or 3-puncture technique depending on the 
type of laparoscope and the experience of the 
surgeon. Each follicle is punctured and aspirated 
at an avascular site (Figure 19.1). The needle 
may be left in the follicle to permit flushing and 
re-aspiration in case an oocyte is not identified 
in the initial aspirate.

Figure 19.1 Laparoscopic oocyte retrieval (see 
color plate section)
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Following those first few births via laparo-
scopically aspirated oocytes, ultrasound-guided 
oocyte collection techniques were described. 
While laparoscopic oocyte retrieval is generally 
performed under general anesthesia with endo-
tracheal intubation, the major advantages for 
the ultrasound-guided oocyte retrieval include 
decreased exposure to general anesthesia, lower 
risk for operative complications, and feasibility 
of performing on an outpatient basis. In addi-
tion, laparoscopy identifies visible follicles on 
the ovarian surface whereas ultrasonography 
identifies intraovarian follicles, as well.

There are many different ultrasound-guided 
oocyte collection techniques. The first follicu-
lar puncture under transabdominal ultrasound 
guidance was described in 1981 and the same 
group introduced transabdominal transvesi-
cal ultrasound-directed oocyte recovery for the 
oocytes from the ovarian follicles a year later 
(Figure 19.2)4,5. Transabdominal oocyte retrieval 
under ultrasound guidance is still indicated 
in women with vaginal/müllerian agenesis6. 
Oocyte retrieval for IVF by ultrasonically guided 

needle aspiration via the urethra was proposed 
by Parsons and coworkers in 1985 (Figure 19.3)7. 
The above techniques were in routine use dur-
ing the days of conventional external ultrasound 
transducers. Gleicher et al.8 described the first 
oocyte retrieval via the vaginal route; today’s 
method using the transvaginal approach for both 
the scanning and the oocyte retrieval was intro-
duced by Wickland et al.9 and has become the 
worldwide method for oocyte recovery10.

CURRENT TECHNIQUE FOR IVF 
OOCYTE RETRIEVAL

Anesthesia/analgesia

Today almost all oocyte retrievals are performed 
transvaginally. The transvaginal route is used 
both for the scanning and the retrieval. Generally, 
spinal or epidural anesthesia may be used for the 
procedure; however, in most cases intravenous 
sedation, opioid analgesia, and cervical blockage 
with local anaesthesia is sufficient for effective 
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Figure 19.2 Transabdominal ultrasound-guided 
oocyte retrieval
T, transducer; AW, abdominal wall; B, bladder; F, 
follicle; U, uterus; OV, ovary
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Figure 19.3 Transurethral oocyte retrieval 
under transabdominal ultrasound guidance
T, transducer; AW, abdominal wall; B, bladder; F, 
follicle; OV, ovary; U, uterus; V, vagina
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pain relief. In the McGill Reproductive Center, 
1–2 mg midazolam for intravenous sedation,  
25 mg fentanyl every 10 minutes or according  
to the needs of the patient for analgesia, and  
0.5% bupivacaine 10–20 ml for the cervical block 
are used and effective pain relief is maintained 
in most of the patients. Rarely, non-steroid anti-
inflammatory drugs alone may provide sufficient 
analgesia in cases with a few follicles or in natu-
ral IVF cycles where there is only one follicle to 
be aspirated.

Cleaning and antisepsis

Normal saline is used for vaginal cleaning before 
the oocyte retrieval. When compared to vagi-
nal cleaning with povidon iodine, no increase 
in infection risk is observed. However, povidon 
iodine may decrease the pregnancy rate11, proba-
bly by an adverse effect on oocytes. Routine anti-
biotic prophylaxis is not recommended, however 
it may be administered in selected cases with 
endometriomas or hydrosalpinges.

Materials needed for the IVF oocyte 
retrieval

An ultrasound scanner with a 6 MHz or 7.5 MHz 
transvaginal probe, a sterile condom or plastic 
sheath to cover the probe, sterile ultrasound gel, 
a needle guide, a 15 or 16G single/double lumen 
aspiration needle, suction pump, test tubes, 1% 
heparinized saline, a heater block for the tubes, 
an inverted microscope plus heating plate, and 
petri dishes for oocyte identification in the labo-
ratory are the materials necessary for an IVF 
oocyte retrieval. The test tubes, heparinized 
saline, and petri dishes are preheated to 37°C 
before the collection.

