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Before talking about the history of ovarian pick-up, it is 
important to have a look at the history of the medicine, espe-
cially to take into account the part concerning female repro-
ductive system anatomy. The anatomical and physiological 
description of the ovary, the most important reproductive 
organ, takes place in a recent historical period with respect to 
other human organs. Before the fourteenth century, the ovary 
was considered as a female testis and the uterus as an empty 
penis.

In 1543, Andreas Vesalius (Fig. 1.1) published De Humani 
Corporis Fabrica; with its extensive account of the anatomy 
of the generative organs, he carefully and systematically 
introduced the structure of the human body in a way that was 
truthful to the findings of human dissection that had never 
been accomplished before [1, 2].

He noted the disposition of the Fallopian tubes but failed 
to clarify their specific function [3].

Instead, he considered their relationship with the ovaries 
was analogous to that of the male ducts with the testes, so he 
illustrated the ducts as coiled round the “female testes.”

In 1721, an Italian scientist, Antonio Vallisneri (1661–
1730), with this expressive description: “Young peasant 
woman, married, moderately plump, infertile, with ovaries 
larger than normal, like doves’ eggs, lumpy, shiny and whit-
ish,” (Fig. 1.2) described for the first time the clinical and 
pathological features of the “polycystic” or “micropolycys-
tic” ovary [4].

He was a student of Marcello Malpighi (1628–1694), one 
of the first ovary researcher. Malpighi had made his first 
known drawing of a monkey ovary in 1666 and had noted the 
Graafian follicles.

He had reasoned that the actual egg is within the ovary. In 
contrast to the Graaf’s theories that the follicle was the egg, 
Malpighi proposed in 1681 that the egg was derived from the 
luteal tissue present in a mature mammalian ovary [5, 6] 
(Fig. 1.3).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28741-2_1&domain=pdf
https://doi.org/10.1007/978-3-030-28741-2_1#DOI
mailto:info@ettorecittadini.it
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Gabriele Fallopio (1523–1562) (Fig.  1.4), one of the 
greatest anatomists of the sixteenth century, had noticed the 
follicles previously but he didn’t recognize its reproductive 
significance [7]. Moreover, he was able to prove that the 
Fallopian tube is a unique organ that connects the uterine 
horn to the ovary [8] (Fig. 1.5).

It is noticeable to underline that the only approach in vivo 
to understand the female reproductive system was the man-
ual abdominal examination [9, 10]. In fact, the most funda-
mental diagnostic instrument in the past was the hand.

Trotula de’ Ruggiero of the famous school of Salerno 
was the first female physician in the history of medicine 
and the first female professor of medicine [11]. She was 
one of the first physicians to describe a number of obstetri-
cal and gynaecological conditions and also wrote on male 
infertility.

De passionibus mulierum was probably her most famous 
work, and she was included in the “famous quartet of 
Salerno” in the eleventh century by several medical histori-
ans [12] (Fig.  1.6). Trotula’s chapter on the causes of 
 infertility is noteworthy as she recognizes both female and 
male infertility.

Fig. 1.1 In 1543, Andreas Vesalius published De Humani Corporis

Fig. 1.2 Antonio Vallisneri (1661–1730), an Italian medical scientist, 
studied and described in 1721 the ovary with PCOS

Fig. 1.3 Marcello Malpighi (1628–1694), italian medical. He performed 
studies on ovary pathology

E. Cittadini and G. M. Baldini
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Trotula writes that some women “have a womb so soft 
and slippery that the seed having been received cannot be 
retained in it. Sometimes this happens through a defect of the 
male who has seed so thin that when it is poured into the 
vagina it slips out because of its own liquidness.” [13].

For many years, the gynaecological examination was the 
only way to evaluate ovarian conditions (Fig. 1.7).

Only with the discovery of ultrasound the evaluation of 
the anatomy of the ovaries and their function has taken a 
considerable step forward (Fig. 1.8).

Oocyte pick-up may be defined as the process of the aspi-
ration of follicular fluid, and the oocytes contained therein, 
directly from the ovaries of a woman, before them being 
released spontaneously from the ovarian follicles.

Aside from the occasional warnings from Palmer and 
Klein [14] regarding the retrieval of human oocytes using 
laparoscopy for the cytological evaluation of their quality—
it is only with advances in the technologies of assisted repro-
duction, that the need has been recognized for timed retrieval 
of initially mature oocytes (1969) via laparoscopy (and usu-
ally after the induction of multiple follicular growth). 
Although this possibility became popular with the famed 
collaboration between Patrick Steptoe and Robert Edwards 
in 1969, it is also important for us to remember that, in 1964, 
5  years earlier, Steptoe had already presented recordings 
made with ANSCO film with pictures of laparoscopic 

Fig. 1.4 Gabriele Fallopio (1523–1562), one of the greatest anatomists 
of the sixteenth century, had noticed the follicles previously but he 
didn’t recognize its reproductive significance

Fig. 1.5 During seventeenth and eighteenth centuries the only diag-
nostic instrument of the ovary: the hand

Fig. 1.6 Trotula de’ Ruggiero of the famous school of Salerno was the 
first female physician in the history of medicine and the first female 
professor of medicine

1 A Short History of Oocyte Pick-up
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retrieval of human oocytes [15], at the “First World Congress 
on Gynecological Coelioscopy” (Palermo, November 1964).

In 1971 the pioneering work of Steptoe and Edwards 
brought to the first embryonic transfer after laparoscopic 
pick-up with different types of ovarian stimulation. After 
32 failures, the first pregnancy achieved in 1975 turned out 
to be ectopic [16, 17]. The first successful outcome of IVF 
was achieved on 27th July 1978 with the birth of Louise 
Brown in Manchester from a laparoscopic retrieval on the 
spontaneous cycle of a single ovarian follicle. In the years 
after that, following on from the excellent results achieved 
by Steptoe, oocyte pick-up was carried out using the lapa-
roscopic technique, with hospitalization and general 
anaesthesia.

It is worth noting that, despite the introduction of abdomi-
nal transducers and vaginal scanners in the mid-1980s, which 
allowed for the echographic pick-up of oocytes, Patrick 
Steptoe was a proponent of laparoscopic retrieval until his 
death in 1988 and he staunchly defended its main advan-
tages. These can be summarized as follows: (1) the possibil-
ity of carrying out a complete pelvic diagnostic exploration 

contemporaneous to oocyte retrieval; (2) A high percentage 
of oocyte retrieval; (3) the possibility of carrying out proce-
dures on the fallopian tubes, such as salpingolysis and tubu-
lar disagglutination immediately after pick-up.

The laparoscopic technique utilized for oocyte pick-up 
does not differ greatly from the traditional method—aside 
from certain details that can be listed as: (1) no instruments 
are inserted into the uterine so as to avoid damage to the 
endometrium, which after few days must accommodate the 
developing embryo; (2) the patient may be positioned on 
the operating table with the lower limbs lying flat, as in 
most normal procedures; (3) particular attention must be 
placed when introducing the Veress needle and to the tro-
cars for access since we are dealing with patients undergo-
ing multiple operations; (4) the gas in pneumoperitoneum 
which is safe for the oocytes, such as a mix of 90% nitro-
gen, 5% oxygen, and 5% carbon dioxide, is used in oocyte 
culturing; (5) a choice of aspiration needles which takes 
into consideration the size of the cumulus oophorus, the 
adhesive nature of this structure, as well as the need to uti-
lize the minimum space for the liquids and the maximum 

Fig. 1.7 Bimanual palpation at the beginning of nineteenth century for normal and pathological ovaries

E. Cittadini and G. M. Baldini
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flow rate inside the system [18]. This flow must be continu-
ous to minimize the liquid turbulence, so as to avoid oocyte 
adhesion and the damage caused during its transposition. 
Steptoe used a double- cannula needle (Figs. 1.9 and 1.10) 
and soon after nearly all groups active in Italy were using 

Craft double-cannula or the Renou single-cannula needles 
(Fig. 1.11), or different models (Figs. 1.12 and 1.13).

Follicle aspiration must be done using general aspiration 
systems but with intermediate reducers attached to them, or 
using a suitable aspirator with micro-regulation, such as that 

Fig. 1.8 Ian Donald pioneer of ultrasound; The ultrasound represented the greatest change in the diagnosis and treatment of the genital apparatus

Fig. 1.9 The double-cannula needle used by Steptoe and its trocar Fig. 1.10 The double-cannula needle

1 A Short History of Oocyte Pick-up
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of Craft. Optimal pressure for the aspiration is between 60 
and 100 mmHg (Figs. 1.14 and 1.15).

The procedure begins by puncturing the largest follicle in 
one of the two ovaries and penetrating them by about 5 mm 
(Fig. 1.16) [19].

The majority of the literature suggests an apical puncture 
of the follicle, whereas others (Cittadini) prefer to make the 
puncture towards the base since apical puncture takes place at 
the most eroded point, can, on occasion, mean a hole larger 
than the needle and the consequent leak of follicular fluid and 
the possible loss of the oocyte [20–22]. Furthermore, the 

Fig. 1.11 The mono-cannula needle of Renou with its Teflon covering, 
the silicon stopper, and the recovery tube

Fig. 1.12 The needle utilized by our group

Fig. 1.13 The follicle distortion under the needle’s pressure and the 
needle inside the follicle

Fig. 1.14 Schematic view of the aspiration system

Fig. 1.15 The Craft aspirator for oocyte pick-up

E. Cittadini and G. M. Baldini
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technique involves a greater risk of leaving the oocyte behind 
in the follicle and then have to retrieve it via washing or flush-
ing. The aspirator, controlled via a pedal, must be switched 
off prior to the penetration of the oocyte by the needle so that 
the increase of the intra-follicular pressure is rapidly decreased 
which is determined at the moment of entry and can cause the 
breakage of the follicle. As the aspiration takes places, the 
tension of the follicle gradually reduces thus it is opportune to 
create a hollow with the needle, in which the residual follicu-
lar liquid and eventual oocyte can be collected. Once the fol-
licular liquid has been completely aspirated it is standard 
practice to clean the needle by aspirating in the middle of the 
collection, with the aim of preventing the formation of inter-
nal coagulations whilst removing the oocyte which may have 
remained attached to the walls. Employing this technique, 
Cittadini has a retrieval percentage of 90–95% without the 
need for flushing, whilst the Australian groups obtain this per-
centage only after the fourth or fifth flushing. Many authors 
prefer an oblique vision telescope (30°) for an easier vision of 
the ovarian walls (Figs. 1.17 and 1.18).

The aspiration is interrupted when a small opaque mass is 
visible as it could contain the oocyte and cumulus oophorus. 
The needle is kept on site until the laboratory provides a 
response.

Normally, only follicles with a diameter superior to 
15 mm are punctured for two main reasons: firstly because 
follicles with a diameter inferior to 15 mm generally do not 
contain mature oocytes and secondly due to the fact that the 
aspiration of all the follicles present in the gonads has a 
direct effect on the quality of the corpus luteum. Therefore, 
it is easy to establish an insufficiency in the second phase of 
the cycle which could have serious repercussions in the ini-
tial stages of an eventual pregnancy. It has been noted that 
pregnancies generally develop from oocytes aspirated with 
at least 3–8 mL of follicular fluid.

If, at the moment of laparoscopy, a burst follicle has 
already been detected, then it is possible to aspirate the 
Douglas space first and then the follicle bed in an attempt to 
pick up the oocyte. The occasional discovery of a burst fol-
licle in the presence of numerous mature follicles can act as 
an indicator of oocyte maturity (viscous follicular fluid, more 
layers of radiate crown, etc.).

Furthermore, if a series of patients never display a burst 
follicle, it can be presumed that the timing of the laparos-
copy, adopted by the group, is too early.

Sometimes during the aspiration of the oocyte, there can 
be certain difficulties which are usually overcome, unless the 
ovaries are completely inaccessible. It should be noted, how-
ever, that conceptions and pregnancies have been obtained 
with oocytes aspirated by Douglas, often among adhesions 
and blood clots. When there are delays in the collection of 
the oocyte, more than 50  min after the administration of 
anaesthetic they are accompanied by normal pregnancies. 
This confirms that neither the prolonged use of general 
anaesthetic nor the presence of intraperitoneal carbon diox-
ide are seriously damaging for the oocyte.

With the advances of gynaecological echography imag-
ing in the 1980s, many reports were published describing the 
actual effectiveness of ultrasonically guided oocyte pick-up.

Laparoscopic pick-up, therefore, seemed complicated and 
produced a rate of success less than 50% per follicle, both for 
the pick-up of mature oocytes and for the rates of fertiliza-
tion. In addition, the efficacy of the technique may be 
obstructed by multiple adhesions or tubal pathologies which 
block the access to the ovary for the laparoscopic instru-
ments [21, 22].

Transvesical techniques: in 1982, Lenz S., Lauritsen J.G. 
[23] showed that ultrasounds could be used not only for diag-
nostic purposes, but also for operative ones. Danish gynaeco-
logists were the first to experiment the efficiency of a new 
ultrasonically guided percutaneous aspiration method in 
reaching ovarian follicles and carrying out oocyte pick-up 
(Fig. 1.19).

In the original work of Lenz, the echographic pick-up was 
carried out using a handmade guide positioned on a linear 
transductor, a line showing the angle of the needle in relation 
to the scansion surface of the transductor was displayed on 
the monitor via a goniometer. Currently, the increasingly 

Fig. 1.16 Follicle puncture and aspiration

1 A Short History of Oocyte Pick-up
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Fig. 1.17 The steps of laparoscopic oocyte retrieval according to Mettler et al. 1982
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Fig. 1.17 (continued)
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widespread and repeated use of echography in needle biop-
sies, also for deeper organs, was due to the production of 
easy-assembly guides for various types of transducers. 
Moreover, due to their lack of problems and ease of use, for 
field-relevant transducers, there is the possibility of seeing 
different lines of biopsy onscreen simultaneously, and differ-
ent angles via a luminous tracing line, equipped with a 
marker which allows for the immediate measurement of the 
depth of the organ to be reached.

In some cases, this same result can be obtained using a 
manual handle via the vaginal canal, or combined abdominal- 

vaginal, with the aim of bringing and keeping the ovary in 
the required position. Obviously, in cases one may try to 
puncture the ovary via the vaginal canal through the poste-
rior fornix, but always using ultrasonography.

This method is also used in cases in which one wishes to 
aspirate from the Douglas pouch any oocytes fallen there 
after ovulation.

During this procedure, the needle, attached to an abdomi-
nal transducer, was inserted percutaneously into the antral 
follicle, going through the abdominal wall and the urinary 
bladder.

Fig. 1.18 Advantages of an 
oblique vision telescope (30°) 
of the ovary

E. Cittadini and G. M. Baldini
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The needle used is different to that used in laparoscopic 
retrieval. It has a length of 22.5 cm with an external diameter 
of 1.5 mm. It is entirely coated in Teflon which reduces its 
LUMEN to 1.3 mm. At the distal extremity, there are some 
incisions which increase its echo-reflectivity on the echo-
graphic screen. The needle has an angulation of 60° with 
respect to the screened surface.

The patient is placed in the gynaecological position on 
the surgical table, which allows for the emptying of any 
residual urine. Next, one proceeds with filling the bladder 
with 300–400 mL of NaCL sterile solution at 9%, to which 
some prefer to add 5 mL of methylene blue. By these means, 
it is possible to get a better view (when the bladder is full it 
becomes an effective acoustic window) of the pelvic organs, 
particularly the ovaries. At the same time, the presence of 
a dye (methylene blue) in the bladder, allows for the cer-
tainty, once the needle has been introduced, that follicular, 
rather than vesicular fluid, is being aspirated. Furthermore, 
this technique guarantees the sterility of the culture, unlike 
the Danish method, which exploits the same urine of the 

patient and not the NaCL solution. As soon as the follicle 
has been located using echography, one attempts to posi-
tion it under the luminous line of the monitor. The needle is 
inserted, therefore, under guide and it is introduced into the 
abdominal cavity via the trans-vesical route, until the surface 
of the ovarian follicle is reached. When, through observa-
tion of the echography display, it is noted that the tip of the 
needle (which is echo-reflective) begins to warp the edges of 
the follicular wall—only then can the process of aspiration 
begin (the aspiration pressure must be maintained at around 
90–100 mmHg) and the internal is penetrated.

The follicle’s collapse is seen on the echography display 
and the follicle liquid is seen in the collecting tube almost 
simultaneously. Usually, it is possible to do one or two flush-
ings without moving the needle from its position. In cases 
where the ovaries are positioned behind the uterus, it is pos-
sible to reach the follicles by completely crossing the uterus 
with the needle or, utilizing forceps positioned on the cervix 
and applying traction to the bladder—until the ovary is in the 
desired position (Fig. 1.20).

In the study, 30 infertile women underwent the proce-
dure—18 under local anaesthetic, 13 under general anaes-
thetic—with a retrieval success rate of 52%. The presence of 
adhesions did not impede the procedure although the risk of 
bleeding and of the lower urinary tract was high.

The harvest of oocytes collected was comparable to that 
of the laparoscopic approach, but with a lower rate of com-
plications and with easier access to the ovaries. The proce-
dure could not be conducted with short-lasting general 
anaesthetic or local in an outpatient capacity.

The reduction in risk and cost of oocyte retrieval using 
echography convinced the scientific community to abandon 
the laparoscopic technique and to develop further the for-
mer [22, 23].

One year later, another group from northern Europe, led 
by the gynaecologists L.  Hamberger and M.  Wikland in 

Fig. 1.19 View of the follicles under the bright track of the echo-
graphic screen

Fig. 1.20 The needle across the entire endometrial width to reach the 
ovary
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Gothenburg, Sweden, described for the first time, the possi-
bility of using an echographic vaginal probe in oocyte 
retrieval (Figs. 1.21, 1.22, and 1.23).

A needle was guided along the echographic vaginal probe 
to carry out a precise hole in the follicle and recover the fol-
licular fluid [24, 25].

The puncturing direction was indicated by a line on the 
screen of the monitor of the ultrasound equipment. The exact 
angle and direction of this line were calibrated by holding 

the transducer with the needle guide and the needle in posi-
tion on the surface of a bath containing a solution of 20% 
ethanol at 37 °C.

The sector scanner can also be equipped with a computer-
ized pre-calibration of the puncturing line allowing the use 
of various needle directions (Sonotron Ltd., Malmoe, 
Sweden). A detailed description of the ultrasound-guided 
puncture of ovarian follicles using the linear-array equip-
ment was recently published by our group [19].

Fig. 1.21 Follicular puncture procedure utilizing a real-time linear-array equipment

E. Cittadini and G. M. Baldini
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1.1  Puncturing Needles

Siliconized (Sigma coat) stainless steel needles varying in inner 
diameter between 1.0 and 1.8 mm have been tested. The optimal 
inner diameter with regard to oocyte recovery rate was found to 
be 1.2–1.4 mm. In order to amplify the echo and the visualization 
of the needle tip, shallow circumferential grooves were drilled 
close to the needle tip (Figs. 1.20 and 1.21). The needles utilized 
were manufactured by Allmekano Ltd., Goteborg, Sweden.

The punctures were performed either under light general or 
local anaesthesia, depending on the patient’s preferences and/

or upon the number of follicles to be punctured. If, on exami-
nation immediately prior to the puncture, more than two pre-
ovulatory follicles were found in an optimal position for a 
transvesical puncture, general anaesthesia was often preferred. 
Without general anaesthesia, total pain relief  cannot be guar-
anteed when the route chosen for follicle puncture necessitates 
passing the needle through the posterior wall of the bladder 
and the peritoneum. In cases where the position of the ovaries 
behind the uterus made transvaginal puncture more preferable, 
local anaesthesia was generally quite sufficient.

1.2  Puncturing Procedure

Prior to puncture, a rubber urinary catheter was inserted and the 
patient was placed in a gynaecological or horizontal position. The 
bladder was completely emptied and refilled with sterile solution 
to a total volume varying between 200 and 500 mL. Caution must 
be taken to fill the bladder slowly in order to avoid translocation 
of the ovaries to a position close to the abdominal wall since this 
ovarian position is  unfavourable when using low-energy trans-
ducers with poor resolution in the near field.

The transducer was covered by a sterile, thin-walled plas-
tic bag. In order to optimize the sound transmission, a thin 
layer of aquasonic gel (Lederle Ltd., New Jersey, USA) was 
placed between the transducer surface and the plastic bag.

The steering device for the needle was then attached to 
the transducer which, in turn, was placed in a position for 
optimal visualization of the follicle to be punctured. When 
this position is reached, the puncturing line (on the screen of 

Fig. 1.22 Steering device for puncturing needle into a sector scanner transducer

Fig. 1.23 Puncturing line crossing a preovulatory follicle

1 A Short History of Oocyte Pick-up
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the monitor of the ultrasound unit) should pass through the 
maximal diameter of the follicle.

This method appeared simple and effective in that a better 
view of the follicles, even of the smaller ones, was associated 
with a better rate of collection compared with the abdominal 
approach. Furthermore, the technique was less traumatic and 
could be done using only light local anaesthetic and the 
patient could usually leave the hospital an hour or two later.

Later studies showed a greater preference for it, both on 
the part of doctors and specialists, compared to the transvagi-
nal approach, because of the better view of the pelvic organs, 
of the monitoring of follicles and therefore, of the oocyte 
aspiration. The first vaginal transducer was designed and 
developed by the Danish company Bruel and Kjaer in col-
laboration with Wikland’s group (Fig. 1.24).

Soon, guides were made for specific types of needles—
puncture needles and other accessories for this new technique 
by a Swiss biotech company, SweMed Lab, created in 
Gothenburg to this end. Once an initial fear relating to the dan-
ger of oocyte alteration and ultrasound was overcome, the 
transvaginal technique, thanks to its simplicity and efficacy, 
became widespread and now, having been carried out for more 
than 30 years, has become the default choice for the retrieval 
of oocytes for in vitro fertilization (Figs. 1.25 and 1.26).

The needle, connected to the collection and suction unit, 
was then advanced until its tip reached the level of the follicular 
wall. Prior to puncture, an ideal position for the needle tip can 

be guaranteed only by visualization of an inward bulging 
movement of the follicle wall in response to slight mechanical 
pressure from the needle tip. The puncture was then performed 
by a rapid, firm, and sharp insertion of the needle for 5–10 mm. 
The echo of the needle tip can usually be visualized clearly in 
the antrum of the follicle. Aspiration was then performed rap-
idly by applying a negative pressure of 100–120 mmHg. Small 
amounts of sterile saline may have filled part of the needle dur-
ing its passage through the bladder since no stilette is utilized.

The needle was maintained in this position within the fol-
licle until an oocyte was recovered. It may happen that repeated 
irrigation of the follicle is necessary. Double- cannula needles 
have not been found optimal for ultrasound aspiration.

For puncturing more than one follicle in the same ovary, the 
needle is withdrawn to the bladder and the transducer is focused 
on the next follicle. If an optimal position for the needle cannot 
be attained, the needle is totally withdrawn and reinserted.

Transuretral technique: the use of echography in trans- 
abdominal and transvesical oocyte retrieval led the way for 
the development of other techniques, such as transuretral. 
This technique was carried out with the needle inserted via 
the urethra and guided by echography by a probe sent into 
the woman’s abdomen (Figs. 1.27 and 1.28).

Utrasonically guided transuretral puncture: the two meth-
ods of oocyte retrieval described above resulted in some prob-
lems, especially related to the dislocation of the ovaries. In 
1985, in an attempt to solve some of these problems, Parson 
[26] proposed a transuterine technique of oocyte retrieval.

The patient was placed in the lithotomy position with the 
bladder filled with Hartmann’s solution.

Earlier, a metal catheter was used to protect the urethra 
during the passage of the needle, currently however, it is pre-
ferred to use a Foley catheter and “hide” the tip of the needle 
in one of the holes situated at the end of the same catheter, 
thus inserting the catheter and the needle simultaneously. 
Over the years, various groups have further outlined an 
echography-guided transvaginal technique in oocyte retrieval.

Fig. 1.24 The Brϋel and kjaer probe

Fig. 1.25 The Kretz probe

Fig. 1.26 The section shows the relationship between the vaginal 
probe and the observed organ
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In 1985, Dellenbach and Coll published a study of 100 
patients, comparing the transvaginal approach with the other 
techniques put forward up until then [27]. With the new tech-
nique, the ultrasonic probe was positioned on the patient’s 
abdomen and the needle was introduced via the posterior for-
nix in the ovary’s cul-de-sac (Fig. 1.29).

The technique, put forward as non-painful and easy to 
learn and carry out, could be effectuated also on outpatients, 
avoiding the risk, cost, and general anaesthetic that laparos-
copy entailed, or the discomfort of trans-abdominal trans-
vesical access. The number and the quality of oocytes was 
comparable to the previous approaches, the only complica-
tions were traceable to the involuntary puncture of a venous 
structure, but it was without repetition.

The technique had great advantages compared to the previ-
ous methods, despite the fact that the distance between the ultra-
sonic guide and the ovaries remained high. The changing- point 
came with the introduction of vaginal probes which allowed for 
a more immediate approach, thanks to their use of high-fre-
quency waves and better special resolution [24, 25, 28].

Puncture with vaginal probe: the development of small- 
sized (causing little discomfort) vaginal probes has allowed 

for the use of the probe in the FIVET for oocyte retrieval 
from the vaginal fornices (Fig. 1.30) [29].

The possibility of having a clearer image of the pelvic 
structures by using higher frequency transducers (7–7.5 mHz) 
placed at a closer distance to the organ to be examined has 
opened up new developments in the field of ultrasonic diag-
nosis. The advantages of this new approach are many: firstly, 
it means we can see and aspirate follicle with a diameter of 
less than a centimetre, without creating problems for the 
patient, giving furthermore a greater guarantee to the opera-
tor of accurately locating the pelvic vessels.

With this technique, the endovaginal transducer is covered 
with a sterile plastic (or latex) coating and the guide is connected 
to this by biopsy. After introducing the needle into the guide, one 
proceeds to the puncture of the follicles. The patient is premedi-
cated with benzodiapezine and with painkillers and is placed in 
the lithography position. The vagina is well disinfected with anti-
bacterial agents, for example, povidone at 1%, florhexidine ace-
tate or Betadine and washed with culture medium.

Next, one proceeds with the paracervical anaesthesia with 
lidocaine at 1%. Many patients accept the injection without 

Fig. 1.27 Follicular aspiration by transuretral puncture according to 
Parson

Fig. 1.28 Oocyte aspiration by transuretral puncture: on the left side 
the needle point and above the Foley balloon; on the right the follicles

Fig. 1.29 Schematic view of follicular aspiration by transvaginal 
approach and under abdominal probe control. Dellenbach 1985

Fig. 1.30 The vaginal probe is overflowed from the needle’s guide for 
oocyte pick-up (Feichtinger 1986)
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any local anaesthetic: Although it is rather rare for patients to 
request general anaesthetic, they must be prepared for this in 
these cases. Before introducing the transducer into the 
vagina, one puts some millilitres of culture medium into the 
vaginal fornices to obtain the maximum amount of contact 
between the vaginal wall and the transducer. The vaginal 
probe is introduced and oriented towards the ovary. After the 
follicle has been positioned inside the luminous tracing on 
the display, the needle is rapidly inserted towards the vaginal 
wall and the ovarian tissue. As soon as the tip of needle is 
observed to have penetrated the follicle (Fig. 1.31), aspira-
tion can begin. Subsequently, the adjacent follicle is punc-
tured using swift movements of the probe without extracting 
the needle. Using this technique, the collection procedure is 
simple and as non-invasive for the patient as possible 
(Fig. 1.32). In cases with the ovary behind a uterus which is 
difficult to move, it is sometimes necessary to traverse the 
entire thickness of the myometrium in order to reach the fol-

licles. The percentage of oocytes collected per patient is 
high, thanks to the possibility of reaching the small-sized 
follicles.

The average rate of oocyte recovery using ultrasound- 
guided sampling appears to be in congruence with laparo-
scopic retrieval in the majority of cases reported [25, 30].

1.3  The Present Transvaginal Technique

In the last years, just a few and small alterations in the ini-
tially proposed techniques have been realized [29, 31], i.e., 
the antibiotic profilaxis [32] and the elimination of vaginal 
disinfectants that could have a negative action on harvested 
oocytes. The choice of anaesthesia is in favour of a simple 
sedation [33, 34], more than a local, spinal [35], epidural, or 
a general one, avoiding drugs that could be toxic for oocytes. 
The choice of the needle to apply on the probe should be 
carefully considered: not so thin to be able to damage the 
oocytes and not too thick to increase the pain. The negative 
pressure depends upon the follicular size, from 90 to 
120 mmHg for the largest ones and from 40 to 60 for the 
smallest ones (Figs. 1.23 and 1.24).

1.4  Flushing

Since the beginning of the transition from the laparoscopic 
to the transvaginal oocytes recovery, the correlation between 
harvested oocytes and obtained embryos appeared clear 
[36–38]. With the aim of increasing these numbers, the fol-
licular flushing following the direct aspiration has been pro-
posed [39–41]. Various double channel needles, ad hoc 
designed, were proposed, allowing at the same time the fol-
licular aspiration in a channel, the follicular washing in a 
second one, and a final re-aspiration of washing liquid with-
out extracting the needle from the follicle [42] (Figs. 1.9, 
1.10, and 1.11).

The potential benefits of follicular flushing consist in the 
possibility of overpassing the oocyte retention inside the fol-
licle or in the harvesting and recovery system [43].

Updated reviews based on randomized clinical studies of 
normospermic patients have concluded that the follicular 
flushing shouldn’t be routinely utilized as no benefit in 
terms of harvested oocytes, clinical pregnancy rates, and 
live births has been proved [44]. Anymore, the procedure 
time is increased with, as a consequence, a longer anaesthe-
sia duration. It should be noted that in the past time the 
choice of flushing has been supported by prospective non-
randomized studies in which an increased number of har-
vested oocytes using the double channel needles was 
observed in comparison with the direct aspiration with sin-
gle channel needles [45, 46].

Fig. 1.31 The point of the needle is in central part of the follicle

Fig. 1.32 The follicles are put in row for an easier aspiration
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Today the flushing is rarely used, except in the oocyte 
pick-up of “poor responders,” in which the final purpose 
should be the recovery of the maximum number of 
oocytes. Anyway, a recent study of follicular flushing in 
a group of poor responders conducted in New York and 
published [47] in Human Reproduction brought to the 
conclusion that the follicular flushing in these patients 
doesn’t increase the number of harvested oocytes and 
that the number of embryos obtained, the implantation, 
and the pregnancy rates were decreased. The authors 
affirm that in the same group of poor responders, when a 
single channel needle has been used, the implantation 
rates have been of 34%, the clinical pregnancy rates of 
36–45% and conclude that the outcome of IVF could be 
reduced by the systematic use of flushing. On the basis of 
these conflicting results, the practice of follicular flush-
ing should be adopted with precaution also in poor 
responders, awaiting the results of more detailed and 
controlled studies.

1.5  Oocyte Pick-up Complications

Although complications are rare, several complications of 
transvaginal oocyte collection have been reported. The com-
monest operative complications are: haemorrhage; trauma to 
pelvic structures; pelvic infections, tubo-ovarian, or pelvic 
abscess [48].

1.5.1  Haemorrhage

It can result in vaginal bleeding at and after oocyte collection 
(open bleeding) or in intra-abdominal bleeding (covert 
bleeding). The most common external haemorrhage are the 
colporrhagias and the hemorrhage of the cervix, with an inci-
dence of 1.4%. The incidence of internal haemorrhages var-
ies from 0 to 1.3%. The covert bleeding generally stops 
spontaneously in a short time; sometimes, a haemo-transfu-
sion is required and in other cases a diagnostic-operative 
laparoscopy is required. Very rarely they are due to acciden-
tal lesions of iliac vessels or other pelvic vessels that repre-
sent dramatic surgical emergencies.

1.5.2  Pelvic Infections

These may be caused by transport of germs from vaginal 
flora into the pelvic-abdominal cavity through the needle uti-
lized for the pick-up. Their incidence is between 0.2 and 
0.5% and most of them require hospitalization and antibiotic 
treatment.

1.5.3  Traumatic Lesions of Internal Organs

Intestinal perforations, vesical and ureteral lesions are 
extremely rare and often extremely dramatic (Fig. 1.33).

Fig. 1.33 Traumatic lesion 
of internal organs: bowel

1 A Short History of Oocyte Pick-up
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Rarely reported complications include: ovarian torsion, 
rupture of ovarian endometriomas, appendicitis, ureteral 
obstructions, and vertebral osteomyelitis.

1.5.4  Technical Aspects and Practical 
Suggestions

The fundamental rules are:

• To avoid the puncture of ovarian hilum
• To avoid complications at the maximum of possibilities 

the multiple punctures of the ovary
• To go with the needle’s point as close as possible to the 

follicle to reduce at the minimum the excursions of the 
needle inside the ovary

• To maintain a visual continuous control of the lateral iliac 
vessels
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Female reproductive system is a place of origin of a new 
human life. It produces female gametes, gives a supportive 
environment for fertilization and embryo development, 
ultimately it nurtures a growing fetus for 40 weeks of ges-
tation. Women are born with two ovaries placed on either 
sides of the uterus in the abdomen. They have a complex 
role on regulating menstrual cycle, producing hormones 
and monthly giving a single mature oocyte that is ready for 
fertilization, subsequently giving a couple a chance for 
pregnancy. It is the intention of this chapter to describe a 
structure of a single follicle that is a place of human oocyte 
origin, its development through various stages of woman’s 
life and menstrual cycle. Also, we will explain the effect of 
hormones on ovarian tissue and follicle development and 
how they affect oocyte maturation, what happens to the 
follicle after the rupture, and what is the significance of 
various growth factors and chemical signals in physiology 
of the follicle.

Gametogenesis, oogenesis in this particular case, repre-
sents developmental stages of oocytes.

Oogenesis starts before birth when primordial germ cells 
migrate do gonadal ridge and start their differentiation to 
oogonia. Oogonia divide by mitosis and reach a number of 
7,000,000 by the fifth month of gestation and at the same 
time some of them differentiate into primary oocytes. By the 
seventh month of gestation, most of them become atretic and 
primary oocytes that do survive and enter in prophase of the 
first meiotic division and become dormant in that form all the 
way to puberty [1]. Primary oocyte together with its layer of 
follicular cells makes a primordial follicle. Also, it is well 
known that a female newborn carries approximately 1–2 mil-
lion of primary oocytes and that number decreases to 400,000 
at puberty and about 400 hundred reach maturation and ovu-
late. It is interesting to see what happens to all the oocytes 
that become atretic. Vaskivuo et al. [2] published a paper in 
2001 that explained the survival of human ovarian follicles 
from fetal to adult life and the mechanism of apoptosis in 
human ovaries. Their results show that a large amount of 
oocytes degenerate during fetal life through apoptosis, and it 
is already evident in the 13th week of gestation. Their find-
ings also showed that the rate of apoptosis in the adult ovary 
increased with growing follicular size and only slightly 
affected early growing follicles. It is a mechanism for elimi-
nating recruited follicles that do not reach dominant follicle 
stage. It is also important to notice that during fetal stage 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28741-2_2&domain=pdf
https://doi.org/10.1007/978-3-030-28741-2_2#DOI
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apoptosis is a mechanism for eliminating oocytes, but in 
adult life apoptosis is located in granulosa cells and they play 
a major role in follicular demise.

Ovaries are specific by their structure since at a monthly 
basis they go through extreme changes and reorganiza-
tion. Follicles that contain oocytes go through various 
stages of development that include primordial, primary, 
secondary, preantral and antral follicles that ultimately 
give rise to a large follicle called Graafian follicle 
(Fig. 2.1). This process is controlled by various hormones 
and growth factors [3].

Environment in which oocyte matures has been proven to 
influence the quality of the oocyte and subsequently entire 
embryo and its implantation potential. This is especially 
interesting to observe from assisted reproductive techniques 
perspective where a mature oocyte with excellent metabolic 
activity plays a crucial role in embryo development and its 
morphology (Fig. 2.2).

Dumesic et al. (2015) [4] have investigated a relationship 
between follicular fluid and cumulus cells and oocyte health. 
They found that signaling between oocytes and somatic cells 
changed intrafollicular environment that controlled follicle 
growth and which antral follicle was to be selected to ovu-
late a healthy oocyte. Cellular metabolism is key to a normal 
meiotic resumption. Maternal ageing or metabolic disease 
perturb cellular mechanisms within the oocyte, alter macro-
molecules, and induce mitochondrial mutations which hurts 
the oocyte.

It is clear that the environment that brings an oocyte to its 
maturity plays a crucial role and not just in maturity but also 
in oocye shape and quality (Figs.  2.3 and 2.4). Therefore, 
there will be a great emphasis on folliculogenesis and how 
the actual follicles change and what structural changes give 
rise to a mature oocyte.

PRIMORDIAL
POOL

PRIMARY PREANTRAL EARLY ANTRAL MID ANTRAL PRE OVULATORY

Fig. 2.1 Stages of development of human ovarian follicles

a

b

Fig. 2.2 Oocyte maturity: (a) germinal vesicle, (b) MI—immature 
oocyte, (c) MII—mature oocyte (author: MarijaDundović)
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2.1  Follicle Growth

Changes in structure and size of a follicle that lead to a 
mature oocyte happen in a process of folliculogenesis. It is a 
process that takes approximately 1  year in women, and it 
includes growth of a recruited primordial follicle that devel-
ops into a specialized Graafian follicle which will either ovu-
late to give a mature oocyte or die by atresia.

Mechanisms that regulate folliculogenesis are under con-
trol of changing concentrations of hormones and growth fac-
tors, at endocrine level they are regulated by the central 
nervous system, anterior pituitary, and ovary cascade system 
[5]. It is important to mention the synergy of these two con-
trol systems where growth factors can enhance or reduce the 
action of certain hormones locally—autocrine or paracrine 
system of control. Interestingly, very similar mechanisms 
control early embryogenesis and blastocyst implantation. 

a

b

Fig. 2.3 (a) Very irregular shaped germinal vesicle, (b) zona free—no 
oocyte retrieved within zona pellucida (author: MarijaDundović)

c

Fig. 2.2 (continued)

a

b

Fig. 2.4 Irregularities in oocyte structure, mainly cytoplasm, seen 
when performing ICSI (intracytoplasmic injection of sperm) (a and b) 
(author: Marija Dundović)
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Atwood and Meethal (2016) [6] examine spatiotemporal 
regulation of mentioned signals and confirm that 
hypothalamic- pituitary-gonadal hormones regulate follicu-
logenesis, follicular quiescence, ovulation, follicular atresia, 
and corpus luteal functions. After conception and in early 
embryo development, autocrine and paracrine signaling 
becomes increasingly important, and these signals are cru-
cial for synthesis of human chorionic gonadotropin which is 
a proof of embryo existing in female reproductive system. 
This hormone ultimately has an effect, upon blastocyst 
arrival in the uterus, on tissue remodeling and supports con-
trolled invasion of the blastocyst in the endometrium.

Regarding the structural changes, human folliculogenesis 
can be divided into four main steps that include initiation of 
follicular growth, early follicular growth, selection of one 
follicle from a pool of selectable follicles, and maturation of 
preovulatory follicle. In the work of Gougeon (2010) [7], we 
can see that primordial, transitory, and small primary folli-
cles constitute ovarian reserve, and initiation of follicular 
growth starts when oocyte nucleus reaches a critical diame-
ter of 19 μm.

After entering the growth phase, granulosa cells prolifer-
ate and the oocyte grows at the quickest rate so follicles 

become secondary follicles with multiple layers of granu-
losa cells and are around 2 mm in diameter. Selectable fol-
licles measure from 2 to 5 mm and their number ranges from 
3 to 11 in an ovary of women 24–33 years of age. Research 
has shown that the selected follicle is the one that is the 
healthiest, grows faster than the other ones, and is the most 
sensitive to FSH (follicle-stimulating hormone). From the 
time of selection to ovulation, the selected follicle rapidly 
changes in size from approximately 6 mm up to 18 mm and 
more, and it is important to point out that in the mid-follic-
ular phase the preovulatory follicle becomes highly vascu-
larized through theca. Theca cells have a very important role 
in folliculogenesis (Fig.  2.5)—they synthesize androgens, 
connect granulosa cells and oocyte during development, and 
provide support for a growing follicle. They are, to simplify, 
an outer layer of the follicle and have their origin in stromal 
tissue surrounding the primordial follicle. They are special-
ized cells that are recruited to surround an activated follicle 
and provide structural support and acquire a capillary net-
work [8].

Regarding the recruitment of follicles into later stages of 
development, literature shows the two types: initial and 
cyclic recruitment. Initial recruitment involves primordial 

Fig. 2.5 Development of theca cells
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follicles that aren’t under influence of hormones, they remain 
dormant and this happens continuously throughout life after 
follicle formation and oocytes have just started to grow. 
Cyclic recruitment involves antral follicles in growth phase 
that are under FSH influence, start their recruitment after 
onset of puberty with grown oocytes, and can undergo apop-
tosis as a mechanism of cellular death if not selected to reach 
maturity and ovulate (Fig. 2.6 and Table 2.1) [9].

In addition, Chang et al. (1998) [10] have studied neutro-
phil—interleukin-8 system in human folliculogenesis and 
have come to a conclusion that neutrophils and endogenous 
interleukin-8 are expressed in the theca vasculature during 
folliculogenesis in normal ovulatory women, being particu-
larly abundant in cohort follicles undergoing atresia. This led 
them to propose that there could be a system involving these 
factors that could function as a mechanism for follicle atre-
sia. Many other studies have shown that granulosa cells that 
surround the oocyte are essential in determining the survival 
of follicles. Matsuda et al. (2012) [11] described the regula-
tion of follicular growth and atresia by granulosa cells, and 
the key factor was the appearance of apoptotic granulosa 

cells in atretic follicles which led to completely apoptotic 
granulosa in progressed atretic follicles with a disruptive 
granulosa layer. The deprivation of key survival-promoting 
factors or stimulation by death ligands caused apoptosis. 

Fig. 2.6 History of ovarian follicles

Table 2.1 Differences between initial and cyclic recruitment of ovar-
ian follicles

Stages
Initial recruitment 
(initiation of growth)

Cyclic recruitment 
(escape from atresia)

Primordial Antral (human: 2–5 mm 
in diameter: rodents: 
0.2–0.4 mm in diameter)

Hormones 
involved

Not determined FSH

Default 
pathway

Remain dormant Apoptosis

Timing Continuous throughout 
life, begins after follicle 
formation

Cyclic (human: 28 days, 
rodents: 4–5 days), starts 
after puberty onset

Oocyte 
status

Starting to grow, not 
capable of undergoing 
germinal vesicle 
breakdown

Completed growth, 
competent to undergo 
germinal vesicle 
breakdown
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Cumulus cells that directly surround the oocyte originate 
from granulosa cells and have a great role in oocyte matura-
tion and growth (Fig. 2.7).

Transcriptome analysis (mRNA expression) in cumulus 
cell can indicate quality of the environment the oocyte was 
exposed to while maturing and give rise to some biomarkers 
that can be an indicator of oocyte and later embryo fitness 
resulting in healthy pregnancies [12].

We can say that in terms of structural changes, follicular 
antrum or cavity certainly has very expansive growth and 
makes the majority of volume of preovulatory Graafian fol-
licle (Figs. 2.8, 2.9, and 2.10). Rodgers and Irvine-Rodgers 
(2010) [13] have described the process of follicular antrum 
and fluid formation in a way that granulosa cells produce 
hyaluronan and proteoglycan versican generates osmotic 
gradient that draws fluid from thecal vasculature (Fig. 2.11). 

a b

Fig. 2.7 (a) Cumulus oocyte complex (COC)—the oocyte is visible and surrounded with cumulus cells, (b) oocyte derived from COC in a

Fig. 2.8 Structure of Graafian follicle

M. Dundović et al.
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Aquaporins from granulosa cell could be involved in water 
transport into the follicle. Follicular fluid is of complex com-
position that has a significant relevance for developing 
oocytes. Ambekar et  al. (2013) [14] have carried series of 
tests in order to characterize proteome of human follicular 
fluid. They report identification of 480 proteins, 320 of which 
have never been described before in the follicular fluid. The 
identified proteins include growth factors, hormones, signal-
ing receptors, enzymes, antibodies, and complement. This 
will help in understanding the process of follicular matura-
tion and in case of IVF patients, some proteins can be used as 
biomarkers for oocyte quality and eventually IVF success.

Jozwik et  al. (2006) [15] aimed to determine amino 
acids, ammonia, and urea concentrations in human ovarian 
follicular fluid and compare it to concentrations found in 
plasma. They found threefold increase of glutamate concen-
tration (Table 2.2) in follicular fluid, higher concentrations 
of ammonia in follicular fluid, and no significant differ-
ence in urea concentration. These findings may reflect uti-
lization of amino acids and transport characteristics of the 

Fig. 2.9 Structure of cells that surround an oocyte in a Graafian follicle

Fig. 2.10 Follicle with oocyte
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follicular cells which can be an important factor in embryo 
development.

When speaking of follicular fluid composition and gen-
eral follicle as a microenvironment for a developing oocyte, 
it is important to note the existence of oxidative stress in the 
form of reactive oxygen species (ROS) as products of metab-
olism within the follicle. Melatonin, generally known as a 
pineal gland secrete that regulates circadian rhythm and 
reproduction, is found to be an excellent free radical scaven-
ger in the ovarian follicle. Tamura et al. (2013) [16] summa-
rized new findings related to beneficial effects of melatonin 
which enters the follicular fluid via blood. It acts as a potent 
antioxidant (Fig. 2.12) and contributes to oocyte maturation 
and embryo development.

This chapter also demonstrated usage of melatonin as an 
infertility treatment since research has shown that it elevates 
fertilization and pregnancy rates.

With the usage of scanning and transmission electron 
microscope (SEM and TEM) Makabe, Naguro, and Stallone 
(2006) [17] were able to demonstrate the fine relationship 
existing between oocyte and follicular cells during various 
stages of follicular development (Figs. 2.13, 2.14, 2.15, 2.16, 
and 2.17).

Oocytes maintain a close relationship throughout the 
entire follicular development, oocytes form a specialized 
membrane system that provides a cytoplasmic scaffold inside 
the zona pellucida and eases the metabolic exchange between 
oocytes and follicular cells and, lastly, such a structure can 
be called a syncytium because of the existing complex that 
finely modulates the oocyte growth (Fig. 2.18).

Dynamics of human follicular growth are explained with 
a hypothesis that follicular development in women occurs in 
a wave-like fashion during the menstrual cycle. Baerwald 
et  al. (2003) [18] have observed non-random wave-like 
changes in follicle number and diameter and confirmed that 
women exhibit two or three waves of folliculogenesis during 
an interovulatory interval.

This is opposed to a previously held notion that a single 
cohort of antral follicles grows only during follicular phase 
of menstrual cycle. A review paper from Baerwald et  al. 
(2012) [19] concludes increasing evidence that multiple 
waves of antral follicles develop during the human menstrual 
cycle and were able to compare the results with those docu-
mented in several animal species with some species-specific 
difference.

Ovulation (Fig. 2.19) is a process of breaking the outer 
layer of a mature Graafian follicle releasing the follicular 
fluid with a mature oocyte within a cumulus oocyte complex 
(COC) (Figs. 2.10 and 2.19). A research has shown that ovu-
lation characteristics were age dependent and that women 
under the age of 29 have ovulations alternating between two 
ovaries in consecutive cycles and as the age increases there is 
a higher chance of ovulation in the same ovary in two con-
secutive cycles [20].

Al-Alem et  al. (2015) [21] have identified a leukocyte 
attractant, chemokine ligand 20 in human ovary that increases 
by 40-fold after administration of beta hCG and stimulates 
leukocyte migration. Leukocyte presence aids to the final 
ovulatory events and positively contributes to female 
fertility.

Fig. 2.11 Ovarian follicle 
recruitment

Table 2.2 Comparison of concentrations of ammonia and urea in preovulatory fluid to concentrations of ammonia in whole blood and urea in 
plasma

Substance
Concentration in blood 
or plasma

Concentration in 
follicular fluid P-value

Difference between blood or plasma 
and follicular fluid

Blood or plasma-to- 
follicular fluid ratio

Ammonia 
(μΜ)

22.11 ± 1.96 (whole 
blood)

38.87 ± 2.23 <0.001 −16.77 ± 2.42 0.58 ± 0.05

Urea (mM) 3.37 ± 0.18 (plasma) 3.36 ± 0.22 0.911 0.015 ± 0.063 1.01 ± 0.02
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Fig. 2.12 Roles of melatonin

Fig. 2.13 Scanning electron micrograph of mouse ovary (5800 × 1.9). F 
Follicular cells of the radiata corona, the arrows indicate the cytoplasmic 
prolongations of follicular cells in relationship with the zona pellucida

Fig. 2.14 Scanning electron micrograph of mouse ovary (2050 × 1.9). O 
oocyte, F follicular cells of the radiata crown. The arrows indicate cyto-
plasmic prolongations of follicular cells in relation to the zona pellucida
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After ovulation and exit of a mature oocyte, residual fol-
licular cells form the corpus luteum with a main task of high 
amounts of progesterone production in order to support a 
possible pregnancy [22].

In their chapter, Stocco et al. (2007) [23] explained struc-
tural origin of corpus luteum, its function in menstrual cycle 
and fate in case of pregnancy or if pregnancy did not happen. 
After LH induced ovulation, follicular cells stop dividing 
and undergo terminal differentiation to luteal cells that pro-
duce progesterone. There are two more structural changes 
that lead to the formation of corpus luteum—tissue remodel-
ing that includes changes in extracellular matrix composition 
that supports basic cellular processes and vascularization 

which is development of capillaries from pre-existing blood 
vessels in such a way that each cell of corpus luteum is in 
direct contact with several capillaries giving corpus luteum 
one of the highest blood rates in the organism.

It is important to preserve the existing pregnancy until 
placenta is fully developed. In case that pregnancy does not 
happen, corpus luteum stops with progesterone production 
and luteal cells die through apoptosis, tissue disintegrates, 
and changes result in a gland formed of connective tissue 
called corpus albicans.

2.2  Relevance of Hormones

As previously stated, the ovary is comprised of several 
cell types (germ and somatic cells) and undergoes dra-
matic changes in structure during menstrual cycle. Every 
step of folliculogenesis is controlled by hormones through 
hypothalamic- pituitary-ovarian axis. Elder and Dale 
(2011) [24] describe the endocrine control of reproduc-
tion that starts in hypothalamus with secretion of 
gonadotropin- releasing hormone (GnRH) in pulses which 
stimulates anterior pituitary gland that in turn secretes 
luteinizing hormone (LH) and follicle-stimulating hor-

Fig. 2.15 Scanning electron micrograph of mouse ovary (830 × 1.9) 
Growing follicle S ovary surface, within the follicle is observed an 
oocyte surrounded by cumulus oophorus

Fig. 2.16 Scanning electron micrograph of mouse ovary (5800 × 1.9). 
Growing follicle strong enlargement of an oocyte surrounded by fol-
licular cells rounded by cumulus oophorus

Fig. 2.17 Electronic microphotography with mouse ovary transmis-
sion. Cumulus oophorus, F follicular cells, Zp Pellucida zona, O oocyte. 
The arrows indicate the invagination of follicular cells in relation to the 
zona pellucida
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mone (FSH). FSH stimulates the growth of follicles, pro-
duction of granulosa cells, and appearance of LH receptors 
on granulosa cells. Levels of estrogen produced by granu-
losa cells rise until threshold is achieved that elicits LH 
surge which is a trigger for ovulation. It is important to 
note that low levels of estrogen cause a negative feedback 
on FSH and LH secretion and high levels of estrogen give 

a positive feedback. High levels of progesterone support 
negative feedback from estrogens and keep FSH and LH 
levels low. Woodruff and Shea (2011) [25] hypothesized 
that follicle activation is dependent of physical environ-
ment in addition to hormonal pathways. They claimed that 
the more rigid ovarian cortex the harder the follicle growth 
and that biochemical environment modulates follicular 

Fig. 2.18 Possible interactions between an oocyte and follicle

Fig. 2.19 Expulsion of the oocyte from the follicle
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response to hormones. They found supporting evidence 
but new tools need to be developed in order to give proof 
to this theory.

Drummond (2006) [26] reviews the role of steroids in fol-
licular growth. Progesterone regulates granulosa cells, folli-
cle rupture and supports embryo implantation and pregnancy. 
Androgens appear to promote folliculogenesis in early 
stages, they enhance FSH-mediated differentiation of granu-
losa cells and play roles in oocyte maturation and Lebbe 
et  al. (2017) [27] conclude that androgen homeostasis in 
developing antral and preantral follicle is crucial for growth 
and oocyte maturation, findings that are very important in 
treating fertility issues caused by polycystic ovarian syn-
drome (PCOS). Estrogen promotes follicle growth, facilitat-
ing granulosa cells differentiation and induces receptors for 
FSH and LH. Kolibianakis et al. (2005) [28] concluded that 
the main role of estrogen in folliculogenesis is enhancement 
through estrogen receptor b and it appears to regulate cyclic 
gonadotropin release in occulation process. However, it 
doesn’t seem to have an impact on oocyte quality and devel-
opmental potential.

Mechanism for LH surge is very complex and timing is 
crucial in order to achieve a fully matured and grown oocyte 
ready for fertilization. Oocytes are dormant in prophase 1 
and need to complete first meiotic division in order to be 
mature for fertilization, they don’t have LH receptors so LH 
surge acts through alternating pathways. Kawamura et  al. 
(2011) [29] have shown a limited number of ligands that are 
induced by the LH surge to promote germinal vesicle break-
down and resumption of meiosis.

It is interesting to analyze the effect of ovulation trigger-
ing in controlled ovarian hyperstimulation protocols. In their 
review chapter, Humaidan et al. (2012) [30] describe the dif-
ferences in beta HCG and GnRH agonist triggering and their 
effect on luteal phase of the cycle and endometrial receptiv-
ity. Beta HCG shares the same receptors as LH owing it to 
similar structure to LH and is therefore used as a trigger ovu-
lation in women undergoing controlled ovarian hyperstimu-
lation. It has a longer half-life when compared to LH and 
causes multiple corpora lutea and brings the patient to a 
higher risk of ovarian hyperstimulation syndrome, a poten-
tially dangerous state for a patient with serious consequences. 
GnRH triggering as an alternative has shown a significant 
reduction and sometimes complete elimination of OHSS 
symptoms.

Anti-Müllerian hormone (AMH) is produced by develop-
ing oocytes and granulosa cells, it exerts a negative inhibi-
tory effect on primordial follicles transitioning to primary 
follicles, and it is an indirect marker for ovarian reserve [31]. 
De Vet et al. (2002) [32] monitored AMH serum levels and 
concluded that its concentrations declined over time and it 
correlates with antral follicle count and age and that it is a 
good marker for ovarian reserve. Weenen et al. (2004) [33] 

confirmed the role of AMH in initial and cyclic recruitment 
and suggest that AMH may regulate the efficiency of the use 
of the primordial follicle pool and thus have a role in the 
determination of menopause. Grondahl et  al. (2011) [34] 
found that there was a difference of AMH expressed in 
cumulus and granulosa cells of large antral and preovulatory 
follicles and cumulus cells had significantly higher levels of 
AMH. They have concluded that AMH may exert intrafol-
licular functions in preovulatory follicles and can be related 
to follicular health.

There are some external hormones that can have an 
effect on estrous cycle and folliculogenesis besides sex-
ual hormones. Asensio et  al. (2018) [35] have found that 
allopregnanolone, which is a neurosteroid, effects sexual 
behavior and anxiety and can have an effect on estrous 
cycle by interfering with regression of corpus luteum pro-
longing its existence, decreasing the number of developing 
follicles. Since ovaries have receptors for cortisol, they are 
susceptible to its effects. There is evidence for free cortisol 
accumulation in preovulatory follicle and that cortisol may 
reduce  inflammatory reactions after ovulation and that cor-
pus luteum benefits from it too [36].

2.3  Growth Factors Influencing Ovarian 
Follicles

Even though folliculogenesis is controlled by hypothalamic- 
pituitary- ovarian axis, there are new findings that show sig-
nificant influence of several growth factors and signaling 
pathways (Table 2.3).

TGF- β (tumor growth factor β) superfamily represent a 
large family of ligands, signaling receptors, and non- 
signaling binding proteins that are expressed by ovarian 
somatic cells developmental oocytes in order to regulate fol-
liculogenesis (Fig. 2.18) [37].

Table 2.3 Follicle development regulatory factors

Regulatory factor
Cellular 
source Cellular site of action

Tumor necrosis factor-alpha Oocyte Oocyte
Basic fibroblast growth 
factor

Oocyte Granulosa, theca, 
stroma

Kit ligand Granulosa Oocyte, theca, stroma
Leukemia inhibitory factor Granulosa Oocyte, granulosa
Keratinocyte growth factor Theca Granulosa
Bone morphogenic 
protein-4

Theca/stroma Granulosa

Bone morphogenic 
protein-7

Stroma Granulosa

Insulin Endocrine Oocyte
Progesterone Endocrine Oocyte
Müllerian inhibitory 
substance

Antral follicle Primordial follicle
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Richards and Pangas (2010) [38] discuss clinical evidence 
of various powerful ovarian regulators that include FSH sig-
naling pathways, for example.

In the early stages of folliculogenesis, FSH promotes 
growth of granulosa cells by activating adenylyl cyclase 
leading to production of cAMP and activating protein kinase 
A, but it also activates pathways that do not include cAMP. In 
the later stages of folliculogenesis, estradiol enhances the 
FSH actions through suppression of phosphodiesterase 1C, 
which increases levels on intracellular cAMP induced by 
FSH.  High levels of intracellular cAMP keep the oocyte 
meiotically arrested by suppressing maturation-promoting 
factor [39].

FSH also works in synergy with insulin-like growth fac-
tor- 1 (IGF-1) to stimulate steroidogenesis in granulosa cells 
[40]. Insulin and IGF have an important role in folliculogen-
esis and steroidogenesis, they are linked to adiponectin—
adipokine that is involved in insulin resistance in patient 
with polycystic ovarian syndrome and research has shown 
that it decreases steroidogenesis in theca cells [41]. There 
are also findings that the reduction of IGF bioavailability 
results in atresia of follicles not selected in the cohort for 
dominance [42].

The assembly of primordial follicles early in prenatal 
development and their transition to primary oocytes is cru-
cial as it sets the number of available oocytes in a woman’s 
adult age.

There are multiple types of growth factors that are 
involved in transition of primordial follicles to primary ones. 
Kit ligand stimulates theca cell growth and androgen produc-
tion; basic fibroblast growth factor acts on ovarian somatic 
cells to influence primordial follicle development; keratino-
cyte growth factor is produced in precursor theca cells adja-
cent to developing granulosa cells and promotes primordial 
follicle development, and AMH represents the only known 
negative regulatory factor for primordial follicle develop-
ment [43]. Besides having a negative effect on primordial 
follicles, AMH inhibits FSH-dependent cycle recruitment 
and plays a role throughout gonadotropin-independent folli-
cle growth [44]. Kit ligand plays an important role not only 
in early stages of follicular development but in oocyte sur-
vival and growth, theca cell recruitment and maintenance of 
meiotic arrest [45]. Primordial follicles need to be dormant 
in order to give a reserve of oocytes for a normal length of 
female reproductive life. Intraoocyte signaling molecules 
that maintain primordial follicle dormancy are PTEN tumor 
suppressor and Tsc tumor suppressor and they appear to 
work in synergistic manner [46].

The oocyte secretes several types of growth factors that 
are key and that if in absence (e.g., growth differentiation 
factor 9—GDF-9) folliculogenesis is blocked at primary pre-
antral stage [47]. GDF-9 is expressed abundantly in primary 
follicles and is not expressed in small primary follicles but in 

late ones [48]. Pangas et  al. (2002) [49] have also found 
activine, member of TGF-β family, activated in some stages 
of folliculogenesis. Global analysis of gene expression of 
oocytes in early folliculogenesis identified the appearance of 
6301 unique genes, GDF-9 was expressed in small quantities 
which is consistent with other findings [50]. GDF-9 with 
BMP-6 and BMP-15 (bone morphogenic factor 6 and 15) 
works within antral follicles to prevent premature luteiniza-
tion while supporting follicular growth [51]. Research has 
also shown that oocytes communicate with granulosa cells 
through paracrine-activating factors and share small mole-
cules with the help of gap junctions; these two ways regulate 
oocyte growth and granulosa cell proliferation [52]. Kidder 
and Mhawi (2002) [53] described the role of gap junctions in 
folliculogenesis and stated that gap junctions that connect 
the oocyte with granulosa cells contain predominantly con-
nexin 43 and that loss of connexin negatively affects devel-
opment of antral follicles.

In context of ovulation, LH surge stops the FSH-dependent 
steroidogenesis and promotes differentiation of somatic cells 
to luteal cells, it induces multiple signaling cascades that 
lead to oocyte maturation and ovulation that include inositol 
phosphate signaling, regulates protein kinase 3, regulates 
cGMP levels in the follicle and activates epidermal growth 
factor signaling [54]. Epidermal growth factor network 
downregulates cGMP, and it provides meiotic inducing sig-
nals [55]. LH surge also induces EGF-like factors in granu-
losa cells like amphiregulin, beta-cellulin, and epiregulin 
through protein kinase A that bind to granulosa and cumulus 
cells and lead to ovulation. Zamah et al. (2010) [56] exam-
ined the relationship of LH and amphiregulin in gonadotropin- 
stimulated cycles. Their findings support the role of 
amphiregulin as intrafollicular signal and may have a role in 
healing ovarian surface tissue after ovulation. It is possible to 
compare ovulation and inflammation since there is a rupture 
of ovarian tissue on the site of ovulation, and besides amphi-
regulin, research has shown that granulosa cells produce 
granulocyte-colony-stimulating factor that induces leuko-
cyte accumulation in follicular wall and after the LH surge, 
they produce proteolytic enzymes that are a major factor in 
the rupture of follicle [57].

After follicular rupture, granulosa cells become luteal 
cells and express a high amount of vascular endothelial 
growth factor (VEGF) which is involved in angiogenesis that 
is happening in the formation of corpus luteum [58].

2.4  Applications in Assisted 
Reproduction Techniques (ART)

Understanding of follicular growth and factors affecting it 
plays an incredibly important role in determining the right 
stimulation protocol for women undergoing ART treatments. 
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The development of more than one waves of folliculogenesis 
influenced new ART regiments [59]. Analysis of genes 
expressed in cumulus cells, especially gene GREM1 could 
accurately predict maturity and fertilization potential of 
oocytes collected and embryo quality [60]. Also, research 
has shown that FSH receptor genotype has a direct associa-
tion to menstrual cycle dynamics and influences its length 
[61], a fact that is important to clinicians in ART. Polycystic 
ovarian syndrome (PCOS) is a common endocrine and meta-
bolic disorder that causes fertility problems and includes 
multiple symptoms that cause anovulatory cycles, higher 
levels of androgens and increased body weight. Factors char-
acterizing PCOS can be extraovarian-like FSH deficiency, 
hypersecretion of LH, hyperandrogenemia, and hyperinsu-
linemia [62]. Intraovarian factors include multitude of 
growth factors and cytokines described in the previous sec-
tion and together with extraovarian factors make a complex 
problem that often brings a patient to ART procedures in 
order to conceive a baby.

All the accessible knowledge on ovarian function, follicu-
logenesis and growth factors applies in oncofertility patients. 
Women that went through chemotherapy have smaller 
chances of conceiving and sometimes it is impossible to do 
hormonal stimulation in attempt to collect oocytes in order to 
cryopreserve them since some tumors are influenced by hor-
mones. Cryopreservation of ovarian tissue and later trans-
planting it back to the same patient after successful cancer 
treatment resulted in 20% cases leading to childbirth [63]. 
Freezing of ovarian tissue does not appear to have a signifi-
cant impact on early stages of folliculogenesis [64]. Xiao 
et al. (2015) [65] have even managed to produce meiotically 
competent and mature oocytes after in vitro maturation and 
in vitro follicular growth by applying two-step follicle cul-
ture strategy, and this treatment can prevent adverse effects 
of hormone therapy on cancer patients. Aziz et  al. (2017) 
[66] were also able to successfully culture a single human 
preantral follicle encapsulating it in a microfluidic chip with 
the usage of calcium alginate microbeads. Collagen hydrogel 
proved to be a good substrate for in vitro growth of ovarian 
follicles [67].

Xenografting human ovarian tissue in mice has been 
proven as a good technique for research of follicle develop-
ment in vivo and has produced mature human follicles with 
mature MII oocytes, and it can be a technique used in restor-
ing fertility but still has a lot of ethical issues [68]. Kim 
et al. (2002) [69] have also shown that after xenotransplan-
tation of human ovarian tissue on host animal, human ovar-
ian follicle can be matured to ovulation and later form 
corpus luteum.

Isolation of ovarian stem cells and later intraovarian 
transplantation has generated functional oocytes in a mouse 
that were successfully fertilized and gave a hatching blasto-
cyst (Fig. 2.20) [70].

This method may be the right treatment for women of 
reproductive age that are cancer survivors and plan on having 
children since this may be an elegant way of restoring ovarian 
functions without removing parts of reproductive system.
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Ultrasound imaging has shown an extremely rapid evolution 
in the last two decades, thanks to the development of highly 
sophisticated both two-dimensional (2D) and three- 
dimensional (3D) technology and blood flow mapping, 
which render ultrasound the first-line imaging modality for 
the evaluation of the female pelvis.

The interpretation of the ultrasonographic findings 
requires knowledge of the uterine and ovarian ultrasound 
anatomy.

3.1  Examination Techniques

The ultrasound examination of the pelvis may be performed 
either with a transabdominal transducer or with a transvagi-
nal high resolution transducer. The transvaginal approach is 
the best way of pelvic imaging since it offers the advantage 
of placing a high-frequency endocavitary ultrasound trans-
ducer in close proximity to target pelvic organs, thus 
improving image resolution and obviating the need for 
patients to have a full bladder before ultrasound examina-
tion (Figs. 3.1 and 3.2).

It has the additional advantage of probing pelvic organs to 
elicit patient’s symptoms and thus correlating symptoms 
with specific pelvic anatomic locations. The practitioner 
therefore can gain crucial information by adding ultrasound 
findings with the physical examination [1].

3D technology offers additional advantages to the eval-
uation of the pelvic organs, such as multiplanar view, 
tomographic view, rendering view, and volume calcula-
tion [2, 3].

A further advantage is offered by the use of Color and 
Power Doppler technology which allows the examination of 
the vascular supply of the uterus and ovaries [4].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28741-2_3&domain=pdf
https://doi.org/10.1007/978-3-030-28741-2_3#DOI
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3.2  Uterus

In examining the uterus, the following should be evaluated: 
(1) the uterine shape, orientation, and size; (2) the myome-
trium; (3) the endometrium and (4) the uterine perfusion.

3.2.1  Shape, Orientation, and Size

The uterus represents the essential landmark of pelvic anat-
omy. It is located in the middle of the pelvis between the uri-
nary bladder lying before and the large bowel lying behind it.

On a sagittal plane, the uterus has a pyriform shape: the 
superior two thirds correspond to the uterine body and the 
inferior third to the cervix. The uterine isthmus is identified 
where the uterine body and cervix meet.

The uterus may lie in the antiverted position (bent forward 
in relation to the vaginal axis) (Fig. 3.3) or in retroverted posi-
tion (bent backward in relation to the vaginal axis).

The cervix has an oval conic shape and is approximately 
2.5 cm in length. The cervical canal appears as an echogenic 
line; at the time of ovulation, a hypoechoic or echo-free strip 
may be seen in the cervical canal due to the fluid mucus produc-
tion by the cervical glands (Fig. 3.3). Sometimes, cystic struc-
tures within the cervix are visualized: they refer to Nabothian 
cysts, retention cysts of the cervical glands within the vaginal 
portion of the cervix, which have no clinical value (Fig. 3.4).

The overall uterine length is evaluated in a sagittal view from 
the fundus to the cervix (to the external os, if it can be identi-
fied). When the uterus is markedly anteflexed (the corpus is 
strongly bent forward in relation to the cervical axis), the total 
length is obtained by adding the corporal and cervical length 
(Fig. 3.5). The depth of the uterus (anteroposterior dimension) is 
measured in the same sagittal view from its anterior to posterior 
walls, perpendicular to the length (Fig.  3.5). The maximum 
width is measured in the transverse view (Fig. 3.6).

Fig. 3.1 Midsagittal plane of the pelvis

Fig. 3.2 Transvaginal ultrasound scans for the evaluation of the pelvis

Fig. 3.3 Transvaginal scan of a normal antiverted uterus during the 
periovulatory phase: an echo-free strip (arrows) may be seen in the cer-
vical canal due to the fluid mucus production by the cervical glands

Fig. 3.4 Multiple Nabothian cysts within the cervix

V. D’Addario et al.
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The uterine volume may be calculated by the formula of 
the ellipsoid prolate: Volume = length (cm) × anteroposterior 
diameter (cm) × transverse diameter (cm) × 0.523 or can be 
automatically measured by using the VOCAL (virtual organ 
computer-aided analysis) function offered by the 3D tech-
nology. This measurement, however, is not used routinely in 
the daily clinical setting. The size of the uterus changes 
according to age and parity. In the reproductive age, the nor-
mal uterus is 7.5–9 cm long, 3–4.5 cm deep, and 4.5–6 cm 
wide. The volume ranges from 50 to 70 cm3 [5].

3.2.2  Myometrium

The myometrium is the muscular part of the uterus, which is 
ultrasonically characterized by homogenicity and low echo-
genicity. The inner part of the myometrium confining with 

the endometrium is called Junctional Zone (JZ) or subendo-
metrial halo. It is a thin area of lower echogenicity in com-
parison with the remaining myometrium. It represents a 
distinct compartment of the myometrium comprising tightly 
packed muscle cells with an increased vascularity. Such 
architecture would increase the density of this tissue layer, 
altering its acoustic impedance, and account for its echope-
nic appearance on ultrasound [6]. Although the ZJ may be 
recognized with the two-dimensional imaging, however the 
best evaluation is obtained by the three-dimensional multi-
planar view, which allows the visualization of the sagittal, 
transverse, and coronal sections of the uterus [7] (Fig. 3.7).

3.2.3  Endometrium

The sonographic appearance of the endometrium in fertile 
patients changes with the different phases of the menstrual 
cycle. Menstruation is characterized by shedding of the func-
tional layer of the endometrium, which is caused by hor-
monal deprivation and alteration in the spiral arteriolar 
system. Bleeding is the result of vasoconstriction of the spi-
ral arteries and necrosis of their walls.

During the last menstrual phase, endometrial layers are 
very thin and ultrasonography shows a single-line with 
slightly irregular echogenic interphase.

Fig. 3.5 Measurement of the uterine length in an antiflexed uterus, 
obtained by adding the lengths of the corpus (D1) and the cervix (D2). 
The depth of the uterus (anteroposterior dimension) is measured in the 
same sagittal view from its anterior to posterior walls, perpendicular to 
the longitudinal axis

Fig. 3.6 Measurement of the uterine width in the transverse view

Fig. 3.7 Three-dimensional multiplanar view of the uterus: the 
Junctional Zone appears as a subendometrial halo in the inner part of 
the myometrium (arrows)

3 Normal Ultrasound Female Pelvic Anatomy
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At the beginning of the follicular phase, the endometrium 
appears as a single hyperechoic line since it is difficult to 
identify the borders between the two layers (Fig. 3.8).

As the ovulation approaches the endometrial glands 
increase in number and size and the endometrium shows the 
typical triple-line appearance. The external hyperechoic 
lines represent the endometrial-myometrial junction; the 
middle one is the interface between the two endometrial lay-
ers (Fig.  3.9). In the periovulatory phase, the endometrial 
thickness reaches approximately 12–13 mm (range 10–16) 
[8, 9]. During a normal menstrual cycle, spontaneous uterine 
contractions usually occur and can influence the measure-
ment of endometrial thickness [10].

Secretory phase is characterized by progesterone secre-
tion by the corpus luteum following ovulation. Glycoprotein 
secretion from endometrial glands is increased resulting in 
disappearance of the three lines present in the late prolifera-
tive phase. Sonographically, the endometrium appears as a 

homogeneous and hyperechoic layer measuring 8–14  mm 
(Fig. 3.10); it has this appearance until the beginning of the 
menstrual bleeding or pregnancy. In the latter case, echo-
genicity and thickness are maintained as decidual reaction to 
implantation.

The hyperechogenic pattern of the endometrium during 
the secretory phase, acting as a natural contrast agent, is most 
suitable for determination of the shape of the uterine cavity 
and diagnosis of congenital uterine malformations [11, 12]. 
In this field, three-dimensional sonography plays a funda-
mental and irreplaceable role, thanks to the reconstruction of 
the coronal plane which allows to visualize the uterine cavity 
and surrounding myometrium and recognize Mullerian 
anomalies [13–15] with results comparable with those 
obtained with MRI [16]. In normal uterus, the endometrial 
cavity shows a typical triangular shape (Fig. 3.11); in arcuate 
uterus, the internal border of the fundus is curvilinear; in sep-
tate uterus, a complete or partial septum protrudes from the 
fundus into the uterine cavity; in hemi-uterus, a single small 
asymmetrical cavity is present; in bi-corporeal uterus, two 
uterine cavity and two distinct bodies are present (Fig. 3.12).

3.2.4  Uterine Perfusion

Color and Power Doppler allows the visualization of the 
blood supply to the uterus. This consists of uterine, arcuate, 
radial, basal, and spiral arteries.

Uterine arteries are branches of the internal iliac arteries 
and may be recognized running along the cervix and the isth-
mic part of the uterus (Fig. 3.13). Arcuate arteries create a 
wreath encircling the uterus and are best seen in the trans-
verse section (Fig. 3.14). Radial arteries arise from the arcu-
ate network and supply the myometrium. The radial arteries 

Fig. 3.8 Early proliferative endometrium appearing as a hyperechoic 
line

Fig. 3.9 Triple-line endometrium typical of the periovulatory phase

Fig. 3.10 Thickened and hyperechoic endometrium during the secre-
tory phase of the cycle
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branch into basal and spiral arteries as they pass the 
myometrial- endometrial border (Fig.  3.15). The relatively 
short basal arteries terminate in a capillary bed that serves 
the stratum basalis of the endometrium. Spiral arteries termi-
nate in a vast capillary network that supplies the functional 
stratum of the endometrium and undergo substantial anatom-
ical changes during the menstrual cycle [17].

A good blood supply to the endometrium is usually con-
sidered as an essential requirement for implantation, and 
therefore assessment of endometrial blood flow in IVF treat-
ment has attracted a lot of attention in recent years. Doppler 
study of uterine arteries does not reflect the actual blood flow 
to the endometrium. Endometrial and subendometrial blood 
flows can be more objectively and reliably measured with 
three-dimensional power Doppler ultrasound. However, con-
flicting results are reported with regard to their role in the 
prediction of pregnancy in IVF treatment [17–21].

3.3  Ovaries

The ovaries (Fig. 3.16) are small paired organ with a com-
plex, constantly changing structure, which have a central 
role in reproduction being the source of oocytes and the main 

site of sex steroid hormone production. They continually 
change in size and activity through life, as an integral part of 
the changes that the female is going through before, during, 
and after her reproductive life.

In examining the ovaries, the following should be evalu-
ated: (1) position, shape, and size; (2) changes during the 
ovarian cycle.

3.3.1  Position, Shape, and Size

Usually, the ovaries are found lateral from the uterus in the 
ovarian fossa, behind and inside the external iliac vessels 
(Fig. 3.17).

Sometimes, the ovaries are asymmetrical and mobile and 
change their position in relation with the degree of urinary 
bladder repletion, the distension of the bowel, and the pres-
ence of adhesions [22]. These fix the position of the ovaries, 
commonly close to the lateral fornices of the vagina, or pos-
terior to the uterus.

The ovary has an ellipsoid shape with the long axis ori-
ented downward and forward.

The measurements of the ovary are obtained after deter-
mining its long axis. Two distances (the length and the width) 
are measured in this view and a third one (the thickness) is 
obtained after rotating the transducers with 90°. The mean 
measurements of the ovary are 3 × 2 × 2 cm. The volume 
may be calculated by the formula of ellipsoid prolate: Volume 
(cm3) = length (cm) × anteroposterior diameter (cm) × trans-
verse diameter (cm) × 0.523 or can be automatically mea-
sured by using the VOCAL (virtual organ computer-aided 
analysis) function offered by the 3D technology. The volume 
of the ovary changes with female age and with the phase of 
the cycle. In reproductive age and in the early proliferative 
phase, the volume is between 6 and 10 cm3 [23]. 3D volume 
automatic calculation is slightly more accurate than 2D cal-
culation [24].

3.3.2  Changes During the Ovarian Cycle

The sonographic appearance of the ovary changes widely 
during the ovarian cycle in relation to the cycling processes 
of folliculogenesis, ovulation, and corpus luteum formation.

In the early follicular phase, the ovaries are imaged as 
homogeneous, hypoechogenic ovoid structures with slightly 
echogenic central part. The developing antral follicles, 
appearing as small cystic structures, facilitate the identifica-
tion of the ovaries (Fig. 3.18). The number of antral follicles 
count (AFC) between day 2 and 4 of a spontaneous cycle is 
considered a reliable marker of ovarian reserve and good 
predictor of ovarian response to controlled ovarian stimula-
tion in an ART program. The number of follicles with a 

Fig. 3.11 3D multiplanar imaging of the uterus: the coronal view 
shows the triangular shape of the endometrial cavity
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Fig. 3.12 Different shapes of the uterine cavity in case of Mullerian 
anomalies. (a) Normal uterus; (b) arcuate uterus: the internal border of 
the fundus is curvilinear; (c) complete septate uterus: the septum arrives 
at the cervix; (d) partial septate uterus: the septum protrudes partially 

into the uterine cavity; (e) hemi-uterus: a single small asymmetrical 
cavity is present; (f) bi-corporeal uterus: two uterine cavity and two 
distinct bodies are present

Fig. 3.13 Uterine artery running along the cervix and the isthmic part 
of the uterus Fig. 3.14 Transverse section of the uterus showing the vascular wreath 

produced by the arcuate arteries
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diameter between 2 and 10 mm is counted: if it is less than 
three, there is a significantly higher chance of cycle cancella-
tion, detection of lower estradiol levels, and use of higher 
dosage of gonadotropins [25, 26]. Some authors have argued 
that AFC has higher variability and is less reliable as com-

pared with AMH (Anti-Mullerian Hormone) [27]. The use of 
a standardized approach in performing AFC could increase 
the accuracy of the test [28]. To enable lower intra- and 
interobserver variability, reduce the risk of measurement 
errors, and improve the predictive capability of AFC, 3D 

Fig. 3.15 Basal and spiral arteries (arrows) passing the myometrial- 
endometrial border

Fig. 3.16 Schematic drawing 
of the ovary

Fig. 3.17 Ovary normally located in the ovarian fossa behind and 
inside the external iliac vessels
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sonography may be useful using the inversion mode, the sil-
houette mode software (Fig. 3.19), or the Sonography-based 
Automated Volume Count follicle (SonoAVC™ follicle) 
software, which automatically calculates the number and 
volume of anechoic structures (the antral follicles) in a vol-
ume sweep of the ovary [29–31] (Fig. 3.20).

With progression of the follicular phase, at the end of the 
first week, the smaller follicles go to regression with the drop in 
FSH levels, while the larger ones grow regardless. One becomes 
dominant, producing substantial amounts of estradiol as it 
grows. The dominant follicle, also called Graafian follicle, 
increases in size at a rate of 2–3 mm/day and reaches a diame-
ter ranging from 17 to 27 mm just prior to ovulation (Fig. 3.21).

Dominant follicular development is not always sustained 
by ovulation, especially in the early reproductive age when 

Fig. 3.18 Normal ovary in third day of the cycle. Multiple small devel-
oping follicles measuring between 2 and 5 mm are recognized

Fig. 3.19 Multiple antral follicles visualized with the 3D silhouette mode

Fig. 3.20 Automatic calculation of the number and volume of the 
antral follicles with the Sonography-based Automated Volume Count 
follicle (SonoAVC™ follicle) software

Fig. 3.21 Preovulatory follicle
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ovulation cannot occur. At this age, the ovaries may some-
times have a multifollicular appearance, explained by persis-
tence of variable sized developing follicles, some of them 
functioning and some atretic (Fig. 3.22).

Ovulation occurs with segmental dissolution of the fol-
licular wall, liberation of the oocyte, and escape of the fol-
licular fluid into the peritoneal cavity. After ovulation, rapid 
changes of the dominant collapsed follicle begins: capillaries 
and fibroblasts from the surrounding stroma proliferate and 
penetrate the basal lamina; concurrently, the mural granulosa 
cells undergo morphological changes collectively referred to 
luteinization. Thus luteinized granulosa cells, surrounding 
theca-interstitial cells and invading vasculature give origin to 
the corpus luteum. Sometimes, corpus luteum is hardly seen 
with ultrasound since it is confused among the stromal ovar-
ian tissue. Commonly, it is visualized as a small structure 
containing thick irregular hyperechogenic walls surrounding 
a hypoechoic center. Color Doppler shows the rich neovas-
cularization of the corpus luteum walls, appearing as a “ring 
of fire” around the corpus luteum (Fig.  3.23). Sometimes, 
after follicular rupture, corpus luteum presents as a hemor-
rhagic cyst which can reach even 5–6  cm in diameter 
(Fig. 3.24) and undergoes progressive reabsorption.

3.3.3  Fallopian Tubes

The fallopian tube can be occasionally seen on ultrasound 
when distended by fluid (hydrosalpinx) or when perito-
neal fluid is present surrounding the adnexa (Fig. 3.25). In 
the coronal view of the uterus, occasionally the interstitial 
part may be recognized, originating from the lateral uter-
ine angle (Fig. 3.26). The only way to visualize the tubal 
lumen and patency is by trans-cervical injection of saline 
fluid: the method is named transvaginal hystero-contrast- 
salpingography (Hy-Co-Sy). Originally, this was done with 

Fig. 3.22 Multifollicular ovary in 2D (a) and 3D silhouette mode (b)

Fig. 3.23 Corpus luteum appearing as a small hypoechoic structure 
surrounded by the rich neovascularization of its walls (“ring of fire”)

Fig. 3.24 Corpus luteum cyst with blood clots floating inside

3 Normal Ultrasound Female Pelvic Anatomy



46

the use of gray scale imaging alone [32] or with the addi-
tion of pulsed Doppler [33] or Color Doppler ultrasound 
[34] in order to recognize in a better and easier way the 
passage of fluid through the tubal lumen. However, there 
are several technical difficulties in the visualization of 
the fallopian tube with 2D Hy-Co-Sy even with the aid 
of pulsed and Color Doppler: due to their tortuosity, the 
tubes are rarely seen completely in a single scanning plane; 
distended bowel may prevent the visualization of the dis-
tal part of the tubes and the spillage of fluid in the peri-
toneal cavity. The use of hyperechogenic contrast media 
increases the capability to visualize the tubes and the flow 

in their lumen. These contrast media consist of suspension 
of microbubbles made of special galactose microparticles 
which enhance echo signals [35].
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Ultrasounds are known since about 170 years. Firstly, echo 
sounding has been used in the First World War to fix the posi-
tion of submarines, now we apply the echo sounding method 
in medical imaging to study organs and tissue structures, to 
learn about the body’s function, and to recognize the mal-
function. That requires good knowledge about both physical 
and technological properties in ultrasonic and the tissue 
interaction with ultrasound waves (Fig. 4.1) [1].

Ultrasound (US) imaging has become an attractive tech-
nology for medical diagnosis in a variety of clinical settings, 
including obstetrics and gynecology, cardiology, and urol-
ogy. This is due to its noninvasive nature, real-time capability, 
and cost-effectiveness. Unlike other diagnostic modalities, 
ultrasound systems do not emit ionizing radiation and scans 
may be conducted as often as necessary without the risks of 
repeated exposure to X-rays or radionuclides.

4.1  Basic Physical Principles of Medical 
Ultrasound

4.1.1  The Sound Wave

In ultrasound diagnosis, we apply the mechanical energy of 
the sound wave. The wave is physical appearance by which 
the mechanical energy is propagating through space, by par-
ticles oscillation.

Unlike X-rays, sound is not electromagnetic, matter must 
be present for sound to travel, which explains why sound can-
not propagate through a vacuum. Sound propagation is the 
energy transfer from one place to another within a medium, 
and some energy is also imparted to the medium [1]. Sound is 
categorized according to its frequency, number of mechanical 
variations occurring per unit time, and the terms infrasound 
and ultrasound are used for frequencies below and above the 
audible range (Table 4.1):

Ultrasound is sound whose frequency is above the range 
of human hearing (high frequency sound waves).

The use of high frequencies is limited by their greater 
attenuation in tissue and thus shorter depth of penetration.

For this reason, different ranges of frequency are used for 
examination of different parts of the body:

• 3–5 MHz for abdominal areas
• 5–10 MHz for small and superficial parts
• 10–30 MHz for the skin

Although ultrasound images are captured in real time, 
they can also show movement of the body internal organs as 
well as blood flowing through the blood vessels.

The characteristics of a sound wave can be described by 
the following parameters (Table 4.2, Fig. 4.2) [1–4].

The body is elastic medium in which the sound wave lon-
gitudinally propagates. The wave frequency is the source 
oscillation. The sound wave, in reason of the generated 
mechanical energy, causes the particles oscillation that deter-
mines local pressure and medium density regular changes [2].

The relationship between frequency, velocity, and wave-
length is given by the following formula:

 l = c f/  

The wave propagation velocity is determined by the medium 
properties: in the air the slowest propagation (344  m/s), 
increases in liquids and solids (water: 1520  m/s; liver: 
1566  m/s; skull bone: 2717–4077  m/s).We can know that 
ultrasound propagates in soft tissue with an average velocity 
of around 1540 m/s.

distance r

ObjectSender/
Receiver

reflected wave

original wave

Fig. 4.1 Sound wave

Table 4.1 Different sound frequencies

Infrasonic <20 Hz
Human audible range 20 Hz–20 KHz
Ultrasonic >20 kHz

Table 4.2 Characteristics of a sound wave

Length λ The distance between two consecutive, identical 
positions in the pressure wave (e.g., between two 
compressions or between two rarefactions)
It is determined by the frequency of the wave and 
the speed of propagation in the medium through 
which it is travelling

Frequency ƒ The number of cycles per second performed by 
the particles of the medium in response to a wave 
passing through it. Expressed in Hertz, where I 
Hz = 1 cycle passing a given point each second, 
therefore 3 MHz = 3 million cycles per second

Period T The time taken for a particle in the medium 
through which the wave is travelling to make one 
complete oscillation about its test position

Amplitude A The maximal displacement of the oscillating 
particle from the equilibrium position

Velocity of 
propagation

v The speed of sound with direction specified. When 
a sound wave travels through any medium, it is 
certain that parameters of that medium determine 
the speed of sound propagation
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The acoustic impedance, defined as the product of the 
acoustic velocity in the medium and the density of the 
medium (Z = p × v), is a parameter that describes how the 
sound wave differently propagates in tissues.

4.1.2  Generation of Ultrasound

The source of ultrasound waves is a piezoelectric crystal 
[2–4]. The principle of piezoelectricity is central to the 
ultrasound generation, it’s defined how the ability of some 
materials produce a voltage when deformed by an applied 
pressure and produce a pressure when deformed by an 
applied voltage.

So, when a voltage is applied to the faces of a crystal, it 
expands or contracts, then it resonates converting electric-
ity to ultrasound. At the same time, when the crystal 
receives an echo, the sound deforms the crystal and a volt-
age is produced on its faces. This is analyzed by the 
system.

Piezoelectric crystal is the source and the detector of 
ultrasound and, consequently, plays a very important role in 
transducer technology.

Ultrasound probes are produced of very thin crystals 
because the best transformation in both directions by the 
piezoelectric effect is achieved when the crystal frequency is 
the same as the frequency of the sound wave. It is realized for 
thickness of λ/2.

The most used materials are ferroelectric ceramic, lead 
zirconate titanate, or plastic, polyvinylidene difluoride. The 
crystals are sandwiched by silver film electrodes on opposite 
sides.

The transducer is usually treated as a three-port network 
including two mechanical ports and one electrical port as 
shown in Fig. 4.3. The mechanical ports represent the front 
and back surfaces of the piezoelectric element and the elec-
trical port represents the electrical connection of the piezo-
electric element to the electrical source. The front layer is 
known as an acoustic matching layer, which can improve the 
transducer performance significantly [1–5].

4.1.3  Interaction of Sound with Tissue

The ultrasound shape beam is important for the image qual-
ity. The beam profile is made up of three parts (Fig. 4.4):

 1. Near field (Fresnel zone)
 2. Far field (Fraunhofer zone)
 3. Transition point

The near field or Fresnel zone is the part of the beam use-
ful for imaging; however, this can be quite large in area, 
depending on the diameter of the crystal. The shape and 
dimensions of this first trait are determined by the shape and 
dimensions of the emitter and by the frequencies of the wave. 
Imaging requires a very narrow beam to produce high- 
resolution diagnosis. In the far field or Fraunhofer zone, the 
second trait, the intensity is uniformly decreasing with dis-

WAVE LENGTH - λ
AMPLITUDE - A

1 SECOND (FREQUENCY - f )

Fig. 4.2 Representation of sound wave characteristics

TRANSDUCER

ELECTRODES FRONT
ACOUSTIC

PORT

MATCHING
LAYER

BACK
ACOUSTIC

PORT

PIEZOELECTRIC
CRYSTAL

Fig. 4.3 Transducer as a three-port network (in pink: piezoelectric crystal; in glycine and violet: mechanical ports; in green: acoustic matching 
layer)
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tance. Resolution is preserved in a better way if the near field 
is longer [3–5].

A beam profile of a simple transducer appears as in the 
diagram below and shows that the energy is not confined to a 
single lobe, but radiates off at various angles to the trans-
ducer face as off-axis energy. These off-axis areas are called 
side-lobes (Fig. 4.5).

When the ultrasonic wave traverses body’s tissues, part of 
the energy will be transmitted but various factors can cause it 
to lose energy, decreasing in intensity and amplitude. This 
phenomenon is called attenuation, and it depends on dis-
tance, tissue characteristics, and beam frequency. 
Approximately, the attenuation rate in soft tissue is 1  Db/
MHz/cm, and there are four types of processes which con-
tribute to the attenuation (Fig. 4.6):

• Refraction: it’s the deviation in the pathway of the beam, 
generating from two different speeds of sound at the tis-
sues interface, in which the angle of incidence isn’t 90°. 
Refraction can produce artifacts.

• Reflection: it’s an acoustic impedance mismatch, occur-
ring at the interface between soft tissues of different 
acoustic impedance, when the interface is large relative to 
the wavelength. At the interface, a percentage of the sound 
is reflected, the others are transmitted into the tissue (soft 
tissue/air interface—99% is reflected, soft tissue/bone—
40% is reflected, liver/kidney—2% is reflected).

• Absorption: it’s a transfer of energy of the beam to the 
medium in which sound is passing. This kind of attenua-
tion of sounds increases with frequency, so we can under-
stand why high frequency transducers cannot be used for 
examining deep structures in the body. Absorption 
increases with the viscosity of the medium. Bone adsorbs 
ultrasound much more than soft tissue, so that, in general, 
ultrasound is suitable for only bones surfaces. They can’t 
reach the areas behind bones; therefore, the black zone 
behind bones is called acoustic shadow.

• Scattering: it occurs when interface is equal in size to 
wavelengths, it’s also named non-specular reflection and 
it’s characterized by scattering in many directions not 
with equal amount in all directions [8].

Definitively, if interface is larger than wavelength, we can 
apply classical laws of reflection and refraction. For reflected 
waves reflected angle is equal to incident one, and for trans-
mitted wave the angle depends on the velocity of propagation 
in the media. If the incident angle is zero, the transmitted wave 
does not change direction and the reflection is backward.

This is very important for diagnostic procedures. When 
the acoustic impedance is the same, the transmission is max-
imal, instead the reflection is maximal with very different 
acoustic impedance.

The greater the difference in acoustic impedance between 
two media, the higher the fraction of the ultrasound energy 
that is reflected at their interface and the higher the attenua-
tion of the transmitted part.

Air and gas reflect almost the entire energy of an ultra-
sound pulse arriving through a tissue. Therefore, an acoustic 
shadow is seen behind gas bubbles.

For this reason, ultrasound is not suitable for examining 
tissues containing air, such as the healthy lungs. For the same 
reason, a coupling agent is necessary to eliminate air between 
the transducer and the skin.

Certain tissue densities, such as bone, diaphragm, pericar-
dium, slow the ultrasound beam, reflecting the waves and 
producing a bright or hyperechoic image. Other tissues allow 
ultrasound beams to pass and reflect at moderate speeds, 
 creating a gray image on the screen, such as muscle, liver, or 
kidney.

Primary beam

Side lobes

Side lobes

Fig. 4.5 The beam profile with energy divided into primary beam and 
side-lobes or off-axis areas

NEAR FIELD

TRANSITION POINT
FAR FIELD

Fig. 4.4 The ultrasound 
shape beam
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Some tissue allows ultrasound waves to pass easily and 
retain their strength, creating dark black or hypoechoic 
images on the ultrasound screen, such as blood, ascites, 
amniotic fluid, and urine (Fig. 4.7) [3, 4, 8].

4.1.4  Resolution

Resolution is defined, as the ability to distinguish echoes in 
terms of space, time, and strength and is critical for the high- 
quality image resolution.

• Contrast resolution: it refers to the ability of an ultra-
sound system to demonstrate differentiation between dif-
ferent tissues (liver/kidney).

• Temporal resolution: it is the ability to show changes 
over time. This is very important for particular exams, 
like echocardiography.

• Spatial resolution: It is the ability to detect and display 
structures that are close, together. It is reasonable to 
consider two different types of spatial resolution: axial 
and lateral one. Axial resolution is dependent especially 
upon the length of the pulse used to form the beam 
(SPL: spatial pulse length), so the shorter the pulse 

length, the better the axial resolution. The SPL is deter-
mined by the number of cycles in one pulse and the 
length of each cycle.

We know that the wave length is inversely proportional to 
the frequency, so higher frequencies generate shorter wave-
lengths and therefore shorter pulse lengths. In conclusion, 
we can say that higher frequency transducers will show bet-
ter axial resolution. On the other hand, the lateral resolution 
is the ability to distinguish between two separate targets per-
pendicular to the beam [3, 4, 8].

4.1.5  Artifacts

The term artifact is used to describe part of image that does 
not accurately represent the anatomic structures present in 
the subject evaluated. Consequently, features that result from 
incorrect adjustment of instrument settings, are not true 
artifacts.

Artifacts may variously affect the image quality, but, in the 
majority of cases, they are easy to recognize. Sometimes, 
they hinder the correct diagnosis or lead to false diagnosis of 
a pathological condition where none exists (Fig. 4.8a-b) [10].

We know that ultrasound systems operate on the basis of 
described assumptions relating to the interaction of the sound 
beam with soft tissue interfaces, such as:

• A constant speed of sound in the body (assumed 
1540 m/s).

• All echoes detected by the transducer originate from the 
central axis of the beam.

• The ultrasound beam travels in straight lines.
• The time taken for an echo from a given interfaces to 

return to the transducer is directly related to its distance 
from the transducer.

• The rate of attenuation of the beam is constant with depth 
and throughout the field of view.

If these assumptions are incorrect, the result is the image 
that does not accurately reflect scan plane anatomy. The list 
below describes some of the common artifacts, some of 
which offer useful diagnostic information.

Transmission Reflection Refraction Adsorption Scattering

Fig. 4.6 The main processes of attenuation of ultrasonic wave passing through tissues

Fig. 4.7 The example of hypoechoic image (amniotic fluid) and hyper-
echoic image (the placenta)
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Acoustic Shadowing is a total reflection on a strong 
reflector, such as gas or foreign body, or extensive 
absorption (bone), of the ultrasound wave. The shadow is 
seen underneath the bright object due to US waves reflec-
tion towards the probe. However, from a diagnostic point 
of view, it may limit the examination of body regions 
behind the gas or the bone, but on the other hand it is use-
ful for diagnosing stones, calcifications, or foreign  bodies 
[9, 10].

Some interfaces causing such effects are:

• Soft tissue/gas (bowel, lung)
• Soft tissue/bone, calcium (ribs, calculi)
• Normal tissue/fibrous tissue (scars, ligaments)

Mirror image artifact is a multiple reflection of the ultra-
sound beam. Consequently, on the screen there is false repre-
sentation showing two images of a single object. However, it 
is possible to distinguish the “mirrored” object from the real 
image because it appears deeper and will disappear if the 
probe position is changed.

Examples of these are:

• Diaphragm/lung interface (show mirroring of the liver 
texture, above the diaphragm)

• Bladder/rectum interface, when the rectum is gas filled 
(bladder wall is mirrored together with any bladder con-
tents, such as ureterocele, catheter balloon, and mass)

Posterior acoustic enhancement occurs if ultrasound 
waves reach quickly a low density medium, such as urine in 
the bladder, and then reflect back quickly from the next 
structure encountered, higher in density, such as the poste-
rior bladder wall. In this case, the deepest structure appears 
falsely hyperechoic, and the gain adjustment may be 
needed.