Needles

Single or double lumen needles of 15/16G are 
used for aspiration. Double lumen needles 
allow the follicle to be flushed through a sepa-

rate route. Although routine flushing does not 
offer any advantage in terms of the number of 
retrieved oocytes, it may be needed in cases with 
one or a few follicles.

Ultrasound technique

Transvaginal scanning and oocyte retrieval is the 
routine oocyte retrieval method today. The pro-
cedure is easy to learn for physicians who have 
already been trained in transvaginal ultrasound 
examination. A 9.3 MHz transvaginal transducer 
is used for oocyte retrieval in our center. The high 
resolution is particularly helpful in IVM retrieval 
in which small follicles of less than 10 mm in 
diameter are aspirated. In IVF oocyte retrievals 
6 MHz or 7.5 MHz ultrasound transducers and 
two-dimensional visualization are successfully 
used. Doppler or three-dimensional ultrasound 
may be helpful, but they are not essential.

Aspiration technique

The transvaginal ultrasound guided follicular 
aspiration technique has become the method of 
choice because of refinements in the instrumen-
tation and the clinicians’ growing experience. 
Over the past few years automatic aspiration 
and washing systems have been introduced and 
the follicles can be aspirated and, if necessary, 
washed with various systems.

The needle is first introduced in the follicle 
closest to the transducer through the vaginal 
vault with controlled stabbing, resembling pop-
ping a balloon. Vacuum pressure should be less 
then 150 mmHg to aspirate the follicular fluid 
and a suction pump is used to maintain the 
constant vacuum pressure. The tip of the needle 
is echogenic, so it can be watched on the ultra-
sound screen while the follicular fluid is aspi-
rated. When follicular walls collapse onto the 
needle, the needle can be retracted and rotated 
to aspirate all the follicular fluid (Figure 19.4). 
Then the next follicle is stabbed and the needle 
is gently moved from one follicle to another 
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after fully aspirating each follicle. Usually, only 
a single ovarian puncture is needed to aspirate 
all the follicles in one ovary. When all the fol-
licles of one ovary have been aspirated the nee-
dle is withdrawn and flushed with the handling 
medium. If the needle is withdrawn before all 
the follicles in the ovary have been aspirated, it 
is flushed before puncturing the ovary a second 
time. The same procedure is repeated for the 
other ovary.

Flushing is not routinely recommended 
because no apparent improvement has been 
observed in the pregnancy rate12. However, as 
noted above, it may be needed in patients with 
few follicles.

Once a follicle has been aspirated the col-
lection tube is handed over to the laboratory 
staff. If no oocyte is identified in the aspirate 
then the follicle may be flushed with the han-
dling medium. Although the flushing can also 
be done with a single lumen needle, the oocyte 
may move back and forth in the dead space of 
the needle by repeated flushes and aspirations. 
Therefore it is recommended to use a double 
lumen needle in cases with a few follicles where 
flushing may be needed. The flushing volume 
should not exceed the aspiration volume in 
order not to rupture the follicle. Flushing can be 

done manually by using a syringe or by an auto-
matic pump.

Heparinized saline or heparinized culture 
medium is used as the handling medium since 
there is no significant difference in fertilization 
rates between oocytes obtained after saline and 
culture medium flushing13.

Risks

The complications of ultrasonically guided 
transvaginal oocyte collection are rare. Infection 
risk is around 0.25%. Serious pelvic infection – 
such as pelvic or ovarian abscess – is seen almost 
exclusively in women with either severe tubal 
disease or severe endometriosis and endometrio-
mas which have been inadvertently punctured 
during oocyte retrieval. Serious intraperitoneal 
or vaginal bleeding is even rarer – with an esti-
mated risk of 0.01%. Laparoscopy and very rarely 
laparotomy have been reported in cases of severe 
intra-abdominal bleeding14.