The basis for this artifact is that fluid-filled structures (cysts, 
gall bladder, etc.) attenuate sound to a much lesser degree than 
solid organs (liver, spleen, etc.). Therefore, there is more sound 
transmitted to structures deep to the fluid- filled structure and 
the resulting echoes from this deeper tissue are brighter than 
those from a similar depth in adjacent solid tissue [5, 10].

4.1.6  Ultrasound Techniques

The echo principle forms represent the basis of all common 
ultrasound techniques. The distance between the transducer 
and the reflector in the tissue is measured by the time between 
the emission of a pulse and reception of its echo. Additionally, 
the intensity of the echo can be measured. With Doppler 
techniques, comparison of the Doppler shift of the echo with 
the emitted frequency gives information about any  movement 
of the reflector. The various ultrasound techniques used are 
described below [1, 3, 8].

4.1.6.1  A-Mode
A-mode (amplitude modulation, A-scan) is a one- dimensional 
examination technique in which a single crystal transducer is 
used. This mode presents amplitudes of reflected ultrasound 
in dependence of time. The echoes are displayed on the 
screen along a time axis (distance) as peaks proportional to 
the intensity of each signal (amplitude) (Fig. 4.9). The use of 
this technique today is very limited [8].

4.1.6.2  B-Mode
B-mode (brightness modulation) is similar to the precedent 
technique, but in this case echoes are displayed as points of 
different gray-scale brightness corresponding to the intensity 
of each signal (Fig.  4.10). The brightness of the spot is a 
semi-quantitative measure of impedance relationship for the 
media building the reflecting interface [8].

a b

Fig. 4.8 (a–b) Artifact linked to the ultrasound contrast medium
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This presentation has a good resolution, but it can’t give a 
lot of data about interfaces nature, presenting only the inter-
faces of great difference. By adding the gray-scale the image 
provides more information about the structures. Indeed, in 
gray scale we have different echo intensities presenting in 
shades of gray.

While the A-scan is a single line investigation, B-scan is a 
2D image and is most commonly used in practice. A probe 
with more than one crystal is used, and the images are pro-
duced by groups of piezoelectric elements. Another aspect is 
that B-mode images are presented in real time and can even 
follow the movement inside the tissues (blood flow, heart).

The images we use in diagnostic ultrasound are produced 
with B-Mode or brightness mode techniques. As a result of 
the signals caused by returning echoes, we obtain a pattern of 
dots on the screen. The strength of the echo received deter-
mines the brightness of each dot proportionally. For each 
pulse emitted, there is a line of sight as a result of the echoes 
derived from the tissue interaction. The image, known as a 
“frame” on the monitor, is composed of multiple lines of 

sights and, consequently, of multiple thousands of dots. 
Finally, the real-time image is a succession of several frames, 
generally 10–30 per second (Figs. 4.11 and 4.12).

4.1.6.3  M-Mode (TM-Mode)
This technique analyzes moving structures, such as heart 
valves. It consists of a continuous recording over time of the 
echoes generated by the transducer. On the ultrasound 
screen, there will be shown motion towards and away from 
the ultrasound probe at any depth along that line [8].

4.1.7  Doppler

In medical ultrasounds, the Doppler effect is used to measure 
the velocity of organs or fluids in the body, for example, time 
motion of heart muscle or the speed of blood in arteries. It 
was initially discovered by Austrian Mathematician Christian 
Doppler, who hypothesized that the pitch of the sound would 
change if the source was moving [7].

The practical description of the Doppler effect is that of 
the change in pitch of a train or siren as they come towards 
or away from you when you are standing still. The pitch 
increases as the train is coming towards you and decreases as 
it is moving away. In medical application, the Doppler effect 
is applied mostly for detecting the blood flow. In particular, 
as the blood is moving towards the transducer, the received 
frequency will be higher than the initial frequency; on the 
other hand, as the blood is moving away from the transducer, 
the received frequency will be lower. The Doppler shift fre-
quency is the difference between transmitted and received 
frequencies. It depends on the insonating frequency ( ), 
velocity of moving blood (V), speed of sound in tissue (c), 
and the angle between the ultrasound beam and the flow 
direction (φ) as shown in the formula below:

A-mode B-mode

Fig. 4.9 Schematic representation of A-mode and B-mode

B-mode

Skin

Fig. 4.10 B-mode or brightness mode technique

Fig. 4.11 Hepatorenal recess or Morison’s pouch, the space that sepa-
rates the liver from the right kidney
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 cosj  

Flow speed calculations based on the Doppler shift measure-
ments can only be accomplished correctly with knowledge 
of the Doppler angle which is in the form of a cosine. For a 
given flow, the greater the Doppler angle is, the lesser the 
Doppler shift is. Consequently, a zero degree angle gives the 
greater Doppler shift and at 90° the Doppler shift is reduced 
to nil [6, 7].

There are three different types of Doppler equipment used 
for the detection of flow: Continuous Wave and Pulsed Wave 
spectral instruments and Color Mapping instruments.

• Continuous Wave: the transducer consists of two 
crystals, one permanently emitting ultrasound and the 

other receiving all the echoes. It is possible to measure 
high flow velocities. Because there is no depth range 
gate, the signals can be very confusing and include a 
broad range of frequency shifts (Table 4.3).

• Pulsed Wave: pulsed wave as well as for the continuous 
wave, the transducer works both as a transmitter and a 
receiver. Moreover, ultrasound is emitted in short pulses, 
thus the echoes arrive to the transducer between pulses, 
in an interval named gate. The receiver gate, setting by 

a b

c d

Fig. 4.12 Two examples of optimization of scan image, modifying PRF in the study of umbilical cord. Note the aliasing in (a–c), and the absence 
of that phenomenon in (b–d)

Table 4.3 Advantages and disadvantages of continuous wave

Advantages Disadvantages
Excellent detection of high velocity flows No range gate location
No aliasing limits Spectral broadening
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the operator at a given depth, reproduces only echoes 
arising from moving reflectors at that depth. A common 
problem with all pulsed Doppler techniques is the analy-
sis of high velocities: the range for the measurement of 
Doppler frequencies is limited by the pulse repetition 
frequency (PRF). Other terms describing PRF are flow 
rate or scale. This determines the sampling time that is 
required to  process the Doppler information. Since low 
flow must be sampled for a longer period of time to 
accurately analyze the information, low PRF must be 
selected. Higher flows can be sampled more quickly so 
high PRF can be selected. The preset will be adequate 
during the exam.

Thus, when the Doppler frequency is higher than the 
pulse repetition frequency, high velocities are displayed as 
low velocities in the opposite direction (spectral Doppler) or 
in the wrong color (Color Doppler). This phenomenon is 
known as “aliasing” (Fig. 4.10), and is directly comparable 
to the effect seen in movies where car wheels rotating above 
a certain speed appear to be turning backward.

This is probably the most common artifact occurring in 
Doppler studies. It simply means that the speed of the flow 
being examined is faster than half of the PRF set. Color 
aliasing can be useful in certain applications to map changes 
in frequency shift in a vessel with blood flowing at a con-
stant angle with respect to the transducer. The aliasing will 
be displayed as the wrong color. Color changing from red, 
through yellow and green, to blue, as a result of changing 
in direction.

A correct display is possible only for Doppler frequencies 
within the range ± one half of the pulse repetition frequency, 
known as the Nyquist limit, as a consequence, increasing the 
PRF will unwrap the spectrum and display it in the correct 
direction, above or below the baseline. Doppler examination 
of higher velocities requires lower ultrasound frequencies 
and a high pulse repetition frequency, whereas low velocities 
can be analyzed with higher frequencies, which allow better 
resolution (Table 4.4).

• Color Doppler: data from multiple sample volumes is 
processed for mean frequency, amplitude, and turbu-
lence, using a system called autocorrelation. Color 
Doppler is, indeed, a display of mean frequency, which 

allows us to easily evaluate hemodynamic events 
occurring in the region of interest from a quality point 
of view, such as existence, direction of flow, and exis-
tence of turbulent flow. This kind of information pro-
vides a road map for pulsed Doppler spectral analysis 
(Table 4.5) [6, 7].

4.2  Doppler Features

4.2.1  Three/Four-Dimensional Ultrasound

In 1974 Szilard developed a mechanical three-dimensional 
(3D) display system to see a fetus three dimensionally. Then, 
in 1982, Brinkley and colleagues [12] invented a 3D position 
sensor for a probe by taking several tomographic images of a 
stillborn baby underwater, tracing its outline manually and 
showing its wire-frame 3D images. However, a modern 3D 
ultrasound system was introduced for the first time in 1986 
by Baba [17, 18], who developed a system for 3D recon-
struction of the ultrasonic fetal image in order to facilitate 
the understanding of the fetal structures in utero and also to 
make recordings of this image. Later, in the early 1990s, 

Table 4.4 Advantages and disadvantages of pulsed wave

Advantages Disadvantages
Single sample volume Aliasing-dependent on the PRF
Accurate range location
Quantitative spectral analysis

Table 4.5 Color

Color Doppler features
Color Display: a color bar that indicates the direction (red or blue, 
depending on the allocation or encoding by the operator), amplitude 
(proportionally to the brightness), and turbulence (green) data in a 
Color Doppler signal
Region of Interest Box: a suitable area of the field of view adjusted 
in width, height, and depth into the patient to optimize the frame rate
Thus, by reducing
(a)  the width: the frame rate increases because fewer color line of 

sight are required
(b)  the height: maintaining the width, the frame rate is the same 

because the same number of beam paths is still required
(c)  the depth: the frame rate increases because for each pulse sent 

into the patient, the computer receives the echoes faster and 
may complete the elaboration of each line of sight in a shorter 
period of time

Angle of Incidence: for a correct use and interpretation of Doppler, 
it’s useful to remember the importance of correction of angle of 
incidence during the scan
A vessel curving through the color ROI makes it possible for the 
Doppler to interrogate unidirectional flow in two different directions, 
towards the transducer and away. This commonly occurs when curving 
vessels are interrogated at or near 90°. A vessel curving through the 
color ROI may visualize the unidirectional flow in two different 
directions by using the Doppler, towards the probe or far away from it. 
Usually, it occurs when the curving vessels are analyzed at or around 
90°, displaying artifacts such as acceleration and aliasing. Correcting 
the angle of incidence towards 0° may avoid these artifacts. 
Understanding of the physics of the effect of the angle of incidence on 
color display will eliminate misinterpretation of this artifact
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clinical applications of the three-orthogonal-plane display in 
obstetrics were reported. Thus, since 1994, the number of 
reports on fetal 3D images has been increasing rapidly in 
reason of the commercial availability [11–14].

Generally, a 3D ultrasound examination consists of 
four main steps: data acquisition, 3D visualization, vol-
ume/image processing, and storing of volumes, rendered 
images or image/volume sequences. Three-dimensional 
data may be acquired in only few seconds in the following 
ways:

 1. with a conventional 2D ultrasound probe: as a large num-
ber of consecutive tomographic images (slices), by 
sweeping the probe over the volume of interest and rotat-
ing it at the spot

 2. with a 3D probe: the most popular way because of its 
easiness for scanning

A 3D data set is composed by a set of voxels (volume ele-
ments) and each voxel has a gray value. Each 3D data should 
be processed by a computer to be displayed on a 2D screen 
to obtain a “volume visualization” [11–19].

There are three methods for volume visualization in 3D 
ultrasound:

 1. Section reconstruction
 2. Surface rendering
 3. Volume rendering

4.2.1.1  Section Reconstruction

 – An arbitrary section is displayed by translating and rotat-
ing the 3D data set.

 – Three-orthogonal sections or parallel sections displayed 
on the screen simultaneously [11, 28–32].

4.2.1.2  Surface Rendering
A 3D surface image (Fig. 4.13) of the object is obtained in 
surface rendering by extracting the data and eliminating 
unnecessary elements as much as possible. In this way, the 
object is transformed to a set of intermediate geometrical 
data, composed of small cubes or small polygons, and dis-
played on a 2D screen. Moreover, this “extraction” process is 
performed either by setting an appropriate threshold or by 
manual tracing [12–19, 33, 34].

4.2.1.3  Volume Rendering
A 3D data set for rendering is projected directly on a projec-
tion plane. This method is useful to study, for example, fetal 
skeleton (Fig. 4.13) (if only the maximal gray values on each 
ray are displayed on the projection plane) or cystic parts and 
blood vessels (if only the minimal gray values on each ray 
are displayed on the projection plane). However, volume ren-
dering is a good rendering method for observation but not for 
volume measurement [13–19].

Three-dimensional ultrasonography benefits are as 
follows:

 – elevate accuracy in volume measuring
 – good measurement reproducibility
 – reduction of scanning time and improvement of workflow
 – facilitation of telemedicine
 – provision of some specific display modes, such as 3D 

cine, 4D, TUI (Tomography Ultrasound Imaging), VCI 
(Volume Contrasting Image), Omniview, VCAD (Volume 
Computed-Aided Diagnosis), and STIC (Spatio- Temporal 
Image Correlation) (Table 4.6) [19, 29, 32–49].

a b c

Fig. 4.13 In (a) image of volume rendering of fetal skeleton, in (b, c) image of surface rendering
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4.3  Basic Characteristics 
of the Ultrasound Equipment

4.3.1  The Ultrasound Machine

Generally, a basic ultrasound machine is composed by the 
following components:

 (a) Transducer probe
 (b) Central Processing Unit (CPU)

 (c) Transducer Pulse Controls
 (d) Display
 (e) Keyboard/Cursor
 (f) Disk storage device (hard disks, floppy disks, compact 

disks, or digital video disks)
 (g) Printer

The transducer probe is the main part of the ultrasound 
machine. By using the piezoelectric effect, this wand-like 
instrument produces sound waves and receives the echoes as 
they bounce off the organs. The performance and imaging 
quality of ultrasonic scanner are highly affected by the char-
acteristic and the structure of the probe. There are, indeed, 
different types of transducers: cardiac, vascular, abdominal, 
transvaginal, endorectal, and transesophageal echocardiog-
raphy (TEE) (Tables 4.7 and 4.8). The shape of the probe 
determines its field of view. Cardiac is typically the smallest; 
vascular ranges in size from 25 to 50 mm; abdominal/curved 
shape has a larger footprint, and transvaginal transducers are 
long and skinny with a small head [1, 3, 5, 8].

The CPU is the “brain” of the ultrasound machine that 
contains the microprocessor, memory, amplifiers, and power 
supplies. The CPU functions are as follows:

 – sending electrical currents to the transducer probe to emit 
sound waves

 – receiving the electrical pulses from the probes, generating 
from the returning echoes

 – processing data
 – forming image on the monitor
 – storing the processed data and/or image on the disk

The transducer pulse controls allow the sonographer to 
set and change the frequency and duration of the ultrasound 

Table 4.6 Different specific display mode far three-dimensional 
ultrasonography

Display mode 3D
3D-CINE
A static 3D volume data set, previously recorded by a moving 
camera, can be moved from one point to the other. Rotation in x or y 
axis provides different angle views and a better depth perception. 
Starring and ending rotation positions can be defined in 360°, but 
45–60° are optimal. Both rotation velocity and type of movement 
can also be defined
4D
The addition of “time dimension” enables real-time observation for 
both obstetrics and gynecologic exams, even though each volume 
data set has less quality then a 3D volume
TUI
Three-dimensional image are presented in sequential plans, similarly 
to a computed tomography (CT) exam. Although the image size is 
reduced, several parallel planes may be visualized in only one image
VCI
A render mode that improves image contrast, reducing artifacts 
between tissues. Each image represents a thick slice from volume 
data set, viewed from longitudinal, coronal, transversal planes 
simultaneously. Transparency and slice thickness can be adjusted
This method is extremely useful to improve the delineation between 
myometrium and endometrium or placenta, fetal bones, and soft 
tissue, and to improve the definition of the fetal central nervous 
system, fetal thorax, and pelvic floor assessment
OMNIVIEW
A 3D resource that allows rectifies and view curvilinear structures in 
the same plane
This method, for example, enables to identify both uterine body and 
cervix at the same coronal plane
VCAD
VCAD aims to minimize operator dependence through image 
acquisition standardization. This method is useful in the fetal heart 
evaluation (SonoVCADheart), providing an immediate view of the 
six recommended volumetric fetal echocardiographic images, and 
the assessment of fetal head progression during the second stage of 
labor (SonoVCADlabor)
STIC
A 3D acquisition of moving structures through a post processing 
volume set, using either color Doppler or B-mode pulsatility to 
determine heart rate and organize the acquired frames into several 
3D data sets.
The main clinical employ of this method is the fetal heart. The 
reconstructed volumes will represent different moments of one 
cardiac cycle, resembling a real-time scan, in which four chambers, 
long axes and all the different scanning planes, can be visualized 
both as clips and as still images

Table 4.7 Probes for 2D imaging

Probe 
type Feature Application

Central 
frequency

Linear 
type

Wide footprint and 
keep same field of 
view at deep part

– Vascular
– Breast
– Thyroid
– Tendon
–  Body fat and 

muscle mass

2.5–12 MHz

Curved 
type

Wide footprint, 
field of view will 
be spread at deep 
part

–  Abdominal 
application

2.5–7.5 MHz

Phased Small footprint, 
field of view will 
be spread widely at 
deep part

–  Cardiac, 
transesophageal, 
and abdominal

– Brain diagnosis
–  Brain, cardiac, 

transesophageal, 
and abdominal

– Brain diagnosis

2–7.5 MHz
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pulses applied to the piezoelectric crystals in the transducer 
probe, according to the scan mode of the machine [2].

The display, black-and-white or color, is a computer mon-
itor that shows the processed data from the CPU.

Finally, the most common keyboard/cursor is a trackball, 
which allows the sonographer to add notes and take measure-
ments from the data.

All the images can be stored in disk and after archived, 
and printed by thermal printers [52–56].

4.3.2  The Different Probes

We have the possibility to use different types of probes, 
according to the structures analyzing. Ultrasonic probe is a 
very important sensor, and the performance and imaging 
quality of exam are high and firstly affected by the character-
istics of probe used [56, 57].

The mainly known probes are:

• Flat linear
• Curved linear
• Phased array

These terms refer to the arrangement of the crystals and 
the shape of the probe.

Flat linear: this kind of probe crystal is in a single row and 
in a straight line. For this reason, a linear probe will send out 
the sound signals all parallel to each other, travelling at 90° 

to the transducer face, with an uniform density from the top 
to the bottom of the image, and the field of view is rectangu-
lar on the screen. The linear transducer for 2D imaging has a 
wide footprint and its central frequency is 2.5–12 MHz. The 
main uses of this probe are for the study of superficial tissues 
as tendon, fat, muscular, breast, thyroid, and vessels.

The linear transducer for 3D imaging has a wide foot-
print and a central frequency of 7.5–11  MHz, and it can 
be used for breast, thyroid, and carotid, or other vascular 
applications.

Curved linear: in this probe, the crystals are arranged 
along a curve, but are still in a single line. The sound signals 
remain at 90° to the transducer face, so they are sent in an arc 
and this creates a triangle shape or arc shaped imaged on the 
screen. This transducer is good for in depth examinations, 
even though the image resolution decreases when the depth 
increases. This is the most common probe used for the study 
of the abdomen. The frequency and applications also depend 
on whether the probe is for 2D or 3D imaging. In fact, the 
curved linear transducer for 2D imaging has a central fre-
quency of 2.5–7.5 MHz, for 3D imaging has a frequency of 
3.5–6.5 MHz (Fig. 4.12).

Phased array: this probe has a flat surface, but the crys-
tals are arranged in a grid or network and are charged with 
electricity at different times. These probes are a little more 
complicated because some of crystals are vibrating in-phase 
with, and some others are vibrating out-of-phase with other 
crystals. The result is that this probe produces an arc-shaped 
image despite the fact that the probe is flat. This is the most 
common probe used for cardiac ultrasound (Fig. 4.14a-b).

Another ultrasound transducer type commonly used is the 
endocavitary. These probes have the opportunity to perform 
internal examinations of the patient. Therefore, they are 
designed to fit in specific body orifices. The endocavitary 
transducers include endovaginal and endorectal. Typically, 
they have the smaller footprints and the frequencies vary in 
the range of 3.5–11.5 MHz (Fig. 4.15a-c) [57–60].

4.3.3  Adjustment of the Equipment: Image 
Optimization

Only 1% of the operating time is spent by the transducer 
transmitting sound, whereas 99% of the time is spent listen-
ing to echoes. Correct adjustment of an ultrasound scanner is 
essential for an appropriate exam. The instruments offer a 
large variety of possible standard setting for each transducer 
and each body region, which may be adapted to the needs of 
the sonographer [8].

Throughout any ultrasound examination the operator 
should be constantly monitoring the image quality with a 

Table 4.8 Probe for 3D scanning

Probe type Feature Application
Central 
frequency

Linear type Real-time 3D probe 
with the linear 
scanning type. The 
wide footprint 
probe head is 
beneficial at near 
part with the wide 
field of view

– Breast
– Thyroid
– Vascular

2.5-12 MHz

Curved type Real-time 3D probe 
with the field of 
view. The wide 
footprint probe head 
is beneficial at deep 
part scanning

–  Abdominal 
application

3.5–6.5 MHz

Transvaginal 
type

Real-time 3D probe 
with the wide field of 
view. The long and 
small probe head 
shape is beneficial 
for endocavitary 
application

– Transvaginal
–  Transrectal 

cardiac, 
transesophageal, 
and abdominal

– Brain diagnosis

6 MHz
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a b

Fig. 4.14 (a–b) On the left a phased array linear and curved probe, on the right phased linear probe

a

b

c

Fig. 4.15 (a–c) Two models of endocavitary probe
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view to improving it. Sometimes better scanning techniques 
are required and sometimes optimization of the image by 
changing system controls can cause the necessary improve-
ment in the image.

• Transmission power: it’s fundamental that the regulation 
of the amount of energy exciting the crystal, and therefore 
the strength of the ultrasound beam. The choice of fre-
quency (and transducer) relies on the penetration depth 
needed. It’s important to note that changing frequency 
affects image acquisition and resolution.

• Higher frequency: greater resolution, poorer penetration.
• Lower frequency: poorer resolution, greater penetration. 

For the abdomen, for example, it may be useful starting 
with a lower frequency (curved array, 3.5 MHz) and using 
a higher frequency when the region of interest is close to 
the probe.

• Depth: it should be adjusted to improve the quality of 
the image by putting the object of interest in the center 
of the screen. Use small depth of field for superficial 
structures and large depth of field for deeper ones. On 
the right side of the screen, markings show depth in 
centimeters.

• Focus: The focus, or zone of the best resolution, should 
always be adjusted to the point of interest. Ultrasound 
systems normally have user controlled focal zones, giving 
best definition at the designated depth of focus. Modern 
transducers use excellent focusing technology achieving 
the best resolution. It is possible to expand the focal zone 
by adding more than one focal point, over a larger portion 
of the depth of field. In this case, there is slowing of the 
frame rate.

• Overall Gain: it’s an amplification of the received signal 
but doesn’t increase the exposure. In other words is the 
brightness of the image and can be adjusted for each scan 
to ensure that dark hypoechoic objects such as urine or 
blood are black on the screen, while bright hyperechoic 
objects such as bone appear white. Be careful not to use 
too much or too little gain.

• Time gain compensation (TGC): it’s a way to overcome 
ultrasound attenuation, in which signal gain is increased 
as time passes from the emitted wave pulse. This correc-
tion makes equally echogenic tissues look the same even 
if they are located in different depths.

• Zoom: it is used to magnify structures of interest mainly 
for the final investigation of detail and for preparing the 
documentation.

• Angle of incidence: the largest reflection of sound occurs 
at 90° to an interface, so the best images will result from 
a sound beam projected at 90° to the main area of 
interest.

If there are problems, use of the image optimizer knob 
and returning to the standard settings may help [1, 4, 8].

4.4  Technical Aspects of the Ultrasound 
Examination of Female Pelvis

The following standards describe the examination to be per-
formed for each organ and anatomic region in the female pel-
vis. All structures should be identified by the transabdominal 
or transvaginal approach. In many cases, both will be needed.

Ultrasound plays the primary role in imaging of the female 
pelvis. CT and MR are supplemental techniques used when the 
US examination is equivocal and in the staging of pelvic malig-
nancy. Primary indications for female pelvic US examination 
are pelvic pain, abnormal vaginal bleeding, and suspicion of 
pelvic mass. Additional indications include evaluation of preco-
cious puberty, infertility, and early cancer detection [9, 50, 51].

4.4.1  Preparation

Basically, no special preparation is needed for an ultrasound 
examination, except for the examination of the abdomen, in 
which a period of fasting is recommended. A coupling agent is 
necessary to ensure good contact between the transducer and 
the skin and to avoid artifacts caused by the presence of air 
between them. The best coupling agents are water-soluble 
gels, generally composed by 10 g carbomer, 0.25 g ethylene-
diaminetetraacetic acid (EDTA), 75 g propylene glycol, 12.5 g 
trolamine, and up to 500 mL demineralized water. A common 
mistake is to use insufficient gel, making poor contact with the 
skin surface, reducing the mobility of the transducer face over 
the skin and producing artifacts and poor imaging. For a pelvic 
sonogram performed transabdominally, the patient’s bladder 
should be adequately distended. For a transvaginal approach, 
the bladder should be usually empty [2].

It is useful also to recognize the orientation of the transducer. 
Most transducer manufacturers provide an orientation mark, 
usually a small raised bump or light on one side of the trans-
ducer handle. In general, this mark should be towards the 
patient’s head for sagittal sections and towards the patient’s right 
for transverse sections. This probe marker corresponds a screen 
marker on the left of the screen. It’s important that the probe 
marker is on the same side as the screen marker, and it possibly 
changes its orientation. The transducer should be used as an 
extension of the hand of the examiner and visualized as a torch, 
with the ultrasound beam as the light emanating from the torch.

The anatomy must be visualized three-dimensionally and 
not just two-dimensionally on the monitor; point the trans-
ducer at the organ wishing to view.

4.4.2  Uterus

The vagina and uterus provide an anatomic landmark that 
can be used as a reference point for the remaining normal 
and abnormal pelvic structures.
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In evaluating the uterus, the following should be docu-
mented (Fig. 4.16a-b):

• Uterine size
• Uterine shape and orientation
• Endometrium
• Myometrium
• Cervix

The vagina should be imaged as a landmark for the cervix 
and lower uterine segment. Uterine length is evaluated in the 
long axis from the fundus to the cervix; the anteroposterior 
dimension is measured in the same long-axis view from its 
anterior to posterior wall, perpendicular to the length. The 
width is measured in transverse view or coronal view. Cervical 
diameters can be similarly detected. It’s necessary to document 
the cervix relationship with vagina (anteverted/retroverted 
uterus), and uterus relationship with cervix (anteflexed/retro-
flexed uterus) [62]. Any anomalies in morphology must be 
reported by using 2D as well as 3D mode, if possible.

The endometrium should be analyzed for thickness, measur-
ing the thickest part of it perpendicular to its longitudinal plane 
in the AP diameter from echogenic to echogenic border (adja-
cent hypoechoic myometrium and fluid in the cavity should be 
excluded), and echogenicity (Fig. 4.17). If any abnormality is 
detected, it should be detected the presence of flow (Color 
Doppler). The myometrium and cervix should be evaluated for 
contour changes, echogenicity, and masses [63–68, 72].

4.4.3  Adnexa (Ovaries and Fallopian Tubes)

When evaluating the adnexa, an attempt should be made to 
identify the ovaries first because they can serve as the major 

point of reference for adnexal structures. Frequently, the ova-
ries are situated anterior to the internal iliac (hypogastric) 
vessels, which serve as a landmark for their identification. 
The following ovarian findings should be documented as 
follows:

• Size, shape, contour, echogenicity
• Position relative to the uterus

The ovarian size can be obtained by measuring the length 
in the long axis with the anteroposterior dimension measured 
perpendicular to the length. The ovarian width is measured 

a b

Fig. 4.16 (a–b) Upper and down an example of a correct technique to detect ovarian volume

Fig. 4.17 Imagine of a correct way to measure thickness of endome-
trium and uterine length and anteroposterior dimension
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in trans-axial or coronal view, so that it is possible to calcu-
late the volume (Fig. 4.18) [69].

The normal Fallopian tubes are not commonly identified. 
This region should be surveyed for abnormalities, in particu-
lar dilated tubular structures.

If an adnexal mass is noted, its relation to the ovaries and 
uterus should be documented. Its size and echo pattern should 
be determined according to actual guidelines [61, 62, 70].

Doppler ultrasound may be useful in selected cases and 
can identify the vascular nature of pelvic structures [61, 62].

4.4.4  Cul-De-Sac

The cul-de-sac and bowel posterior to the uterus may not 
be clearly defined. This area should be evaluated for the 
presence of free fluid or mass (Fig. 4.19). Differentiation 
of normal loops of bowel from a mass may be difficult 
if only an abdominal examination is performed. A trans-

Fig. 4.18 Ultrasound 
evaluation of ovaries

Fig. 4.19 Imagine of free fluid in cul-de-sac, posterior to the uterus 
and a typical sactosalpinx
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vaginal examination may be helpful to distinguish a 
suspected mass from fluid and feces within the normal 
rectosigmoid [61].

4.5  Ultrasound in Human Reproduction

Specific to gynecology, the introduction of high-resolution 
transvaginal ultrasonography has substantially changed the 
approach to diagnostic of gynecologic conditions. Today, it 
is an essential tool in patients suffering from reproductive 
disorders for assessment of follicular growth pattern, the 
structure of perifollicular vascular network and endome-
trium enable close to monitoring and prediction of success 
of medically assisted reproduction [66, 68, 72].

4.6  Ultrasound and Follicular Growth

Antral follicles of different sizes are present during all 
phase of menstrual cycle. Commonly, a diameter of 2 mm 
is considered as the lower limit at which antral follicles 
can be visualized although with improvement of ultra-
sound machines even smaller follicles can be visualized 
today. Visible characteristics of antral follicles which may 
be used for prediction of the ultimate fate of a follicle are: 
size (the largest diameter), shape, echogenicity, and antral 
edge quality [71].

In natural cycle (Fig.  4.20), throughout the follicular 
phase, antral follicle which will gain dominance is usually 
regularly shaped with regular antral edge and larger than 
follicles undergoing atresia. Dominant follicle has echo-

Fig. 4.20 (a) In natural cycle, throughout the follicular phase, antral 
follicle which will gain dominance is usually regularly shaped with 
regular antral edge and larger than follicles undergoing atresia. (b) 

Recently introduced sonography based automated volume count 
(SonoAVC) algorithm allows for automatic follicle count on ovaries 
recorded by ultrasound

a
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genicity in the middle range, while follicles destined to 
become atretic generally display higher echogenicity. Early 
angiographic studies in natural cycle showed that the main 
characteristics of blood flow in perifollicular tissue of non-
dominant growing antral follicles were lower velocity and 
higher resistance in comparison to perifollicular blood flow 
of the dominant follicle. Dominant follicle undergoes 
remarkable changes during the last 7 days of its develop-
ment. There is a marked increase of number and size of 
granulosa cells and increase in perifollicular blood flow in 
the vessels of the teca. These changes can be visualized by 
ultrasound as an increase in diameter and volume of the 
follicle [3, 71].

At the time of ovulation, the dominant follicle which has 
reached its maximal size ruptures, and shortly after, luteo-
genesis begins. Several sonographic parameters have been 
investigated as potential markers of ovulation:

 – Disappearance of dominant follicle or sudden decrease of 
its size (the most frequent sign of ovulation with sensitiv-
ity of 84%)

 – Increase of intrafollicular echogenicity

 – Loss of follicular wall regularity
 – Accumulation of free fluid in the pouch of Douglas

Doppler studies of dominant follicle in natural cycle have 
showed that there is a marked increase of blood flow velocity 
in perifollicular vessels around the time of ovulation.

4.7  Ultrasound and Medically Assisted 
Reproduction

Early follicular FSH is the most widely used marker of ovar-
ian reserve although it is well-known that it has a relatively 
limited value in predicting ovarian response. On the other 
hand, markers such as anti-mullerian hormone (AMH) and 
antral follicle count (AFC) are today well established as one 
of the most reliable predictors of ovarian response to exoge-
nous stimulation. AFC is the most verified sonographic 
marker, but there are also other sonographic markers that 
have been investigated, such as ovarian volume and ovarian 
stromal blood flow [72, 73].

b

Fig. 4.20 (continued)
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4.7.1  Antral Follicle Count

The number of antral follicles (AFC) is a better predic-
tor of ovarian response to controlled ovarian stimula-
tion compared to ovarian volume or age alone: if antral 
follicle count is less than three, there is a significantly 
higher chance of cycle cancellation, detection of lower 
estradiol (E2) levels, and use of higher doses of gonado-
tropins. Recently introduced sonography- based auto-
mated volume count (SonoAVC) (Fig.  4.21) algorithm 
allows for automatic follicle count on ovaries recorded 
by ultrasound; this approach enables lower intra- and 
interobserver variability, reduces the risk of measurement 

error, and consequently, could further improve the pre-
dictive capability of AFC in women undergoing ovarian 
 stimulation [74].

4.7.2  Ovarian Volume

Despite its early promising predictive importance, it is nowadays 
accepted that ovarian volume has a relatively limited predictive 
value of ovarian response to stimulation. Evidence of the litera-
ture and 3D ultrasound technology has shown that there was no 
statistically significant difference in ovarian volume between low 
responders and controls on day 3 of the cycle [70, 73].

4 day 6 day

14 day

Endometrium 10- 12 mm

Dominant follicle 21- 24 mm
8 day

11 day

Fig. 4.21 The role of sonographic evaluation of the endometrium-A
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4.7.3  Ovarian Blood Flow Assessment

Stromal blood flow is another aspect of ovarian physiology 
that was made possible to investigate with the introduction of 
Doppler technique [4, 52]. Commonly used parameters were 
stromal peak systolic velocity (PSV), pulsatility index (PI), 
resistance index (RI), and, lately, vascularization index (VI), 
flow index (FI), and vascularization flow index (VFI). Early 
investigations have also suggested the value of ovarian stro-
mal blood flow parameters in predicting the success of MAR, 
but other have failed to prove their predictive ability. Ovarian 
stromal vessels are thin and torturous, and it is impossible to 
obtain the angle between the ultrasound beam and the intra-
ovarian vessels accurately.

The introduction of 3D and power Doppler angiography 
represented significant improvement in terms of ovarian 
blood flow assessment. In the study using 3D ultrasound, it 
was demonstrated that the mean ovarian stromal flow index 
(FI) was an important predictor of ovarian response to con-
trolled stimulation. Similar findings of lower VI, FI, and VFI 
in poor responders were confirmed in another study. In con-
trary to these findings, it has been shown that all three indices 
of vascularity (VI, FI, VFI) were significantly increased dur-
ing gonadotropin stimulation in the group of normal respond-
ers compared to the low ovarian reserve group. However, only 
AFC and none of the blood flow indices is identified as inde-
pendent predictor of ovarian response and IVF outcome [73].

4.7.4  Ultrasound Monitoring in Controlled 
Ovarian Stimulation

Sonographic evaluation of follicle growth and the number of 
follicles can influence the dose of gonadotropins as well as 
the timing of hCG administration for triggering final oocyte 
maturation.

Maturity of oocyte is closely associated with the follicle 
size and the serum estradiol levels. Common approaches to 
controlled ovarian stimulation monitoring involve baseline 
ultrasound and estradiol measurements. Afterwards, the 
approaches vary and usually combine ultrasound ultrasound 
and estradiol monitoring, but the target remain the same: 
obtaining an adequate number of follicles with the estradiol 
levels that are consistent with the follicle cohort (serum E2 
of at least 200 pg/mL per follicle measuring ≥14 mm) [73].

4.7.5  Ultrasound Evaluation 
of the Endometrium

For any assisted procedure, optimally primed endome-
trium is essential for successful implantation. Endometrial 

development resulting in endometrial receptivity during 
the window implantation requires the subtle collaboration 
of an extremely large number of factors. Morphological 
characteristics of endometrium depend on the circulating 
levels of estrogen and progesterone. Transvaginal ultraso-
nography can provide insight to the state and development 
of the endometrium and the capability to be receptive for 
embryos. Anterior and posterior myometrial-endometrial 
interfaces are easily recognized in all phases of the men-
strual cycle, at the end of menstrual phase, the endome-
trium appears as a thin, hyperechoic line. During 
proliferative phase, it becomes thicker (double layer endo-
metrial thickness is normally 5–12  mm) and less echo-
genic. As early as day 6 and as late as 1 day before the LH 
peak, the sonographic picture of endometrium changes to 
the “triple stripe” pattern. At the time of ovulation, endo-
metrium thickness is 10–16  mm. After ovulation, in the 
secretory phase, characteristic “triple strip” disappears as 
the consequence of progesterone influence. Endometrium 
becomes homogenous and hyperechoic. Thickness of 
endometrium increases only slightly. As a contrast to 
hyperechogenicity of endometrium, observer could also 
identify a hypoechoic band at the interface with the myo-
metrium. Endometrial thickness is defined as the distance 
between the anterior and posterior stratum basalis layers. 
Its measurement should be performed in the sagittal plane 
(Fig. 4.22) [72, 73].

Endometrial thickness measurement is an essential 
part of evaluation of patients with fertility problems. 
Although multiple studies investigated the predictive 
value of endometrial thickness and sonographic appear-
ance in IVF cycles, conclusions remain controversial. A 
recent review has shown that although frequently used 
cut-off of 7 mm is related to lower chance of pregnancy, 
the discriminatory capacity of this value in the prediction 
of pregnancy is virtually absent. There are also other 
echographic aspects of endometrium, such as homoge-
nous appearance on the day of hCG administration and 
uterine artery pulsatility index higher than 3.0 that were 
associated with poor results of stimulated IVF/ICSI 
cycles. While some investigators suggested that exces-
sive endometrial growth (greater than 14 mm) was also 
shown to be poor prognostic indicator, others refused this 
conclusion [75].

The importance of Doppler angiographic indices as tools 
for evaluation of endometrium has also been studied: cycle- 
dependent changes in uterine blood flow (VI and PI of uter-
ine artery) are evident, but their predictive value is limited 
due to diurnal variations and difference between the two 
uterine arteries (ipsilateral or contralateral to the dominant 
follicle) (Fig. 4.23) [73].
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The oocyte retrieval theater is only a small part of a larger 
structure that is the center of assisted reproduction.

The assisted fertilization center is a complex structure 
with many areas that serve very specific purposes.

In this structure, the pathways of patients and operators 
play a fundamental role [1]. The pathway must be studied 
according to the dictates of ergonomics [2–5] (Fig. 5.1).

Oocyte collection takes place in an environment where 
all quality and safety standards for human surgery should 

be guaranteed. This environment is the surgery room [6] 
(Figs. 5.2 and 5.3).

The surgery room, where the oocyte collection is carried 
out, is preferably connected to the Embryology Laboratory 
with an access through a window or a door. It should be 
located with a direct access to the operating room, in order to 
minimize the thermal stress of transport to the oocytes.

The dressing room must be a separate area but located 
within the operational theater complex [7, 8].

The area, surgery room where the egg collection takes 
place must be adequately equipped and include:

 – Surgical bed with the possibility to tilt the patient’s head 
downwards (Fig. 5.4)

 – Supply of oxygen and the apparatus to deliver oxygen to 
the patient (Fig. 5.5)

 – Adequate suction equipment (Fig. 5.6)
 – Resuscitation equipment and medications
 – Availability of the electrocardiography and pulse oximeter
 – Availability to specialized equipment necessary for con-

tinuous patient care
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Fig. 5.1 In this drawing is represented an IVF center and the work flows of patients and staff
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Fig. 5.2 Schematic 
representation of the surgery 
room for oocyte retrieval with 
gynecologist and 
anesthesiologist; low 
ultrasound and aspirator, right 
respirator, high table servant 
and sink

Fig. 5.3 Theater of oocyte retrieval
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5.1  Structural Requirements

Each state has an own legislation; therefore, the minimum 
standards for an operating room where oocyte sampling 
takes place are often different from each other, and, in some 
cases, there is no constraint.

But if we consider only the minimum optimal criteria for 
such use, the minimum area required for the operating the-
ater would be 100 square feet (9.29 m2).

This area is necessary to accommodate the basic equip-
ment required for ART operation theater equipment.

5.1.1  Features

 – The surgical light source must be made movable or con-
nected for adequate exposure.

 – The washing area must be attached to the surgery.
 – There should be no sunlight opening in the operating 

theater.
 – Durable vinyl should be used for the floor with a mini-

mum height of 10 in. (10 cm) at the edges.

 – The interior finishes of the operating theater should be 
smooth, seamless, and uninterrupted.

 – The operation theater should have a seamless ceiling with 
lights to prevent particles above the ceiling from having 
direct access to the area of the operating theater.

5.1.2  Ventilation

 – The surgery room must be mechanically ventilated to pro-
vide 100% fresh air without recirculation.

 – The surgery room must have a minimum ventilation speed 
of 20 room volumes of air exchange per hour by means of 
mechanical power supply and air discharge system.

 – These characteristics are used to minimize the presence of 
particles (Fig. 5.7).

 – External air inlets should be located as far as possible but 
no less than 7.6 m (23 ft) from the outlets of any ventila-
tion system, combustion equipment, medical surgical 
vacuum system, or hydraulic venting areas that may col-
lect harmful fumes.

Fig. 5.4 Surgery room table
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 – The lower part of the outside air intake should be located 
high up, but not less than 3 ft (0.9 m) above the ground 
level or if installed through the roof, not less than 3  ft 
(0.9 m) above the roof level.

5.1.3  Climate

The temperature of the operating theater must be kept at 24–26 °C.

It must be able to facilitate and resist frequent cleaning 
and disinfection.

5.1.4  Basic Requirements for Art

 – A 2-D ultrasound machine for transvaginal and transab-
dominal scanning with the availability of a needle biopsy 
guideline connected to a TV monitor for transvaginal 
oocyte retrieval.

 – Oocyte recovery system with a suction system and tube 
warmer connected to it to keep the tubes at 37 °C during 
the procedure.

 – Patient monitoring must be present—oximetry monitor-
ing and continuous monitoring of blood pressure (BP) 
and pulse rate (PR).

Fig. 5.5 Supply of oxygen and the apparatus to deliver oxygen to the 
patient

Fig. 5.6 Adequate suction equipment
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 – Resuscitation trolley with appropriate medication and 
equipment to treat any medical emergencies (Fig. 5.8).

 – Adjustable operating room table with appropriate surgical 
session for oocyte recovery and embryo transfer.

5.1.5  Preparation Before the Procedure

5.1.5.1  Patient Preparation
A consent form must be signed by the patient and a copy 
should be kept in the patient’s records for any ART proce-
dure that the patient and/or the couple are to undergo.

5.1.5.2  Laboratory Safety and Infection Control

 – Pairs treated should be subjected to appropriate infectious 
disease screening and quarantine to ensure that gametes 
and embryos are free from infectious diseases. The mini-
mum diseases to be screened are HIV1, HIV2, hepatitis 
B, and syphilis. HIV-positive patients are referred to the 
appropriate medical specialist for further treatment. 
Syphilis carriers are treated with the appropriate antibi-
otic before proceeding with ART.

 – HIV and hepatitis carriers should be listed as the last case 
and the operating room should then be closed and cleaned 
using the standard hospital procedure for such cases. 
Laboratory staff should manage all gametes from these 
patients using the standard double-acting technique in 
addition to aseptic techniques.

 – Gametes should be incubated separately from those of 
other patients.

Fig. 5.7 Limits of maximum 
concentration (particles/m3 
air)

Fig. 5.8 Resuscitation trolley with appropriate medication and equip-
ment to treat any medical emergencies
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5.1.6  Biosafety

 – To protect the safety of gametes, only authorized person-
nel may enter the laboratory or storage area. Security 
measures should be in place to prevent unauthorized 
access.

 – All gametes and embryos containers must be properly 
labeled and registered.

 – All disposable gametes management devices should be 
used only once.

 – All storage containers should be locked and stored in 
secure facilities.

5.1.7  Outpatient Surgery Room

5.1.7.1  General Principles [9, 10]
• Patient is scheduled for surgery (collecting the egg) and 

has previously been informed of the procedure to be sure 
of understanding the instructions on how to prepare for 
surgery.

• In performing the tasks necessary for outpatient surgery, 
OR specialists must coordinate their work to provide a 
safe and efficient environment for the patient.

• Definition of Circulator: The OR team technician who 
works outside the sterile field during surgery.

• Definition of Scrub: The OR team technician who washes, 
wears sterile shirts and gloves, and functions within the 
sterile area.

• Lack of coordination (or teamwork) causes errors, misun-
derstandings among staff and loss of time. Considering 
the relevance of the care given to the patient in the operat-
ing room, each of these results can have disastrous conse-
quences for the patients.

• Professional staff (circulator and scrub) are responsible 
for developing a systematic method (work plan) for oper-
ational procedures.

• Methods for performing procedures may vary among spe-
cialists, but the rules for observing aseptic technique as 
well as the circulatory and scrub functions are common to 
each operating procedure. The operating room specialist 
can be assigned to perform functions such as the circula-
tor or scrub during a surgical procedure.

The surgical team is a group of people in the operating 
room during a surgical procedure.

This group includes the surgeon (specialist O and G 
trained in ART), an assistant (the nurse or specialist to exer-

cise the scrub functions), the anesthetist, and the nurse or 
specialist to exercise the functions in circulation.

All team members work together to provide the best pos-
sible care to the patient. Any work done in the operating 
room, no matter how small, contributes to the patient’s well- 
being. No job is so important as to account only for the 
recovery of the patient.

5.1.8  Circulator Duties

To work efficiently during a surgical procedure, the circula-
tor must be familiar with the routine established in the oper-
ating room. He should know the instruments, equipment, and 
supplies—including the supplies needed to position the 
patient—to enable them to provide the appropriate items. He 
should also know their location to avoid wasting time in 
obtaining them. The functions performed by the circulator 
are routine. Additional functions can be assigned to him/her 
by the professional members of the operating team.

The defined routines are established for the preparation of 
an operating room for surgery:

• The circulator is at a safe distance from the sterile field 
when adjusting the light on it.

• He should never enter the sterile field to perform tasks 
and must keep the extra supplies needed or allow the 
scrub to reach them.

• When moving a sterile table, the circulator grasps the 
table legs well below the table above and below the sterile 
curtains.

• The circulator “flips” the sterile material on the rear 
table.

• He switches on the ceiling light to ensure correct 
operation.

• He should check that the operating table is working prop-
erly, with particular attention to the set of instruments for 
collecting the eggs.

• Finally, the circulator should check:
 – The vacuum pump (to provide a low flow for general 

suction) and in particular the control of:
The correct activation of the vacuum response pedal 
on the needle tip.
If the pump maintains a vacuum at its set level.
If the LED displays the vacuum pressure in mmHg 
(pressure).
Pipe pre-heating unit (temperature).

 – Other equipment (such as electrosurgical units, etc.)
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5.2  Preparation of the Prep Set

Most centers use disposable preparation sets.
When disposable ready-made sets are not used, the prepa-

ration of the set is the same.
The circulator has opened the preparation set and checked 

the sterilized indicator for sterilization.
He places the objects on the surgical (Fig. 5.9) prepara-

tion table—speculum, sponges, sponge bowl, sponge pliers 
(Foerster-Ballenger Forceps Sponge), hemostatic pliers and 
prep cup (metal cup for antiseptic or physiological solution). 
He places the preparation gloves on the preparation table 
with a towel resting on them. Once the circulator has poured 
physiological solution into the sponge bowl, moisten a 
sponge and clean the dust from the glove.

5.3  Scrub Area

A washing area (Fig. 5.10) should be located between the 
operating room [11–13] and the laboratory and should be 
opened directly in an operating room. Sinks should be deep 
enough, at least one foot, so that water is not sprayed on 
clothing, floor, hands, and arms during the procedure. Sinks 
should be equipped with hot and cold water taps which 
should be controlled by knee levers or levers. If arm or 
hand levers are to be used, these controls should be adjusted 
for the flow of water temperature before rubbing. If the 
hands or arms of the specialist accidentally touch the fau-
cets or sink during any phase after the start of the scrub, it 
will become contaminated and the washing cycle should 
resume [14, 15].

Fig. 5.9 Surgical table for 
oocytes retrieval
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The containers for surgical cleaners (disinfectant and 
MEA IVF-tested detergent) are placed between two sinks. 
Pedal-operated pedals attached to the containers provide a 
convenient method of dispensing detergents without contam-

inating the hands. Brushes (depending on the type used) can 
be placed in dispensers, one between the two sinks.
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The introduction of in  vitro fertilization in the late 1970s 
resulted in the continuous development of reproductive med-

icine by innovative techniques to solve the various causes of 
couples’ sterility.

Common causes of infertility and sterility are endometri-
tis, genetic abnormalities, congenital or acquired uterine 
malformation, endocrine dysfunction, thrombophilic disor-
ders, autoimmune diseases, incompetent cervix, luteal phase 
defect, certain infections, and sperm DNA abnormalities.

This chapter reviews the structural uterine and endometrial 
causes of infertility and sterility and highlights the important 
role of office hysteroscopy in the diagnosis and treatment of 
uterine pathologies associated with infertility and sterility.

6.1  Introduction

The introduction of in vitro fertilization in the late 1970s 
lead to a continuous development of reproductive medicine 
with the introduction of innovative techniques to solve the 
various causes of couples’ sterility.

Infertility and sterility are caused by several etiopathoge-
netic factors, such as: genetic abnormalities, endocrine dys-
functions, thrombophilic disorders, autoimmune diseases, 
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endometriosis, incompetent cervix, luteal phase defect, cer-
tain infections, and sperm DNA abnormalities.

The work up of patients affected by infertility and sterility 
includes congenital malformation (bicornuate, didelphic, 
septate, and unicornuate uterus) acquired defects (fibroids, 
adenomas, adhesions, and polyps) and chronic endometrial 
(CE) infection.

Suspected congenital malformations may emerge during 
transvaginal ultrasound procedures and are subsequently 
confirmed by diagnostic hysteroscopy. Acquired defects may 
also be suspected during transvaginal ultrasound, but their 
diagnosis is based on histological findings. On the other 
hand, hysteroscopy rather than ultrasound is needed to sus-
pect CE with subsequent diagnosis being confirmed by his-
tological findings. For this reason, hysteroscopy plays an 
important diagnostic role in uterine sterility factor [1].

6.2  Hysteroscopic Technique 
and Instruments

Current hysteroscopic techniques allow both diagnosis and 
treatment of uterine cavity diseases [2].

Traditional hysteroscopy was only a diagnostic technique 
considered as a painful procedure due to frequent vasovagal 
reaction. Often it required analgesia and was performed into 
operating room (Fig. 6.1) [3].

Technological improvement has resulted in hysteroscopy 
to become an operative outpatient procedure performed 
without analgesia.

Diagnostic hysteroscopy is now performed with a vagino-
scopic approach, without speculum, using a saline solution 
at low pressure for distending the uterine cavity and a mini-
hysteroscopy (3.5 mm or less in size) ensuring only minimal 
patients’ discomfort [4].

It has been shown that fiberoptic-hysteroscopes offer sev-
eral advantages over the lens-based instruments (first of all 
they are more resistant) but they cannot yet match the image 
quality of a rod-lens-based telescope system [5].

Operative instruments have also been miniaturized (5F 
forceps and a bipolar coaxial electrode) allowing a “see-
and- treat” approach [6] and many uterine cavity diseases 
(biopsy, polypectomy, synechiae, septum) can be treated by 
office hysteroscopy immediately after diagnosis using 
operative hysteroscopes sized 5  mm equipped with a 5F 
operative canal (Fig. 6.2) [7].

Fig. 6.1 Schematic representation of hysteroscopy in a case of Asherman’s syndrome
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6.3  Asherman’s Syndrome

The presence of acquired intrauterine adhesions is known as 
Asherman’s syndrome (Figs.  6.3, 6.4, and 6.5). Potential 
causes include intrauterine retention of post-abortion or 
postpartum material and post-abortion curettage or endome-
trial infections [8].

Asherman’s syndrome may be totally asymptomatic or it 
may cause hypomenorrhea, secondary amenorrhea, pelvic 
pain, and hematometra. Intrauterine adhesions could cause 
infertility or pregnancy loss [9].

For the Asherman’s syndrome’s diagnosis, a combina-
tion of ultrasound (2D and 3D) and hysteroscopy is 
needed. It is mandatory to perform a mapping of syn-
echiae to avoid inadvertent uterus perforation during hys-
teroscopy. The American Society for Reproductive 
Medicine (ASRM) identifies three different types of 
Asherman’s syndrome on the basis of: characteristics of 

the menstrual flow, type of synechiae, and portion of uter-
ine cavity obliterated.

The gold standard treatment of Asherman’s syndrome is 
office hysteroscopy, which consists of a surgical adhesiolysis 
performed without general or regional anesthesia [10, 11]. 
IUD Foley catheter or Cook intrauterine splint can be used to 
recurrences of synechiae [12].

Approximately 70–90% of patients with hypomenorrhea 
or amenorrhea return to have a regular menses after hystero-
scopic adhesiolysis showing an improvement of pregnancy 
rate and rate of live births [13].

6.4  Müllerian Anomalies

An impaired median fusion of Müllerian ducts during embry-
onic life causes anatomical abnormalities of the female geni-
tal tract, known as Müllerian anomalies. Müllerian anomalies 
are more prevalent in infertile than in sterile patients [14] and 
are associated with recurrent (41%) miscarriages [15].

BIOPSY AND GRASPING FORCEPS

PUNCH

SCISSORS

SCISSORS

BIOPSY SPOON FORCEPS

HESSELING TENACULUM
GRASPING FORCEPS

Fig. 6.2 List of surgical instruments that can be used in an operative hysteroscopy
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Since 2013 the ESHRE/ESGE classification system has 
divided Müllerian anomalies into seven main classes (from 
U0 to U6), describing uterine anatomical deviations of the 
same embryological origin (Fig. 6.6). Anatomical varieties 
expressing different clinical significance, within main 
classes, have been divided into subclasses. Cervical and vag-

inal anomalies are classified independently into subclasses 
having clinical significance [16].

The most common Müllerian anomaly is the septate uterus, 
with the worse reproductive outcome and poor obstetrical out-
comes, including malpresentation, preterm delivery, intrauter-
ine growth restriction, placental abruption, and  perinatal 
mortality. This is due to its own histological features present-
ing poorly vascularized fibrous tissue and subatrophic endo-
metrium [17]. Before any surgical intervention, it is mandatory 
to perform an accurate differential diagnosis between septate, 

Fig. 6.3 Asherman’s syndrome

Fig. 6.4 Asherman’s syndrome

Fig. 6.5 Asherman’s syndrome: anatomopathological evaluation
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Fig. 6.6 Classification of female genital tract congenital anomalies by ESHRE/ESGE consensus

Class U0/normal uterus

T-shaped Infantilis Others

Class U1/Dysmorphyc Uterus

Partial Complete

Class U2/Septate Uterus
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arcuate, and bicornuate uterus to avoid inadvertent fundal per-
foration (Fig. 6.7). The uterus with an abnormal fundal outline 
is a bicornuate uterus (external fundal indentation >1  cm) 
while arcuate and septate uterus have regular external profile. 
Septate, arcuate, and bicornuate uterus, all have a—larger 
o  smaller—inner indentation and angle of the indentation: 

arcuate—depth <1 cm angle >90°, septate—depth >1.5 angle 
of the indentation <90°, bicornuate—endometrial cavity is 
similar to a partial septate uterus (Fig. 6.8 bis) [18].

To perform an accurate differential diagnosis between 
septate, arcuate, and bicornuate uterus, it is necessary to 
visualize both outline and innerline of the uterus. For this 

With rudimentary cavity Without rudimentary cavity

Class U4/Hemi Uterus

With rudimentary cavity Without rudimentary cavity

Class U5/Aplastic Uterus

Partial Complete Bicorporeal septate

Class U3/Bicorporeal Uterus

> 50%

Fig. 6.6 (continued)
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reason, the gold standard diagnostic technique is 3D ultra-
sound associated or not with hysteroscopy [19].

The hysteroscopic surgery under ultrasound guidance, 
performed in the operating room or in an office setting, is the 
gold standard technique to treat the septate uterus [20]. 
Proceeding from both sides, the septum is cut from the apex 
to the fund by cold scissors, unipolar or bipolar cautery, 
laser, or resectoscope until the cavity is flush with the fundic 
portion. Then hysteroscope/resectoscope can visualize both 
tubal ostia without colliding with the residue of the septum 
[21]. After septum incision, there is a risk of subsequent 
pregnancy-related uterine rupture, which may be due to an 
extreme septal excision, penetration of the myometrium, 
uterine perforation, or excessive use of cautery or laser 
energy [22]. Several studies compared resectoscopic and 
hysteroscopic technique [23–26]. The Versapoint technique 
is a safe and effective alternative to the resectoscope avoid-
ing cervical dilation and cervical incompetence and lacera-
tions, and lowering the risk of uterine perforation [27]. Some 
have expressed a preference for the use of cold scissors 
rather than bipolar Versapoint to avoid thermal and cautery 
damage to the cut edges [26].

Many IVF centers recommend removal of the septum 
before assisted reproductive treatment to reduce the risk of 
miscarriage.

6.5  Myomas

Common benign uterine findings during women’s fertile life 
are myomas, which consist of muscle cells circumscribed by 
a capsule. Macroscopically, they present the characteristic 
vortex appearance. According to their histological composi-
tion (fibrous or muscular), their consistency may vary from 

soft to hard and may present colliquated or calcified areas. 
Their growth is influenced by local growth factors, cyto-
kines, estrogen, and progesterone [28].

Myomas may be totally asymptomatic or they may 
cause menorrhagia, pelvic pain, dysmenorrhea, bladder 
and bowel dysfunction (due to mass-effect), and infertil-
ity. Symptoms depend on number, size, and localization. 
Myomas are classified in submucosal, intramural, and 
subserosal according to their relationship with endome-
trium, myometrium, and uterine surface. The leiomyoma 
subclassification system of the Federation of Gynecology 
and Obstetrics (FIGO) classifies myoma into eight classes 
(from 0 to 7) according to their localization (Fig.  6.9). 
Submucosal myomas are classified in type 0 (Fig. 6.10) 
(100% intracavity), type 1 (>50% intracavity), and type 2 
(<50% intracavity). Intramural myomas are classified 
into type 3 (in contact with endometrium) and type 4 
(100% intramural). Type 5 includes intramural but <50% 
subserosal myomas, type 6 subserosal but <50% intramu-
ral. Subserosal peduncolate myomas are classified as 
type 7 [29].

Submucosal and intramural myomas could cause sterility 
and infertility by several mechanisms. For instance, irregular 
uterine contractility and abnormal local endocrine patterns 
may interfere with sperm transport, while endometrial 
inflammation and abnormal vascularization may cause 
embryo-implantation failure [30, 31].

Office hysteroscopy allows to classify submucous myo-
mas from FIGO class 0 to FIGO class 2 according to their 
development into uterine cavity or into uterine wall: different 
inflow pressure of the distension medium can show the angle 
between endometrium and myoma (type 1  <  90°, type 
2 > 90°) (Figs. 6.7, 6.11).

Fig. 6.7 Before any surgical intervention, it is mandatory to perform an accurate differential diagnosis between septate, arcuate, and bicornuate 
uterus to avoid inadvertent fundal perforation and bowels complication
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The hysteroscopic surgery is the gold standard tech-
nique to treat submucous myomas (Fig.  6.11). It may be 
performed in the operating room under general or spinal 
anesthesia after cervical dilatation, or (when myomas are 
no larger than 2 cm) in an office setting by bipolar hystero-
scopic system, bipolar scissors, and a special morcellator 
[32, 33].

6.6  Endometrial Polyps

Other common benign uterine findings are endometrial pol-
yps (EP), overgrowths of endometrium composed by a con-
nective and vascular axis, covered by epithelial tissue 
(Fig. 6.12). According to their histological composition, EP 
are defined as adenomatous or fibrous and can be isolated or 

Normal/Arcuate
Depth < 1 cm
Angle > 90°

Septate
Depth > 1,5 cm

Angle < 90°

Bicornuate
Depth indentation > 1 cm

a

b

c

Fig. 6.8 (a) ASRM.  Uterine septum. Fertil Steril 2016. (b) The 3D 
ultrasonography represents ancillary techniques with hysteroscopy for 
septate uterus diagnosis, and evaluation before the operative hysteros-

copy. (c) Hysteroscopic finding of upper ultrasound image (courtesy of 
Dr. Domenico Silletti, Bari)
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multiple, sessile (anchored to the uterine wall by a large base 
of plant), or pedunculated (anchored to the uterine wall by a 
vascular pedicle) (Fig. 6.13).

EP may be totally asymptomatic or they may cause meno-
metrorrhagia, sterility, and infertility due to mechanical and 
chemical interference with sperm transport and embryo 
implantation [34]. EP are found in 32% of patients undergo-
ing assisted reproduction (ART) [35].

The gold standard diagnostic technique for EP is hyster-
oscopy [36].

Hysteroscopy allows diagnosis and treatment (under 
direct vision) of polyps simultaneously while blind curette 
procedures cannot ensure that EP are fully removed [37, 
38]. Hysteroscopic polypectomy is performed by scissors, 
electrode loop, electric probe, or morcellator when EP are 
smaller than 2 cm. No differences in the rate of polyp exci-
sion, surgical time, or induced pelvic discomfort were 
observed between electrosurgical and mechanical tech-
niques [39].

If EP are >2 cm or when they are localized at uterine fun-
dus, polypectomy is performed by resectoscope [40].

Polypectomy (Fig.  6.14) is performed to reduce symp-
toms in women affected by abnormal uterine bleedings or to 
improve pregnancy rate during ART.  However, the most 
important reason to perform polypectomy is to exclude atyp-
ical and/or malignant endometrial changes.

After hysteroscopic polypectomy, pregnancies are fre-
quently obtained spontaneously [41].

If EP are smaller than 2 cm, hysteroscopic polypectomy 
offers no advantages in pregnancy rates following IVF treat-
ment [42].

6.7  Chronic Endometritis

Chronic endometritis (CE) is a persistent inflammation of 
the endometrial lining [43]. Culture analyses indicate that 
CE are caused by common bacterial pathogens (70%) or are 

LEIOMIOMA SUBCLASSIFICATION
SYSTEM

0

1

2

3

4

5

6

7

8

<50% intramural

≥50% intramural

Pedunculated intracavitary

Contacts endometrium; 100% intramural

Intramural

Subserosal ≥50% intramural

Subserosal <50% intramural

Subserosal pedunculated

Other (specify e.g. cervical, parasitic)

SM - Submucosal

O - Other

Submucosal and subserosal, each with less
than half the diameter in the endometrial
and peritoneal cavities, respectively.

2-5

Two numbers are listed seperated by a hyphen. By convention, the first
refers to the relationship with the endometrium while the second refers to
the relationship to the serosa. one example is below

Hybrid
leiomyomas
(impact both
endometrium and
serosa)

Coagulopathy

Ovulatory dysfunction
Endometrial
Iatrogenic
Not yet classified

Polyp

Adenomyosis

Leiomyoma

Malignancy & hyperplasia

Submucosal

Other

Fig. 6.9 Leiomyoma 
subclassification system of 
the Federation of Gynecology 
and Obstetrics (FIGO)
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Fig. 6.10 (a) Submucous type 0 myoma. (b) bis Submucous type 0 myoma

a
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b

Fig. 6.10 (continued)

Fig. 6.11 The drawing shows the distance between the outer surface 
of the submucosal myoma and the uterine wall. Black circle and yel-
low arrow and uterine vessels. Office hysteroscopy allows to classify 
submucous myomas from FIGO class 0 to FIGO class 2 according to 

their development into uterine cavity or into uterine wall: different 
inflow pressure of the distension medium can show the angle between 
endometrium and myoma (type 1 < 90°, type 2 > 90°)

Fig. 6.12 Endometrial polyp: vascular axis

associated with sexually transmitted infections such as 
mycoplasma and ureaplasma (about 20%) and chlamydia 
(about 10%) [44].

Usually, CE is asymptomatic and there are not specific 
signs to suspect it. However, patients have reported at times 
pelvic pain, dysfunctional uterine bleeding, dyspareunia, and 
leucorrhea [45].

CE is highly prevalent in patients with unexplained 
infertility and women diagnosed with CE have a low 

implantation rate (11.5%) after an IVF cycle (Fig. 1.10) 
[46, 47]. CE is identified in infertile women with repeated 
implantation failure (RIF), defined as serial negative preg-
nancy tests following transfer of three or more embryos 
or blastocysts, (14–31%) and recurrent pregnancy loss 
(9–13%) [48].

It is still unclear how CE cause those effects. There are 
many possible mechanisms: an altered lymphocyte, cyto-
kines, growth factors, and apoptotic proteins pattern plus 
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abnormal contractility are the most important mechanical 
and chemical interference on endometrial receptivity 
[49–52].

Hysteroscopy shows CE typical features allowing diag-
nosis: stromal edema, focal, or diffuse hyperemia (Fig. 6.15) 
and endometrial micro-polyps: small outgrowths (<1) mm 

in size with a distinct connective-vascular axis [44, 53]. 
Micro- polyps, identified floating into the distention 
medium, are the most specific CE signs (Fig.  6.16). To 
detect micro-polyps, hysteroscope should be directed par-
allel to the endometrial wall obtaining a tangential view of 
the surface.

The gold standard diagnostic techniques of CE rely on 
the histological identification in the endometrial stroma of 

Fig. 6.15 Chronic endometritis: stromal edema and focal 
hyperemia

Fig. 6.16 Chronic endometritis: micro-polyps

Fig. 6.13 Hysteroscopic view of endometrial polyp located in poste-
rior uterine wall

Fig. 6.14 Endometrial polyp during operative hysteroscopy
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lymphocytes and plasma cells (presence of 1–5 plasma 
cells/hpf) characterized by CD 138, an immunohistochemi-
cal-specific marker [54, 55]. A limitation of histological 
diagnosis is the fact that plasma cells are normally present 
in the endometrium especially before menstruation. 
Therefore, results may depend on the date of sampling with 
respect to the menstrual cycle.

Antibiotic therapy of CE allows hysteroscopic, cul-
tural, and histologic findings normalization [56]. Cicinelli 
et al. demonstrated an improvement of spontaneous preg-
nancy rate and live birth rate after therapy in women with 
recurrent miscarriage and RIF, suggesting a causal rela-
tionship between CE and defective endometrial receptiv-
ity [57] (Fig. 6.17). Kitaya et al. studied clinical pregnancy 
rate, miscarriage rate, and live birth rate in infertile 
women with RIF affected by CE following the first-line 
doxycycline treatment (100  mg tablet, twice per day, 
14  days). Their study showed a histopathologic normal-
ization in the subsequent endometrial biopsy (92.3%) and 
a significant improvement in each of all outcomes. A sec-
ond-line metronidazole/ciprofloxacin treatment (250 mg, 
twice per day, 14  days/200  mg, twice per day, 14  days) 
was administrated to doxycycline-resistant patients to 
obtain the histopathologic cure rate [58, 59]. Before pro-
ceeding with embryo transfer it is necessary to perform a 
second hysteroscopy with endometrial sampling in the 
follicular phase of the cycle.

6.8  Conclusion

In conclusion, hysteroscopic procedures performed in office 
are key to the diagnosis and treatment of several conditions 
causing infertility and sterility (i.e., congenital malforma-
tion, acquired defects, and chronic endometrial infection).

If detailed diagnostic information is required in women in 
whom there is no clinical or ultrasound evidence of pelvic 
pathology, hysteroscopy can be considered to be appropriate. 
This technique allows to confirm the specific characteristics 
of the endometrium and the risk of infection. Although hys-
teroscopy remains an invasive technique, the office approach 
has increased patients’ compliance and has significantly 
reduced the costs.
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7.1  History of General Anesthesia

Attempts at producing a state of general anesthesia can be 
traced throughout history in the writings of the ancient 
Sumerians, Babylonians, Assyrians, Egyptians, Greeks, 
Romans, Indians, and Chinese. The Renaissance made sig-
nificant advances in anatomy and surgical techniques, despite 
all this progress only with the discovery and introduction of 
general anesthesia in late eighteenth century permitted devel-
opment of modern surgery.

Humphry Davy (1778–1829) discovered the anesthetic 
properties of nitrous oxide, call it laughing gas and pub-
lished his findings in the systematic written scientific 
work. He was the first to document the analgesic effects of 
nitrous oxide, as well as its benefits in relieving pain dur-
ing surgery. Horace Wells (1815–1848) was an American 
dentist who pioneered the use of anesthesia in dentistry, 
specifically he studied nitrous oxide during painless tooth 
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extraction (Fig.  7.1). Subsequently, his apprentices 
William Morton (1819–1868) in Boston made first public 
demonstration on the use of ethereal general anesthesia for 
surgical operation on the neck without pain. He used a 
glass sphere (Fig. 7.2) containing a sponge soaked in ether 
which evaporated and brought the patient to sleep. 
Friedrich Wilhelm Adam Sertürner (1783–1841) was a 
German pharmacist and a pioneer of alkaloid chemistry. 
Sertürner in 1805 isolated successfully morphine extract 
crystals from the opium poppy (Papaver somniferum) 
(Fig. 7.3). After a series of experiments on rats and stray 
dogs, he reported his discovery of a sleep-inducing mole-
cule. Since his discovery occurred almost 50 years before 
the invention of the hypodermic syringe, the drug had to be 
administered orally. He was a pioneer and promoted a new 
branch of science that came to be known as alkaloid chem-
istry. John Snow (1813–1858) conducted translational 
research that permitted him to understand the mechanisms 
of vaporizing volatile anesthetic agents, ether and chloro-
form, so that safe delivery systems of anesthesia could be 
designed. He made about 4000 anesthesia and treated 77 
obstetric patients with chloroform using chloroform as an 
anesthetic for  childbirth and brought obstetric anesthesia 

to be accepted against religious, ethical, and medical 
beliefs by administering chloroform to Queen Victoria for 
the births of Prince Leopold and Princess Beatrice 
(Figs.  7.4 and 7.5) [1]. Robert Macintosh (1897–1989) 
designed laryngoscope, endobronchial tube, and anesthetic 
vaporizer. He travelled widely, giving demonstrations of 
safe and simple anesthesia.

Fig. 7.1 Horace Wells (1815–1848) was an American dentist who pio-
neered the use of anesthesia in dentistry, specifically he studied nitrous 
oxide during painless tooth extraction

Fig. 7.2 William Thomas Green Morton (1819–1868) used a glass 
sphere containing a sponge soaked in ether which evaporated and 
brought the patient to sleep

Fig. 7.3 Friedrich Wilhelm Adam Sertürner (1783–1841) was the 
German pharmacist and a pioneer of alkaloid chemistry. He was the 
first to isolate the extract of morphine crystals from the opium poppy 
(Papaver somniferum)
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7.2  Introduction

The history of in vitro fertilization (IVF) and embryo trans-
fer (ET) dates back as early as the 1890s when Walter Heape, 
a professor at the Cambridge University, United Kingdom, 
reported the first known case of embryo transplantation in 
rabbits. In vitro fertilization and ET technology developed 
rapidly in humans since the first successful birth of a child 
(Louise Brown) occurred in 1978 as a result of a scientist 
Robert Edwards and his gynecologist Patrick Steptoe’s IVF 
techniques [2] (Fig. 7.6).

The assisted reproductive technologies have evolved 
tremendously since the emergence of IVF techniques and 
today anesthesiologists play an important role in the pro-
cess of oocyte retrieval and other IVF-related procedures 
[3]. A variety of anesthetic techniques like conscious 
sedation, general anesthesia, and regional anesthesia have 
been tried with none being superior to the other. However; 
irrespective of the techniques the key point of anesthesia 
for IVF is to provide the anesthetic exposure for least 

duration so as to avoid its detrimental effects on the 
embryo cleavage and fertilization.

In vitro fertilization treatment is most commonly con-
ducted using exogenous FSH to induce follicular growth and 
human chorionic gonadotropin (hCG) to induce final oocyte 
maturation. It is very important for the gynecologists that the 
harvesting of oocytes takes place within a defined period of 
time to ensure the best fertility outcomes. These oocytes are 
subsequently fertilized in vitro and allowed to develop into 
embryos that are finally transferred into the uteri of patients.

In the beginning, oocyte harvesting was performed by 
laparoscopy, a process that required the administration of 
general anesthesia in the hospital setting. The technological 
progress and development of transvaginal ultrasounds 
allowed oocyte retrieval from the ovary through the puncture 
of the vaginal wall under the ultrasound guide and under 
conscius sedation (Fig. 7.7).

Fig. 7.4 John Snow (1813–1858) studied and calculated dosages for 
the use of ether and chloroform as surgical anesthetics. He made about 
4000 anesthesia and treated 77 obstetric patients using chloroform as an 
anesthetic for childbirth

Fig. 7.5 Ancient bottle of chloroform
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Oocyte (egg) retrieval for in vitro fertilization is a rela-
tively short procedure, usually performed as an outpatient. 
The duration of oocyte retrieval is on average several min-
utes (maximum a half an hour), depending on the amount of 
follicles to be aspirated and the anatomical position of the 
ovaries. It is a common belief that when the duration of 
oocyte retrieval procedure is >10–15 min, immediate post- 
procedure pain score is significantly higher compared to 
those patients whose procedure where for <10–15 min.

Conscious sedation is the most commonly used technique 
in IVF because it is relatively safe. Target-controlled infu-
sion (e.g., propofol) is a suitable anesthetic technique. 
Propofol is the preferred anesthetic agent for oocyte retrieval, 
but should be used by specially trained personnel (Figs. 7.8, 
7.9, and 7.10). After the oocyte retrieval, women are kept 
under observation for a few hours to make sure that there are 
no complications and they have regained the level of con-
sciousness. Usually, the discharge from the IVF center takes 
place for a few hours (e.g., 2–4 h) after the oocyte retrieval.

Furthermore, an increased attention has also developed 
the potential adverse effects of different types of anesthesia, 
not only on the patients undergoing oocyte retrieval but also 
on the quality of the oocytes that may eventually effect 
embryo development and pregnancy success [4, 5].

7.3  Oocyte Retrieval: Pre-procedure 
Considerations

Oocyte retrieval for in vitro fertilization is one of the most 
common minor surgical procedures. As in any surgical pro-
cedure, there are some common basic requirements that 
should be fulfilled before any technique can be used in the 
treatment of patients. The anesthetic agent should be easy to 
administer, its effects should be easily monitored, and short- 
acting agents with ready reversible effects should be used. 
Adequate pain control is of paramount importance. A multi-
disciplinary approach is necessary to obtain a better diagnos-
tic classification of women who present themselves for 
assisted conception, and subsequently better reproductive 
technologies outcomes. Obstetric anesthesia is considered a 
high-risk subspecialty of anesthesia [6, 7]. A long series of 
evidence-based guidelines and reviews of mortality and mor-
bidity have been used to adopt constant improvement in 
maternal safety and perioperative outcomes [8–11].

Usually, this population of patients is healthy and in their 
30–40 years, however some women might present with various 
comorbidities (e.g., hypertension, diabetes mellitus, obesity) 
[3]. The development of the transvaginal approach for oocyte 
retrieval has allowed the possibility of using sedation for most 
cases and regional anesthesia and/or general anesthesia only 
with more complex cases where sedation might not be adequate.

The American Society of Anesthesiologists classification 
of physical status (ASA PS) is a widely used system for cate-
gorizing the preoperative status of patients [12]. The ASA 
class is a good independent predictor of perioperative morbid-
ity and mortality. However; the definitions of the ASA classes 
have been amended several times since 1941, resulting in 
inconsistent and confusing usage in the current literature.

Since most of the anesthetic agents, either inhalational 
and/or intravenous, reach the follicular fluid within minutes 
after administration [13], they should be devoid of any toxic 
effects on the oocyte.

Guasch et al. [14] designed a clinical trial to determine the 
plasma and follicular levels of prolactin and cortisol in 
patients in an assisted reproduction program. Women were 
randomized to three anesthetic groups: (1) general anesthesia, 
(2) spinal anesthesia, or (3) sedation with alfentanil and mid-

Fig. 7.6 The first successful birth of a child (Louise Brown) occurred 
in 1978 as a result of a scientist Robert Edwards and his gynecologist 
Patrick Steptoe’s IVF techniques
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Fig. 7.7 The transvaginal ultrasound technique permitted the puncture and aspiration of the follicles through the vaginal wall under direct sono-
graphic visualization
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azolam plus paracervical block. Patients were consecutively 
assigned to the fourth group (4) to receive sedation with remi-
fentanil plus paracervical block. The patients receiving gen-
eral anesthesia had the greatest increase in prolactin by the 
end of the procedure. Follicular cortisol increased in the para-
cervical block group in which remifentanil was used for seda-
tion. The only significant difference between groups was seen 
for the rate of gestation of 0% in the group receiving sedation 
with alfentanil and midazolam before a paracervical block. 
Adverse effects were few with all the techniques [14]. The 
authors concluded that plasma increases in prolactin and hor-
monal responses to follicular puncture were fully attenuated 
by spinal anesthesia and partially attenuated by the techniques 
requiring sedation. None of the anesthetic techniques proved 
harmful to oocytes or embryos. Nor was the effectiveness of 
the in vitro fertilization technique affected by any of the anes-
thetic techniques studied [14].

Gejervall et al. [5] in a retrospective observational study 
compared the effect of different doses of alfentanil (Fig. 7.11) 

Rapid Onset
Rapid Recovery
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Hypotension Respiratory
Depression

ADVANTAGE

Positive modulation of the
inhibitory function of the neurotransmitter

gama-aminobutyruc acid (GABA)
through GABA-A receptors

DISAVANTAGE

Fig. 7.8 Flow chart on 
side-effects of IV anesthetic 
propofol

Fig. 7.9 Rapid sequence intubation
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Fig. 7.10 Side-effects of 
propofol general anesthesia
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on two primary endpoints, fertilization rate and good quality 
embryo (GQE) rate 663 (N = 663) women. The authors con-
cluded that the amount of alfentanil is not associated with 
adverse effects on fertilization rate, embryo development, or 
clinical pregnancy rate, which is reassuring and indicates 
that women can be offered adequate pain relief [5].

A total of 202 patients undergoing fertility treatment was 
included in a prospective, matched, controlled study, in 
which Christiaens et al. [15] compared fertilization rates and 
embryo development in terms of morphological quality and 
speed of development and the implications for reproductive 
outcome and pregnancy following general anesthesia using 
either propofol or a paracervical local anesthetic block dur-
ing oocyte collection. The authors concluded that there were 
no differences between the fertilization rates and the embryo 
cleavage characteristics for the two groups. The initial 
implantation rate per transferred embryo after general anes-
thesia was similar to that after paracervical local anesthetic 
block (13.4 versus 18.6%; P = 0.10). The ongoing clinical 
implantation rates per embryo transfer were also similar in 
the two groups [15].

Janssenswillen et al. [16] designed a study to assess the 
effect of propofol on fertilization and early embryo develop-
ment in a mouse IVF model. Where fertilization occurred, 
subsequent embryo cleavage and development up to the blas-
tocyst stage was affected significantly by the presence of 
propofol solution in the medium, (i.e., 3–41%) in compari-
son with the control group (76%). Exposure of unfertilized 
oocytes for 30 min to propofol results in a parthenogenetic 
activation of 33–60%, which was significantly higher than 
the control (10%). When oocytes were kept in propofol for 
24 h, a mean of 30% of activation was observed as compared 
with 0.5% for the control. The authors concluded from these 
experiments that even a brief exposure of cumulus-enclosed 
oocytes to a low concentration of propofol is deleterious to 
subsequent cleavage. Exposure of unfertilized oocytes to 
propofol results in a high degree of parthenogenetic activa-
tion [16].

Hammadeh et al. [17] conducted a study to compare the 
effects of two different anesthetic techniques (general anes-
thesia versus sedation) used for oocyte retrieval on IVF out-
come. For general anesthesia, the authors used a combination 
of remifentanil (Ultiva) with either propofol or isoflurane in 
hypnotic concentrations. For sedation, the protocol included 
midazolam, diazepam, or propofol according to clinical 
needs. In total, 202 women were enrolled in the study. 
Ninety-six women opted for sedation and 106 for general 
anesthesia. The number of collected oocytes was signifi-
cantly higher with general anesthesia (10.54  ±  5.43 
[mean ± SD]) than with sedation (6.25 ± 3.65, P < 0.0001), 
whereas the number of fertilized oocytes was not different 

(4.70 ± 3.57 vs. 4.23 ± 2.90). There were no significant dif-
ferences in cleavage and pregnancy rates. The authors con-
cluded that remifentanil-based general anesthesia without 
nitrous oxide is a suitable alternative to sedation and may be 
recommended for IVF oocyte retrieval if general anesthesia 
is requested [17].

Sterzik et al. [18] studied the effect of different anesthetic 
procedures on hormone levels in women. Fifty-four patients 
awaiting transvaginal oocyte aspiration were randomized 
into three groups: (1) anesthesia with ketamine as an induc-
tion agent and analgesic (n  =  20); (2) general intubation 
anesthesia using thiopentone for induction and enflurane for 
maintenance (n  =  18); and (3) no anesthesia (n  =  16). 
Estradiol, progesterone, prolactin, and beta-endorphin were 
measured from day 3 to 14 referring to follicle aspiration. 
Differences between preoperative hormone levels and their 
intra- and postoperative peaks were analyzed using the 
Kruskal-Wallis test (P < 0.03). The authors concluded that 
the increased prolactin and beta-endorphin plasma levels 
associated with ketamine and general anesthesia reflect a sig-
nificant alteration of the observed hormone levels. When 
anesthesia is indicated, they try to avoid general intubation 
anesthesia in favor of ketamine [18].

7.4  Principles of Anesthesia for Oocyte 
Retrieval

7.4.1  Preanesthetic Evaluation

The preanesthetic evaluation of patients scheduled for oocyte 
retrieval is similar to that of other preoperative patients, with 
a focus on assessment of the airway (Figs. 7.12, 7.13, and 
7.14), lower back (Fig. 7.15), and coexisting patient’s medi-

Fig. 7.12 Obesity patient with difficult airway management
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cal conditions. Challenges and complications related to anes-
thesia are more common in obese patients (see Figs. 7.12, 
7.13, and 7.14) and include difficulty with monitoring, posi-
tioning, airway management (Figs.  7.16, 7.17, 7.18, 7.19, 
7.20, 7.21, and 7.22), and neuraxial techniques (Figs. 7.23, 
7.24, and 7.25) [19]. In patients with specific medical issues, 
such as predicted difficult airway (see Figs. 7.12, 7.13, and 
7.14) or (rarely) malignant hyperthermia susceptibility, there 
are additional reasons to avoid general anesthesia. Therefore, 
anesthesiology consultation is always recommended.

IVF procedures can be conducted with local infiltration, 
neuraxial anesthesia, and conscious sedation and under gen-
eral anesthesia.

7.5  Sedation

The American Society of Anesthesiologists (ASA) House of 
Delegates approved the definition of General Anesthesia, 
Depth of Sedation, Levels of Sedation/Analgesia [20]. 
Minimal Sedation (Anxiolysis) is drug-induced state during 
which patients respond normally to verbal commands. 
Citations from the ASA document are listed below:

Their definition:
Minimal Sedation (Anxiolysis) is a drug-induced state 

during which patients respond normally to verbal com-
mands. Although cognitive function and physical coordina-
tion may be impaired, airway reflexes, and ventilatory and 
cardiovascular functions are unaffected.

Moderate Sedation/Analgesia (Conscious Sedation) is a 
drug-induced depression of consciousness during which 

Fig. 7.13 Obesity patient and large breast

Fig. 7.14 Lower jaw with receding chin

Fig. 7.15 Severe thoracic and lumbar scoliosis and difficult execution 
of neuraxial anesthesia
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patients respond purposefully1, 2 to verbal commands, either 
alone or accompanied by light tactile stimulation. No inter-
ventions are required to maintain a patent airway, and spon-
taneous ventilation is adequate. Cardiovascular function is 
usually maintained.

Deep Sedation/Analgesia is a drug-induced depression of 
consciousness during which patients cannot be easily aroused 
but respond purposefully2 following repeated or painful stimu-
lation. The ability to independently maintain ventilatory func-
tion may be impaired. Patients may require assistance in 
maintaining a patent airway, and spontaneous ventilation may 
be inadequate. Cardiovascular function is usually maintained.

Conscious sedation, defined as a “minimally depressed 
level of consciousness that retains the ability of the patient to 
maintain a patent airway independently and continuously 

Fig. 7.16 Laryngeal mask airway (LMA) a supraglottic management 
device

Fig. 7.17 Insertion of the LMA holding the LMA with the index finger 
of the dominant hand at the junction of the mask and pushing it back 
against the hard palate

Fig. 7.18 Esophageal tracheal combitube (ETC)

Fig. 7.19 Insertion of the intubating laryngeal mask airway (ILMA)

1 Monitored Anesthesia Care (“MAC”) does not describe the continuum 
of depth of sedation, rather it describes “a specific anesthesia service in 
which an anesthesiologist has been requested to participate in the care 
of a patient undergoing a diagnostic or therapeutic procedure.”
2 Reflex withdrawal from a painful stimulus is NOT considered a pur-
poseful response.
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and to respond appropriately to verbal commands” [21], is 
currently the most common form of anesthesia used during 
oocyte retrieval in the United States [22]. Conscious sedation 
can be achieved either with inhalation or intravenous agents. 
Intravenous agents are more popular because they cause less 
postoperative nausea and vomiting and are easier to 
administer.

7.5.1  Agents Used for Conscious Sedation

Opioids (morphine, meperidine, fentanyl, alfentanil) (see 
Figs. 7.3, 7.11, and 7.26) are used in conscious sedation pri-
marily for their analgesic effects. Opioids act on the hypo-
thalamus to decrease the body’s response to the stressful 

Fig. 7.20 Intubating through the ILMA. Once the patient is intubated, 
the LMA can be removed by deflating the cuff and passing it over the 
tube using a stabilizer rod

Fig. 7.21 Videolaryngoscopy for difficult airway management

a

b

Fig. 7.22 (a) Fibrobrochoscopy for difficult airway management. (b) Insertion of the endotracheal tube through the fibrobronchoscopic vision 
into the trachea

Fig. 7.23 Types of spinal needles: left atraumatic Sprotte needle, right 
cutting Quincke needle
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stimuli. Opioids have a direct effect on the medulla, produc-
ing a dose-dependent depression of respiration in response to 
hypercapnia. Opioid administration decreases minute venti-
lation by decreasing respiratory rate and may lead to apnea. 
Rapid administration of opioids can induce rigidity of the 

thoracic muscles (stiff chest syndrome), which can also 
involve the laryngeal and pharyngeal muscles. This is a 
potential life-threatening complication that may result in the 
inability to ventilate the patient. Administration of an opioid 
antagonist such as naloxone or a muscle relaxant such as 

Fig. 7.24 Insertion of the 
epidural catheter into the 
epidural space

Fig. 7.25 Neuraxial 
technique: midline insertion 
of the spinal needle (left) and 
lateral insertion of the spinal 
needle with an angle of 30° in 
the caudal direction (right)
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succinylcholine followed by immediate intubation may be 
required. Opioids can also cause sedation and have a syner-
gistic effect when given in combination with  benzodiazepines. 
Fortunately, all the effects of opioids, including respiratory 
depression and pruritus, can be readily reversed with the 
administration of opioid antagonists, with the exception of 
the stiff chest syndrome that may require the additional 
administration of muscle relaxants.

Benzodiazepines (midazolam, diazepam, lorazepam) are 
used mainly because of their sedative, anxiolytic, and amne-
sic effects. Their analgesic effect is minimal. Additional 
properties of benzodiazepines include muscle relaxation 
through their action on spinal internuncial neurons and anti-
convulsive effects. In combination with opioids, their seda-
tive effects are enhanced, therefore allowing the use of 
reduced doses of both medications. However, the concurrent 
use of benzodiazepines and opioids may increase the inci-
dence of apnea and respiratory depression. This effect is 
more prominent in patients with chronic obstructive pulmo-
nary disease. Benzodiazepines offer only antegrade amnesia 
(patients do not have any recollection of the events following 

administration) so it is important to ensure that they are given 
early enough in the procedure.

Propofol, a relatively new agent, has been widely used 
either alone or in combination with other agents for oocyte 
retrieval. It provides rapid onset of analgesia and anesthesia, 
short duration of action, and rapid recovery with minimal 
drug accumulation. The mechanism of action of propofol is 
poorly understood. It has been reported that it may inhibit 
excitatory stimuli in the olfactory cortex and spinal cord 
through inhibition of the N-methyl-D-aspartate receptor 
(NMDA) channels. In addition, propofol seems to potentiate 
gamma-aminobutyric acid (GABA)-mediated synaptic inhi-
bition in a variety of systems [23, 24] (see Figs. 7.8, 7.9, and 
7.10). Propofol administration has been associated with a 
dose-dependent decrease in systemic blood pressure due to a 
decrease in systemic vascular resistance and suppression of 
myocardial contractility. These effects, in combination with a 
dose-dependent respiratory depression that ultimately results 
in apnea requiring assistance of ventilation, make propofol 
use appropriate only by personnel skilled in airway manage-
ment (see Figs. 7.16, 7.17, 7.18, 7.19, 7.20, 7.21, and 7.22).

Respiratory
Depression

Hypotension

Nausea and Vomit

FENTANYL

Rapid Onset
Rapid Recovery

DISAVANTAGE

ADVANTAGE

Fentanyl primarily binds to mu-opioid
receptor, mimicking the actions of morphine,

the prototypical mu receptor agonist

Fig. 7.26 Flow chart on the 
side-effects of opioid fentanyl
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Most often a combination of propofol, fentanyl, and 
midazolam is used for conscious sedation. After an intra-
venous access has been established, the patient is con-
nected to the standard American Society of Anesthesiology 
(ASA) monitors that record blood pressure every 3–5 min, 
oxygen saturation, continuous electrocardiogram, heart 
rate, percentage of inspired oxygen, and end tidal carbon 
dioxide. A precordial stethoscope to monitor respiratory 
rate and the quality of breath sounds is highly advisable. 
Oxygen 2–4 L/min is administered by face mask through-
out the procedure. Initially, midazolam is administered at 
a dose of 1–2.5  mg to induce anxiolysis and amnesia. 
Propofol boluses of 10–20  mg are given every 1–2  min 
until the patient has been adequately sedated. Alternatively, 
a continuous propofol infusion of 80–150 μg/kg/min can 
be used. An intravenous local anesthetic such as lidocaine 
at a dose of 1 mg/kg may be used to decrease propofol-
related burning at the site of the infusion. Fentanyl 25 μg 
titrated slowly to a total of 50–100 μg can also be added to 
the regimen for postoperative analgesia. For better pain 
control, the analgesic agent (i.e., fentanyl) should be 
administered prior to any painful stimuli, a method known 
as preemptive analgesia. At completion of the procedure, 
discontinuation of the infusion results in the patient awak-
ening within 3–5 min [25].

Conscious sedation as a method of anesthesia gained 
its popularity for oocyte retrieval in IVF because it is easy 
to administer in patients who are motivated and coopera-
tive. In addition, it is very safe to administer in relatively 
healthy individuals. The majority of women who partici-
pate in an IVF program are relatively young, healthy, and 
motivated. For patients with underlying cardiovascular or 
respiratory conditions, or for very obese patients, con-
scious sedation may not be appropriate. There is a fine 
line between conscious sedation with good pain control 
and general anesthesia with respiratory suppression that 
requires assisted ventilation or even intubation. Careful 
monitoring of the patients by an experienced individual 
such a registered nurse or an anesthesiologist, and with 
the use of a pulse oximeter and continuous electrocardio-
graphic monitoring is very important to assure patient 
safety.

Young couples presenting for infertility treatment at med-
ical attention are commonly anxious, so subsequently of 
sedation has a positive impact on women undergoing oocyte 
retrieval: reducing stress, panic, and anxiety. Unfavorable 
and untoward events can be prevented by accurate, preopera-
tive assessment and proper monitoring in the perioperative 
period as well as during the emergency [26].

The management of any medical urgency should be con-
ducted with assessment of the airway, breathing and 
 circulation, as outlined in the Basic Life Support Guidelines 
(IRC—2015).

7.5.2  Complications During Sedation

 – Nausea and Vomiting: Nausea and vomiting may be side- 
effects of opioids administration. Reduced dose of opioid 
and use anti-emetic agents as metoclopramide or ondan-
setron are helpful (see Figs. 7.11 and 7.26).

 – Pulmonary Aspiration: The aspiration of gastric contents 
into the lungs usually occurs when the patient is uncon-
scious. This complication may lead to pneumonia, pulmo-
nary distress, and death.

 – Respiratory Depression: Respiratory depression is defined 
as apnea, hypopnea, and oxyhemoglobin desaturations. It 
is important to distinguish the opioid or benzodiazepine- 
related respiratory depression from airway obstruction. 
Flumazenil or Naloxone is used for reversal of respiratory 
depression (see Figs. 7.11 and 7.26).

 – Airway Obstruction: The airway obstruction can result 
from pathological condition of anatomical structures or 
the presence of foreign body (e.g., false teeth). Other 
causes of airway obstruction include exposure to smoke, 
asthma (e.g., bronchospasm, laryngospasm), anaphylac-
toid reaction or hyper-reactive airway. The management 
depends on the cause and severity of the case.

 – Hypoxia: It is relatively the most common cardiorespira-
tory complication during sedation. It is a consequence of 
respiratory depression or airway obstruction.

 – Hypotension: Cardiovascular effects of propofol, opioid, 
or benzodiazepine include decreased cardiac output, sys-
temic vascular resistance, and arterial blood pressure. The 
literature defines hypotension as declined in blood pres-
sure of less than 90 mmHg which is due to a fall in either 
cardiac output or total peripheral resistance (leading to 
drop in the patient’s mean arterial pressure). The use of 
intravascular fluid supplementation or administration of 
vasopressor might be beneficial (see Figs. 7.8, 7.10, 7.11, 
and 7.26).

 – Hypertension: Causes include systemic hypertension, 
anxiety, pain, and reflex pressure in response from intuba-
tion. Proper preoperative assessment of patients with pre- 
existing condition/s is necessary.

 – Arrhythmias, Myocardial ischemia/infarction, and Cardiac 
arrest: The use of ECG during sedation is mandatory. Sinus 
tachycardia can be related to pain or hypotension. It is 
rarely that we can observe myocardical  ischemia/infarction 
and cardiac arrest in these populations of patients.

7.6  General Anesthesia

The definition of general anesthesia by the American Society 
of Anesthesiologists. Continuum of Depth of Sedation: 
Definition of General Anesthesia and Levels of Sedation/
Analgesia [20] is provided below:
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General anesthesia is a drug-induced loss of conscious-
ness during which patients are not arousable, even by pain-
ful stimulation. The ability to independently maintain 
ventilatory function is often impaired. Patients often require 
assistance in maintaining a patent airway, and positive 
pressure ventilation may be required because of depressed 
spontaneous ventilation or drug-induced depression of neu-
romuscular function. Cardiovascular function may be 
impaired.

Because sedation is a continuum, it is not always possible 
to predict how an individual patient will respond. Hence, 
practitioners intending to produce a given level of sedation 
should be able to rescue2,3 patients whose level of sedation 
becomes deeper than initially intended. Individuals adminis-
tering Moderate Sedation/Analgesia (Conscious Sedation) 
should be able to rescue2,3 patients who enter a state of Deep 
Sedation/Analgesia, while those administering Deep 
Sedation/Analgesia should be able to rescue2,3 patients who 
enter a state of General Anesthesia.

General anesthesia should be administered invariably by 
specially trained personnel in a hospital-based environ-
ment. General anesthesia may preserve spontaneous venti-
lation or may require mechanical ventilation through an 
endotracheal tube or a laryngeal mask airway. General 
anesthesia, accomplished either by inhalational or intrave-
nous agents, is frequently associated with prolonged recov-
ery time and increased postanesthesia adverse effects. 
Other adverse systemic effects of general anesthesia that 
may have a potential detrimental effect on reproductive 
outcome include transient elevation of serum prolactin lev-
els and suppression of progesterone production by corpus 
luteum [27].

Gottschalk et  al. [28] conducted the selective review of 
the literature with focus on anesthesia-related mortality. 
Anesthesia-related mortality has fallen from 6.4/10,000  in 
the 1940s to 0.4/100,000 at present, largely because of the 
introduction of safety standards and improved training. The 
current figure of 0.4/100,000 applies to patients without 
major systemic disease; mortality is higher among patients 
with severe accompanying illnesses, yet in this group, too, 
perioperative mortality can be reduced by appropriate anes-
thetic management. Moreover, the use of regional anesthesia 
can also improve the outcome of major surgery [28]. The 
authors concluded that a recent increase in the percentage of 
older and multimorbid patients among persons undergoing 

surgery, along with the advent of newer types of operation 
that would have been unthinkable in the past, has led to an 
apparent rise in anesthesia-associated mortality, even though 
the quality of anesthesiological care is no worse now than in 
the past. On the contrary, in recent years, better anesthetic 
management has evidently played an important role in 
improving surgical outcomes [28].