DEVELOPMENT OF IVM

Today IVM has started to be routinely offered 
either to patients with PCOS or to normo-ovu-
latory patients with a high risk of develop-
ing OHSS (i.e. patients with PCO). As noted 
above, it has also been used for other indica-
tions: poor responders, fertility preservation in 
cancer patients, normal responders with a his-
tory of poor oocyte/embryo quality, and oocyte 
donation cycles. In these conditions immature 
oocyte retrieval may be performed in the pres-
ence of a few follicles. The only significant fac-
tor predicting the number of oocytes collected 
in unstimulated cycles is the antral follicle 
count15. Although the oocyte recovery rate in 
stimulated cycles is 70–80%, it is usually about 
50% in IVM cycles and this oocyte recovery rate 
depends on the experience of the surgeon16. 
However, the reason could be that not all the 
follicles may be easily aspirated and/or oocytes 

Figure 19.4 IVF oocyte retrieval: aspiration 
technique
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may not be recovered from each follicle aspi-
rated. Therefore good ultrasonographic visu-
alization, accessibility of the ovaries, and the 
retrieval technique are even more important, 
particularly for those with a low antral follicle 
count.

IVM is improved by hCG priming17; hCG 
priming does not seem to increase the number 
of oocytes retrieved, but it reduces the time 
needed for IVM18. The dose of hCG was stud-
ied in a prospective, randomized, double blind 
study by our group and increasing the dose did 
not give any benefit in any of the outcomes, 
therefore current evidence suggests a benefit 
from 10 000 IU hCG administered 36 h before 
the collection19.

In a typical IVM cycle all the follicles had 
to be <10 mm in diameter because data suggest 
that the presence of a dominant follicle at the 
time of immature oocyte retrieval is deleteri-
ous to the outcome in IVM20,21. The maximum 
diameter of the follicle on the day of oocyte 
recovery provides one of the main differences 
between IVF and IVM cycles. However, in nat-
ural cycle IVF/IVM treatments, in spite of the 
presence of a dominant follicle, where a mature 
oocyte is expected to be retrieved, immature 
oocytes have also been collected and matured 
in vitro and pregnancies and live births have 
been obtained22. The administration of short-
term gonadotropins and hCG priming when the 
follicles reach 12–14 mm in diameter has also 
been suggested as another approach to IVM23. 
The combination of natural cycle IVF with IVM, 
or the short-term use of gonadotropin admin-
istration before immature oocyte retrieval, are 
modifications currently under investigation, 
and the criteria for their use are not yet well 
established22,24.

Nevertheless, immature oocytes from follicles 
less than 10 mm in diameter should still be col-
lected, even with these modifications. Thus in 
IVM collections, sometimes one or more follicles 
may be larger than 10 mm, and mature oocytes 
may be recovered from these follicles.

CURRENT TECHNIQUES FOR IVM 
OOCYTE RETRIEVAL

TVS-guided follicular aspiration has now 
become the preferred procedure of choice for 
oocyte retrieval in IVM cycles; it requires certain 
modifications compared to conventional IVF 
oocyte retrieval.

Anesthesia/analgesia

The mode of anesthesia is decided according to 
the accessibility of the ovaries. Although the ini-
tial cases were performed under general or spinal 
anesthesia, this is not needed for most cases.

Intravenous sedation with 2 mg midazolam  
and 50–200 mg fentanyl, and paracervi-
cal block with 20 ml of 1% bupivacaine, are 
used for immature egg retrieval in the McGill 
Reproductive Center. Intravenous propofol 
infusion may also be added in certain patients. 
However, because of the multiple ovarian 
punctures often needed in IVM, the immature 
oocyte retrieval is likely to be more painful 
than a conventional IVF oocyte collection. It 
has been shown that reducing the size of the 
needle used for oocyte collection from 15G 
(the standard IVF needle) to 19/20G reduces 
the pain without affecting the number of the 
oocytes collected.

Consequently, in patients who have had pre-
vious poor pain relief during oocyte retrieval or 
those where ovarian access is difficult, a general 
or spinal anesthesia may be more appropriate 
and, in our experience, is needed more fre-
quently than for conventional IVF collections.

Cleaning and antisepsis

The same principles applied to IVF oocyte 
retrieval are also valid for IVM patients. Therefore 
the vagina is cleaned with sterile saline. In 
women at increased risk of pelvic sepsis – such 
as those with severe tubal disease or endometrio-
sis – antibiotic prophylaxis is appropriate. It is 
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unclear whether there is a role for routine antibi-
otic prophylaxis.