As previously indicated [26], the risk for complications 
while providing moderate and deep sedation is greatest when 
caring for patients already medically compromised. It is 
reassuring that significant untoward events can generally be 
prevented by careful preoperative assessment, along with 
attentive intraoperative monitoring and support. Nevertheless, 
we must be prepared to manage untoward events should they 
arise. This continuing education article will review critical 
aspects of patient management of respiratory and cardiovas-
cular complications.

7.7  Regional Anesthesia

“Regional anesthesia makes a specific part of the body numb 
to relieve pain or allows surgical procedures to be done” 
(JAMA, 2011) [29].

Regional anesthesia for oocyte retrieval can be provided 
in the form of spinal or epidural anesthesia collectively 
known as neuraxial anesthesia. Epidural anesthesia is 
achieved by the injection of local anesthetics in the epidural 
space whereas spinal anesthesia is achieved by the injection 
of local anesthetic into the subarachnoid space. By using dif-
ferent types and doses of local anesthetics, we can achieve 
various degrees of motor and sensory block within a specific 
area of the lower abdomen. Segmental block of specific neu-
rotomes that innervate the lower abdominal area, sparing the 
lower extremities, allow the patient to remain comfortable 
and pain free during the procedure and still able to move the 
lower extremities and ambulate [30]. In addition, by using 
different local anesthetics, the onset of action and duration of 
anesthesia can be controlled easily and for this reason spinal 
anesthesia can provide an excellent operating condition for 
IVF. The anesthetized area should include at least the upper 
part of the vaginal wall and the pelvic viscera (uterus and 
ovaries) [30]. The atraumatic needles presently in use (e.g., 
Whitacre or Sprotte) decrease the incidence of postdural 
puncture headache (PDPH) to 1% [31–33] (see Fig. 7.23). 
Furthermore, use of low dose of local anesthetic in combina-
tion with narcotics as fentanyl or sufetanil can produce neur-
axial blockade that decrease pain with preserved leg mobility 
[34–36].

Epidural anesthesia has the advantage of limited absorp-
tion of the anesthetic agents into the systemic circulation and 
has, therefore, been associated with minimal accumulation 

3 Rescue of a patient from a deeper level of sedation than intended is an 
intervention by a practitioner proficient in airway management and 
advanced life support. The qualified practitioner corrects adverse physi-
ologic consequences of the deeper-than-intended level of sedation 
(such as hypoventilation, hypoxia, and hypotension) and returns the 
patient to the originally intended level of sedation. It is not appropriate 
to continue the procedure at an unintended level of sedation.
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into the follicular fluid [37]. In addition, properly adminis-
tered epidural anesthesia is associated with minimal respira-
tory depression.

7.7.1  Complication During Regional 
Anesthesia

Regional anesthesia is a safe technique, but like in all surgi-
cal procedures, however; rarely complications may occur 
(e.g., the cardiovascular, neurological, infectious, hemato-
logical, or total spinal anesthesia [38]).

 – Hypotension is one of the cardiovascular complications 
of neuraxial technique. The most frequently applied defi-
nition is systolic arterial blood pressure less than 
100 mmHg from baseline or if patient becomes symptom-
atic. Dense neuraxial blockade at the high sensory level, 
for example, fourth thoracic dermatome, includes sympa-
thetic block and vasodilation that often results in hypoten-
sion. The hypotension can be prevented with low doses of 
local anesthetics in combination with intravenous fluid 
pre- or co-loading with crystalloids and ephedrine pro-
phylaxis. Continuous hemodynamic monitoring should 
be applied [27, 39].

 – Bradycardia and cardiac arrest are the most feared com-
plications and have higher incidence in neuraxial than in 
general anesthesia. The blockade of the preganglionic 
cardioaccelerator fibers originating between vertebra T1 
and T4 may progress in heart block or asystole. First-line 
therapy in this case is atropine, ephedrine is used when 
hypotension is associated with bradycardia or in unre-
sponsive case to atropine.

 – Postdural puncture headache (PDPH) is a common com-
plication after inadvertent puncture of the dura mater. The 
risk factors included sex, young age, pregnancy, vaginal 
delivery, low body mass index, and being non-smoker. The 
PDPH is a postural headache that worsens with sitting or 
standing and improves with lying down.  Conservative 
therapies, bed rest, hydration, and caffeine, are commonly 
used treatment and the blood epidural patch in the patients 
with unsuccessful conservative therapy [31, 32].

 – Infective complications can occur if the meticulous asep-
tic technique during neuraxial block procedures in operat-
ing room has not been followed. The infection concerns 
the central nervous system such as arachnoiditis, menin-
gitis, and abscess following spinal anesthesia. The source 
of infection is contamination by the hands or nasopharynx 
of the anesthesiologist that perform the neuraxial block. 
Using of sterile overalls, gloves, surgical cup, and face 
mask should be of procedural routine.

 – Hematoma is a rare and well-recognized complication 
in patients who have received regional anesthesia. The 

literature suggest that routine platelet count can pre-
dict anesthesia- related complications in patient with 
disorders associated with coagulopathy, or in patient 
in therapy with low molecular weight heparin, other 
factor Xa inhibitors, direct thrombin inhibitor, warfa-
rin, aspirin, and GPIIb/IIIa antagonists [40, 41]. The 
American College of Obstetricians and Gynecologists 
(ACOG) Thrombocytopenia in Pregnancy Practice 
Bulletin recently concluded that neuraxial techniques 
are acceptable in parturients with platelet counts greater 
than 80,000  mm-3. Recently, it was suggested a safe 
neuraxial technique in patients whose platelet count was 
more than 56,000 mm-3 with normal thromboelastogra-
phy value [42–46].

 – Nausea and vomiting—Nausea is a common complaint 
during neuroaxial blocks. It is often related to hypoten-
sion from the sympathetic block, in which case restoring 
the blood pressure (with phenylephrine or ephedrine) 
should alleviate the nausea. Nausea and vomiting is com-
mon after spinal morphine (see Fig. 7.3) administration, 
but unlikely following neuraxial administration of lipo-
philic opioids (e.g., fentanyl, sufentanil) (see Fig. 7.26).

 – Pruritus—Neuraxial opioids lead to pruritus in 60–100% 
of patient women. This may be resolved with small doses 
of intravenous opioid agonist-antagonist (e.g. nalbuphine 
2.5–5 mg, butorphanol 1 mg), which may be followed by 
2.2 mg/h infusion or antagonists (e.g. naloxone 40–100 
mcg IV boluses), which may be followed by 0.25–1 mcg/
kg/h infusion [47, 48].

 – Total spinal anesthesia can happen when local anesthetic 
interferes with the normal neuronal function in the cervi-
cal spinal cord and brain stem. The onset is usually rapid 
and severe hypotension bradycardia, and respiratory 
arrest can occur. Management of total spinal anesthesia is 
mainly supportive: fluid administration, inotropic drugs 

Fig. 7.27 Large breast in obesity patient and presupposed difficult air-
way management
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or vasopressors to rise blood pressure, and atropine to 
treat bradycardia. Respiratory insufficiency may need tra-
cheal intubation and mechanical ventilation [38].

About the problem of Regional Anesthesia, we can ask 
ourselves if we can talk about “complications or side- 
effects,” because problems may be directly related to the per-
formance of the technique (see Figs. 7.15, 7.24, and 7.25) or 
may result from poor management of the block. Pain at the 
moment of injection or paraesthesia while performing this 
technique are danger signals of potential injury and must not 
be ignored. Most complications of regional anesthesia are 
relatively minor, easily managed, and temporary (two third 
of paraplegias were transient) but in rare instances serious 
and permanent damage occurs. In literature, we found that 
permanent neurological injury is rare (0.02–0.07%); how-
ever, transient injuries do occur and were more common 
(0.01–0.8%) [49, 50].

Neuraxial anesthesia can be time consuming to perform 
and requires highly specialized anesthesia personnel, thus 
limiting its application outside a hospital environment.

7.8  Anesthesia and Analgesia for Oocyte 
Retrieval: What Is New and Important 
in the Literature?

Management of pain and anxiety in women undergoing 
oocyte retrieval procedures makes anesthesia and analgesia 
an important part of the in  vitro fertilization (IVF) 
programs.

Multiple methods of conscious sedation and analgesia 
(CSA) have been used during oocyte retrieval in human 
in vitro fertilization (IVF). The choice of agent has been pri-
marily influenced by the quality of CSA and by the concerns 
about possible detrimental effects of anesthesia on reproduc-
tive outcomes [51].

Kwan et al. assessed the effectiveness and safety of dif-
ferent methods of CSA for pain relief and pregnancy out-
comes in women undergoing transvaginal oocyte retrieval 
[51]. The analysis (standard methodological procedures 
expected by Cochrane) included 24 randomized-con-
trolled trials (RCTs) of 3160 women (N = 3160) in five 
comparisons. The authors concluded that the evidence in 
the literature does not support one particular method or 
technique over another in providing effective CSA for 
pain relief during, and what is equally important after 
oocyte retrieval. Simultaneous use of sedatives combined 
with analgesia such as the opiates, further enhanced by 
paracervical block or acupuncture techniques, resulted in 
better pain relief than occurred with one modality alone. 
Evidence was insufficient to show conclusively whether 
any of the interventions influenced pregnancy rates. All 

techniques reviewed by the authors were associated with a 
high degree of patient intraoperative and postoperative 
satisfaction [51].

Morue et al. in a double-blinded RCT compared placebo 
vs low-dose ketamine infusion in addition to remifentanil 
target-controlled infusion (TCI) titrated to maintain a visual 
analogue pain score less than 30 mm for conscious sedation 
during oocyte retrieval in their institution [52]. After ran-
domization, patients received either a ketamine infusion 
(40 μg kg min over 5 min followed by 2.5 μg kg min) or a 
0.9% saline infusion in addition to the variable remifentanil 
TCI. No significant difference in the incidence of respiratory 
events was reported. In the ketamine group, visual analogue 
pain score and remifentanil concentrations were significantly 
reduced, but the latter remained above 2 ng mL. Postoperative 
nausea was less frequent in the ketamine group, 4 versus 
15% (P =  0.038). The addition of ketamine did not influence 
the length of stay nor patient satisfaction. The authors con-
cluded that the addition of low plasma levels of ketamine to 
a TCI remifentanil conscious sedation technique did not 
decrease the incidence nor the severity of respiratory depres-
sion. The authors also emphasized that continuous monitor-
ing of capnography and oxygen saturation is always required 
during these procedures [52].

Özaltın et al. evaluated complications developing during 
and after transvaginal ultrasound-guided oocyte retrieval in 
1031 patients (N = 1031) who underwent oocyte retrieval in 
the IVF unit of their hospital [53]. No anesthesia complica-
tions were reported. Vaginal bleeding was observed in 3.1% 
of the patients. There was no intra-abdominal bleeding or 
pelvic organ injuries requiring surgical intervention. Two 
patients developed pelvic abscesses. Ovarian hyperstimula-
tion syndrome (OHSS) occurred in 1.45% of the patients. All 
of the patients tolerated the oocyte retrieval procedure well. 
After the procedure, only 2% of the patients described their 
postoperative pain as severe, and 0.4% described the postop-
erative pain as the worst pain they had ever experienced [53]. 
The authors concluded that the oocyte retrieval procedure 
can be considered a safe procedure. However; they empha-
sized that vaginal bleeding, which was easily controlled with 
pressure application still remained the most common com-
plication during oocyte retrieval in their practice [53].

Rolland et al. [54] conducted a non-randomized prospec-
tive cohort study of the impact of the type of anesthesia on live 
birth rate, pain, and patient satisfaction in women undergoing 
IVF oocyte retrieval. Two groups of patients were prospec-
tively included: the paracervical block (PCB) group (n = 234) 
and the general anesthesia (GA) group (n = 247). The type of 
anesthesia was selected by the patients. The primary endpoint 
was cumulative live birth rate by OR. Secondary endpoints 
were self-assessment of the patients’ perioperative abdomi-
nal and vaginal pain vs. the doctors’ evaluations during PCB, 
postoperative abdominal and vaginal pain level, and patient 
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satisfaction in both groups. Pain levels were assessed with a 
numerical rating scale (NRS). The live birth rate was similar 
in both groups (19.8% in the GA group vs. 20.9% in the PCB 
group, P = 0.764). During oocyte retrieval in the PCB group, 
the physicians significantly under-estimated the vaginal 
pain experienced by the patients (3.04 ± 0.173 for patients 
vs. 2.59  ±  0.113 for surgeons, P  =  0.014). Postoperative 
vaginal and abdominal pain were significantly greater in 
the PCB group compared to the GA group (2.26 ± 0.159 vs. 
1.66 ± 0.123, respectively, P = 0.005, and 3.80 ± 0.165 vs. 
3.00 ± 0.148, respectively, P < 0.001). Patients were more 
satisfied with GA than with PBC (P < 0.001). The authors 
concluded that given their results, the choice of anesthesia 
should be decided by the patients [54].

Zhao et  al. [55] in a prospective double-blind random-
ized study evaluated the analgesic effect and potential effect 
on pregnancy rate of the nonsteroidal anti-inflammatory 
drug flurbiprofen axetil in 200 patients (N = 200) undergo-
ing ultrasound-guided transvaginal oocyte retrieval under 
propofol- remifentanil anesthesia. The patients were ran-
domly allocated to receive 1.5 mg/kg of flurbiprofen axetil 
(FA group) or placebo (control group) 30  min before the 
procedure. Postoperative pain scores, embryo implantation 
rate, and pregnancy rate were recorded. Neuroendocrine bio-
markers and prostaglandin E2 levels in follicular fluid were 
tested after oocyte retrieval [54]. The authors concluded that 
flurbiprofen axetil given before ultrasound-guided transvagi-
nal oocyte retrieval for patients under propofol-remifentanil 
general anesthesia relieves pain without any detrimental 
effect on clinical pregnancy rate [55].

After recent adverse effect of a paracervical block (car-
diac arrest), which occurred during an oocyte retrieval (OR), 
Guillaume et al. [56] conducted an observational study with 
use of topical intravaginal lidocaine gel for pain manage-
ment in 200 patients (N = 200). Pain was measured using a 
numeric pain scale during and after oocyte retrieval. The tol-
erance of the procedure was evaluated through a patient 
questionnaire. Median maximal pain was 5 ± 2.3 (0–10) pre-
retrieval and 3  ±  2.2 (0–10) post-retrieval. The procedure 
was considered bearable by 85.5% of the patients and 81.5% 
of the patients indicated that they would choose this method 
in case of any future oocyte retrieval. No adverse effect 
occurred during the study. The authors concluded that the 
use of intravaginal lidocaine gel is an acceptable analgesic 
technique for oocyte retrieval [56].

Goutziomitrou et al. [57] studied propofol vs. thiopental 
sodium as anesthetic agents for oocyte retrieval in a 
randomized- controlled trial. One hundred and eighty patients 
undergoing ovarian stimulation with gonadotropins and 
gonadotropin-releasing hormone antagonists for IVF were 
randomized to receive either propofol (n = 90) or thiopental 
sodium (n = 90). No significant differences in baseline char-
acteristics were present between the two groups. Time under 

anesthesia was significantly increased in the thiopental 
sodium group: median (IQR): 12 (5) versus 10 (4.5) min, 
P = 0.019 compared with the propofol group. Overall fertil-
ization rates were similar between propofol and thiopental 
sodium groups. The authors concluded that use of propofol 
compared with thiopental sodium for general anesthesia dur-
ing oocyte retrieval results in similar fertilization rates and 
IVF outcomes [57].

Lier et al. [58] in a randomized-controlled trial studied 
the use of patient-controlled remifentanil analgesia as alter-
native for pethidine with midazolam during oocyte retrieval 
in IVF procedures. Seventy-six women were randomized to 
receive pethidine (2 mg/kg i.m.) and midazolam (7.5 mg) 
induced conscious sedation (n = 40) or PCA with remifen-
tanil and diclofenac (50 mg; n = 36). The Numeric Rating 
Scale, McGill Pain Questionnaire (MPQ), Ramsey Sedation 
Scale, and a 5-day pain-and-discomfort diary were used to 
evaluate pain and sedation levels [58]. There were no dif-
ferences in baseline characteristics and reproductive out-
comes between both groups. Periprocedural pain scores 
were comparable for remifentanil and pethidine groups (4 
[3–7] vs. 6 [4–8]; P = 0.13). Pain scores in the pethidine 
group were significantly lower at 30 min after the proce-
dure (1 [0–3] vs. 2 [1–5]; P = 0.016), but at cost of higher 
sedation levels when compared to remifentanil (4 [2–4] vs. 
2 [2–2]; P  <  0.001). Patient satisfaction was higher, and 
MPQ scores were lower in the remifentanil group. There 
were no differences in safety profiles between both analge-
sics. The authors concluded that patient-controlled analge-
sia with remifentanil showed a similar reduction in pain 
scores than pethidine with midazolam during oocyte 
retrieval, while pethidine induced the highest pain relief 
after the procedure. However, PCA remifentanil was asso-
ciated with less sedation and a better patient satisfaction 
profile than pethidine.

Piroli et al. [59] compared the effects on patient physiol-
ogy and oocyte competence of different anesthetic method-
ologies for sedation during in vitro fertilization procedures. 
Four analgesic techniques: EMLA cream, propofol, thiopen-
tal sodium, and sevoflurane were compared for effectiveness 
in in  vitro fertilization (IVF) oocyte retrieval procedures 
[59]. The authors reported that most anesthetic parameters 
were not significantly different among the four treatments 
modalities. However; they noted that the highest rate of 
anomalous fertilization was observed in the propofol study 
group [59].

Circeo et al. [60] conducted a prospective, observational 
study of the depth of anesthesia during oocyte retrieval 
using a total intravenous anesthetic technique and the 
bispectral index monitor. Fifty patients (N = 50) scheduled 
to undergo IVF received a standard anesthetic of fentanyl 
and propofol for induction, followed by propofol infusion, 
with bispectral index values and modified Ramsey sedation 
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scores recorded at 5-min intervals for the duration of anes-
thesia care. Moderate sedation was found only transiently 
during the first 5–10 min of the oocyte retrieval, but thereaf-
ter the level of sedation increased, with deep sedation and 
general anesthesia measured in all patients as determined by 
both the bispectral index scores and lack of response to 
painful stimulation [60].

In a prospective, randomized, double-blinded study 
Hong et al. [61] investigated the comparison of conscious 
sedation for oocyte retrieval between low-anxiety and high-
anxiety patients. One hundred fifty consecutive women 
(N  =  150) scheduled for oocyte retrieval under conscious 
sedation were included in the study. Anxiety scores were 
measured by an anesthesiologist who was not involved in 
sedation. The patients were divided into two groups, high-
anxiety and low- anxiety, as determined by using the median 
of anxiety VAS scoring for assessment of preoperative anxi-
ety (4.0 cm). The subjects were collected, 76 in high-anxi-
ety group and 74  in low-anxiety group. An infusion of 
propofol with a preset target concentration of 2.5  μg/mL 
(−1) was started until the patient had reached and main-
tained a sedation level of 3 on a 5-point sedation scale. 
Hemodynamic variables were recorded by using standard 
monitors. The scorings of sedation, operability, and satisfac-
tion were assessed by one of the anesthesiologists. The 
high-anxiety group required more for the induction of seda-
tion and a larger amount of total dosage of propofol for 
sedation, as compared with the low-anxiety group. The con-
centrations of propofol on the Target- Controlled Infusion at 
sedation level 3 of the high-anxiety group were significantly 
higher than those of the low-anxiety group. Context-
sensitive half time of high-anxiety group was also longer 
than that of the low-anxiety group. The postoperative pain 
score of the high-anxiety group was higher than that of the 
low-anxiety group. Increased preoperative anxiety was sig-
nificantly correlated with postoperative wound pain 
(r = 0.240, P = 0.009) and previously experienced pain on 
same procedure (r = 0.252, P = 0.031), but not with pain on 
propofol injection (r = −0.05, P = 0.58) [47]. The authors 
concluded that the high-anxiety group of patients needs 
more sedative requirement of propofol for conscious seda-
tion than the low-anxiety group of patients [61].

The role of routine anxiolytic premedication in anesthesia 
remains unclear and significant postoperative side-effects 
may result from its routine use. Ng et al. [62] in a random-
ized double-blinded placebo-controlled trial investigated the 
impact of anxiolytic premedication on preoperative anxiety 
and pain during oocyte retrieval. One hundred (N  =  100) 
patients were randomized on the day of ultrasound-guided 
oocyte retrieval (TUGOR) by a computer-generated random-
ization list in sealed envelopes to receive either (1) 50 mg 
pethidine and 25 mg promethazine (premedication group) or 
(2) normal saline (placebo group) i.m. 30  min prior to 

TUGOR. Anxiety levels, pain levels, and severity of postop-
erative side-effects were recorded [62]. Preoperative anxiety 
level was significantly higher than the basal anxiety level in 
the placebo group only. The vaginal and abdominal pain lev-
els during TUGOR and 4 h after TUGOR were significantly 
higher in the placebo group than the premedication group. 
Significantly, more patients complained of drowsiness after 
TUGOR in the premedication group than the placebo group 
and other side-effects were comparable in both groups [62]. 
The authors concluded that routine use of anxiolytic premed-
ication prevented an increase of preoperative anxiety level, 
reduced pain levels during oocyte retrieval but was associ-
ated with a higher percentage of moderate/severe drowsiness 
in the postoperative period [62].

Singhal et  al. [63] studied the patient experience with 
conscious sedation as a method of pain relief for transvagi-
nal oocyte retrieval. Prospective cross-sectional study was 
conducted from October 2015 to January 2016 at a 
university- level hospital and 100 women (N  =  100) were 
recruited. There was a moderate positive correlation between 
age and pain score on day 1 post-procedure. When the dura-
tion of procedure was >12 min, immediate post-procedure 
pain score was significantly higher compared to those whose 
procedure was for <12  min. There was no correlation 
between pain score and the number of oocytes retrieved 
(≤5, 6–15, and ≥16) and transmyometrial passage of nee-
dle. The VAS 10-point score immediately post-procedure, 
after 6 and 24 h post-procedure, and on day of embryo trans-
fer was 2.83 (±1.67), 0.78 (±1.04), 0.39 (±1.09), and 0.14 
(±0.58), respectively. Majority of the women (86%) pre-
ferred the same pain relief method for future analgesia. 
There were no major complications. The authors concluded 
that conscious sedation was associated with high satisfac-
tion level and acceptance rate among patients undergoing 
transvaginal oocyte retrieval [63].

7.9  Summary

Oocyte retrieval is a procedure where sedation and analgesia 
is recommended and/or required. Provision of anesthesia, 
management of pain, and treatment of anxiety during oocyte 
retrieval makes an anesthesia provider an important member 
of the in vitro fertilization (IVF) team. From our literature 
analysis, evidence of serious toxicity of anesthetics used for 
in  vitro fertilization in humans is not well established. 
Continuous monitoring of capnography and oxygen satura-
tion (per institutional protocol) is always required. Currently, 
there is no gold standard for anesthesia care during oocyte 
retrieval. The evidence does not support one particular 
method or technique over another in providing effective con-
scious sedation and analgesia for pain relief during and after 
oocyte retrieval.
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Monitoring follicular growth usually involves a combination 
of hormonal assays and ultrasonic measurements of follicle 
size (Fig. 8.1). Nowadays, Transvaginal Ultrasound (TVUS) 
is the “gold standard” for monitoring ovarian ovulation in 
both spontaneous and stimulated cycles.

Accurate follicular monitoring is particularly important in 
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 – predict ovarian responsiveness to exogenous gonado-
tropins (it allows to individualize treatment protocols 
optimizing results and reducing complications)

 – evaluate the number, size of developing follicles and 
their growth pattern before oocyte retrieval (predictive of 
oocytes competence)

 – estimate the appropriate time to trigger the final oocyte 
maturation before ovum pickup

 – assess the risk of ovarian hyperstimulation syndrome 
(OHSS)

 – make decisions on early cancellation of cycles without 
proper ovarian response, thus avoiding unnecessary waste 
of resources

During a cycle of IVF/ICSI, women receive daily doses of 
gonadotropins (FSH, LH, hMG) to induce multifollicular 
development in the ovaries. Controlled ovarian hyperstimu-
lation (COH) induces the growth of heterogeneous cohorts 
of follicles containing oocytes at different stages of maturity 
and competence and only few oocytes will be able to undergo 
meiosis, fertilization, and embryo development.

The proportion of competent oocytes is directly related to 
follicular size. Developmental competence refers to the oocyte’s 
ability to mature, fertilize, and finally yield viable offspring [1].

In order to predict ovarian response, clinicians individualize 
the most suitable starting dose of gonadotropins on the basis of 
patient characteristics predictive of ovarian response such as 
age, clinical history, and other ovarian reserve tests (ORTs).

Nowadays, antral follicular count (AFC) and Anti- 
Müllerian hormone (AMH) appear to be the most useful 
markers of ovarian reserve in addition to chronological age. 
The retrieval of 5–15 oocytes is often considered a normal 
response to stimulation [2]. Poor and hyper-response to COH 
are significantly correlated with risk of cycle cancellation. 
Moreover, hyper-response is associated with increased risk 
of OHSS.

In this chapter, monitoring follicular growth during IVF/
ICSI cycle will be presented.

8.1  Controlled Ovarian Stimulation: 
The Rational Basis

According to the model proposed by Baird (1987), during 
the menstrual phase the concentration of FSH rises to a level 
high enough to activate a single small antral follicle (2–4 mm) 
that secretes higher quantities of Estradiol (E32). The pro-
duction of E2 and inhibin by the developing follicle is able to 
suppress the concentration of FSH below this threshold level 
(negative feedback). For a critical period, the dominant fol-
licle becomes increasingly sensitive to FSH and conse-
quently is less dependent on the level of plasma FSH. These 
conditions led to the growing of the dominant follicles and 
the inhibition of other follicles [3].

During COH, treatments with Clomiphene or gonadotro-
pins maintain the period during which the level of FSH 
remains above this threshold allowing multiple follicular 
development. Under this condition, the follicles continue to 
grow at approximately the same rate, thus they are never 
completely synchronous (Fig. 8.2).

It has been demonstrated that FSH stimulates granulosa 
cells of early antral follicles and induces LH receptor forma-

Fig. 8.1 Monitoring follicular growth usually involves a combination 
of hormonal assays and ultrasonic measurements of follicle size
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Fig. 8.2 FSH threshold concept in a stimulated cycle. During COH, 
levels of circulating FSH are elevated above threshold. The number of 
preovulatory follicles increases in an asynchronous manner
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tion on preovulatory follicle [4]. LH activates adenyl cyclase 
with the resulting production of cAMP that represents an 
amplified response to FSH [5]. Therefore, the maturing fol-
licle reduces its dependency on FSH by acquiring LH recep-
tors. The granulosa cells from early antral follicles are only 
responsive to FSH; granulosa cells from FSH-stimulated fol-
licles are responsive to both FSH and LH [6].

The revised two-cells—two gonadotropins theory sug-
gests a key role for LH not only in theca cells steroidogenesis 
stimulation, but also in follicle growth and maturation in the 
mid-luteal phase [7] (Fig. 8.3).

Ovarian stimulation protocols combine the use of human 
menopausal gonadotropin (hMG), urinary or recombinant 
FSH, recombinant LH with GnRH agonists or antagonists in 
order to increase oocyte number and to avoid premature LH 
surge. Given the physiological role of FSH and LH, the ratio-
nal basis of controlled ovarian stimulation is to increase the 
duration that serum FSH concentrations are maintained 
above the threshold by direct administration of FSH.

8.2  Prediction of Ovarian Response

During an IVF/ICSI cycle, daily doses of gonadotropins 
(FSH, LH, hMG, Corifollitropin alfa, Follitropin delta) are 
used to induce multifollicular response in the ovaries. 
Although the number of eggs retrieved seems to depend on 
the starting/total doses of gonadotropins, individual wom-
an’s response differs [8, 9].

A low or poor ovarian response has been defined as the 
retrieval of three or fewer oocytes [10]. A hyper-response (or 
high response) is often described as the retrieval of 15–20 or 
more oocytes and is associated with an increase in the risk of 
OHSS [11, 12].

During fresh IVF cycles, some authors observed that the 
best chance of live birth was associated with the number of 
5–15 eggs retrieved during oocyte pickup. Whereas a decline 
was observed after the retrieval of 20 or more oocytes [9].

In an effort to predict the response and outcome in cou-
ples prior to IVF/ICSI and counsel them, the estimation of 
ovarian reserve is routinely performed through various ovar-
ian reserve tests or multifactorial algorithms [13].

Basal FSH (b-FSH), measured in serum in the early fol-
licular phase of a menstrual cycle, is a simple and reliable 
test. It is less expensive than the other tests, easily applicable 
and is, therefore, the most widely used screening test in 
infertility programs. Previous studies demonstrated that a 
combination of early follicular FSH and age seems to be bet-
ter than age alone in predicting outcome in women undergo-
ing IVF [14]. B-FSH was later integrated with the AFC. AFC 
is measured by ultrasound and is a count of the number of 
antral follicles measuring about 2–10 mm (according to stan-
dard criteria) that are available in both ovaries [15].

More recently, AMH has emerged as a robust marker of 
ovarian function. It is a dimeric glycoprotein produced by 
granulosa cells of preantral (primary and secondary) and 
small antral follicles in the ovary.

The production of AMH starts following follicular transi-
tion from the primordial to the primary stage, and it contin-
ues until the follicles reach the antral stages, with diameters 
of 2–6 mm [16] (Fig. 8.4).

AMH represents a more direct and independent measure 
of the growing preantral and antral follicular pool and is not 
influenced by the menstrual cycle or pregnancy [17, 18]. The 
current evidence shows that AFC and AMH appear the most 
useful markers of ovarian reserve in addition to chronologi-
cal age [19, 20].

According to the above-mentioned criteria, patients might 
be classified as predicted hyper-, normal, or hyporesponders:

8.3  Predicted Low Responders

According to Bologna criteria, two of these three criteria are 
required to define a patient as poor ovarian responder:

 1. advanced maternal age (≥40 years) or any other poor 
ovarian response risk factor (genetic or acquired condi-
tions, pelvic infection, ovarian endometriomas, and 
patients who have undergone ovarian surgery for ovarian 
cyst, chemotherapy, shortening of the menstrual cycle)

 2. a previous cycle with poor ovarian response (≤3 
oocytes with a conventional stimulation protocol)

 3. a low ovarian reserve test in terms of AMH (<0.5–
1.1 ng/mL) (<3.6–7.8 pmol/L) and AFC (<5–7 follicles)

Moreover, two cycles with poor ovarian response after max-
imal stimulation might classify a patient as a poor responder 
even in the absence of the other criteria [10]. More recently, the 
Poseidon Group (2016) suggested a more specific definition 
of “low prognosis” patients that introduces two new categories 

THECA CELLS GRANULOSA
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Fig. 8.3 The two-cells–two gonadotropins theory
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of compromised response: “suboptimal response” and “hypo-
response.” “Suboptimal responders” include women with 
retrieval of 4–9 oocytes which is associated to a significantly 
lower live birth if compared to patients normoresponders (10–
15 oocytes), regardless of age. On the other hand, when higher 
dose of gonadotropins and more prolonged stimulation are 

required to obtain more than three oocytes, patients are defined 
“hyporesponders” [21, 22] (Fig. 8.5). Lensen et al. (2018) in 
the last Cochrane reviews on individualized gonadotropin dose 
selection used the following cutoffs to categorize women as 
predicted low responders: AMH  <  7  pmoL/L (0.98  ng/mL), 
AFC < 7, bFSH > 10 IU/L [2].

Fig. 8.4 Follicular growth sensitive to FSH and AMH

The POSEIDON criteria: 4 groups of “Low Prognosis”

Poseidon group 3

Young patients <35 years with poor ovarian

reserve pre-stimulation parameters (AFC<5;

AMH< 1.2 ng/ml)

Older patients ≥35 years with poor ovarian

reserve pre-stimulation paramters (AFC≥5;

AMH≥ 1.2 ng/ml)

Poseidon group 4

Poseidon group 1

Young patients <35 years with adequate ovarian

reserve parameters (AFC≥5; AMH≥ 1.2 ng/ml)

and with an unexpected poor or suboptimal

ovarian response.

Subgroup 1a: <4 oocytes*

Subgroup 1b: 4-9 oocytes retrieved*

*after standard ovarian stimulation

Older patients ≥35 years with adequate ovarian

reserve parameters (AFC≥S; AMH≥ 1.2 ng/ml)

and with an unexpected poor or suboptimal

ovarian response.

Subgroup 2a: <4 oocytes*

Subgroup 2b: 4-9 oocytes retrieved*

*after standard ovarian stimulation

Poseidon group 2

Fig. 8.5 Differentiation into 
groups of low responders 
according to Poseidon criteria
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8.4  Predicted Hyper-Responders

 1. age < 35 years old
 2. low Body Mass Index (BMI) (<18.5 Kg/m2)
 3. higher AMH levels (cutoff value 3.4 ng/mL)
 4. AFC ≥ 24
 5. polycystic ovarian syndrome (PCOS) (Fig. 8.6a, b)
 6. history of OHSS

Lensen et al. (2018) adopted only AMH > 21 pmol/L 
(2.9 ng/mL) and AFC > 15 as predictors for high respond-
ers [2].

8.5  Predicted Normal Responders

Categorization of normal responders is frequently based on 
the exclusion of a poor or a hyper-response to ovarian stimu-
lation, rather than by using specific inclusion criteria. 
Unfortunately, these criteria will include also patients with 
different prognosis (optimal and suboptimal) [21].

 1. AFC 8–15
 2. age 35–39 years
 3. AMH >1.2 and <3.75 ng/mL

Lensens (2018) adopted the following inclusion criteria: 
AMH 7–21  pmol/L, AFC 7–15 categorized as predicted 
normal responders (bFSH was not included as it is not a reli-
able predictor for normal response) (Lensens 2018) 
(Table 8.1).

8.6  Protocols of Ovarian Stimulation

The main objective of a correct prediction of ovarian response 
is the personalization of ovarian stimulation to induce multi-
follicular development in the ovaries. Personalized treatment 
offers every single patient the best treatment tailored to her 
own unique characteristics, thus maximizing the chances of 
pregnancy, eliminating the iatrogenic and avoidable risks, 
such as OHSS, minimizing the risk of cycle cancellation and 
enabling clinicians to give women more accurate informa-
tion on their prognosis [20].

Finally, and not least importantly, personalized therapy 
showed an important reduction of costs probably due to a 
reduced incidence of OHSS, drug consumption, and cancel-
lation of cycles [23].

Dose increases during ovarian stimulation do not seem to 
affect the number of retrieved oocytes [24, 25]; therefore, the 
choice of an appropriate starting dose appears crucial for the 
final ovarian response.

Diverse therapeutic protocols have been suggested for the 
each category of patients. Usually, the gonadotropin starting 
dose is 150  IU for expected high responders, 200–225 for 
normal responders, and 300–450  IU for expected poor 
responders [2].

In recent times, clinical practice of infertility treatment is 
moving from standardized to individualized FSH dosing. 
Actually, new FSH preparations, as follitropin delta, inte-
grate individualized dosing as part of the clinical managing. 
The dosing algorithm for follitropin delta aims to individual-
ize the starting dose to each woman based on serum level of 
AMH and body weight, staying on the same dose throughout 
the whole stimulation cycle [26].

a b

Fig. 8.6 (a, b) Schematic representation of micropolycystic ovary and its echographic appearance
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8.7  Prediction of Oocyte Competence 
Through Monitoring Follicular 
Growth

TVUS follow-up of follicular growth is crucial for ART 
treatment. Counting and measuring growing follicles allows 
optimal dosage of hormones and correct timing of adminis-
tration of the ovulation trigger. Early detection of ovarian 
hyperstimulation allows to freeze embryos and transfer 
frozen- thawed embryos later.

The evaluation of growing follicles by ultrasound includes 
(Fig. 8.7): follicle diameter, follicle growth pattern, follicular 
wall thickness, perifollicular vascularity, and perifollicular 
blood flow. A follicle that is >10 mm in diameter at the first 
scan, grows at a rate of 2–3  mm per day, has no internal 
echogenicity and has thin (pencil line) wall, is more likely to 
become a leading follicles [27].

Whether the follicles that are visualized represent poten-
tially healthy follicles with competent oocytes has not been 
established. In addition, there is considerable variability in 
the clinical definition and technical methodology used to 
count and measure follicles in both published studies and 
clinical practice. As a further complication, more than one 
individual may scan a patient during one cycle.

8.8  Monitoring Follicular Growth

COH is monitored by serial TVUS plus serum E2 measure-
ments performed every second day from stimulation day 
5–6. The frequency of monitoring will depend on the bio-
physical parameters of follicular growth and hormonal 
parameters, principally E2 levels. The wall of mature ovarian 
follicles is a complex structure with endocrine function. It is 
constituted by two cell layers. The outer layer is comprised 

Table 8.1 Criteria to categorize women into poor, hyper-, and normoresponders

Predicted 
response Authors Criteria
Poor 
responders

Bologna Criteria 
(Ferraretti 2014)

1. Advanced maternal age (≥40 years)
Or any other poor ovarian response risk factor
  – Genetic or acquired conditions
  – Pelvic infection
  – Ovarian endometriomas
  – Ovarian surgery for ovarian cyst
  – Chemotherapy
  – Shortening of the menstrual cycle
2. A previous cycle with poor ovarian response

 – ≤3 oocytes with a conventional stimulation protocol
3. A low ovarian reserve test 

 – AMH (<0.5–1.1 ng/mL) (<3.6–7.8 pmol/L)
 – AFC (<5–7 follicles)
 –  Two previous cycles with poor ovarian response after a maximal stimulation (even in the absence 

of the other criteria)
Poseidon Group 
(2016)

– AMH (<1.2 ng/mL) (<8.6 pmol/L)
– AFC (<5 follicles)
Or unexpected poor or suboptimal ovarian response
Poor response: retrieval of <4 oocytes
Suboptimal response: retrieval of 4–9 oocytes
Hyporesponse: higher dose of gonadotropins and more prolonged stimulation to obtain more than 3 
oocytes

Lensen et al. (2018) AMH < 7 pmol/L, AFC < 7, bFSH > 10 IU/L, it would be better numbering the list...)
Hyper- 
responders

ASRM (2016); Kwee J 
(2007)

1. Age < 35 years old
2. Low Body Mass Index (BMI) (BMI < 18.5 kg/m2)
3. Higher AMH levels (cutoff value 3.36 ng/mL, 24 pmol/L)
4. AFC ≥ 24
5. Polycystic ovarian syndrome (PCOS)
6. History of OHSS

Lensen et al. (2018) 1. AMH > 2.9 ng/ml (>21 pmol/L)
2. AFC > 15

Normal 
responders

Based on the exclusion 
of a poor or an 
hyper-response to 
ovarian stimulation

1. AFC 8–15
2. Age 35–39 years
3. AMH > 1.2 ng/mL (8.6 pmol/L) and <3.75 ng/mL (26.8 pmol/L)

Lensens (2018) 1. AMH 0.98–2.9 ng/mL, (7–21 pmol/L)
2. AFC 7–15

M. E. Coccia et al.
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of two types of cells and forms the theca: the theca interna 
contains cuboidal cells, synthesizing the androstenedione 
and is well vascularized; the theca externa mainly consists of 
connective tissue. The inner layer of the follicular wall is 
termed the granulosa and is composed of stratified cells 
which convert androstenedione into E2 through the action of 
the aromatase. The limit between the thecal layers and the 
granulosa is well defined histologically by a thick basal lam-
ina [28]. The follicle wall is defined as the combined thick-
nesses of the stratum granulosa and theca. In order to measure 
the follicle size by the 2D-transvaginal scanning, the vaginal 
probe is placed as close as possible to the follicle to make 
follicle borders visualize clearly. The mean follicular diam-
eter is calculated based on the mean of the two longest diam-
eters. The two orthogonal diameters (d1 and d2) should be 
determined at the scanning plane corresponding to the larg-
est follicle diameter, by placing the calipers on the fluid–fol-
licle interface [29] (Fig. 8.8). Data on preferable placement 
of calipers on follicle borders (inner, outer, interface) are 

Fig. 8.7 The evaluation of growing follicles by ultrasound includes: follicle diameter, follicle growth pattern, follicular wall thickness, perifollicu-
lar vascularity, and perifollicular blood flow

Fig. 8.8 Follicle size by the 2D-TVUS. The two orthogonal diameters 
(d1 and d2) should be measured at the scanning plane of the largest fol-
licle diameter
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scarce. Some authors measure follicular size using the inter-
nal diameters of the area [30]. The more accurate way of 
measurement will be probably clarified through studies on 
3D ultrasound [31].

8.9  First Scan Under COH

Ovarian response can be identified early in the cycle. The 
first scan under COH for IVF-ICSI is performed on stimula-
tion day 6–7.

Hodgen et al. classified ovarian response in the following 
way: “non-responders” as patients whose E2 levels did not 
reach 300 pg/mL by day 8 of stimulation; “slow responders” 
E2 levels were <300 pg/mL by day 5, but >300 pg/mL by 
day 8 of stimulation; “fast responders” with E2 levels 
>300 pg/mL by day 5 of stimulation [32] (Fig. 8.9).

Although debated, the practice of adjusting the dose on 
day 6–7 of stimulation, when cycle monitoring indicates that 
the ovarian response has been unsatisfactory, still represents 

a common practice. On the basis of both TVUS findings and 
E2 levels, gonadotropin dosages are adjusted up or down 
with 450 IU as the maximum daily dose allowed. How effec-
tive such dose increase or reduction is, is not well established 
[33]. Both very slow and very rapid estrogen growth rates, as 
calculated from the 4 days preceding oocyte retrieval were 
associated with a reduced pregnancy rate [34].

According to some authors, the dose of gonadotropin 
should not be altered as long as serial E2 levels increase 
between 50 and 100% every other day [35]. Suggested steps 
of dose adjustments ranges from 25–50  IU/day [36] to 
75–100 IU/day. The dosage should be reduced by 75 IU if 
two consecutive E2 levels rise by >100% (Silverberg et al., 
1991). From stimulation day 6–7 onward, COH continues 
until at least one dominant follicle reaches 18 mm diameter, 
with appropriate E2 levels (Fig. 8.10a, b).

8.10  Follicle Diameter 
and Anatomopathological 
Considerations

During follicular monitoring, clinicians should keep in mind 
that the size of follicles is related to the stage of oocytes. 
Prior to the widespread use of transvaginal sonography, 
morphometric data derived from studies of the entire follic-
ular population of normal human ovaries (ovariectomy for 
carcinoma of the breasts or cervix, hysterectomy for 
fibroids) obtained at various stages of the menstrual period, 
allowed the development of a theoretical model of progres-
sion of follicles from the preantral to the ovulatory stage 
[37]. Follicular dimensions were measured with an ocular 
micrometer.

Histological examination of the human ovary revealed a 
great variety in the size of follicles from the preantral 
(0.1 mm) to the ovulatory stage (20 mm). Based on the num-
ber of granulosa cells, the entire follicular population was 

a b

Fig. 8.10 Stimulation day 6, follicles measuring less than 14 mm: (a) POR patient; (b) woman with PCO
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divided into classes representing the stages of follicular 
development. At each follicle diameter corresponded a num-
ber of granulosa cells (GC) (Figs. 8.11 and 8.12).

The numbers of preantral follicles throughout the cycle is 
more or less constant. Thus, the entry of follicles into this 
class is continuous during the cycle on the basis of a succes-
sion of waves, or cohorts, of growing follicles. Therefore, if 

an ovary is observed at any given point during the cycle, a 
large number of follicles of different diameter would be pre-
dictable, especially in young women (Table 8.2). In the early 
luteal phase (days 15–19), immediately after high levels of 
17β-estradiol, the gonadotropins start the growth of follicles 
by the differentiation of the epitheloid cells in the theca 
interna (preantral follicles, 0.1–0.2 mm diameter).

PRIMORDIAL
POOL

PRIMARY PREANTRAL EARLY ANTRAL MID ANTRAL PRE OVULATORY

Fig. 8.11 Stages of folliculogenesis in the adult human ovary

Fig. 8.12 Stage of follicles maturation
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The entry of the follicles into class 2 (0.2–0.4 mm diam-
eter with the appearance of an antrum) is observed 25 days 
later simultaneously in both ovaries. Afterwards follicular 
growth becomes more complex with an asymmetry between 
the two ovaries.

Ovarian follicles larger than 2  mm in diameter can be 
observed by TVUS and are highly sensitive to gonadotro-
pins. Follicles of 2–10 mm are related to the amount of the 
primordial follicle pool. Unfortunately, the same range 
2–10 mm include also follicles at early stages of atresia and 
thus poorly responsive to gonadotropin.

As a consequence, the AFC tends to overestimate the 
number of gonadotropins responsive follicles. Healthy antral 
follicles tend to be 4–6 mm in diameter and might best rep-
resent the age-dependent proportion of the antral follicle 
pool. However, measuring the diameter of every follicle 
would require very long time.

The largest healthy follicles measure 2 and 5 mm in diam-
eter at the end of the luteal phase and show a higher mitotic 
activity than the mid-luteal phase. The follicle destined to 
ovulate in the next cycle will be recruited among these folli-
cles in the early follicular phase (days 1–5).

Its diameter is between 5.5 and 8.2 mm and increases sig-
nificantly through cellular proliferation and accumulation of 
fluid in the antrum [38, 39]. During 2 weeks, it grows from 
6.9 ± 0.5 mm (days 1–5) to 13.3 ± 1.2 mm (days 6–10) and 
then to 18.8 ± 0.5 mm (days 11–14).

Hypertrophy of the theca interna and its vascularization 
begins in the mid-follicular phase and continues until the 
ovulatory LH surge [38]. The granulosa shows a characteris-
tic organization at the time of the plasma peak of 17β-estradiol 
and then becomes disorganized during the pre-luteinization 
of the follicle [40].

8.11  Follicle Sizes on the Day of Trigger

Since 1973, Edwards highlighted a strong association 
between follicle size and oocyte recovery [41]. In spontane-
ous cycles, preovulatory follicles reach the diameter of 

17–25 mm in diameter [42]. During COH, the relationship 
between follicle size and oocyte maturity might be 
different.

It is more likely that a large follicle contains a free- floating 
cumulus-oocyte complex, compared to a small one [43–46]. 
In literature, data about ideal follicle size at the time of hCG 
are controversial and demonstrate the difficulty in defining a 
universally accepted threshold of follicle dimension to pre-
dict the presence of good competent oocytes. Generally, the 
incidence of mature oocytes increases with follicular size 
[47]; however, both too small and too large follicles are asso-
ciated with low oocyte recovery, fertilization, and cleavage 
rates.

Table 8.2 summarizes data on oocyte competence and fol-
licular size (Table 8.2). Oocytes are frequently found in the 
metaphase II (MII) when retrieved from follicles larger than 
16  mm (approximately corresponding to a 2  mL volume). 
Some authors consider 18 mm as a better cutoff to discrimi-
nate follicles with higher chances of mature oocytes [48, 49].

In follicles below 12 mm a higher proportion of imma-
ture, germinal vesicle (GV) or metaphase I (MI) oocytes is 
found and some authors recommend not aspirate this pool of 
follicles [48, 50, 51].

Another study, reported that follicles from 11 to 15 mm 
sometimes can harbor mature oocytes [52]. Both in normal 
and PCO ovaries, follicles smaller than 14  mm diameter 
occasionally might contain MII oocytes [49–51, 53–56].

Discordant findings on the relationship between follicular 
size and embryo cleavage rates were reported [48, 51, 57, 58] 
(Table 8.3).

In case of oocytes obtained from smaller follicles, the rate 
of polyspermy with conventional IVF and the fragmentation 
rate were shown higher with a lower pregnancy rate [51].

These effects might be due to a reduced oocyte compe-
tence, to either safeguards from more than one sperm getting 
in and developing during the following cleavage stages. 
Other authors did not confirm any differences in oocyte 
recovery rate [58] or fertilization rate, between small and 
large follicles [57, 59]. According to a recent study, oocytes 
obtained from small follicles (0.3–0.9 mL) showed similar 
capacity in terms of fertilization and blastocyst rates when 
compared with oocytes from larger follicles (1–6  mL and 
>6 mL) [60].

Some publications demonstrated decreased fertilization 
rate and developmental competence in oocytes derived from 
very large (>23 mm) follicles, indicating adverse effects of 
prolonged stimulation [55, 61]. These controversial results 
might be attributed to differences in COH protocols, patient 
features, methods to measure follicular volume and size, 
laboratory characteristics, technique of oocyte insemination 
(IVF or ICSI), and difference in statistical analysis (sample 
size, primary endpoint).

Table 8.2 Follicular size and visualization by ultrasound

Stage Follicular size
Primordial 0.03–0.04
Primary 0.05–0.06
Secondary 0.07–0.11
Preantral 0.12–0.20
Early antral 0.21–0.40
Antral 0.41–16.00
Preovulatory 16.1–20.00

Ovarian follicles larger than 2  mm in diameter can be observed by 
TVUS

M. E. Coccia et al.
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Moreover, few studies have analyzed the relationship 
between oocyte competence and follicular size following 
one-by-one follicle measurement.

Overall there is evidence that follicles having a mean 
diameter between 16 and 22 mm are those with the highest 
likelihood of containing MII oocytes, small follicles can sel-
dom generate MII oocytes.

The most widely applied protocol is administering the 
trigger when at least two-three follicles have reached a diam-
eter of ≥18 mm [62] or at least three leading follicles mea-
sure 17 mm (Wertheimer et al., 2018) (Fig. 8.13).

Furthermore, the number of adequate size follicles 
appears to be more important than the size of the leading 
follicle(s) for timing of hCG administration (Wittmaack 
et al., 1994).

8.12  Serum Progesterone Elevation During 
Follicular Growth

For over two decades, the potential adverse effect of serum 
progesterone elevation on the day of hCG administration on 
IVF/ICSI outcomes has been a matter of intense debate in 
the literature.

In early studies, no association between serum progester-
one and pregnancy outcomes was observed [35, 63–68], 
whereas more recent studies reported a significant negative 
effect [69–76].

A large meta-analysis conducted on more than 
60,000 cycles observed that adopting a threshold of 0.8 ng/
mL, a decreased probability of pregnancy was associated 
with progesterone elevation on the day of hCG administra-
tion in fresh IVF cycles.

In contrast, no adverse effect was detected in the frozen–
thawed and the donor/recipient cycles [77]. This data sup-
ported the hypothesis that progesterone rise does not 

influence the oocyte quality but somewhat endometrial 
receptivity [77].

The endometrial advancement of more than 3 days versus 
the actual day after ovulation leads to an asynchrony 
(Fig. 8.14) between the endometrium and the embryo [78]. 
Supraphysiological hormonal levels during ovarian stimula-
tion for IVF might jeopardize the endometrial receptivity.

Previous studies performed on genomics evaluation of 
endometrial receptivity reported that progesterone rise on 
HCG day affects endometrial gene expression [79–81]. 
Nevertheless, recently published data highlight also a nega-
tive correlation between elevated progesterone and the rate 
of “top embryo quality.” Huang et al. (2016) found that when 
serum progesterone levels were higher than 2.0 ng/mL, the 
number of top embryo quality was significantly reduced 
[82]. Another study observed that progesterone elevation on 
the day of hCG administration was more frequent in patients 
with recurrent IVF failure [83]. Furthermore, experimental 
research with animals revealed a crucial role of progesterone 
in oocyte acquisition of developmental competence [84, 85]. 
Thus, another possibility is that the elevated progesterone 
has negative effects on the quality of the oocyte or resulting 
embryo. However, the pathophysiology through which ele-
vated progesterone levels might produce adverse effects on 
oocyte-embryo quality requires further studies. Similarly, 
the exact cause of progesterone elevation during the follicu-
lar phase of ovarian stimulation for IVF/ICSI remains still 
unclear. It does not seem to reflect a true luteinization event. 
It has been observed that progesterone elevation is associated 
with an increase in the total amount of gonadotropins used 
for ovarian stimulation, an increase in E2 levels on the day of 
hCG, GnRH agonist protocols, and the number of retrieved 

Fig. 8.13 Stimulation day 11, three follicles measuring 17–18  mm 
(day of HCG)

Fig. 8.14 The rise of progesteron during the final stage of IVF cycle 
can make the endometrium asynchronous
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oocytes [77]. FSH has a direct stimulatory effect on the 
expression and the enzymatic activity of 3β-hydroxysteroid 
dehydrogenase (3β-HSD). Therefore, FSH stimulation 
increases the conversion of pregnenolone to progesterone in 
human mitotic granulosa cell line (in vitro study on human 
ovarian cortical samples). Pregnenolone and progesterone 
produced by granulosa cells should be converted into andro-
gens by the theca cells. However, in the absence of LH sup-
port, 17-alpha-hydroxylase does not respond to FSH 
stimulation in human granulosa cell; thus, the amount of 
generated precursor steroids may exceed the ability of the 
ovary to effectively convert them into estrogen pathway pro-
ducing their accumulation and leak into systemic circulation 
[86]. Some authors observed that ovarian stimulation with 
corifollitropin alpha (CFA) only might lead to a significantly 
reduced incidence of premature progesterone elevation on 
the day of final oocyte maturation. Pharmacokinetics and 
follicular dynamics of CFA might explain this result. 
Although maintaining the FSH activity above the threshold 
for 1 week, CFA reaches a peak concentration 2 days after 
the injection and then decreases progressively. Thus, a step- 
down protocol can be adopted in order to prevent the proges-
terone elevation. However, further studies are needed to 
support this approach [87, 88].

8.13  Threshold Level of Progesterone 
Elevation

There is no consensus about the exact threshold level of pro-
gesterone elevation affecting fresh IVF/ICSI cycles and a 
nonlinear effect has been suggested (Bosch et al., 2010). In 
the normal and in the poor responders, the negative effect of 
progesterone elevation appears already from progesterone 
concentrations of 0.8–1.1 ng/mL (OR: 0.79) and seems to be 
increased when progesterone concentration reaches value 
≥1.2 ng/mL [77].

However, in the high responders, a detrimental effect of 
progesterone elevation is present only when the level of 
serum progesterone on the day of hCG reaches 1.9–3.0 ng/
mL (Fig. 8.12). Thus, an increase in E2 levels or in the num-
ber of collected oocytes might compensate for the negative 
effect of progesterone elevation. As the E2 levels and the 
increase in mature follicles may be important factors affect-
ing the progesterone threshold level, it has been proposed 
that the progesterone/E2 ratio might be a more efficient 
prognostic indicator [72, 89]. There are few studies investi-
gating the value of progesterone/E2 ratio on predicting IVF/
ICSI outcomes. In a recent retrospective cohort study, 
Golbasi et  al. (2018) concluded that the progesterone/E2 
ratio is not an efficient parameter for predicting the live 
birth rate in women with a progesterone value higher than 
1.5 ng/mL. The same authors highlighted the limitations of 

their study as the low number of included patients and sug-
gested further research on this issue [90]. As the increase in 
total blood progesterone level was detrimental only if it 
resulted from an increase in the average progesterone 
secreted from each follicle and not from the recruitment of 
additional follicles, other more representative parameters 
have been proposed: Progesterone-to-follicle index (PFI) 
[91] and progesterone to a number of aspirated oocytes ratio 
(POI) [92].

The PFI was calculated by dividing the total blood pro-
gesterone level (nmol/L) by the number of follicles ≥14 mm 
in diameter on the hCG day [91]; POI was calculated by 
dividing the serum progesterone level on the day of hCG by 
the number of aspirated mature oocytes [92]. Both parame-
ters need to be validated by further studies in order to be 
adopted in clinical practice.

8.14  Implications for Clinical Practice

The most frequently used method for managing progester-
one elevation is freezing embryos and transferring them in a 
subsequent frozen–thawed cycle (the “freeze-all” strategy). 
Up to now no randomized controlled trial has evaluated the 
effectiveness of this intervention in women who exhibit pro-
gesterone raise on the day of hCG administration. Moreover, 
the “freeze-all” strategy has significant implications on the 
cost and the number of patients that require further testing 
and interventions. In order to make the decision to freeze- 
only as cost-effective, the threshold value should have strong 
positive predictive value.

Hill et al. (2018), through a threshold and cost analyses, 
observed a clinical benefit to a freeze-only approach above 
progesterone thresholds ranging from 1.5 to 2.0 ng/dL. At 
these thresholds, elevated progesterone has a demonstrable 
and clinically significant negative effect and makes the 
“freeze-only” a cost-effective option [93].

8.15  OHSS Risk Assessment During 
Monitoring Follicular Growth

OHSS is an uncommon but serious complication associated 
with COH.  Moderate-to-severe OHSS occurs in approxi-
mately 1–5% of cycles [94].

The syndrome description includes a spectrum of find-
ings, such as ovarian enlargement, ascites, hemoconcentra-
tion, hypercoagulability, and electrolyte imbalances 
(Figs.  8.15 and 8.16a, b). As recommended by the ASRM 
(2016) [94], every effort should be made to identify patients 
who are at the highest risk. The assessment of the risk of 
OHSS during monitoring of follicular growth is particularly 
important in the light of the prevention strategies that can be 
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adopted as the use of GnRH agonist (with or without low- 
dose hCG) to trigger the final oocyte maturation of oocytes, 
the use of cabergoline, and cryopreservation of all embryos 
rather than transfer.

Ovarian stimulation parameters during monitoring follic-
ular growth may aid in the prediction of patients who will 
develop OHSS.

A number of prospective studies observed that a high 
number of growing follicles is an independent predictor of 
OHSS.  Development of ≥25 follicles and >19 large-/
medium-sized follicles before hCG, E2 values >3500 pg/mL 
or ≥24 oocytes retrieved are related with an increased risk of 
OHSS [94].

8.16  Three-Dimensional (3D) 
Ultrasonography

In late 1980s, the progress of 3D ultrasound allowed acquisi-
tion and analysis of volume data. A recent rendering tech-
nique, known as the inversion mode, allows the automatic 
identification and quantification of hypoechogenic ovarian 
follicles within the relatively hyperechoic ovarian tissue.

8.17  SonoAVC: The Technology

Sonography-based Automated Volume Calculation 
(SonoAVC, GE Medical Systems) was developed for follicle 
monitoring during COH. It is also used for AFC and other 
obstetric application.

The use of 3D TVUS allows to capture the entire volume 
of the ovary in a single sweep and allows to store the volume 
for re-evaluation of the follicles.

SonoAVC provides three flexible workflows of methods:

 1. SonoAVC follicle
 2. SonoAVC follicle semi-automated method
 3. SonoAVC follicle manual method

In all cases, technology is based on the voxel count within 
the identified hypoechoic structure and calculates the follow-
ing measurements:

 1. the largest diameters in three orthogonal planes
 2. the mean follicular diameter (MFD) (the arithmetic mean 

of the longest three orthogonal diameters)
 3. the volume of the follicle
 4. the volume-based diameter (d(V)) of the follicle (the diame-

ter of a perfect sphere with the same volume of the follicle)

a b

Fig. 8.16 (a, b) Pregnant woman with OHSS, ovarian enlargement, and ascites

Fig. 8.15 Schematic representation the peritoneal fluid in OHSS

M. E. Coccia et al.
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After the capturing of a 3D image of an ovary, the user 
defines a region of interest (ROI) on the entire ovary, exclud-
ing extraovarian region. Once the volume of the ovary has 
been obtained, the operator selects the Volume Analysis and 
then the SonoAVC follicle with the preferred measurements 
methods (Fig. 8.17).

For SonoAVC follicle manual method, the operator firstly 
decides which ovary has to be calculated. Once this choice 
has been made, the volume will be shown in a single plane.

Through the use of the “Parallel Shift control,” parallel 
sections of the ovary can be observed. Measurements can be 
performed through the calipers or the ellipse function. After 
completing all measurements of the follicles in a plane, we 
can shift to the following plane.

The SonoAVC follicle semi-automated method allows to 
control which follicle to measure by clicking on each folli-
cle. The Shift control allows the access to other plane within 
the ovarian volume. At any time further measurement can be 
performed by selecting “follicle add manual.”

For SonoAVC follicle, the “auto” option should be 
selected then the software will automatically measure the 
follicles within the ROI. It’s up to the users to ensure that 
all the follicles have been included in the volume and if 

they want to make correction, the “Add/remove” button 
can be used.

In the final report, individual follicles and their corre-
sponding measurements are color coded and presented in 
descending order. The largest follicle is always shown in red, 
the second largest in blue, and the third in yellow (Fig. 8.18).

8.18  Accuracy of SonoAVC for Monitoring 
Follicular Growth and Clinical 
Advantageous

SonoAVC for Monitoring Follicular Growth has shown good 
agreement with conventional 2D TVUS. Data obtained from 
in Vitro Studies (ultrasound phantom that contained anechoic 
spheres, water-filled balloons in an ultrasound test reservoir) 
lead to conflicting results probably due to the use of different 
phantoms, equipment, and settings. Some authors high-
lighted a systematic underestimation by SonoAVC [95]. On 
the contrary, in vivo studies have demonstrated an excellent 
correlation between SonoAVC-calculated follicular volume 
and true follicular volume (with the volume of the follicular 
aspirate). When the follicles were categorized according to 

Fig. 8.17 SonoAVC analysis of a stimulated ovary. Automatically identified color-coded follicles in a stimulated ovary
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their sizes, SonoAVC maintained its accuracy across sub-
groups. It appears that SonoAVC can accurately determine 
follicular size in stimulated ovaries [96, 97].

3D ultrasound imaging has potential advantages:

• highly reproducible with reduced observer and interob-
server variability

• less time for ultrasound procedures
• the opportunity for post hoc image analysis
• reduced variability of measurements in non-spherical 

follicles
• reduced chance of missing or double-counting follicles
• opportunity of quality control [97]

Rodriguez-Fuentes et al. observed that with automated mon-
itoring, women with >10 follicles would save an average of 
7.6 min, and the sonographer would save 4 min per patient [98].

The advantage of decreasing examination time and facilitat-
ing workflow could be beneficial, especially in busy IVF units. 
Faster ultrasound examinations would decrease discomfort for 
patients, particularly when there are several follicles.

Unfortunately, a large number of patients require post- 
processing and some follicles need manual measurement. 
Moreover this method, involves high quality image, is less 
accurate in identifying antral follicles smaller than 5–6 mm, 
and 3D imaging equipments have still high costs.

Follicle tracking with 3D sonographic follicular volume 
measurements does not achieve better fertility outcomes than 
standard 2D sonography [43, 99].

Therefore, the use of a fully automated 3D technology is 
limited in the field of reproductive medicine.

8.19  Effectiveness

Counting ovarian follicles and measurement by ultrasonog-
raphy, and/or hormonal assessment, particularly serum E2 
concentration, are used for monitoring COH.  Monitoring 
COH by both TVUS and hormonal evaluation is associated 
with higher costs and discomfort for the patients. Whether 
hormonal assessment adds to efficacy and safety of COH is 
still matter of debate [100, 101].

For some authors, monitoring COH by ultrasonography 
alone is not likely to reduce the number of oocytes retrieved 
or to alter substantially the chances of achieving a clinical 
pregnancy. However, high E2 concentrations the day of ovu-
lation induction are associated with increased probabilities 
for OHSS, irrespective of ultrasound findings [101–103].

Actually, there is no evidence from RCT to suggest that 
combined monitoring by TVUS and serum E2 is more effica-
cious than monitoring by TVUS alone, with regard to clini-
cal pregnancy rates and the incidence of OHSS.  Thus, a 
combined monitoring practice including both TVUS and 
serum E2 is still considered as good clinical practice [104].
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9.1  Introduction

In the course of the ovulatory cycle, sufficient production 
of estradiol by the preovulatory follicle induces the mid-
cycle LH surge, which is followed by a loss of gap junc-
tions between the oocyte and cumulus cells, cumulus 
expansion, germinal vesicle breakdown, resumption of 
meiosis, and luteinization of the granulosa cells (Figs. 9.1, 
9.2, 9.3, 9.4, and 9.5). Moreover, the consequent increase 
in progesterone synthesis facilitates the positive feedback 
action of estradiol to induce the concomitant mid-cycle 
FSH peak [1]. This peak FSH has several roles, including 
the assurance of an adequate complement of LH receptors 
on the granulosa layer and the synthesis of hyaluronic acid 
matrix that facilitates the expansion and dispersion of the 

cumulus cells, allowing the oocyte-cumulus cell mass to 
become free-floating in the antral fluid [1].

9.2  Human Chorionic Gonadotropin, 
a Surrogate to the Naturally 
Occurring LH Surge

As part of a standard/conventional controlled ovarian hyper-
stimulation (COH) regimen, final follicular maturation is 
usually triggered by one bolus of human chorionic gonado-
tropin (hCG) (5000–10,000  units), that is administered as 
close as possible to the time of ovulation (i.e., 36 h before 
oocyte recovery) [2]. Human chorionic gonadotropin, a sur-
rogate to the naturally occurring LH surge, induces luteiniza-
tion of the granulosa cells, final oocyte maturation, and 
resumption of meiosis (Fig. 9.6).

Ovarian hyperstimulation syndrome (OHSS) almost 
always presents either 3–7 days after hCG administration 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28741-2_9&domain=pdf
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Fig. 9.1 Ovulation

Fig. 9.2 FSH curve

Fig. 9.3 LH curve
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Fig. 9.4 Estradiol curve

Fig. 9.5 Progesterone curve

Fig. 9.6 LH/hCG receptor
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Fig. 9.7 Evaluation of OHSS 
with abdominal transducer

Fig. 9.8 Evaluation of OHSS with vaginal transducer

in susceptible patients (early onset) or during early preg-
nancy, 12–17 days after hCG administration (late onset). 
Individualization of treatment according to the specific 
risk factor and the specific response in the current cycle 
with the option of freezing of all embryos, or replacement 
of only a single embryo, has the potential of reducing the 
risk and severity of the syndrome in susceptible cases [3]. 
Moreover, while withholding the ovulation-inducing trig-
ger of hCG may eliminate severe early OHSS, it denotes 
patients’ frustration and is associated with time and 
money consuming.

9.3  Patients at Risk to Develop Severe 
OHSS

Controlled ovarian hyperstimulation which combines GnRH 
antagonist co-treatment and GnRH agonist (GnRHa) trigger 
has recently become a common tool aiming to eliminate severe 
early OHSS and to support the concept of an  OHSS- free clinic 
[4, 5] (Figs. 9.7 and 9.8). However, due to the reported signifi-
cantly reduced clinical pregnancy and increased first trimester 
pregnancy loss [6, 7], efforts have been made to improve 
reproductive outcome. While discussing the recent develop-
ments in GnRHa trigger, Kol and Humaidan [8] presented 
three optional strategies aiming to improve outcome: freeze-
all policy; fresh transfer and intensive luteal support; and fresh 
transfer and low-dose HCG supplementation.

9.3.1  Freeze-All Policy

Freeze-all policy is offered in extreme cases [5] in an attempt 
to ensure OHSS risk-free and maintain a reasonable cumula-
tive pregnancy rate [9]. However, despite the recent improve-
ment in live birth rates after replacement of frozen-thawed 
vitrified oocytes/embryos, it should be emphasized that in 
most centers, there is still a gap in live birth rates between 
fresh and frozen/thawed cycles (in favor of fresh cycle).

Following the FIGO REI Committee (2015–2018), the 
good practice for freeze-all policy is:

• ≥20 oocytes are collected
• E2 above 15,000 pmol/L
• Patient unwell
• Ascites

R. Orvieto
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9.3.2  Intensive Luteal Support

Intense luteal support with estradiol and progesterone (E2) and 
progesterone, as described by Engmann et  al. [10]. The data 
regarding the efficacy of luteal phase rescue after GnRHa trigger 
followed by intensive luteal phase support are intriguingly con-
flicting. We compared our experience with GnRHa trigger before 
[7] and after modifying our luteal-phase support to the intensive 
support with E2 and progesterone similar to the one reported by 
Engmann et al. [10]. We could not demonstrate any differences 
in peak E2 levels, fertilization rate, number of embryos trans-
ferred, or implantation and pregnancy rates, between the two 
luteal support regimens [11]. Of notice, that in both groups of 
luteal support following GnRH-a trigger, implantation and preg-
nancy rates were lower compared to HCG trigger [7] (Fig. 9.9).

9.3.3  One Bolus of 1500 IU hCG

One bolus of 1500 IU hCG 35 h after the triggering bolus of 
GnRHa, i.e., 1 h after oocyte retrieval [12, 13], was demon-
strated to rescue the luteal phase, resulting in a reproductive 
outcome comparable with that of HCG triggering, and with no 
increased risk of OHSS [14]. However, when applied to 
patients at high risk to develop severe OHSS, 26% developed 
severe early OHSS requiring ascites drainage and hospitaliza-
tion [15]. A figure that is comparable to the acceptable 20% 
prevalence of severe OHSS in ostensibly high-risk patients 
[16] (Fig. 9.10).

One bolus of 1500 IU hCG concomitant with GnRHa (dual 
trigger), 34–36 h before oocyte retrieval, was suggested as a 
method which improves oocyte maturation, while providing 
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more sustained support for the corpus luteum than can be real-
ized by the GnRHa-induced LH surge alone [17, 18] (Fig. 9.11). 
While acceptable rates of fertilization,  implantation, clinical 
pregnancy, ongoing pregnancy rates, and early pregnancy loss 
were achieved in high responders after dual trigger [17, 18], 
the incidence of clinically significant OHSS was not elimi-
nated, but rather reduced to 0.5% [18].

One bolus of hCG 1500 IU, 5 days following the GnRHa 
triggering of final follicular maturation [3, 19].

While the freeze-all policy was applied to all patients 
yielding more than 20 oocytes, those triggered with GnRHa, 
who achieved less than 20 oocytes, were instructed to start 
an intensive luteal support with estradiol and progesterone, 
the day following OPU, and were re-evaluated 3 days after 

oocyte retrieval (on the day of embryo transfer) for signs of 
early moderate OHSS (ultrasonographic signs of ascites as 
reflected by the appearance of fluid surrounding the uterus/
ovaries, and/or Hct levels >40% for the degree of hemocon-
centration). If no early signs of OHSS developed, one 
embryo was transferred, and the patients were instructed to 
inject 1500  IU of HCG.  By deferring the hCG bolus by 
3 days (5 days following GnRHa trigger), the corpus luteum 
was rescued, with an observed extremely high midluteal 
progesterone levels [19], reasonable pregnancy rate, with 
no patient developing severe OHSS.

However, while these preliminary results are promising, 
the small sample size mandates further large prospective ran-
domized studies [19].
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9.4  hCG Versus GnRHa Trigger

While comparing the effect of hCG versus GnRHa trigger on 
the different follicular maturation variables following an IVF 
treatment cycle, studies have revealed that the number of 
oocytes retrieved, percentage of mature oocytes, and the 
number of top-quality embryos were either comparable or in 
favor of the GnRHa trigger.

Moreover, while studying the downstream effects of LH 
receptor activation by LH or hCG, it was demonstrated that 
LH has a greater impact on AKT and extracellular signal- 
regulated protein kinase (ERK1/2) phosphorylation, respon-
sible for granulosa cell proliferation, differentiation, and 
survival, while hCG generates higher intracellular cAMP 
accumulation, which stimulates steroidogenesis (progesterone 
production) [20, 21].

Following the aforementioned observations, GnRHa 
combined with hCG trigger, for final follicular maturation 
has been implemented to clinical practice, and the different 
modes and timing of administration should be appropriately 
tailored to various subgroup of IVF patients.

9.5  Patients Not at Risk to Develop 
Severe OHSS

The aforementioned observations demonstrating a compara-
ble or even better oocyte\embryos maturity and quality follow-
ing GnRHa trigger, as compared to hCG trigger, and the 
different effects of LH and hCG on the downstream signaling 
of the LH receptor have led to a new strategy for final follicu-
lar maturation, the concomitant administration of both GnRHa 
and a standard bolus of hCG (5000–10,000  units) prior to 
oocyte retrieval, aiming to improve oocyte and embryo quality 
and the consequent IVF cycle outcome (Fig. 9.12).

9.5.1  Dual Trigger: Standard hCG Dose 
Concomitant with GnRHa, 35–37 h 
Before Oocyte Retrieval

Standard hCG dose concomitant with GnRHa (dual trigger), 
35–37 h before oocyte retrieval. Lin et al. [22], in their retro-
spective cohort study, have compared IVF outcome in nor-
mal responders patients undergoing COH using the GnRH 
antagonist with either a standard dosage of hCG trigger 
(6500 IU of recombinant hCG) or the dual trigger (0.2 mg of 
triptorelin and 6500 IU of recombinant hCG) 35–36 h prior 
to oocyte retrieval.

The dual trigger group demonstrated statistically signifi-
cantly higher number of oocytes retrieved, matured oocytes, 
and number of embryos cryopreserved, with the consequent 
significant increase in implantation, clinical pregnancy, and 
live-birth rates, as compared with the hCG-only trigger group.

In a subsequent prospective randomized controlled trial 
of normal responder patients, Decleer et al. [23] compared 
IVF outcome following either 5000 IU of hCG trigger or a 
combination of GnRHa plus 5000 IU of hCG concomitantly, 
36 h prior to oocyte retrieval. While no in between group dif-
ferences were observed in the mean number of oocytes 
retrieved, mature oocytes, or pregnancy rates, the number of 
patients who received at least one embryo of excellent qual-
ity and the number of cryopreserved embryos were signifi-
cantly higher following the dual trigger.

Griffin et al. [24] evaluated the effect of the dual trigger 
(GnRHa and hCG 5000 IU or 10,000 IU, 35–37 h) prior to 
oocyte retrieval in patients with a previous history of >25% 
immature oocytes retrieved.

Despite a significantly higher proportion of mature 
oocytes retrieved with the dual trigger, the observed IVF out-
come remained poor, probably due to patients’ underlying 
oocyte dysfunction.
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9.5.2  Double Trigger: GnRHa and Standard 
hCG Added 40 h and 34 h Prior to OPU, 
Respectively

GnRHa and standard hCG are added 40 h and 34 h prior to OPU 
(double trigger), respectively. Recently, Beck-Fruchter et  al. 
[25] have described a case of recurrent empty follicle syndrome, 
successfully treated by ovulation trigger with GnRHa and hCG 
added 40 h and 34 h prior to oocyte retrieval, respectively.

They assumed that by prolonging the time between ovula-
tion triggering and OPU [26] and the GnRHa trigger with the 
consequent simultaneous induction of an FSH surge, the 
“double trigger” could overcome any existing impairments 
in granulosa cell function, oocyte meiotic maturation, or 
cumulus expansion, resulting in successful aspiration of 
mature oocytes, pregnancy, and delivery.

Prompted by the aforementioned observations, we offered 
the double trigger to two group of patients demonstrating 
abnormal final follicular maturation despite normal response 
to COH, those with low (<50%) number of oocytes retrieved 
per number of dominant follicles >14 mm in diameter on the 
day of hCG administration [27], and those with low propor-
tion of mature/metaphase-II (MII) oocytes (<66%) per num-
ber oocytes retrieved [28].

In the group of patients with low (<50%) number of 
oocytes retrieved per number of dominant follicles, follow-
ing the double trigger, patients had significantly higher num-
ber of oocytes retrieved, number of 2PN, number of embryos 
transferred, and significantly higher proportions of the num-
ber of oocytes retrieved to the number of follicles >10 mm 
and >14 mm in diameter on the day of hCG administration, 
with a tendency toward a higher number of top-quality 
embryos, as compared to the hCG-only trigger cycles [27].

Moreover, in those with low proportion of MII oocytes 
(<66%) per number of oocytes retrieved, following the dou-
ble trigger, patients yielded significantly higher number of 
MII oocytes and proportion of MII oocytes per number of 
oocytes retrieved, with the consequent significantly increased 
number of top-quality embryos, as compared to the hCG- 
only trigger cycles [28] (Figs. 9.13 and 9.14).

9.5.3  Standard hCG Dose Concomitant 
with GnRHa (Dual Trigger), 34 h Before 
OPU

According to the Bologna criteria, the minimal criteria needed to 
define poor ovarian response (POR) are the presence of at least 
two of the following three features: (1) Advanced maternal age 
(≥40 years) or any other risk factor for POR; (2) a previous POR 
(≤3 oocytes with a conventional stimulation protocol); and (3) 
an abnormal ovarian reserve test [29]. One of the major unno-
ticed concern in this group of poor responders is the observed 
high prevalence of premature luteinization\ovulation [30, 31], 
which may be overcome by early triggering of final follicular 
maturation, while approaching a follicular size of 15–16 mm, 
and by shortening the duration between the trigger and OPU.

However, since shortening the interval between hCG 
priming and oocyte retrieval may decrease the percentage of 
mature oocytes [26], an additional measure to improve the 
number of oocytes retrieved to the number of follicles 
>10  mm, and the proportion of mature oocytes should be 
implemented [27, 28]. One of the suggested measures that 
should be further studied is whether dual trigger (hCG and 
GnRHa) administered 34  h prior to OPU will provide the 
desired improved results (Fig. 9.15).

Dual Trigger - Standard hCG dose concomitant with GnRha
34h before

FSH

Pick Up

before 34h

before 34h

luteal phase

hCG

G
n

R
H

 a
g

o
n

is
t

la
st

 m
en

st
ru

at
io

n

GnRH antagonist

Fig. 9.14 Dual trigger: hCG 
and GnRHa added 34 h before 
OPU

R. Orvieto



149

9.6  Conclusions

In the present chapter we analyzed and discussed the hitherto 
published studies relating to the different mode of GnRHa 
combined with hCG trigger—for final follicular maturation, 
aiming to elucidate how to tailor each mode to its appropriate 
subgroup of patients (Fig. 9.15, adapted from [32]).

One bolus of 1500  IU hCG, concomitant, and 35  h or 
5 days after the triggering bolus of GnRHa were all demon-
strated to rescue the luteal phase, resulting in improved 

reproductive outcome in patients at risk to develop severe 
OHSS, as compared to GnRHa trigger alone, with the ques-
tionable ability to eliminate severe OHSS.

Moreover, following the observations demonstrating a 
comparable or even better oocyte\embryo quality following 
GnRHa trigger as compared to hCG trigger, and the different 
effects of LH and hCG on the downstream signaling of the 
LH receptor, GnRHa is now offered concomitant to the stan-
dard hCG trigger dose, to improve oocyte/embryo yield and 
quality. GnRHa and hCG may be offered concomitantly, 
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34–37 h prior to oocyte retrieval (dual trigger) or 40 h and 
34 h prior to oocyte retrieval, respectively (double trigger) in 
patients with abnormal final follicular maturation.
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ing in an increase of the success rate and safety of ART treat-
ments. Oocyte recovery aims to maximize the number of 
oocytes recruited from the ovarian follicles, while minimizing 
the patient surgical risks. In the early history of IVF experi-
mentation, abdominal laparotomy was performed to collect 
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diameter higher than 5 mm with a 20-gauge needle. The aspi-
ration needle was connected to the tube and emptied into a test 
tube. Aspiration was achieved by covering the free opening in 
the three-way connector to create suction to 200 mmHg. Each 
follicle was finally transferred into an individual tube [1]. 
Although the laparotomic approach could be an option to 
obtain oocytes in certain cases, it may cause several surgical 
risks, such as bleeding, infection, pain, potential injury to the 
surrounding pelvic and abdominal organs, and longer recov-
ery time, which encouraged the pursuit of alternative surgical 
options. In the 1950s and 1960s, there was a great interest in 
developing less invasive gynecologic techniques.

Until a few years ago, laparoscopy represented the elec-
tion technique for the collection of oocytes to be initiated 
into extracorporeal fertilization. The laparoscopic technique 
is not very different from the traditional one; however, it 
should be noted that no instrument can be placed during the 
examination in the uterine cavity for the mobilization of the 
bowel; therefore, the patient is placed on the bed with the 
legs outstretched as for any gynecological intervention.

The laparoscopic technique is carried out under general 
anesthesia with an umbilical laparoscopic port and a second 
laparoscopic port placed 7–10 cm to the right of the midline 
between the pubic bone and the umbilicus (Fig. 10.1).

Fig. 10.1 Schematic 
representation of laparoscopic 
oocytes retrieval
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Using forceps to stabilize the ovary and by a rotation to 
obtain adequate visualization, the thin-walled follicles are 
aspirated using a 20-gauge needle and a syringe for suction.

A short bevel needle is placed directly through the skin 
into the abdominal cavity and then cleared of blood and tis-
sue with a heparinized saline solution. By an outer guide to 
insert the aspiration needle, the follicles are punctured and 
the suction is obtained by placing a finger over a bypass 
valve on the aspiration needle. The needle and tube are 
cleaned after each follicle aspiration. The maximum pressure 
for the vacuum suction is 120  mmHg as higher pressures 
would damage the oocytes [2].

Laparoscopy has slowly gained a growing acceptance 
after studies demonstrating similar oocyte yields compared 
with the laparotomy approach. Lopata and colleagues [1] 
showed the absence of differences in the mean number of 
oocytes obtained per patient between laparoscopy and 
laparotomy.

When laparoscopy was performed with CO2 pneumo-
peritoneum, there was no significant difference in oocyte 
fertilization rates. Advantages of laparoscopy include 
shorter recovery time, less bleeding, fewer infectious risks, 
and decreased pain. However, even with these improve-
ments, the disadvantages of requiring general anesthesia 

and poor visualization of follicles within ovarian stroma 
led to improve the techniques of oocyte recovery [3].

10.1  Ultrasound Approach of Oocyte 
Retrieval

Advances in ultrasound-guided approach aimed to over-
come the problem of a poor visualization of ovarian fol-
licles. In 1972, Kratochwil’s publication on the ultrasonic 
tomography of the ovaries opened a new window of 
opportunity [4]. The improved visualization of follicles 
offered a safer and more accurate method for oocyte 
retrieval, and in addition, ultrasound-guided approach is 
inexpensive and has minimal risks [5]. Using ultrasound 
guidance, various methods of oocyte retrieval including 
percutaneous [6], transvesical (Fig. 10.2) [6], per-urethral 
[7], and transvaginal follicle aspiration [8] have been 
developed (Table 10.1).

In 1982, Lenz and colleagues [6] reported the first 
ultrasound- guided transvesical route for oocyte recovery 
using local anesthesia.

The oocyte yield was comparable after transvesicular and 
laparoscopy aspiration, but because of the intentional route 

Fig. 10.2 In the transvesical 
oocyte sampling, the needle 
passes through the urinary 
bladder
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through the bladder, complications were reported, such as 
abdominal pain, exacerbation of preexisting pelvic inflam-
matory disease, mild hemoperitoneum, urinary tract infec-
tions, and transient macroscopic hematuria [9].

Despite these complications, this approach remained one 
of the preferred treatments among physicians and patients, as 
it allows to avoid the general anesthesia and is an outpatient 
procedure. In addition, this method is safer than laparoscopy 
in patients with extensive abdominal or pelvic adhesive dis-
ease, due to an increased accuracy and a closer proximity of 
the needle to the ovaries [10].

To overcome the inconvenience of the distance between 
the abdominal ultrasound probe and the ovaries, in 1985, 
Wikland and colleagues introduced for the first time the vag-
inal ultrasound probes [11].

Transvaginal oocyte retrieval is currently the most com-
mon method of oocyte collection in IVF cycles. In fact, this 
technique has been found to be the simple and fast (it takes 
about 20 min), while being less invasive and requiring mini-
mal anesthesia, thus resulting the most effective approach for 
oocyte retrievals in ART clinics [12]. It consists in the aspira-
tion of follicular fluid by using transvaginal ultrasonography; 
it is focused on obtaining the maximum number of oocyte to 
be fertilized.

As it is minimally invasive, this technique has replaced 
the laparoscopic approach and is currently used worldwide 
as the gold standard approach for oocyte retrieval in IVF 
therapy [13, 14].

The success of the technique depends on the inherent 
characteristics of the oocyte, which might be influenced by 
the actual process of oocyte collection, but also on other 
factors such as the length of the ovarian stimulation phase, 
the type of anesthesia used (local, sedation, or general), 
the type of aspiration needle (aspiration alone or aspiration 
with follicular flushing), and the experience of the clini-
cian [15].

Finally, the number of embryos obtained relies on the 
number and inherent characteristics of the oocytes but also 
on other factors such as the length of the ovarian stimulation 
phase, the type of anesthesia used (local, sedation, or gen-
eral), the type of aspiration needle magnitude, the needle 
used (wide or narrow bore or single or double channel), the 
aspiration mode (with or without follicular flushing), and the 
experience of the surgeon [16, 17].

10.2  Materials

10.2.1  Ultrasound Equipment and Probe

Ultrasound equipment (Fig.  10.3) with multifrequency, 
transvaginal (5–7.5 MHz) probe, which must be correctly 
configured. This frequency has the sufficient penetration 

Table 10.1 Advantages of transvaginal ultrasound approach

Transvaginal oocyte retrieval offers the following advantages:
• The distance to reach the ovary is shorter
•  Higher-resolution pictures that enable the identification of the 

ovaries and the aspiration follicles
• No risk of skin damage
•  The procedure can be conveniently performed in the outpatient 

setting
• Lower cost than other techniques
• Fewer staff is required
• Easy to learn thanks to the use of ultrasound guidance
•  All follicles can be visualized and punctured, even in case of 

severe pelvic adhesions
• It gives more precision than the abdominal approach
•  Can be achieved by local anesthesia, under paracervical block, 

sedation or general anesthesia
• It is well accepted by patients

Fig. 10.3 New ultrasound machine
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depth and enough resolution. The transducer (total length 
40 cm) (Fig. 10.4) is easy to handle during the scanning 
and puncture procedure and has a shape easy to put into a 
slim sterile cover or a finger of a sterile surgical glove. It 
is equipped with a needle guide and crosshairs that is con-
nected to the transducer and can be seen on the screen. 
The strict observation of rules for maintaining the sterility 
through the exclusive use of sterile supplies (namely nee-
dle guides (Fig.  10.5), vaginal probe covers, patient 
drapes) has become the standard practice during these 
procedures. Disinfection of the vaginal probe in between 
each patient has also been advocated to reduce bacterial 
contaminations.

Follicle aspiration set
 1. Needle
 2. Tubing

 3. Sampling tubes
 4. A thermoblock/heating block thermostat
 5. Pump vacuum aspiration

10.3  Needle

The widespread diffusion of the ART techniques has recently 
driven the development of differently designed needles for 
oocyte retrieval (Fig. 10.6).

The main characteristics of commercially distributed nee-
dles are quite similar, while they can be differentiated on the 
basis of the length, gauge (thickness), and sharpness of the 
needle (Figs. 10.7 and 10.8); the presence of an echoreflec-
tive tip (Fig. 10.9); the presence of a single or double lumen 
(Fig. 10.10); and finally, the length of both the connector and 
the connector tubing (Figs. 10.11 and 10.12).

One of the most crucial factors of a pickup needle is the 
choice of an appropriate gauge, which should allow the pas-
sage of intact compact cumulus oocyte complexes without 
destroying them. The most frequently used gauge sizes range 
between 16 and 19, while lower values are chosen to aspirate 
smaller follicles for IVM (Fig. 10.13).

In theory, it should cause minimal tissue injury when 
passing through the vagina and ovary, by guarantying, at the 
same time, high visibility for the correct approach to the fol-
licles of the clinician. The needle consists of a reduced part 
(tip) and unreduced part (body). The most used aspiration 

Fig. 10.4 Ultrasound vaginal probe

Fig. 10.5 Disposable endocavity needle guide

Fig. 10.6 Needle for transvaginal oocytes retrieval
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Fig. 10.8 Needle with triple sharpened tip

Fig. 10.9 Incision line on pickup needle to increase the echogenicity

Fig. 10.10 Double lumen needle

Fig. 10.11 Luer lock connector

Fig. 10.12 Cap for sample tube

Fig. 10.7 Sharp tip of the needle
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needles in IVF centers is with single lumen, which have a 
smaller diameter and causes less discomfort. The needles 
with double lumen allow a constant infusion of oocyte col-
lection media into the follicles while the follicular fluid is 
being removed; increase the turbulence within the follicle; 
assist in dislodging the oocyte–cumulus complex from the 
follicle wall; and increase the chances of oocyte collection.

Few studies have evaluated the gauge of the needle used 
and the outcomes of the oocyte collection. One study com-
pared transvaginal oocyte collections with 15-, 17-, or 
18-gauge needles [18]. This prospective randomized study 
found that the number of oocytes collected was similar 
regardless of needle gauge, but more pain occurred with the 
15-gauge than did with the 17- or 18- gauge needles [15]. A 
second study found a trend toward lower pain scores with 
transvaginal collections performed with a 19-gauge needle 
(used in in  vitro maturation [IVM] retrievals) when com-
pared with a 16- or 17-gauge needle (used in IVF retrievals), 
although not statistically significant [19]. The smaller needle 
may make for a more comfortable collection, despite more 
ovarian punctures and longer procedure time and the enlarged 
ovaries with multiple large follicles and higher aspiration 
pressure employed in IVF collection likely caused more 
pain. It is likely that within the range of conventional nee-
dles, smaller size results in less pain intra- and postopera-
tively, with a similar number of collected oocytes; however, 
more studies are needed to confirm this. There has been only 
a single randomized controlled trial comparing this needle to 
the traditional 19-gauge needle used for IVM.  This study 
failed to find a difference in the number of oocytes aspirated 
[15]. Therefore, oocytes in the dead space do not seem to be 

lost by being returned to the follicle when flushing occurs. 
However, the single-lumen flushing needle resulted in statis-
tically less ovarian punctures and less clot formation. Few 
studies have compared different needles for oocyte collec-
tion, and these studies should be added to the literature. It is 
difficult to select one needle over the other, and the current 
indications include cost and physician preference.

10.4  Tubing

The tubing, generally made of bend-resistant material, con-
nects the follicle aspiration needle with the vacuum pump. In 
fact, all vacuum pump tubing has a male luer lock connec-
tion in one end for attaching the needle. The opposite end can 
be equipped with either an open end or female/male luer lock 
connection. The tubing should be sterile, and are intended 
for single use.

10.5  Sampling Tubes

After being aspirated, the follicular fluid is transferred 
through the tubing to the sampling tubes. A typical sampling 
tube used in oocyte retrieval is a disposable, sterile, and coni-
cal tube with a screw cap. It is generally made of transparent 
polystyrene and with a maximum volume of 15  mL 
(Fig. 10.14). As the oocytes contained in the collected sam-
ples are very sensitive to temperature changes, after filling 
the tubes, they are immediately transferred to a warmer 
device.

Fig. 10.13 Internal and 
external diameters of needles 
compared with the oocyte size
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10.6  Thermoblock/Heating Block

After the retrieval, oocytes need to be kept at body tempera-
ture (36–37 °C) as much as possible. The mostly used heat-
ing devices consist of a sampling tube holder equipped with 
a heating unit (Figs. 10.15, 10.16, and 10.17), temperature 
sensor, and, in some cases, additional sensors to detect the 
fluid level (Fig.  10.18). The thermoblocks are used in the 

IVF laboratory to hold tubes containing the follicular fluid 
with the oocytes, to ensure them a constant temperature once 
the oocyte is aspirated out of its in  vivo environment. 
Evidences from bovine studies [20] have demonstrated that 
heat shock can affect the ultrastructural morphology of early 
embryos and, consequently, the cleavage and blastocyst 
 formation [21, 22]. Moreover, it has been shown that tem-
perature fluctuations might cause changes in meiotic spin-

Fig. 10.14 Sampling tubes

Fig. 10.15 Heating block thermostat (K Systems)

Fig. 10.16 Heating block thermostat (Cook)

Fig. 10.17 Heating block thermostat
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dles which may in turn lead to abnormal fertilization and 
altered embryo development [23]. It is important to under-
line that the longer the follicular fluids remain in the thermo-
block waiting for inspection, the more dependent the process 
is from the efficiency of the warming device. Therefore, as a 
general rule for obtaining oocytes in good conditions, aspi-
rates should be divided into small samples and analyzed as 
soon as possible.

10.7  Pump Vacuum Aspiration

10.7.1  Pressure

As the quality of the retrieved oocytes depends on both 
their intrinsic characteristics and the methods used for 
oocyte retrieval, the aspiration of oocyte is a crucial step of 
ART. In particular, the aspiration pressure used for oocyte 
retrieval can affect the integrity of the oocyte cumulus 
complex.

The optimal follicle aspiration setup including the needle, 
pump vacuum aspiration, and media culture has not been 
definitively established. The pump vacuum aspiration ends 
with a black pedal used for turning on/off the aspiration 
function and a white pedal used to activate the suction pump 
in order to deliver the predefined negative pressure 
(Figs. 10.19, 10.20, and 10.21).

IVF and IVM researchers frequently indicate the aspira-
tion pressures they used, but this information can be mislead-
ing or not easily reproducible. In fact, the pressure at the exit 
of the aspiration device is different from the pressure experi-
enced by the oocyte at the needle tip [19]. Different factors 
such as needle gauge, length of needle, connecting tube 
gauge, length of connecting tube, size of the collection tube, 
and size of the vacuum reservoir in the pump play a role in 
determining the pressure experienced within the needle from 
the aspiration device.

Horne et al. [24] calculated the velocity of the fluid within 
a pickup needle, by using a model incorporating the Hagen–
Poiseuille’s law and taking into account the shear stress 
phenomenon.

Therefore, for a given pressure, the velocity of a fluid is 
described by the following equation:

 av bv c2
0+ + =  

where v is the velocity of the fluid, and a is the loss due to 
changes of cross section, calculated as follows:

 
a K A A K= + + ∗ ρ / /2 1

2 1

2

1

2

1  

where ρ is the density of the fluid, K1 the loss factor for the 
inlet to the needle, K2 the loss factor for the interface between 
the needle and line, A1 the cross-sectional area of the needle, 
and A2 the cross-sectional area of the aspiration line.

b is the frictional resistance of the needle and line, calcu-
lated as follows:
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where L1 is the length of the needle, L2 the length of the aspi-
ration line, D1 the diameter of the needle, and D2 the diame-
ter of the aspiration line.

Finally, c is the pressure and gravitational driving force, 
calculated as follows:

 
c P P g z z= −( ) + −( )3 5 3 5

ρ  

where P3 is the pressure at the collection tube, P5 the pres-
sure at the follicle, z3 the vertical distance at the collection 
tube from a datum, and z5 the vertical distance at the follicle 
from a datum.

They also calculated the flow rate, Q, as:

 Q vA=  

where v is the velocity of the fluid and A the internal cross- 
sectional area of the needle or line, finding that while the 
flow remained laminar, the flow rates predicted by the model 
were within ±5% of the observed flows.

Fig. 10.18 Thermostated table

Fig. 10.19 Pump vacuum aspiration

10 Oocyte Retrieval



160

In addition, with needles having an i.d. <1.4 mm, laminar 
flow occurred over the range of vacuums 5–40 kPa (37.5–
300 mmHg). At vacuums >50 kPa (375 mmHg) the model 
predicted velocities (and hence flow rates) in excess of those 
observed.

They also evaluated the effect of increasing the length of 
the needle by using a 16-gauge needle with an internal diam-
eter of 1.2 mm coupled with a 60 cm Teflon line on velocity 
and flow rates at different vacuums, finding that by increas-
ing the length of the needle, both the velocity and flow rates 
decreased.

As regarding the evaluation of IVF outcomes using differ-
ent collection pressures, the work of Fry and collaborators 
examined in bovine oocytes the use of various needle sizes 

Fig. 10.20 Pump vacuum 
aspiration

Fig. 10.21 Pump vacuum aspiration
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(17- and 20-g) and aspiration pressures (25, 50, 75, and 
100 mmHg) to evaluate the impact on the quantity and qual-
ity of recovered immature oocytes [25].

In that study, the authors aspirated 5827 follicles from 
720 ovaries with 17- and 20-gauge needles and found that 
the highest recovery occurred at the highest aspiration pres-
sures with 46% at 25 mmHg and 59% at 100 mmHg. Another 
study by Bols et al. [26], which included 3000 aspirated fol-
licles, reported a similar finding where higher pressures were 
associated with a higher recovery (55.5% at 50 mmHg vs. 
67% at 130 mmHg).

It should be noted that in in  vitro maturation (IVM) 
retrievals, a lower aspiration pressures with respect to the 
one used in IVF treatments improve the recovery as 
oocytes are denuded of the cumulus oophorus cells at 
higher pressures, and furthermore, the negative impact of 
increasing aspiration pressures is greater in larger-gauge 
needles [27].

Morphologically altered oocytes have been found at aspi-
ration around 180 mmHg, which were usually used during 
laparoscopic oocyte retrieval [25]. Aspiration pressure higher 
than 180 mmHg was related with oocyte damage and poor 
embryogenesis [28]. On the contrary, lower aspiration pres-
sures between 90 and 120 mmHg have been associated with 
good oocyte quality and minimal damage [29].