Collection needle

As discussed above, a smaller gauge needle (19G 
or 20G) is preferable. This causes less pain and 
less damage to the smaller follicles, thereby 
allowing greater numbers of immature oocytes 
to be collected. However, the finer gauge needles 
are more susceptible to blockage with stromal 
tissue or blood clots, and therefore require fre-
quent removal and flushing through with fluid. 
Similarly, if ovarian access is difficult and the 
needle needs to pass through uterine tissue, care 
needs to be taken in order to avoid bending.

Aspiration pressure

Because the intrafollicular pressure is already 
higher in small follicles, the aspiration vacuum 
pressure is reduced to 75–80 mmHg, which is 
approximately half the conventional IVF aspi-
ration pressure. A higher aspiration pressure 
provokes an increase in the number of denuded 
oocytes.

Tubes and blocks

The aspiration tubes are prepared with 2 ml 
heparinized saline before collection in the warm 
blocks. Heparinized saline is also used as the 
aspiration medium for flushing the needle. Some 
centers use IVM culture media rather than hepa-
rinized saline in the tubes and for flushing.

Aspiration technique

In unstimulated ovaries the follicles are small 
and often widespread throughout the ovarian 
stroma (Figure 19.5). Furthermore, polycys-
tic ovaries are frequently mobile and external 
abdominal pressure and intravaginal pressure 
with the probe may be needed to fix the ovary in 
IVM oocyte retrieval.

The needle is introduced into the follicle 
with the bevel facing the larger part of the fol-
licle, however it is probably less important than 
first thought. Because the needle slips easily into 
the surrounding stroma it should be stabbed 
into the follicle at 90° to the follicle wall. Also 
the needle is frequently removed to re-align it 
with the small follicles. The follicle should be 
completely emptied; rotating the needle could 
be of help. Although only a single puncture of 
the ovary is generally enough for IVF oocyte 
retrieval, multiple ovarian punctures are gener-
ally needed for IVM retrieval. The reason for this 
is that it is almost always impossible to reach all 
the follicles from the same puncture site (Figures 
19.6, 19.7, and 19.8). In addition, the volume of 
the fluid aspirated from the follicles is very small 
and the single lumen aspiration needle tends 
to block frequently when passing through the 
dense ovarian stroma and follicular flushing is 
not performed. So, the needle is generally with-
drawn after several follicles have been aspirated, 
and it is flushed with the heparinized saline. 
The collection takes, on average, longer than IVF 
oocyte retrieval because of the repeated flushing 

Figure 19.5 Ovary prior to commencing 
IVM collection. Note the widespread follicles 
throughout the stroma ranging from 4 mm to 11 
mm mean diameter. A good quality ultrasound 
machine is needed at high magnification
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of the needle and the tubing in order to prevent 
the blockage25,26.

Good ultrasonographic visualization is 
the key point for successful immature oocyte 
retrieval. Color-flow Doppler can help to differ-
entiate intra-ovarian vessels from small antral 
follicles. The follicular sizes vary and certain 
follicles may be difficult to aspirate or, even if 
they are aspirated, no oocytes may be recov-
ered, especially from the very small size fol-
licles (<4 mm).

Follicles are isolated from follicular aspirates 
collected in tubes containing heparinized saline 
in the laboratory by using a stereomicroscope. 
The follicular aspirate is then filtered and re-
checked for oocytes.

CONCLUSIONS

Although IVM oocyte collections may appear 
more challenging than conventional IVF oocyte 
collections, following the above guidelines and 
with appropriate experience they are relatively 
straightforward. The learning curve is relatively 
short and highly dependent on the clinician’s 
already established skills in conventional IVF. 
The current techniques have been described 
here. However, one would expect further refine-
ments over the next few years.

The basic principles for IVM oocyte retrieval 
can be summarized as the following:

Adequate analgesia

Multiple ovarian puncture

Fine-bore aspiration needle

Good quality ultrasound

Frequent flushing of the needle and tubing.

•

•

•

•

•

Figure 19.6 The commencement of an IVM 
oocyte retrieval. The needle tip is within the first 
follicle (6 mm) and a further three follicles can 
be aspirated on this puncture

Figure 19.7 Towards the completion of one  
side. Two further antral follicles remain which 
will need to be aspirated with separate punc-

Figure 19.8 Final follicle (6 mm) to be aspi-
rated. Note the hematomas in the previously 
emptied follicles
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