In particular, when the lower aspiration vacuum was used, 
the number of immature oocytes increased, as well as the 
numbers of intact cumulus cells, fertilized oocytes, and 
cleaved and transferable embryos increased (Table 10.2). On 
the contrary, when the aspiration vacuum exceeds a thresh-
old, the number of retrieved oocytes decreased, probably due 
to local turbulence caused by inflow and coagulation of 
blood in the tube.

The presence of an intact cumulus resulted a crucial factor 
in the oocyte resistance to the damage. In fact, in a study car-
ried out with bovine cumulus, Horne and collaborators 
showed that the morphology of bovine cumulus was 
unchanged after in vitro aspiration at vacuum and velocities 
comparable to those used in vivo, if the cumulus was regular 
and compact. Differently, the cumulus was less resistant if it 
was damaged or degenerated [24].

A special attention should be paid to the aspiration 
pressure and the oocyte retrieval method in patients with 
low antral follicle count (AFC) (≤10). Kumaran and col-

leagues [30] compared oocyte retrieval outcomes using 
three methods of aspiration:

 1. Direct aspiration pressure of 120 mmHg in women with 
normal AFC

 2. Direct aspiration pressure at 140 mmHg in women with 
low AFC

 3. Aspiration pressure of 120 mmHg with flushing in women 
with low AFC

In this study, they showed that a slight increase of aspira-
tion pressure to 140  mmHg did not affect the oocyte and 
embryo yield when compared with standard aspiration pres-
sure (120 mmHg), thus concluding that it could be promising 
to improve the pregnancy outcomes in women with a low 
AFC, in which the alternative practice of flushing showed 
discouraging outcome [31].

Similarly, there is not a wide agreement over the most 
effective culture media for oocyte in vitro culture. Currently, 
most media are supplemented with pyruvic acid with essential 
and nonessential amino acids. However, further studies need 
to be performed to help the optimization of this setup [32].

10.8  Anesthesia with Oocyte Retrieval

The use of anesthesia is an integral part of performing 
oocyte retrievals. Anesthetic options include general anes-
thesia, neuraxial anesthesia, paracervical block, and con-
scious sedation. The choice of an anesthetic agent should be 
based on the ease of administration and monitoring with 
short-term reversible effects [33]. In addition, the agent of 
choice should not have any toxic effects on the oocytes and 
embryos. An adequate pain control is critical not only for 
the well-being of the patient but also for the safety of the 
procedure as the retrieval needle is inserted near adjacent 
vital organs and vessels [34].

With laparoscopic oocyte recovery, general anesthesia 
with endotracheal intubation and intermittent positive pres-
sure ventilation are required to ensure airway protection, to 
assist with the maintenance of normocarbia and to provide 
muscle paralysis [35]. With less invasive techniques of 
oocyte recovery (transvesical and transvaginal routes), the 
need for general anesthesia has declined allowing for meth-
ods such as regional anesthesia. Advantages of regional 
anesthesia include limited absorption of anesthetic agents 
into the circulation and thus minimal effects on the oocytes 
[36]. However, adverse effects such as spinal headache, back 
pain, urinary retention, hypotension, high spinal, epidural 
hematoma, abscess, and significant nerve damage limit its 
potential use [37].

For transvaginal oocyte retrieval procedures, local anes-
thesia is commonly used. However, local anesthesia in the 

Table 10.2 Recommended pressure values

Tube set length, cm

Single lumen Double lumen
16 G 17 G 18 G 17 G
Recommended vacuum, mmHg

55 80 110 130 150
70 90 130 150 170
90 100 150 170 190
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form of a paracervical block has been found to be inadequate 
for many women. Moreover, 28% of patients required addi-
tional analgesia to complete the procedure. Despite the 
decreased cost and ease of administration, a paracervical 
block is best used in conjunction with another form of anes-
thesia to provide adequate pain relief [37].

10.9  Procedure

Ovarian pickup (OPU) is scheduled when there are >3 folli-
cles of sizes >17 mm or at least one follicle 20 mm, provided 
that the total number of follicles measuring >14 mm is ≥8 
follicles [38].

Oocyte retrieval must be scheduled with great precision: 
oocyte maturation is completed at 25–30 h after the preovu-
latory LH surge (or HCG injection or GnRH agonist admin-
istration). Follicular rupture occurs on average within 37 h. 
Following HCG administration, the earliest follicular rupture 
is about 39 h, and the latest is about 41 h [39, 40].

After that patient has been transferred into the operating 
room and anesthetized, the pickup procedure can start. It is 
important that the clinician, knowing the patient to treat, 

might select the proper aspiration kit, choosing the monolu-
men kit with or without flushing, the double lumen with 
flushing, the needle length, gauge, and connector.

Before starting the surgery, the team will check the surgi-
cal equipment and flush the aspiration system, and then the 
needle is rinsed with flushing media for removing potential 
debris or contaminations inside the needle (Figs.  10.22, 
10.23, 10.24, and 10.25). The vacuum pressure is verified as 
higher pressure could affect oocyte integrity, thus decreasing 
their quality and increasing the proportion of oocytes without 
zona pellucida. At least one operator (gynecologist) and one 
assistant (nurse) are needed to perform this technique. While 
one is performing the follicle aspiration, the assistant will be 
changing the tubes for each of the follicles aspirated.

When a general intravenous or local anesthesia is 
administered, the patient is placed in a gynecological posi-
tion, and the procedure begins (Fig.  10.26), once the 
patient is asleep; before the procedure starts, the patient is 
advised to empty her bladder, in order to reduce the risk of 
urinary bladder injury and facilitate the access to the ova-
ries during transvaginal oocyte retrieval (TVOR). 
Intraoperatively, if one or both ovaries are found to be 
inaccessible and the bladder is full, a disposable catheter 

Fig. 10.22 Kit mono-lumen needle without the follicular flushing system
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Fig. 10.23 Kit mono-lumen needle equipped with the follicular flushing system

Fig. 10.24 Kit double lumen needle without the follicular flushing system
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Fig. 10.25 Kit double lumen needle equipped with the follicular flushing using washing media

Fig. 10.26 Ultrasound images showing the puncture of two follicles in two different moments in the same patient
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should be used to empty the bladder as this can bring the 
ovaries closer to the vagina and render them accessible.

A vaginal speculum is then placed, and saline solution (at 
35–37  °C) (Fig.  10.27) [40] or non-cytotoxic antiseptic 
agents (such as chlorhexidine) are flushed to clean the area. 
It is not advisable to use iodide agents since they can be 
potentially cytotoxic, but to use gauze pads and Foerster ring 
forceps. In fact, vaginal preparation solutions used to reduce 
vaginal microbial concentrations prior to oocyte retrievals 
have been shown to impact pregnancy outcomes. The two 
most common disinfectants are 1% povidone-iodine and 
normal saline solution [41].

The question of prophylactic antibiotics arises for all 
gynecologic surgeries and procedures. Specifically for 
oocyte retrievals, studies have shown a potential benefit for 
antibiotics prior to this procedure. Currently, no data con-
vincingly support the use of prophylactic antibiotics to 
improve pregnancy outcomes. Additional research is needed 
to evaluate live birth rates as the primary outcome and to 
assess microbial colonization as a secondary outcome to be 
able to fully offer recommendations [42].

The transvaginal probe must be carefully inserted, and an 
ultrasound scan is made in order to visualize the pelvic area 
to confirm the number and size of follicles according to pre-
vious follicle tracking scans (Figs. 10.28 and 10.29). It con-
sists of the insertion of a small needle with an attached 

ultrasound probe covered with an ultrasound gel into the 
vagina which is slightly moved by means of the top wall of 
the vagina. The uterus is located and examined, together with 
the ovaries and pelvic vessels, in order to determine the best 
way to approach the ovaries and assess any potential risks 
(full bladder, retrouterine ovaries, cysts, endometrial fibroids, 
uterine fibroids, etc.) that could hinder oocyte recovery.

Then, the gloves must be changed, and if possible, power- 
free gloves should be used.

The ultrasound probe allows visualizing the follicles on 
the ultrasound screen, and then the needle is inserted into 
every follicle to extract the follicular fluid and collect it into 
a tube [43, 44]. The improved visualization of the ovaries 
due to the proximity of the ultrasound probe led to more pre-
cise oocyte aspiration. Once the most accessible ovary is 
selected, the needle is penetrated through the vaginal fornix 
into the follicle, by applying a steady inward pressure, with 
the vaginal probe, in order to directly access as closer as pos-
sible to the ovary (1–3 cm distance) and immobilize the ova-
ries and avoid movements, reduce the risk of intraoperative 
rupture of the ovarian capsule and keep bowel loops away. 
Before penetrating the tissue, the probe should be rotated to 
90° from the midsagittal plane in order to reduce the risk of 
lesions of the vessels of the vaginal wall. Also Doppler ultra-
sound guidance (Fig. 10.30) can be used to avoid vascular 
injury. When the biggest follicle is visualized on the 

Fig. 10.27 Surgical carriage 
for oocyte pickup
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Fig. 10.28 Surgery room (theater pickup)

Fig. 10.29 Schematic 
representation of the oocyte 
retrieval under transvaginal 
ultrasound guidance
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 ultrasound screen, once the needle is inserted, a controlled 
vacuum is applied to the needle and the follicular fluid is 
aspirated from the ovary and aspiration of the other follicles 
is performed without removing the needle from the ovary, 
following the same approach.

Whenever possible (Fig. 10.26, 10.31, 10.32, and 10.33), 
a single puncture of each ovary should be performed also for 
the other follicles [45]. After puncture, bleeding in the ovar-
ian capsule often occurs; therefore, the number of punctures 
should be limited to reduce the risk of post-retrieval bleed-
ing. Oocyte aspiration is often completed at the end of the 
procedure, aspirating thick and viscous fluid (granulosa cells 
of the corona radiata and cumulus) (Fig. 10.34).

Another management option is the use of appropriate 
pressure, with or without concomitant abdominal pressure, 
in order to bring an inaccessible ovary closer to the vaginal 
wall. Sometimes, reverse Trendelenburg position and lateral 
table tilt can also help. Sometimes the ovary is firmly fixed 
behind the uterus and, despite various maneuvers, the only 
possible way would be through the uterus, by a transvaginal- 
transmyometrial approach in order to aspirate the follicles of 
a retroverted ovary [46] (Table 10.3).

The follicular fluid is collected in the sterile tubes placed 
in the thermal block set at 37 °C. Once three quarters of the 
tube is full, it is transferred to the IVF lab in a thermoblock 
in order to maintain the temperature. Follicular fluid obtained 
is analyzed by the biologists under the microscope, who will 
confirm the presence and the number of oocytes. After the 
puncture of both ovaries, the pelvic cavity is assessed with 
the transvaginal probe in order to confirm the absence of 
bleeding.

Accumulation of blood in the pouch of Douglas is fre-
quently found after oocyte retrieval, up to 100 mL is normal 
[48, 49]. The liquid is removed before completing the surgi-
cal procedure; this routine would help to reduce postopera-
tive pain caused by peritoneal irritation (Fig. 10.35).

Visual examination of the posterior fornix and cervix 
for lesions and/or bleeding is performed. Flush the vagina 
with 0.9% saline solution. Press firmly for a few seconds 
with a swab to stop bleeding [50, 51]. Remove vaginal 
speculum.

Fig. 10.30 The use of the Doppler during the oocyte retrieval can help avoid sting the vessels near the ovaries or the vessels of the ovaries

Fig. 10.31 Several ovarian punctures are not recommended
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In the IVF laboratory, the oocytes are recovered from 
the follicular fluid in order to be washed and placed in the 
incubator maintaining a 5% CO2 at 37 °C until insemina-
tion or ICSI.

In case of vaginal bleeding not being stopped with the 
hemostatic gauze, the surgeon applies the hemostatic clamp 
by using ring forceps (Fig. 10.36). If the bleeding lasts lon-
ger than 5 min, it is necessary to make a suture.

10.10  Follicle Flushing

The purpose of oocyte retrieval is to maximize the number 
of oocytes recovered at the end of the procedure. In the 
past decade, there have been attempts to refine the equip-
ment, thus increasing the number of oocytes retrieved. 
The double lumen retrieval needle was developed to rein-
troduce additional fluid into an aspirated follicle and 
increase the likelihood of recovering a retained oocyte 
(Fig. 10.37) [52].

To maximize the number of oocytes recovered, follicular 
aspiration followed by flushing, has been suggested [53]. 
Also, double lumen needles, which have one channel for 
flushing fluid into the follicle and another channel for aspira-
tion of the oocyte, have also been developed [54].

The potential benefit of follicular flushing is the increased 
number of oocytes collected, which may possibly increase 
the pregnancy and live birth rates. However, potential disad-
vantages include longer procedure time with more anesthet-
ics and more tissue handling. Flushing may also in theory 
remove some of the follicular cells that could potentially 
serve an important endocrine luteal support function. There 
have been several reviews on the effectiveness of follicular 
flushing in human IVF.

A comprehensive Cochrane review performed in 2010 
[47] has found that follicle flushing does not appear to 
improve ART outcomes in normal-responding patients and 
that it increases the length of the procedure and time under 
anesthesia. Thus, follicle flushing is not recommended in this 
population [31, 55]. It is felt that this benefit may occur 
because cumulus oocyte complexes in poor responding 
women have less luteinizing hormone receptor responsive-
ness and may not be released from the follicle wall as easily 
compared to women who are normal responders.

Fig. 10.32 It is more advisable to puncture only once the ovary and 
then move the needle to reach the adjacent follicles

Fig. 10.33 During aspiration a slow rotary movement can help to 
complete the oocyte recovery
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Fig. 10.34 Schematic 
drawing of the oocyte with 
corona radiata and 
corresponding 
stereomicroscope picture

Table 10.3 Safety measures that should be taken during ovum pickup

When inserting the needle, color Doppler ultrasound guidance 
should be used
The tip of the needle should always be visualized to prevent injury 
to the adjacent pelvic structures. The follicle should be completely 
aspirated before passing to another follicle
Do not make any sudden or lateral movements once the ovary has 
been punctured
Once the needle has entered the ovarian cortex, follicles should be 
punctured in a fan-shaped manner starting from the entering point, 
by starting with the follicle showing the biggest diameter
Once the aspiration of follicles in one ovary is completed, the other 
ovary should be punctured
The aspiration needle must be removed and flushed with washing 
media
Regarding the proportion of oocytes recovered by this surgical 
approach, at least 80% of the oocytes are collected [47]

Fig. 10.35 Blood aspiration from the pouch of Douglas at the end of 
the procedure
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This procedure is reserved for cases of low oocyte 
recovery [56]. If flushing is interrupted, the needle must be 
rotated 45° to restore the flow of liquid (this can happen 
when the tip of the aspiration needle is attached to the fol-
licular wall).

Alternatively, the increase of the aspiration pressure should 
help to restore the flow. The needle could also be removed from 
the ovary in order to flush the aspiration  system if there is the 
suspect of a potential occlusion caused by blood clots and/or 
ovarian tissue before continuing with the procedure [57, 58].

Fig. 10.36 In some cases when there is blood loss from the vaginal wall, it is possible to clamp the area of the loss for a few minutes

Fig. 10.37 Follicle aspiration kit with double lumen needle for flushing
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10.11  Pain Management

One of the main aspects of post oocyte retrieval care is the 
management of pain, which is although difficult to evaluate, 
might be influenced by many factors, such as fear of pain, 
anxiety, surgical skills of the doctor, operation time, and 
other technical factors, such as needle diameter and the 
sharpness during ovum pickup (OPU) [59].

After OPU, 3% of patients experience from severe to 
very severe pain and 2% of patients still suffer severe pain 
2  days after the procedure [14, 37, 51]. Intraoperative 
analgesia should be indicated and routine postoperative 
analgesic regime should be given in order to minimize 
postoperative pain.

Post-harvesting oocyte pain is often a constant related to 
repeated perforations of the ovarian cortex, but before think-
ing that pain in general is due to this, it is important to 
exclude pain related mainly to ongoing blood loss or injury 
to other organs.

So far, very little attention has been given to the technical 
aspects related to the pain relief, as for example the effect of 
the needle size [60].

Only a few studies have investigated the relationship 
between the needle size and pain experience in patients 
undergoing the oocyte pickup, finding that a significantly 
less pain was experienced when the needle size was reduced 
from 15 and 16 gauge to 17 and 18 gauge. On the other hand, 
an excessive reduction of the needle diameter (<0.8  mm) 
might cause damages to the oocyte or increase the technical 
difficulty of the retrieval.

In a recent study, to overcome these inconveniences a 
newly designed needle has been proposed, having only the 
last 50 mm with a reduced diameter.

Wikland (Fig.  10.38) and colleagues demonstrated a 
significant decrease of the overall pain as well as a reduc-
tion of vaginal bleeding with such a thinner needle respect 
to a standard needle. Based on this advantage, Vitrolife, 
an international medtech company focused on IVF field, 
has recently proposed the “Sense” needle, with an unre-
duced body (17 gauge) and a reduced tip (20 gauge). In 
this configuration, where only the tip is reduced, the rigid-
ity of the needle is maintained, ensuring an accurate con-
trol of the oocyte retrieval, while reducing the patient pain 
and bleeding.

After ovum pickup, the patient rests for 2 h at the clinic 
under observation to discard circulatory complications and 
determine the need of further analgesia. The patient is then 
discharged if there are no complications.

For donors who yield >20 oocytes or present high serum 
estradiol levels (E2 > 3500 pg/mL) or in the event of difficult 
oocyte retrieval or patients who report any symptoms, a fol-
low- up visit is scheduled.

Clear postoperative instructions are given to the patients, 
along with information on emergency contact telephone 
numbers (24 h) in case of bleeding, temperature, feeling of 
weakness, dizziness, or poor general condition [60].

10.12  Factors Influencing Oocyte Retrieval

Several physiological or pathological female factors might 
adversely affect the number and quality of the recovered 
oocytes, which, in turns, consequently influence the preim-
plantation embryo development and pregnancy outcomes.

If all transvaginal attempts fail, then other approaches to 
oocyte recovery could be used on one or both ovaries without 
sacrificing safety or efficacy and is useful in cases where 
vaginal access to the ovaries is denied [13]. Transvaginal 
inaccessibility of the ovaries is uncommon and ranges from 
0.4% [12] to 1.7% of cases [61]. Nevertheless, the transvagi-
nal approach becomes unfeasible if the ovaries of infertile 
patients are not easily accessible by transvaginal ultrasonog-
raphy, due to changes in the anatomy of pelvic organs which 
may be caused, for example, by biological variations or pel-
vic disease [62].

Pathological conditions in patients with, for example, pre-
vious pelvic surgery, uterine adhesions, which may distort 
the pelvic anatomy and the normal ovarian location,  including 
endometriosis, uterine fibroids (Fig.  10.39 and 10.40), or 
congenital anomalies of the genital tract, such as Müllerian 
anomaly can make the procedure almost impossible [63–65]. 
Those patients with previous history of inaccessible ovaries 
at transvaginal oocyte retrieval might be more prone to have 
this problem; however, it should not be relied upon to accu-
rately predict their occurrence.

It is important to identify such factors, paying special 
attention to the position of ovaries and the vaginal accessibil-
ity during transvaginal follicular monitoring at the ovarian 

Fig. 10.38 A needle of equal 
length but with a reduced 
caliber, however, allows a 
normal oocyte recovery and a 
reduced presence of post-pick 
pains
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stimulation stage in order to identify those patients at high 
risk of transvaginal inaccessible ovaries. This information 
should be documented in the patient’s record; most of the 
times, the professional performing the scan might not be the 
same one carrying out the OPU.

10.13  Other Approaches to Oocyte 
Recovery

The decisive element for a good pickup is the surgical accessibil-
ity to the ovaries. As such, transvaginal ultrasound- guided aspi-
ration has become the standard of care in women undergoing 
oocyte retrieval during IVF [12]. Problems arise when the ova-
ries are not transvaginal accessible (Fig. 10.41). Historically, in 
these cases laparoscopy has been performed for oocyte retrieval, 
or these women were not considered candidates for IVF.

An alternative retrieval method is the transabdominal 
ultrasound-guided retrieval in women whose ovaries are 
not accessible by transvaginal ultrasonography in either 
one or both ovaries, despite the usual technique of apply-
ing abdominal pressure to push the ovaries into the pelvis 
[64, 65]. Transabdominal follicular aspiration (Fig. 10.42) 
can be considered a safe and feasible route for the pickup 
also in patients undergoing a mixed oocyte retrieval pro-
cedure. In fact, when transvaginal aspiration was unfea-
sible for one ovary, it was attempted to reach the ovary 
transvaginally by standard procedures for example by 
applying an abdominal pressure to push ovaries into the 
pelvis. In the study of Baldini et al., it has been demon-
strated that if such procedure fails, the same operator 
might carry out the transabdominal aspiration to the 
patient subjected to the same conscious sedation used for 
transvaginal aspiration. To this aim, patient abdomen is 
treated with a betadine solution, which is washed off with 
physiological solution and dried with sterile dressing. The 
operator moves the same transvaginal ultrasound probe 
(Fig.  10.43) over the abdomen in correspondence to the 
ovary and inserts the retrieval needle coupled with a nee-
dle guide through the abdomen skin [66]. It should be 
noted that for all transabdominal aspirations, a single 
ovarian puncture was requested to retrieve all oocytes. 
This is an important aspect of this study, since the low 
elasticity of the abdominal wall might require multiple 
ovarian punctures through different abdominal wall 
entries, which may cause pain and increase the risk of 
abdominal residual scar or injury to the viscera [61].

Fig. 10.39 In some cases, the patients to be submitted to the oocyte 
collection have uterine fibroids, in these cases the operator must be able 
to perform the oocyte retrieval avoiding the fibroids

Fig. 10.40 Following the displacement of the ovaries due to physio-
logical causes or contracted adhesions, the ovaries may sometimes be 
difficult to access with the transvaginal approach
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Although a slight decrease in the total number of oocytes 
retrieved transabdominally has been reported, this did not trans-
late into fewer mature oocytes or fewer embryos. Furthermore, 
no increase in oocyte damages was observed [67].

In some cases, when the ovaries are behind or fixed to the 
uterus, it might be necessary to carry out a transmyometrial 
oocyte retrieval (Fig. 10.43 and Table 10.4).

10.14  Complications Following Oocyte 
Retrieval

Short-term complications are usually divided into two 
categories.

Fig. 10.41 Transmyometrial oocyte retrieval
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10.14.1  Complications Arising from Ovarian 
Stimulation

The main known complication arising from ovarian stimula-
tion is ovarian hyperstimulation syndrome (OHSS), which is 
nowadays a rare event in oocyte donors, thanks to the use of 
the GnRH antagonist protocol followed by induction with 
GnRH analogue [68–70].

10.14.2  Complications Following Oocyte 
Retrieval

Complications related to the oocyte retrieval procedure, 
either by the procedure itself or by the venous blood areas, 
appear to be more important, since they may lead to 
 hemorrhage, pelvic infections (occurring in 0.01–0.6%), 
ovarian torsion (occurring in 0.08–0.13%), and injuries of 
the adjacent organs, mainly.

Oocyte retrieval can be associated with pelvic bleeding 
that requires transfusion or surgical exploration or pelvic 
infection (Figs. 10.44, 10.45, and 10.46). Both the complica-
tions are rare, occurring in fewer than 1 in 500 cases.

The bleeding can be uncomplicated or loss (median: 
72 mL; maximum: ≤200 mL; Hgb reduction ≤2 g/day; pel-
vic free fluid ≤200 mL [48]). The vaginal bleeding requires 
compression >1 min (2.7%) or tamponade >2 h (0.1%) for 
vaginal discharge ≥100  mL.  Laparoscopy or laparotomy 
approach is necessary for heavy bleeding.

The intra-abdominal hemorrhage is possible from ovarian 
vessels or capsule puncture sites or other pelvic vessels. A 
large prospective study of 2670 oocyte retrievals reported 
vaginal hemorrhage in 8.6% of cases, with a significant loss 
(estimated at greater than 100 mL) in 22 (0.8%).

Fig. 10.42 Schematic representation of transmyometrial oocyte 
retrieval

Fig. 10.43 In rare cases of transabdominal pickup in which the trans-
abdominal probe is not available, it is possible to use the transvaginal 
probe, especially if the ovary is superficially located, since the high 
frequency of the probe allows a better vision at short distance

Table 10.4 Sequence of maneuver carried out for oocyte retrieval in 
patients with inaccessible ovaries

1th Maneuver
Bimanual abdominal pressure and vaginal probe pressure
2th Maneuver
Trendelenburg position
3th Maneuver
Cervical clamp traction
4th Maneuver
Transabdominal oocyte retrieval
5th Maneuver
Transmyometrial oocyte retrieval
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There were two cases of post procedure bleeding from an 
ovary causing hemoperitoneum. One case required emer-
gency laparotomy. There was one case of pelvic hematoma 
formation which did not require intervention [71].

The risk factors are:
• Lean patients with PCOS: 4.5% (68)
• Lower BMI
• History of surgery

In this contest is necessary multidisciplinary approach 
with early hemodynamic monitoring, transfusion, and surgi-
cal management with laparoscopy (blood is aspirated from 
the peritoneal cavity bleeding site is identified on the ovary 
follicle is aspirated) or laparotomy [72, 73].

For the prevention of bleeding, it is important to visual-
ize a peripheral follicle in cross section by:

 1. Aspirating all follicles without withdrawing the needle 
tip from the ovary

 2. Gently manipulating the needle
 3. Properly visualizing the tip of the needle

If color Doppler is available, puncture of blood vessels 
can be avoided. It is important to prevent the overdistension 
of follicles during flushing. A routine coagulation screening 
is however necessary to avoid bleeding before OR in cases 
with an abnormal coagulation test result. [13]. Pelvic infec-
tion following retrieval is also uncommon, occurring in 
fewer than 1 in 500 cases.

The most common types of pelvic infections are: pelvic 
abscesses, ovarian abscesses, or infected endometriotic 
cysts. These complications depend on the technique of vag-
inal puncture, the presence of pelvic infections or pelvic 
endometriosis, the puncture of hydrosalpinx or bowel dur-
ing the procedure, the preoperative vaginal preparation by 
10% povidone-iodine or normal saline, and the use of the 
prophylactic antibiotics. Also, the presence of pelvic adhe-
sions could be associated with pelvic infections after 
TVOR.

Postoperative pelvic infections occurred in 18 (0.6%) 
cases and included nine patients with pelvic abscess forma-
tion. The examination of the pus from these cases suggested 
the inoculation of vaginal organisms into the peritoneal cav-
ity through the oocyte retrieval needle.

The use of a proper antibiotic prophylaxis is important to 
prevent the infections, as well as the cryopreservation and 
the delayed embryo transfer in the presence of clinical infec-
tion signs. It is recommendable before starting an IVF treat-

Fig. 10.44 Bleeding complication after oocyte pickup

Fig. 10.45 Bleeding complication after oocyte pickup
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ment to perform a culture for vaginal infections and to 
proceed only after a negative result [74].

Only 0.7% of patients had severe postprocedural pain 
requiring hospital admission, and it is possible that these 
patients did have postoperative bleeding as hemoperitoneum 
after retrieval causes significant pain.

Rare complications
 1. Ruptured endometriotic or dermoid cysts → acute abdom-

inal symptoms → laparotomy.
 2. Acute appendicitis due to puncture holes in the 

appendix.
 3. Injury to the ureter: ureterovaginal fistula or ureteral 

obstruction. Bowel and urinary system injuries to the 
bladder or ureter have also been reported, but are excep-
tionally rare.

 4. Rectus sheath hematoma.
 5. Vaginal perforation in older patients with a history of 

repeated OR, particularly when the ovaries are difficult to 
visualize.

 6. Vertebral Osteomyelitis: Severe Low Back Pain: 
Antibiotics.

Additional complications may result from the administration 
of intravenous sedation or general anesthesia. These include 
asphyxia caused by airway obstruction, apnea, hypotension, 
and pulmonary aspiration of stomach contents [75–77]. 
Another risk of oocyte retrieval is that no oocytes might be 
obtained. The incidence of this event likely depends on ovar-
ian reserve and response to stimulation and trigger medica-

tions, but even among patients with ultralow AMH values, 
defined as less than 0.17 ng/mL, the rate of failed retrieval 
was found to be only 3.3%.

10.15   Conclusions

Oocyte retrieval is affected by the interaction of the several 
aspects that need to be planned for the execution of the pro-
cedure. Vaginal sonography allows the visualization of all 
follicles on the screen, and therefore, the procedure can be 
continued for all the remaining follicles.

Vaginal scanning is not influenced by obesity or unfa-
vorable location of the ovaries. Laparoscopic puncture 
might be difficult in cases of adhesions or unfavorable posi-
tion of the ovaries. Another reason for the high recovery 
rate of oocytes by transvaginal follicular aspiration is the 
small distance between the ovaries and the vaginal probe. 
As the vaginal probe is introduced into the posterior fornix 
of the vagina, it is located close to the ovaries. As a conse-
quence, higher frequencies can be used, and the accuracy of 
imaging follicles is improved. The vaginal probe which 
was used for our investigations can be easily placed in the 
posterior fornix of the vagina and can be moved to any 
angle. In contrast with other sonographically guided aspira-
tion methods or laparoscopy, with vaginal ultrasound no 
scars remain and the vaginal probe does not enter the uri-
nary bladder. Since transvaginal puncture is a less-invasive 
procedure, it can be repeated as often as necessary. It is 
preferred by the patients because of the absence of the typi-

Fig. 10.46 Oocyte retrieval 
can be associated with pelvic 
bleeding that requires 
transfusion or surgical 
exploration or pelvic infection
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cal shoulder pain due to the pneumoperitoneum. Patients 
can leave the hospital 4–5  h after puncture. In summary, 
transvaginal follicular aspiration provided a remarkably 
simple and successful method for oocyte retrieval. The 
method is rapid, technically simple, and easy to learn.
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11.1  Basic Physiology of Follicle 
Development

11.1.1  Endocrine Control of Follicular 
Development

Follicle growth from the resting primordial stage until the 
pre-ovulatory phase takes several months; only the last 
2 weeks of this long trajectory are dependent on gonadotro-
pin support (Fig.  11.1) [1]. If maturing antral follicles 
achieve a distinct stage of development, they are programmed 
to die, but if serum FSH levels surpass a threshold, these fol-
licles are rescued from atresia, i.e., gain gonadotropin depen-
dence and continue their development [2]. Under normal 
conditions, elevated FSH levels above the threshold occur 
during the luteo-follicular transition. The subsequently fol-

licular estradiol secretion inhibits pituitary secretion of FSH, 
which in turn causes the FSH concentration in the develop-
ing cohort follicles to drop below the threshold, the decreased 
FSH concentrations during the follicular phase are crucial 
for single dominant follicle selection (Fig.  11.2) [2]. The 
number of follicles recruited can be increased if endogenous 
FSH levels are augmented by exogenous gonadotropins or 
can be reduced if FSH levels are sufficiently diminished [3].

Although of course FSH is the crucial hormone for fol-
licular rescue, LH is necessary for fully functional follicles. 
The maturing dominant follicle may become less dependent 
on FSH because of the ability to respond to LH. Basic and 
clinical experimental evidences indicate that development of 
ovarian follicles requires a threshold of LH stimulation for 
adequate follicular development and maturation [4]. The 
amount of LH required seems to be very low (1–10 IU/L), 
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Fig. 11.1 The profile of follicular development

Fig. 11.2 The different 
stages of follicle in the ovary
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since only 1% of the LH receptors need to be occupied in 
order to induce the maximal steroidogenic response from 
theca cells [5]. LH rise then initiates ovulation, and it is nec-
essary for oocyte mature and follicle rupture [6].

11.1.2  Ovarian Hormones Regulate 
Gonadotropin Secretion

11.1.2.1  Estradiol Regulates FSH  
and LH Secretion

Estradiol has a dual function in regulating gonadotropin 
secretion. At low circulating levels, it exerts rapidly 
expressed, negative feedback control over FSH and LH. At 
higher, maintained circulating levels, positive feedback 
becomes the dominant force and a relatively delayed LH and 
FSH surge is induced.

11.1.2.2  Progesterone Regulates FSH  
and LH Secretion

Progesterone has multiple effects for regulating gonadotro-
pin secretion [7].

• First, the high plasma concentration of progesterone, 
such as is seen in the luteal phase (4–8 ng/mL in humans) 
enhances the negative feedback effects of estradiol, FSH, 
and LH secretion being held down to a very low level [8].

• Second, progesterone blocks the positive feedback effect 
of estradiol on gonadotropin release. The physiologic 

plasma levels of progesterone, whether achieved by nor-
mally functioning corpora lutein or the artificial impos-
ture by progestin implant during the follicular phase of 
the cycle, prevent the estrogen-induced gonadotropin dis-
charge in intact rhesus macaque [9, 10] (Fig. 11.3). The 
same blocking effect of progesterone is observed when 
progesterone is simultaneously administered with estra-
diol benzoate to castrated women of fertile age with unin-
terrupted estradiol replacement [11]. This anti-positive 
feedback of progesterone requires an intact hypothala-
mus, for the physiological levels of progesterone fail to 
block the positive feedback in monkeys with hypotha-
lamic lesions on a replacement regimen of exogenous 
GnRH [12]. Moreover, progesterone does not interfere 
with the negative feedback inhibition of gonadotropin 
secretion by estrogen [9].

• Third, progesterone plays a facilitatory role in the initia-
tion of the pre-ovulatory gonadotropin surge after a period 
of estrogen priming in female monkey, ewes, and human 
[9, 13–15]. Leyendecker et al. provide experimental evi-
dences in women that progesterone—at low serum levels 
around 1–2 ng/mL, with a short latency phase of about 3 h, 
and with adequate estrogen priming—can induce a posi-
tive feedback effect in advance, since estradiol benzoate 
alone induces an LH surge at this stage of the cycle after a 
considerably longer latency phase (Fig.  11.4) [16, 17]. 
Also in the rhesus macaque, the positive feedback can, as 
in women, be augmented and advanced by additional and 
properly timed administration of progesterone [18].
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Fig. 11.3 Progesterone has multiple effects for regulating gonadotro-
pin secretion. (a) Progesterone enhances the negative feedback effects 
of estrogen in the luteal phase (negative feedback). (b) Progesterone 
blocks the estrogen-induced LH surge in human or monkeys with intact 

gonad axis and no existing estrogen priming (anti-positive feedback); 
(c) Progesterone plays a facilitatory role in the initiation of LH surge 
after a period of estrogen priming in human (facilitatory positive 
feedback)
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Thus, the actions of progesterone that could occur at the 
hypothalamus to enhance or inhibit the GnRH secretion 
depend on the relative time of the rise of progesterone and 
estrogen [9, 13–15]. Progesterone exerts its facilitatory effect 

at the level of the pituitary and its blocking effect at the level 
of the central nervous system from a series of experiments 
performed in acyclic, but gonad-intact, rhesus females given 
exogenous GnRH after hypothalamic lesioning [10, 19, 20].

Fig. 11.4 The follicle 
morphologic changes 
occurring in association with 
the development of follicle 
waves during the human 
menstrual cycle. Sixty-eight 
percent of women with 
regular cycles have two waves 
of follicular growth during a 
single menstrual cycle, and 
32% of women have three 
waves through daily 
ultrasound monitoring
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11.1.3  The Antral Follicles in the Luteal Phase

During the luteal phase, LH and FSH levels are compara-
tively low and are insufficient to maintain antral follicle 
development, so follicular atresia occurs. After luteolysis, a 
new cycle then begins as tonic gonadotropin levels are ele-
vated and progesterone is low. In humans, the follicular 
phase is about 10–14 days, while in many species such as 
cow, pig, sheep, and horse, the follicular phase is brief and 
the major part of follicular growth occurs during the luteal 
phase of the previous cycle, because FSH and LH levels in 
these species do not fall to such low levels during the luteal 
phase [21].

The competence of the antral follicles in normal human 
ovaries during the luteal phase is not distinguishable from 
atretic follicles in terms of the number, size range, and ste-
roidogenic activities [22]. The mean number of antral folli-
cles (AFC) was not different in the early-follicular, 
late-follicular, and luteal phase [23, 24]. Granulosa cells 
from the luteal phase follicles are responsive to FSH with 
respect to progesterone and estradiol biosynthetic activity, 
the aromatase system in the cells from the mid- to late-luteal 
phase follicles is significantly more responsive to FSH than 
that in cells from late follicular or early luteal phase follicles 
[22]. Another evidence about the competence of cumulous 
oocyte complexes (COCs) retrieved during the luteal phase 
is that the potential of COCs or in  vitro mature (IVM) is 
comparable whatever the phase of the cycle at which imma-
ture eggs in breast cancer patients [25–27]. In addition, some 
studies show that immature oocytes retrieved during cesar-
ean section (with exposure to high serum progesterone con-
centrations) are capable of IVM and could lead to live births 
after fertilization [28, 29]. These materials confirm that dur-
ing the luteal phase, remaining small antral follicles may be 
in the early stages of follicular development, suggesting that 
the ovary could be continuously stimulated during the men-
strual cycle.

11.1.4  Waves of Folliculogenesis During 
the Menstrual Cycle

Contrary to the traditional theory that a single cohort of 
antral follicles grows only at the early follicular phase, it has 
been demonstrated that there are two or three waves (namely 
cohorts) of follicular growth in a single menstrual cycle. 
Baerwald et al. have shown that 68% of women with regular 
cycles have two waves of follicular growth during a single 
menstrual cycle, and 32% of women have three waves 
through daily ultrasound monitoring (Fig. 11.4) [30, 31].

These waves can be differentiated between major and 
minor, depending on whether one follicle shows dominance 
over the others or not, most women having just one major 

wave with dominance [32]. The follicular wave that emerges 
in the early to middle follicular phase is ovulatory while the 
waves emerging in the luteal phase are anovulatory. An ele-
vation in circulating FSH appears to precede the recruitment 
of each follicular wave during the interovulatory interval in 
women [30]. The development potential of anovulatory fol-
licles in the luteal phase occurs as a result of progesterone- 
mediated inhibition of LH secretion to levels that allow 
follicular development to proceed to the antral or late antral 
stage, but do not allow the LH surge and ovulation to occur. 
Anovulatory follicles do not grow as large, on average, as 
ovulatory follicles. However, a notable number of women 
exhibited anovulatory follicles that grew to an ostensibly 
preovulatory diameter [31]. A preliminary trial showed that 
using pharmacological (recombinant hCG administration) 
and mechanical (aspiration of dominant follicle) interven-
tions were efficient to induce follicular wave emergence in 
infertile women [33].

The role of the corpus luteum (CL) in regulating follicular 
wave dynamics has been studied in women and domestic 
farm animals (Fig. 11.5). No differences in the size or lifes-
pan of the CL, progesterone, or estradiol secretion were 
detected in women with two versus three waves or in women 
with major versus minor waves preceding the ovulatory 
wave [34]. However, the presence of the CL appeared to 
influence dominant follicle selection in women with three 
waves. Luteal regression and progesterone withdrawal occur 
later in cows with three versus two follicular waves, at which 
time the viable dominant follicle present goes on to ovulate 
[35, 36].

Fig. 11.5 Two stages of corpus luteus
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It is important to recognize that folliculogenesis is a dis-
continuous process, independent from the rhythm of the 
menstrual cycle. The competence of antral follicle in the 
luteal phase is comparable with those in the follicular phase 
in previous reports of IVM or in vitro culture. So we presume 
that the antral follicles in the luteal phase are not atresic, but 
may be unawakened due to the suppressed FSH/LH, and 
they have the potential to response to gonadotropin. Follicles 
can be stimulated to ongoing and gonadotropin-dependent 
development when the appropriate endocrine signal (i.e., 
elevated serum FSH levels) is operative [37]. It could, there-
fore, be speculated that the developing follicles in the luteal 
phase have the potential to ovulate in the presence of an 
exogenous LH surge. This is the basic principle to introduce 
new strategies for ovarian stimulation.

11.2  Controlled Ovarian Stimulation

Based on the vitrification and freeze-all policy, new stimula-
tion approaches together with advanced cryopreservation 
techniques allow for a total “disarticulation” between the 
time of the menstrual cycle, ovarian stimulation start, and 
embryo transfer [38, 39].

In addition to conventional protocols, new regimens are 
emerging with ovarian stimulation starting in the late follicu-

lar phase, luteal phase, random-start ovarian stimulation, and 
double stimulation.

11.2.1  Follicular Phase Ovarian Stimulation

Conventional ovarian stimulation regimens use gonadotro-
pins to promote multifollicular development and GnRH ana-
logue to prevent the LH surge and premature ovulation [40]. 
The analogue improves the success of IVF cycles by opti-
mizing oocyte retrieval and synchronization of the endome-
trium. Ovarian stimulation in these protocols starts in the 
early follicular phase or equivalent. The mild stimulation is 
performed using a low dose of gonadotropin with or without 
clomiphene/letrozole; it also begins at the early follicular 
phase and results with less oocyte yields but with the advan-
tages of patient-friendly and safety [41].

11.2.2  Luteal-Phase Ovarian Stimulation

The luteal-phase ovarian stimulation protocol is originally 
used for urgent fertility preservation in cancer patients 
(Fig. 11.6) [42, 43]. Recently they have been tested out-
side of this context, in normal and poor responders 
[44–46].

Fig. 11.6 The luteal-phase ovarian stimulation protocol is originally used for urgent fertility preservation in cancer patients
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The first live birth of embryos developed from oocytes 
retrieved following luteal phase stimulation was reported in 
2009 [47]. A 40-year-old woman with a 10-year history of 
primary infertility was given hMG 150  IU and letrozole 
2.5 mg from cycle day 3 onwards. Her cycle spontaneously 
transitioned into the luteal phase beginning on cycle day 10 
but the follicles continued growth with hMG stimulation. 
GnRH agonist 0.1 mg was given for the final stage of oocyte 
maturation, resulting into four mature oocytes and two top- 
quality embryos for vitrified cryopreservation (Table 11.1). 
Two months later, the two embryos were transferred during a 
natural cycle, creating a twin pregnancy and a favorable 
delivery. Three-year follow-up showed that the physical and 
psychomotor development of the twin babies were in the 
normal range of children conceived naturally [47]. This case 
report documents favorable outcomes of oocyte development 
competence following luteal-phase stimulation and opens 
the door to generalize the successful outcome from luteal- 
phase stimulation into a routine setting.

After this, Prof. Yanping Kuang and his team attempted to 
stimulate the luteal-phase existing antral follicles in patients 
who did not respond well during the follicular phase stimula-
tion or with diminished ovarian reserve. They faced the first 
problem that the luteal-phase antral follicles were not sensi-
tive to the exogenous gonadotropin stimulation compared 
with conventional protocols, the duration of hMG in some 
cases was very long (20.6  days) with low efficiency, then 
they attempted to increase the ovarian response by adjuvant 
usage of letrozole in luteal-phase ovarian stimulation. The 
improved effects after letrozole administration were obvi-
ous. Then a prospective trial of 242 women with normal 
ovarian function and undergoing their first IVF/ICSI treat-
ment was initiated using letrozole and HMG for luteal-phase 
stimulation after spontaneous ovulation, the protocol of 
luteal-phase ovarian stimulation is shown in (Fig. 11.7). All 
participants succeeded in producing oocytes, and 227 women 
had highest-quality embryos to cryopreserve (93.8%).

The average number of oocytes retrieved was 13.1, pro-
ducing an average of 4.8 good embryos. The mean duration 
of hMG stimulation was 10.2 ± 1.6 days, with a mean dose 
of 2211.3 ± 422.7 IU, so adjuvant administration of letrozole 
in luteal-phase ovarian stimulation appeared to increase the 
sensitivity of follicles to gonadotropins and reduce the stim-
ulation duration, but the specific mechanism should be fur-
ther investigated.

For the outcome of frozen embryo transfers (FETs), the 
clinical pregnancy rate, ongoing pregnancy rate, and implan-
tation rate were, respectively, 55.46% (127/229), 48.91% 
(112/229), and 40.37% (174/431) [48]. Clomiphene citrate 
also has the same effects as letrozole in luteal-phase ovarian 
stimulation, but the relevant data are rarely reported.

Unexpectedly, no cases experienced a premature LH 
surge during the luteal-phase ovarian stimulation cycles 
[48] (Fig. 11.8). The serum LH on the trigger day was only 
1.9 mIU/mL (range 0.1–11.0 mIU/mL) in 242 women, the 
endogenous increased estrogen levels did not induce LH 
surge but a GnRH agonist-induced LH surge appeared, 
which provided a sound evidence of modest-extent pitu-
itary suppression during the luteal-phase stimulation 
(Fig. 11.9). The phenomenon has far-reaching significance 
in removing the scruples of blocking an endogenous LH 
surge for IVF treatment. It primarily simplifies ovarian 
stimulation protocols and makes it easy to handle proce-
dure monitoring.

The first European feasibility study [49] was a prospec-
tive case–control study of good prognosis patients with ten in 
each arm. Luteal phase stimulation was started between day 
19 and 21 of a spontaneous menstrual cycle, with 300  IU 
FSH and a daily GnRH antagonist, while in the control group 
the starting dose was 150–225 IU. The rates of maturity, fer-
tilization, and embryo development were identical in the two 
groups. It found a lack of significance for this strategy 
because of the higher dose of FSH required for luteal-phase 
stimulation. However, the comparison of the two groups was 

Table 11.1 The follicle growth and endocrinological changes in the case of luteal-phase ovarian stimulation

Cycle days 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 21
Letr. 2.5 mg/day + + + + + + + + + Trigger with GnRhA 0.1 mg OPU
HMG 150 IU/day + + + + + + + + + + + + + + +
FSH (IU/L) 8.53 14.83 9.36 8.83
LH (IU/L) 2.59 6.36 0.61 0.7
E2 (pg/L) 87 56 208 507
P (ng/L) 0.2 2.1 19.2 6
Ultrasound
  Follicles
   Right 10.4 7 21.8

8 3.7 10.4 14.6
3.7 8.9∗2

6.1∗2
11.7
10.3

   Left 3.9 5.9 9
5.9 8.7
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flawed because of a higher starting dose for luteal 
stimulation.

In a large retrospective study of luteal stimulation in nor-
malovulatory patients [50], the comparison of three proto-
cols (luteal stimulation versus mild stimulation versus the 
short agonist protocol) confirmed that the duration of stimu-
lation and total dose were higher (Fig.  11.10) with luteal- 
phase stimulation but were accompanied by a higher number 
of mature oocytes and top-quality embryos.

Moreover, the study shows on a large scale that the use of 
an agonist or antagonist is not necessary in the luteal phase 

and that endogenous progesterone alone is sufficient to block 
the LH surge. In this retrospective study with good- prognosis 
women, the implantation rates are identical with luteal-phase 
stimulation (35.5%) and mild stimulation (34.8%), but sig-
nificantly lower with the standard short agonist protocol 
(31.8%). Birth rates were also lower with the short agonist 
protocol, and the levels of miscarriage were identical among 
the three groups. The health of children born following the 
luteal-phase stimulation was confirmed by the comparable 
gestational age, birth weight, neonatal anomalies, or number 
of malformations [51].

Fig. 11.8 The endogenous 
increased estrogen levels did 
not induce LH surge in 
luteal-phase ovarian 
stimulation but a GnRH 
agonist-induced LH surge 
appeared, which provided a 
sound evidence of modest- 
extent pituitary suppression 
during the luteal-phase 
stimulation

Fig. 11.7 The protocol of 
luteal-phase ovarian 
stimulation is shown. 
Luteal-phase ovarian 
stimulation in combination 
with freeze-all was confirmed 
its efficacy and safety
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These studies demonstrate that the protocol of luteal- 
phase ovarian stimulation is able to produce competent 
oocytes/embryos, with optimal pregnancy outcome from 
the subsequent FET.  These data also approve that no 
spontaneous LH surge in the luteal-phase ovarian stimula-
tion occurs, and the use of a GnRH antagonist is not 
 necessary in the luteal phase [48, 50, 52]. But there are 
also some disadvantages in performing luteal-phase 
stimulation.

First, the recognition of entering into early luteal phase is 
not as obvious and easily recognizable as menstruation, but 

dependent on urine LH kit, ultrasound examination, or serum 
hormone measurement.

Second, the luteal-phase stimulation is not suitable for the 
cases who show diverse-size follicles after spontaneous ovu-
lation, and this status is not predictable at advance.

Third, the slightly higher gonadotropin consumption in 
luteal-phase stimulation than conventional stimulation 
reflects the suboptimal ovarian response to gonadotropin 
stimulation, and it is another adverse factor (Fig. 11.10).

The clinical experiences about luteal-phase ovarian 
 stimulation make a privilege and chance to study the role of 

Fig. 11.9 The early protocol 
of double stimulation for 
oncological patients

Fig. 11.10 Difference 
between the proliferative 
phase and the luteal phase
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progesterone in preventing premature LH surge. After the 
transition stage of using luteal-phase ovarian stimulation, the 
improved protocol of progestin-primed ovarian stimulation 
(PPOS) is released to perform ovarian stimulation by simul-
taneously using exogenous progestin and gonadotropins 
from the early follicular phase, which rapidly becomes a 
dominant protocol due to its advantages of high efficacy and 
patient-friendly in our clinic with freeze-all strategy.

11.2.3  Progestin-Primed Ovarian  
Stimulation (PPOS)

PPOS is a new regimen of ovarian stimulation using oral pro-
gestin as an alternative of GnRH analogue to block the LH 
surge and premature ovulation [52–57]. The specific  protocol 
is shown in Fig. 11.11. Kuang et al. reported a randomized 
clinical trial of PPOS versus short protocol in women with 
normal ovarian function. The results showed that the dura-
tion of stimulation was significantly longer by 1 day, and the 
total dose of HMG was higher (~+400 IU) with PPOS, but 
the numbers of mature oocytes and viable embryos were not 
significantly different in a population of normal responders 
(9.9 vs. 9.0; 4.3 vs. 3.7). The rates for implantation, preg-
nancy, and miscarriage were not different. Co-trigger by 
GnRH agonist and a low dose of hCG was recommended for 
PPOS, due to 3 out of 50 women with a suboptimal LH 
response (post-trigger LH < 20 IU/L) after trigger by agonist 
0.1 mg in this trial. The cycle characteristics and embryo out-
come were comparable between the PPOS cases with or 
without hCG.

There was a failure case in the PPOS group who had an 
LH surge with an increase in endogenous progesterone 

(1/150). In her case, stimulation was nevertheless contin-
ued, and oocyte retrieval enabled collection of a number of 
oocytes that was similar to the group average. This case had 
a higher basic estrogen level at the earlier follicular phase 
(85  pg/mL), so the action of exogenous progestin during 
ovarian stimulation spontaneously converted into facilitat-
ing LH surge on the basis of estrogen-priming, not block-
ing LH surge as predesigned. It is described as the third role 
of progesterone for regulating pituitary function (the facili-
tatory action for positive feedback) in Sect. 11.1.2. So it is 
recommended that the progestin has to be started before 
estradiol rises (<50–70  pg/mL) for controlled ovarian 
stimulation.

Multiple types of oral progestin can be used as gonadotro-
pin adjuvant in PPOS. Medroxyprogesterone acetate (MPA) 
is replaced with utrogestan or dydrogesterone in large- sample 
clinical trials, resulting into the well-controlled LH levels and 
comparable pregnancy outcomes [52, 55–57]. A retrospective 
cohort study including 4596 newborns from PPOS, agonist 
short protocol, and mild stimulation  suggested that compared 
with conventional ovarian stimulations, PPOS neither com-
promised neonatal outcomes of IVF newborns nor increased 
the prevalence of congenital malformations [58]. The long-
term safety for children conceived with ovarian stimulation 
using oral progestin is still under investigation.

Compared to GnRH antagonist, PPOS has its unique 
characteristics. First, GnRH antagonist administration rap-
idly suppresses the LH level while progesterone adminis-
tration shows an indirect, slow suppression on pituitary LH 
secretion [59–61]. The LH level in PPOS is recorded to 
decline after 5 days of progesterone administration, and the 
LH reverse is also slow after progesterone withdrawal in 
previous researches (about 5–7 days). Second, the role of 

Fig. 11.11 The protocol of 
progestin-primed ovarian 
stimulation
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progesterone’s inhibition of LH surge is highly dependent 
on the estrogen status and duration as detailed in the first 
section, so in controlled ovarian stimulation, progestin has 
to be  administered from the early follicular phase (before 
estrogen priming). The indication of PPOS is not recom-
mended for the cases with higher basal estradiol levels 
(>70  pg/mL) [52]. Third, the trigger by GnRH agonist 
alone is sufficient in mostly PPOS cases except that 2.71% 
of all cases show a sub-optional LH response in a large-
sample retrospective trial [62], which is in parallel with the 
reports of GnRH antagonist protocol [63, 64], so the co-
trigger by GnRHa and low dose of hCG is recommended in 
PPOS.

11.2.3.1  Randomized-Start Ovarian 
Stimulation

The concept of “random-start” or “flexible-start” protocols 
means starting stimulation at any time in the menstrual cycle 
rather than precisely in the early follicular phase or after 
downregulation. The “random-start” stimulation has led to 
shorter ovarian stimulation protocols and may be beneficial 
for the cases whose time constraints are associated with 
emergency fertility preservation before starting oncology 
treatments [65–70].

Whether the random start of stimulation might alter the 
size of the oocyte crop, its competence, or both? The oocyte 
yields of the “random-start” protocols are found to equal as 
those of ovarian stimulation started in the early follicular 
phase in several reports [71, 72]. A case series study reported 
that using random-start GnRH antagonist cycles started in 
the late follicular or luteal phase, the duration of controlled 
ovarian hyperstimulation ranged between 8 and 13 days, and 
a total of 14–40 oocytes were retrieved and 5–20 embryos 
cryopreserved for each patient [73]. But the questions still 
need some high-qualified data to confirm although the cur-
rent several literatures support its value.

Another retrospective trial compared three initiation times 
(the early follicular phase, late follicular phase, and after 
spontaneous ovulation) using a combination of HMG, clomi-
phene, and MPA in women with normal ovary reserve [74]. 
For those of “late follicular” group, a GnRH agonist injec-
tion was given to collapse the existing dominant follicle, 
then launch new stimulation with clomiphene, MPA, and 
HMG. Qin et al. showed that the duration of stimulation was 
two more days longer in the late follicular and luteal groups 
compared with conventional group but that the number of 
oocytes collected, metaphase II oocytes, and viable embryos 
were identical in the three groups. However, the cancelation 
rate was lower in the conventional group (10% vs. 22% vs. 
16%), the reported ongoing pregnancy rate per transfer was 
not different among three groups but a large-sample prospec-
tive trial is needed to provide more sound evidence [74].

11.3  Double Ovarian Stimulation

Is it possible to combine the follicular-phase ovarian stimula-
tion with luteal-phase stimulation in a single menstrual 
cycle? The answer is “Yes” based on the strategy of freeze- 
all policy [45, 48, 69, 75, 76].

To design the protocol for double stimulation, we not only 
take account of controlling serum FSH and LH for two 
retrievals, but also have to consider the natural connection of 
the first stimulation and second stimulation. All the down- 
regulation protocols are not ready for the second stimulation 
in a single cycle, in which GnRH agonist receptor inaction 
results into the over-suppression of ovary, and the recovery 
of the pituitary from downregulation during the luteal phase 
is slow [77]. So the non-downregulation protocols such as 
the natural cycle, minimal/mild stimulation, GnRH antago-
nist protocols, and progestin-primed ovarian stimulation 
have the potential to continue stimulation after first retrieval 
in a single menstrual cycle (Fig. 11.12).

We have to notice that the status of ovary should be exam-
ined again after first retrieval, if there are several small uni-
form antral follicles available (recommended as 3–8  mm 
follicle at least 3), it is ready to continue the second stimula-
tion. But the size and number of antral follicles are not able 
to predict in advance, it have to examine on the trigger day or 
after the first oocyte retrieval, the synchronous small antral 
follicles are one of pre-requirements before deciding to per-
form the second stimulation, for the bigger developing folli-
cle has a more chance to present sufficient LH receptor and 
may be luteinized by the increasing LH levels after first trig-
ger. The asymmetrical antral follicles in the early luteal 
phase may produce suboptimal results if the second stimula-
tion is conducted.

The protocols of double stimulation during the follicular 
and luteal phases in women with poor ovarian response 
(Shanghai protocol) are shown in Fig. 11.13. It combines a 
mild stimulation and a subsequent luteal-phase ovarian stim-
ulation. A pilot study of 38 women began with mild ovarian 
stimulation; after the first oocyte retrieval, hMG and letro-
zole were administered to stimulate luteal-phase antral folli-
cle development, and oocyte retrieval was carried out a 
second time when dominant follicles had matured. The first 
trigger preferred to use GnRH agonist rather than hCG, for 
hCG has a relative longer half-life and is possible to luteinize 
the subsequent dominant follicles. The primary outcome 
measured was the number of oocytes retrieved: stage 1, 
1.7 ± 1.0; stage 2, 3.5 ± 3.2. The more oocytes retrieved in 
stage 2 were associated with more gonadotropin used in the 
second stimulation. From the double stimulation, 167 
oocytes were collected and 26 out of 38 women (68.4%) suc-
ceeded in producing 1–6 viable embryos. Twenty-one 
women underwent 23 FETs, resulting in 13 clinical pregnan-
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cies. The study shows that double ovarian stimulations in the 
same menstrual cycle provide more opportunities for retriev-
ing oocytes in poor responders [48]. The stimulation can 
start in the luteal phase resulting in retrieval of more oocytes 
in a short period of time.

The hormone profiles during the double stimulation are 
shown in Fig. 11.14. The fluctuation of serum estrogen and 
progesterone levels showed that it naturally converted into 
luteal phase after first retrieval. The elevated progesterone 
level was preserved during the whole second stimulation. 
GnRH antagonist is not necessary for the luteal-phase ovar-
ian stimulation for the endogenous progesterone from cor-
pus lutein and has the capacity to inhibit the spontaneous 
LH surge. The FSH surge and LH surge induced by the 
same dose of GnRH agonist were much lower in the second 
trigger than the first trigger. This data presumed that the 
pituitary function and ovarian sensitivity to gonadotropin 

stimulation was significantly reduced during the second 
stimulation [48].

Another retrospective study by Liu et  al. collected 103 
women aged 38 years or older whose first retrieval included 
GnRH agonist short protocol, GnRH antagonist protocol, 
mild stimulation, and progestin-primed ovarian stimulation. 
The subsequent luteal phase stimulation was performed with 
225 hMG daily within 1–3  days of oocyte retrieval. Both 
triggering were made with 250  IU rhCG.  The number of 
oocytes retrieved (5.8 ± 4.6), MII oocytes (4.7 ± 4.0), and 
cleaved embryos (4.0 ± 3.4) in double stimulation increased 
and the cancelation rate of no available embryos reduced 
(37.07% vs. 18.10%) significantly compared with standard 
follicular phase stimulation [78].

There are other published protocols of double stimulation 
with GnRH antagonist two times in a single menstrual cycle 
[69, 75, 79]. Martínez et  al. [75] reported a pilot study of 

Fig. 11.13 The protocols of 
double stimulation during the 
follicular and luteal phases in 
women with poor ovarian 
response is shown (namely 
Shanghai protocol)

Fig. 11.12 The double 
stimulation represents two 
continuous ovarian 
stimulation in a single 
menstrual cycle, including a 
non-downregulation protocol 
in the first stimulation and 
luteal-phase ovarian 
stimulation in the second 
stimulation
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nine donors using GnRH antagonist two times in a single 
menstrual cycle, with the trigger by GnRH agonist and the 
oocytes being vitrified. The data for follicular and luteal 
phase stimulation did not show any difference regarding the 
number of mature oocytes (14.0 ± 7.0 vs. 16.9 ± 7.5) or the 
fertilization rate (77.3% vs. 76.5%). In this trial, the duration 
and consumption of FSH were not increased in the follicular 
vs. luteal phase (10.4 vs. 9.9 days; 2261 vs. 2147 IU), but the 
number of days for antagonist was doubled depending on the 
protocol applied (5.1 vs. 9.9). Ubaldi et  al. used the same 
duplex protocols to compare the euploid blastocyst forma-
tion rates obtained after follicular phase versus luteal phase 
stimulation in patients with reduced ovarian reserve. One 
reassuring argument for the competence of oocytes obtained 
in the luteal phase is the absence of an increased risk of aneu-
ploidy in 43 patients with a genetic diagnosis of aneuploidy 
by trophectoderm biopsy. The rate of euploid blastocysts 
biopsied was 46.9% in the follicular phase compared to 
44.8% in the luteal phase [80].

Double stimulation was tested in oncologic patients [81]. 
Patients diagnosed with a malignancy commenced a random 

start antagonist stimulation protocol. The initial dose of 
gonadotropin was 150–450  IU of hMG depending on the 
basic status of ovary. The final maturation of oocytes was trig-
gered by 5000 IU of hCG. On the day of oocyte collection, 
the patients were offered the option of a second stimulation 
starting the same day or after a few days. The dose of gonado-
tropin was the same or increased, depending on the ovarian 
response in the first stimulation cycle. The increased number 
of mature oocytes were retrieved with double stimulation for 
oncology patients, without delaying cancer treatment [81].

As a new approach to ovarian stimulation, double stimu-
lation in combination with freeze-all is not recommended for 
women with normal ovarian reserve, for these good- 
prognosis women have higher chance of pregnancy by 
accomplishing a single ovary stimulation, and the existing 
multiple corpus lutea after first retrieval would add difficul-
ties for the second stimulation. Double stimulation is partic-
ularly useful for the following circumstances:

 1. Women seeks fertility preservation especially where a 
shortened time to starting cancer treatments is desirable. 

Fig. 11.14 The hormone profiles during the double stimulation are 
shown. The cycle naturally converted into luteal phase after first 
retrieval. The elevated progesterone level was preserved during the 
whole second stimulation. The FSH/LH surge induced by the same 

dose of GnRH agonist were much lower in the second trigger than the 
first trigger. This data presumed that the pituitary function was signifi-
cantly reduced during the second stimulation. (From Kuang et  al., 
2014)
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Time constraint is an important deciding factor for cancer 
patients.

 2. Poor responders would need more than one stimulation to 
produce an adequate amount of oocytes. The greatest 
benefit of this protocol is the accumulation of  oocytes/
embryos in a single cycle of stimulation, minimizing the 
time in which it would be performed.

 3. Poor embryo quality or repeated failures by conventional 
IVF protocols is another proposed indication for double 
stimulation. For women with unsatisfactory egg factors in 
which repeated immature eggs, recurrent fertilization 
failure, or very poor-quality embryos are found using the 
conventional stimulation protocols, to change the stimu-
lation strategy may be unexpectedly useful although there 
is no measurable indicator or sound rationale in routine 
clinic (Table 11.2).

11.4  Summary

Double ovarian stimulation makes it possible to complete 
two oocyte retrievals in a single menstrual cycle, the first 
retrieval may use non-down-regulation protocols, LH sup-
pression is reached with or without GnRH antagonist, the 
second stimulation is accomplished in the luteal phase and 
endogenous progesterone has the capability to inhibit spon-
taneous LH surge. Double stimulation is originally applied 
in cancer patients with the requirement of emergency fertil-
ity preservation and is now indicated not only for fertility 
preservation in a limited time but also for women who has 
repeated IVF failures due to impaired oocyte or embryo 
qualities, or poor ovarian reserve. In conclusion, double 
ovarian stimulation provides another alternative to the con-
ventional assisted reproductive techniques and increases the 
flexibility of ovarian stimulation. Well-designed randomized 
control trials are necessary to confirm these preliminary 
findings.

References

 1. McGee EA, Hsueh AJ. Initial and cyclic recruitment of ovarian fol-
licles. Endocr Rev. 2000;21:200–14.

 2. Fauser BC, Van Heusden AM.  Manipulation of human ovarian 
function: physiological concepts and clinical consequences. Endocr 
Rev. 1997;18:71–106.

 3. diZerega GS, Hodgen GD. Folliculogenesis in the primate ovarian 
cycle. Endocr Rev. 1981;2:27–49.

 4. de Ziegler D, Fraisse T, de Candolle G, Vulliemoz N, Bellavia M, 
Colamaria S.  Outlook: roles of FSH and LH during the follicu-
lar phase: insight into natural cycle IVF. Reprod Biomed Online. 
2007;15:507–13.

 5. Chappel SC, Howles C.  Reevaluation of the roles of luteinizing 
hormone and follicle-stimulating hormone in the ovulatory process. 
Hum Reprod. 1991;6:1206–12.

 6. Palermo R. Differential actions of FSH and LH during folliculogen-
esis. Reprod Biomed Online. 2007;15:326–37.

 7. Plant T, Zeleznik AJ. Knobil and Neil’s physiology of reproduction, 
vol. 1. 4th ed. Cambridge: Academic Press; 2014.

 8. diZereg GS, Hodgen GD. Cessation of folliculogenesis during the 
primate luteal phase. J Clin Endocrinol Metab. 1980;51:158–60.

 9. Dierschke DJ, Yamaji T, Karsch FJ, Weick RF, Weiss G, Knobil 
E.  Blockade by progesterone of estrogen-induced LH and FSH 
release in the rhesus monkey. Endocrinology. 1973;92:1496–501.

 10. Pohl CR, Knobil E. The role of the central nervous system in the 
control of ovarian function in higher primates. Annu Rev Physiol. 
1982;44:583–93.

 11. March CM, Goebelsmann U, Nakamura RM, Mishell DR Jr. Roles 
of estradiol and progesterone in eiliciting the midcycle lutein-
izing hormone and follicle-stimulating hormone surges. J Clin 
Endocrinol Metab. 1979;49:507–13.

 12. Gougeon A. Regulation of ovarian follicular development in pri-
mates: facts and hypotheses. Endocr Rev. 1996;17:121–55.

 13. Richter TA, Robinson JE, Evans NP. Progesterone treatment that 
either blocks or augments the estradiol-induced gonadotropin- 
releasing hormone surge is associated with different pat-
terns of hypothalamic neural activation. Neuroendocrinology. 
2001;73:378–86.

 14. Richter TA, Robinson JE, Lozano JM, Evans NP. Progesterone can 
block the preovulatory gonadotropin-releasing hormone/luteinising 
hormone surge in the ewe by a direct inhibitory action on oestradiol- 
responsive cells within the hypothalamus. J Neuroendocrinol. 
2005;17(3):161–9.

 15. Attardi B, Scott R, Pfaff D, Fink G.  Facilitation or inhibition of 
the oestradiol-induced gonadotrophin surge in the immature 
female rat by progesterone: effects on pituitary responsiveness to 
gonadotrophin- releasing hormone (GnRH), GnRH self-priming 
and pituitary mRNAs for the progesterone receptor A and B iso-
forms. J Neuroendocrinol. 2007;19:988–1000.

 16. Lasley BL, Wang CF, Yen SS.  The effects of estrogen and pro-
gesterone on the functional capacity of the gonadotrophs. J Clin 
Endocrinol Metab. 1975;41:820–6.

 17. Leyendecker G, Wildt L, Gips H, Nocke W, Plotz EJ. Experimental 
studies on the positive feedback effect of progesterone, 17 alpha- 
hydroxyprogesterone and 20 alpha-dihydroprogesterone on the 
pituitary release of LH and FSH in the human female. The estrogen 
priming of the progesterone feedback on pituitary gonadotropins in 
the eugonadal woman. Arch Gynakol. 1976;221:29–45.

 18. Helmond FA, Simons PA, Hein PR.  The effects of progesterone 
on estrogen-induced luteinizing hormone and follicle-stimulating 
hormone release in the female rhesus monkey. Endocrinology. 
1980;107:478–85.

Table 11.2 Indicazioni all’uso della double stimulation

Double stimulation is particularly useful for the following 
circumstances:
1.  Women seeks fertility preservation especially where a shortened 

time to starting cancer treatments is desirable. Time constraint is 
an important deciding factor for cancer patients

2.  Poor responders would need more than one stimulation to 
produce an adequate amount of oocytes. The greatest benefit of 
this protocol is the accumulation of oocytes/embryos in a single 
cycle of stimulation, minimizing the time in which it would be 
performed

3.  Poor embryo quality or repeated failures by conventional IVF 
protocols is another proposed indication for double stimulation

Q. Chen and Y. Kuang



193

 19. Knobil E.  Regulation, by feedback, of gonadotropin hormone 
secretion in rhesus monkeys. Probl Actuels Endocrinol Nutr. 
1974;18:37–8.

 20. Wildt L, Hutchison JS, Marshall G, Pohl CR, Knobil E. On the site 
of action of progesterone in the blockade of the estradiol-induced 
gonadotropin discharge in the rhesus monkey. Endocrinology. 
1981;109:1293–4.

 21. Johnson MH. Essential reproduction. 6th ed. Blackwell Publishing; 
2007. Chapter 5.

 22. McNatty KP, Hillier SG, van den Boogaard AM, Trimbos-Kemper 
TC, Reichert LE Jr, van Hall EV.  Follicular development during 
the luteal phase of the human menstrual cycle. J Clin Endocrinol 
Metab. 1983;56:1022–31.

 23. Pache T, Wladimiroff J, Dejong F, Hop W, Fauser B. Growth pat-
terns of nondominant ovarian follicles during the normal menstrual 
cycle. Fertil Steril. 1990;54:638–42.

 24. Van Disseldorp J, Lambalk CB, Kwee J, Looman CW, Eijkemans 
MJ, Fauser BC, Broekmans FJ.  Comparison of inter- and intra- 
cycle variability of anti-Mullerian hormone and antral follicle 
counts. Hum Reprod. 2010;25:221–7.

 25. Rao GD, Chian RC, Son WS, Gilbert L, Tan SL.  Fertility pres-
ervation in women undergoing cancer treatment. Lancet. 
2004;363:1829–30.

 26. Chian RC, Buckett WM, Tan SL.  In vitro maturation of human 
oocytes. Reprod Biomed Online. 2004;8:148–66.

 27. Grynberg M.  The challenge of fertility preservation in cancer 
patients: a special focus issue from future oncology. Future Oncol. 
2016;12:1667–9.

 28. Chian RC, Chung JT, Downey BR, Tan SL. Maturational and devel-
opmental competence of immature oocytes retrieved from bovine 
ovaries at different phases of folliculogenesis. Reprod Biomed 
Online. 2002;4:127–32.

 29. Chian RC, Huang JY, Gilbert L, Son WY, Holzer H, Cui SJ, 
Buckett WM, Tulandi T, Tan SL.  Obstetric outcomes following 
vitrification of in vitro and in vivo matured oocytes. Fertil Steril. 
2009;91:2391–8.

 30. Baerwald A, Adams G, Pierson R. Characteristics of ovarian fol-
licular wave dynamics in women. Biol Reprod. 2003;69:1023–31.

 31. Baerwald AR, Adams GP, Pierson RA.  Ovarian antral folliculo-
genesis during the human menstrual cycle: a review. Hum Reprod 
Update. 2012;18:73–91.

 32. Baerwald A, Adams G, Pierson R. A new model for ovarian fol-
licular development during the human menstrual cycle. Fertil Steril. 
2003;80:116–22.

 33. Bianchi PH, Viera LM, Gouveia GR, Rocha AM, Baruselli PS, 
Baracat EC, Serafini PC. Study of two strategies to induce follicu-
lar wave emergence for assisted reproductive treatments (ART)—a 
preliminary trial. J Assist Reprod Genet. 2015;32:543–9.

 34. Baerwald AR, Adams GP, Pierson RA. Form and function of the 
corpus luteum during the human menstrual cycle. Ultrasound 
Obstet Gynecol. 2005;25:498–507.

 35. Adamsa GP, Jaiswalb R, Singha P, Malhic J.  Progress in under-
standing ovarian follicular dynamics in cattle. Theriogenology. 
2008;69(1):72–80.

 36. Viana JH, Dorea MD, Siqueira LG, Arashiro EK, Camargo LS, 
Fernandes CA, Palhão MP. Occurrence and characteristics of resid-
ual follicles formed after transvaginal ultrasound-guided follicle 
aspiration in cattle. Theriogenology. 2013;79:267–73.

 37. de Mello Bianchi PH, Serafini P, Monteiro da Rocha A, Assad 
Hassun P, Alves da Motta EL, Sampaio Baruselli P, Chada Baracat 
E. Review: follicular waves in the human ovary: a new physiologi-
cal paradigm for novel ovarian stimulation protocols. Reprod Sci. 
2010;17:1067–76.

 38. Edgar DH, Gook DA. A critical appraisal of cryopreservation (slow 
cooling versus vitrification) of human oocytes and embryos. Hum 
Reprod Update. 2012;18:536–54.

 39. Massin N. New stimulation regimens: endogenous and exogenous 
progesterone use to block the LH surge during ovarian stimulation 
for IVF. Hum Reprod Update. 2017;23:211–20.

 40. Macklon NS, Stouffer RL, Giudice LC, Fauser BC.  The science 
behind 25 years of ovarian stimulation for in  vitro fertilization. 
Endocr Rev. 2006;27:170–207.

 41. Fauser BC, Devroey P, Yen SS, Gosden R, Crowley WF Jr, Baird 
DT, Bouchard P. Minimal ovarian stimulation for IVF: appraisal of 
potential benefits and drawbacks. Hum Reprod. 1999;14:2681–6.

 42. Maman E, Meirow D, Brengauz M, Raanani H, Dor J, Hourvitz 
A.  Luteal phase oocyte retrieval and in  vitro maturation is an 
optional procedure for urgent fertility preservation. Fertil Steril. 
2011;95:64–7.

 43. Decanter C, Robin G.  Fertility preservation strategies in young 
women in case of breast cancer or hematologic malignancy. 
Gynecol Obstet Fertil. 2013;41:597–600.

 44. Kuang Y, Hong Q, Chen Q, Lyu Q, Ai A, Fu Y, Shoham 
Z.  Luteal- phase ovarian stimulation is feasible for producing 
competent oocytes in women undergoing in vitro fertilization/intra-
cytoplasmic sperm injection treatment, with optimal pregnancy 
outcomes in frozen- thawed embryo transfer cycles. Fertil Steril. 
2014;101:105–11.

 45. Zhang J.  Luteal phase ovarian stimulation following oocyte 
retrieval: is it helpful for poor responders? Reprod Biol Endocrinol. 
2015;13:76.

 46. Li Y, Yang W, Chen X, Li L, Zhang Q, Yang D.  Comparison 
between follicular stimulation and luteal stimulation proto-
cols with clomiphene and HMG in women with poor ovarian 
response. Gynecol Endocrinol. 2016;32:74–7.

 47. Kuang Y, Chen QJ, Hong QQ, Lyu QF, Fu YL, Ai A, Shoham 
Z. Luteal-phase ovarian stimulation case report: three-year follow- 
up of a twin birth. J IVF Reprod Med Genet. 2013;1:106.

 48. Kuang Y, Chen Q, Hong Q, Lyu Q, Ai A, Fu Y, Shoham Z. Double 
stimulations during the follicular and luteal phases of poor respond-
ers in IVF/ICSI programmes (Shanghai protocol). Reprod Biomed 
Online. 2014;29:684–91.

 49. Buendgen NK, Schultze-Mosgau A, Cordes T, Diedrich K, 
Griesinger G.  Initiation of ovarian stimulation independent of 
the menstrual cycle: a case-control study. Arch Gynecol Obstet. 
2013;288:901–4.

 50. Wang N, Wang Y, Chen Q, Dong J, Tian H, Fu Y, Ai A, Lyu Q, 
Kuang Y. Luteal-phase ovarian stimulation vs conventional ovarian 
stimulation in patients with normal ovarian reserve treated for IVF: 
a large retrospective cohort study. Clin Endocrinol. 2016;84:720–8.

 51. Chen H, Wang Y, Lyu Q, Ai A, Fu Y, Tian H, Cai R, Hong Q, Chen 
Q, Shoham Z, Kuang Y.  Comparison of live-birth defects after 
luteal-phase ovarian stimulation vs. conventional ovarian stimula-
tion for in vitro fertilization and vitrified embryo transfer cycles. 
Fertil Steril. 2015;103:1194–201.

 52. Kuang Y, Chen Q, Fu Y, Wang Y, Hong Q, Lyu Q, Ai A, Shoham 
Z. Medroxyprogesterone acetate is an effective oral alternative for 
preventing premature luteinizing hormone surges in women under-
going controlled ovarian hyperstimulation for in vitro fertilization. 
Fertil Steril. 2015;104:62–70.

 53. Dong J, Wang Y, Chai WR, Hong QQ, Wang NL, Sun LH, Long H, 
Wang L, Tian H, Lyu QF, Lu XF, Chen QJ, Kuang YP. The preg-
nancy outcome of progestin-primed ovarian stimulation using 4 
versus 10 mg of medroxyprogesterone acetate per day in infertile 
women undergoing in vitro fertilisation: a randomised controlled 
trial. BJOG. 2017;124:1048–55.

11 Oocyte Retrieval in Double Stimulation



194

 54. Chen Q, Wang Y, Sun L, Zhang S, Chai W, Hong Q, Long H, Wang 
L, Lyu Q, Kuang Y. Controlled ovulation of the dominant follicle 
using progestin in minimal stimulation in poor responders. Reprod 
Biol Endocrinol. 2017;15:71.

 55. Zhu X, Ye H, Fu Y.  Use of utrogestan during controlled ovar-
ian hyperstimulation in normally ovulating women undergoing 
in vitro fertilization or intracytoplasmic sperm injection treatments 
in combination with a “freeze all” strategy: a randomized con-
trolled dose-finding study of 100 mg versus 200 mg. Fertil Steril. 
2017;107:379–86.

 56. Zhu X, Ye H, Fu Y. Duphaston and human menopausal gonadotro-
pin protocol in normally ovulatory women undergoing controlled 
ovarian hyperstimulation during in vitro fertilization/intracytoplas-
mic sperm injection treatments in combination with embryo cryo-
preservation. Fertil Steril. 2017;108:505–12.

 57. Yu S, Long H, Chang HY, Liu Y, Gao H, Zhu J, Quan X, Lyu Q, 
Kuang Y, Ai A. New application of dydrogesterone as a part of a 
progestin-primed ovarian stimulation protocol for IVF: a random-
ized controlled trial including 516 first IVF/ICSI cycles. Hum 
Reprod. 2018;33:229–37.

 58. Zhang J, Mao X, Wang Y, Chen Q, Lu X, Hong Q, Kuang Y. Neonatal 
outcomes and congenital malformations in children born after 
human menopausal gonadotropin and medroxyprogesterone ace-
tate treatment cycles. Arch Gynecol Obstet. 2017;296:1207–17.

 59. Erb K, Klipping C, Duijkers I, Pechstein B, Schueler A, Hermann 
R. Pharmacodynamic effects and plasma pharmacokinetics of sin-
gle doses of cetrorelix acetate in healthy premenopausal women. 
Fertil Steril. 2001;75:316–23.

 60. Sitruk-Ware R.  New progestogens for contraceptive use. Hum 
Reprod Update. 2006;12:169–78.

 61. D’Arpe S, Di Feliciantonio M, Candelieri M, Franceschetti S, 
Piccioni MG, Bastianelli C.  Ovarian function during hormonal 
contraception assessed by endocrine and sonographic markers: a 
systematic review. Reprod Biomed Online. 2016;33:436–48.

 62. Lu X, Hong Q, Sun L, Chen QJ, Fu Y, Ai A, Lyu Q, Kuang Y. Dual 
trigger for final oocyte maturation improves the oocyte retrieval rate 
of suboptimal responders to gonadotropin-releasing hormone ago-
nist. Fertil Steril. 2016;106:1356–62.

 63. Kummer NE, Feinn RS, Griffin DW, Nulsen JC, Benadiva CA, 
Engmann LL. Predicting successful induction of oocyte maturation 
after gonadotropin-releasing hormone agonist (GnRHa) trigger. 
Hum Reprod. 2013;28:152–9.

 64. Youssef MA, Van der Veen F, Al-Inany HG, Mochtar MH, 
Griesinger G, Nagi Mohesen M, et  al. Gonadotropin-releasing 
hormone agonist versus HCG for oocyte triggering in antagonist 
assisted reproductive technology. Cochrane Database Syst Rev. 
2014;(10):CD008046.

 65. von Wolff M, Thaler CJ, Frambach T, Zeeb C, Lawrenz B, Popovici 
RM, et  al. Ovarian stimulation to cryopreserve fertilized oocytes 
in cancer patients can be started in the luteal phase. Fertil Steril. 
2009;92:1360–5.

 66. Sönmezer M, Türkçüoğlu I, Coşkun U, Oktay K.  Random-start 
controlled ovarian hyperstimulation for emergency fertility preser-
vation in letrozole cycles. Fertil Steril. 2011;95:2125.

 67. Ozkaya E, San Roman G, Oktay K. Luteal phase GnRHa trigger in 
random start fertility preservation cycles. J Assist Reprod Genet. 
2012;29:503–5.

 68. Ethics Committee of American Society for Reproductive 
Medicine. Fertility preservation and reproduction in patients fac-
ing gonadotoxic therapies: a committee opinion. Fertil Steril. 
2013;100:1224–31.

 69. Vaiarelli A, Venturella R, Vizziello D, Bulletti F, Ubaldi FM. Dual 
ovarian stimulation and random start in assisted reproductive tech-
nologies: from ovarian biology to clinical application. Curr Opin 
Obstet Gynecol. 2017;29(3):153–9.

 70. Danis RB, Pereira N, Elias RT. Random start ovarian stimulation 
for oocyte or embryo cryopreservation in women desiring fertil-
ity preservation prior to gonadotoxic cancer therapy. Curr Pharm 
Biotechnol. 2017;18:609–13.

 71. Cakmak H, Rosen MP.  Ovarian stimulation in cancer patients. 
Fertil Steril. 2013;99:1476–84.

 72. Pereira N, Voskuilen-Gonzalez A, Hancock K, Lekovich JP, 
Schattman GL, Rosenwaks Z.  Random-start ovarian stimulation 
in women desiring elective cryopreservation of oocytes. Reprod 
Biomed Online. 2017;35:400–6.

 73. Nayak SR, Wakim AN. Random-start gonadotropin-releasing hor-
mone (GnRH) antagonist-treated cycles with GnRH agonist trigger 
for fertility preservation. Fertil Steril. 2011;96:e51–4.

 74. Qin N, Chen Q, Hong Q, Cai R, Gao H, Wang Y, Sun L, Zhang 
S, Guo H, Fu Y, et al. Flexibility in starting ovarian stimulation at 
different phases of the menstrual cycle for treatment of infertile 
women with the use of in  vitro fertilization or intracytoplasmic 
sperm injection. Fertil Steril. 2016;106:334–41.

 75. Martínez F, Clua E, Devesa M, Rodríguez I, Arroyo G, González C, 
Solé M, Tur R, Coroleu B, Barri PN. Comparison of starting ovar-
ian stimulation on day 2 versus day 15 of the menstrual cycle in the 
same oocyte donor and pregnancy rates among the corresponding 
recipients of vitrified oocytes. Fertil Steril. 2014;102:1307–11.

 76. Cardoso MCA, Evangelista A, Sartório C, Vaz G, Werneck CLV, 
Guimarães FM, Sá PG, Erthal MC. Can ovarian double-stimulation 
in the same menstrual cycle improve IVF outcomes? JBRA Assist 
Reprod. 2017;21:217–21.

 77. Smitz J, Van Den AE, Bollen N, Camus M, Devroey P, Tournaye 
H, Van Steirteghem AC.  The effect of gonadotrophin-releasing 
hormone (GnRH) agonist in the follicular phase on in-vitro fer-
tilization outcome in normo-ovulatory women. Hum Reprod. 
1992;7:1098–102.

 78. Liu C, Jiang H, Zhang W, Yin H. Double ovarian stimulation during 
the follicular and luteal phase in women ≥38 years: a retrospective 
case-control study. Reprod Biomed Online. 2017;35:678–84.

 79. Moffat R, Pirtea P, Gayet V, Wolf JP, Chapron C, de Ziegler D. Dual 
ovarian stimulation is a new viable option for enhancing the oocyte 
yield when the time for assisted reproductive technology is limited. 
Reprod Biomed Online. 2014;29:659–61.

 80. Ubaldi FM, Capalbo A, Vaiarelli A, Cimadomo D, Colamaria S, 
Alviggi C, Trabucco E, Venturella R, Vajta G, Rienzi L. Follicular 
versus luteal phase ovarian stimulation during the same menstrual 
cycle (DuoStim) in a reduced ovarian reserve population results in 
a similar euploid blastocyst formation rate: new insight in ovarian 
reserve exploitation. Fertil Steril. 2016;105:1488–95.

 81. Tsampras N, Gould D, Fitzgerald CT. Double ovarian stimulation 
(DuoStim) protocol for fertility preservation in female oncology 
patients. Hum Fertil (Camb). 2017;20:248–53.

Q. Chen and Y. Kuang



195© Springer Nature Switzerland AG 2020
A. Malvasi, D. Baldini (eds.), Pick Up and Oocyte Management, https://doi.org/10.1007/978-3-030-28741-2_12

Oocyte Retrieval in IVM

Mario Mignini Renzini, Claudio Brigante, Mara Zanirato, 
Maria Beatrice Dal Canto, Fausta Brambillasca, 
and Rubens Fadini

12

M. M. Renzini (*) · C. Brigante · M. Zanirato · M. B. Dal Canto  
F. Brambillasca · R. Fadini 
CMR Biogenesi, Istituti Clinici Zucchi, Monza, Italy
e-mail: mariomigninirenzini@biogenesi.it; claudio.brigante@
fastwebnet.it; dalcanto@biogenesi.it

Contents
12.1  Needle  196

12.2  Gauge  196

12.3  Aspiration Pressure, Fluid Velocity, and Flow Rate  199

12.4  Flushing  200

12.5  Retrieval Technique  201

12.6  Oocyte Management  204

 References  206

Transvaginal oocyte retrieval during assisted reproductive 
technologies (ARTs) was first introduced in 1981, replacing 
both surgical egg collection and laparoscopic retrieval but 
also previous different approaches such as the transurethral 
ultrasound-guided route. It is well known that the number of 
oocytes retrieved depends on many factors: type of aspira-
tion needle (wide or narrow bore or single or double chan-
nel), aspiration pressure, follicular flushing, timing of HCG 
triggering, and experience and skills of the surgeon.

In IVM critical factors are the aspiration pressure and the 
gynecological skills because the target is the collection of 
oocytes from sometimes primed but not properly stimulated 
ovaries with smaller follicular size; the follicle’s volume var-
ies by the cube of its radius: for instance, a 5  mm and a 
10  mm follicle contain 1/8th and 1/64th the volume of a 
20 mm diameter follicle, respectively (Table 12.1).

Thus antral follicles of 3 mm may contain a competent 
oocyte, but will have approximately 1/300th the amount of 

fluid of a normal dominant follicle, with practical conse-
quences on the oocyte aspiration technique [1].

Trounson et al. suggested that compared to conventional 
IVF in IVM, there are many factors that affect quality and 
number of retrieved oocytes:

• Needle length
• Bevel of the needle
• Rigidity of the needle
• Aspiration pressure

Critical aspects to deal with are also the higher risk of 
bleeding and pain for the patient during and after the collec-
tion of immature eggs.

Conventional IVF oocyte retrieval is a bloody operation 
in which a patient’s blood loss is not easily visualized; 
Dessole et al. analyzed the reduction of plasmatic hemoglo-
bin on a sample of 220 IVF patients estimating an average 
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https://doi.org/10.1007/978-3-030-28741-2_12#DOI
mailto:mariomigninirenzini@biogenesi.it
mailto:claudio.brigante@fastwebnet.it
mailto:claudio.brigante@fastwebnet.it
mailto:dalcanto@biogenesi.it


196

blood loss of about 230  mL after 24  h of uncomplicated 
oocyte retrieval procedure [2]. Limiting blood loss may be 
especially important in IVM (Fig.  12.1) cases since PCO 
patients are at greater risk for ovarian hemorrhage after con-
ventional IVF retrievals; a retrospective analysis performed 
by Liberty et al. in PCO patients showed higher risk of bleed-
ing compared to all other patients (odds ratio 50, 95% confi-
dence interval 11–250) [3].

12.1  Needle

Different parameters are to be taken in account looking at the 
characteristics of an optimal IVM needle:

• Gauge
• Bevel length

• Angle
• Tip
• Stiffness
• Dead space

The needle gauge could affect the outcome of the oocyte 
collection in terms of number of retrieved eggs, tissue 
trauma, and consequent bleeding (Fig. 12.2). Early studies 
reported that higher number of oocyte recovery corresponded 
to larger gauge needles used, but afterwards Awonuga et al. 
compared transvaginal oocyte retrievals with 15-, 17-, or 
18-gauge needles founding similar results for number of col-
lected oocytes, but less pain with smaller size needles [4].

Seyhan et  al. analyzed pain scores with different gauge 
needles comparing a 19-gauge needle for IVM with a 16- or 
17-gauge IVF needle: they found a trend of lower pain scores 
with 19-gauge needle, although not statistically significant; 
they suggested that smaller needles could give a more com-
fortable collection, even if in IVF enlarged ovaries with mul-
tiple large follicles and higher aspiration pressure could cause 
more pain. It is likely that within the range of conventional 
needles, smaller size results in less pain intra- and postopera-
tively, with a similar number of collected oocytes [5].

This may be particularly important in ART settings in 
which limited anesthesia is available for the patient. Seyhan 
et al. compared IVM patients in cases using a 19-gauge nee-
dle to IVF patients in cases using a 16- or 17-gauge needle. 
Records on 375 patients were reviewed retrospectively.

There were several approaches to anesthesia, but 233 
patients received conscious sedation with midazolam and 
fentanyl together with a paracervical block.

12.2  Gauge

Patients ranked the amount of pain they experienced during 
the procedure on a scale of 1 to 10. There was no difference 
in the pain experience of the groups. Note that in addition to 
different gauge needles, this study compared different aspi-
ration procedures since IVF required passage of the needle 
through the vagina and into each ovary only once, whereas 
IVM required a number of punctures in each ovary.

The authors viewed the results as showing that a smaller 
gauge needle was less traumatic since multiple insertions of 
the 19-gauge needle caused no more pain than two insertions 
of the larger needle. Several studies from the IVF literature 
also suggest that smaller needles cause less pain for women 
who are lightly sedated during retrieval; however, more stud-
ies are needed to confirm this.

Given the same needle bevel length (Fig. 12.3)  (measured 
along the outer horizontal barrel edge), a smaller gauge nee-
dle will form a smaller angle and thus be sharper, passing 
easily through tissue; experimental data on tissue–needle 
interaction found that when a beveled needle has a smaller 

Table 12.1 Follicle diameter and fluid volume

Follicle diameter 
(mm)

Fluid volume 
(mL)

Hemisphere surface area 
(mm2)

4 0.034 25
6 0.113 56
8 0.263 101

10 0.524 157
12 0.955 226
14 1.437 306
20 4.189 625

Fig. 12.1 Limiting blood loss may be especially important in IVM 
cases since PCO patients are at greater risk for ovarian hemorrhage 
after conventional IVF retrievals

M. M. Renzini et al.
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angle, there is less tissue deformation before the needle 
pierces that structure and less deformation of the follicle dur-
ing entry, making placement of the end of the needle in the 
middle of the follicle easier [6].

The bevel length for many conventional IVF needles is 
about 3 mm (Table 12.2); the surface area of the scoring on 
the bevel is 50% of a segment of the needle barrel of that 
length, but can only be seen in the orientation where the back 
of the needle faces the probe.

The surgeon has to adjust his or her idea of where the end 
of the needle is, and if the needle is not axial, it could easily 
lie in the wall of the follicle.

For Cook’s 19-gauge immature ovum aspiration needle 
set (K-OPS-7035-RWH-ET, Cook Medical, Spencer IN) 
(Fig. 12.4), the ultrasound scoring begins 2 mm above the 
top of the bevel. A smaller gauge needle is sharper for a 
given length bevel, since the angle of the bevel to the barrel 
of the needle is smaller. These special needles were with a 

shorter length and stiffer that the ones used for traditional 
IVF (K-OPS-7035-RWH-ET, Cook Medical, Spencer IN). 
However, as can be seen in Table 12.2, different programs 
were successfully carried out with a range of different sized 
needles.

The fact that the target follicles in IVM are smaller than 
the target follicles in IVF could not represent an important 
reason to use a smaller gauge needle for IVM than for IVF, 
but the bevel angle and length are important because it 
defines the way the needle enters a follicle axially and it 
passes through the follicle’s center, given it the opportunity 
to occupy a portion of the entire diameter of the follicle.

Finally needle thickness is the primary variable deter-
mining the pressure that an oocyte experiences at the needle 
tip (for a given pump aspiration pressure). Needle tip pres-
sure should vary so significantly with needle diameter as pre-
dicted by the Hagen–Poiseuille law for steady flow through 
pipes, even though this physical law does not fully explain 
the more complicated systems used for oocyte aspiration [8].

Some beveled needles utilize a diamond cut to make them 
sharper without increasing the bevel length (Table  12.2). 
This is done by making two cuts at right angle to the barrel at 
the end of the needle, making it sharper by reducing its thick-
ness at the end. A minor disadvantage of this is that it makes 
a scored tip of the needle slightly harder to see by 
ultrasound.

Another issue to consider is needle stiffness: the wall 
diameter of a 17-gauge needle is 0.203  mm, whereas a 
19-gauge needle has a wall thickness 0.191 mm. An obvious 
problem with decreased needle thickness occurs for those 
surgeons who find it helpful in some patients to apply exter-
nal pressure on the ovaries: there are commercial alternatives 

Fig. 12.2 Internal and 
external dimensions of the 
needles in relation to the 
gauge

Standard Bevel

Angle bevel

Short Bevel

True Short Bevel

Fig. 12.3 The angle bevel and length of bevel
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that provide sharp thin needles within the ovary while pro-
viding a stiffer thicker needle for outside the ovary. Two of 
these are the Steiner-Tan pseudo-double lumen needles 
which provides a 21- or 19-gauge needle mounted on a larger 
needle that does not enter the ovary (Steiner-Tan Needle 21 
gauge, IVFETFLEX.com, Graz, Austria) and Cook’s 
Immature Ovum Aspiration Set (K-IOPS-2035-1730, Cook 
Medical, Spencer, IN) which uses a double needle. This aspi-
ration set uses a 17-gauge needle to pass through the vagina 

and ovary and uses a 20-gauge inner needle to aspirate the 
follicles.

Likely a more important consideration in choosing the 
gauge of a needle to use is the amount of dead space in the 
needle. Dead space is defined by the volume of the cylinder 
created by the cross-sectional interior area of the needle and 
the length.

This is more significant for IVM than for IVF in terms of 
comparing the volume of the follicle aspirated with the 
amount of dead space in the needle (Table 12.2).

For larger gauge needles, several follicles may need to be 
aspirated before enough fluid is able to enter the collecting 
tube (attached to the bung).

For example, it would take the fluid from 14, 5 mm folli-
cles to just fill a Wallace 17-gauge needle and the tubing 
proximal to the collecting tube; it would take five such folli-
cles just to see the fluid in the tubing where it is attached to 
the needle. Depending on the speed of the surgeon, pro-
longed residence of the aspirate in the dead space of the 
needle and tubing may lead to clotting in the needle and loss 
of oocytes or to exposure of oocytes to nonoptimal environ-
mental conditions.

A smaller dead space is obviously an advantage over a 
larger dead space. The IVM needle and collection device 
with the smallest dead space is the Steiner-Tan needle, which 
also allows for simultaneous emptying of the needle outside 
the vagina and the tubing attached to the needle without 

Table 12.2 Needle characteristics

Manufacturer 
(identification number) Gauge Lumen

Needle 
length 
(cm)

Bevel 
length 
(mm)

Bevel 
angle 
(degrees)a

Needle 
dead 
space 
(mL)a

Total 
dead 
space 
(mL)

Length 
ultrasound 
scoring 
(mm)

Ultrasound 
scoring 
begins

Diamond 
tip?

Flow 
rate 
(mL/s)b

Cooper-Smith, 
Trumbull, 
CT(AR-N1695)

16 Single 35 5 18.3 0.392 1.57 22 Tip Angled 
bevel

0.78

Cook Medical, 
Spencer, IN 
(K-OPSD-1635-A-
S- US)

16 Double 41 5 18.3 0.291c 1.31 5 1 mm above 
bevel top

No 0.45

Smiths. Medical, Kent, 
UK (Wallace, 
0NS1733LL-500)

17 Single 36 3 26.2 0.322 0.93 23 Tip Yes 0.42

Smiths Medical, Kent, 
UK (Wallace, 
ONS18333LL-500)

18 Single 36 3 22.9 0.199 0.74 23 Tip Yes 0.31

Cook Medical, 
Spencer, IN 
(K-OPS-7035- 
RWH-ET)

15 Single 41 3 19.6 0.152 0.58 5 2 mm above 
bevel top

Yes 0.21

IVFETFLEX.com, 
Ganz, Austria 
(Steiner-Tan 21 gauge)

21 Pseudo- 
double

8 3 15.3 0.017 0.012d 9 0.5 mm 
above bevel 
top

Yes 0.30

aUsing data from [7] and length measurement
bUsing a craft suition unit aspiration pump with pressure set at 1 CO mmHg
cMeasured
dTubing and larger sheathed needle were not counted as dead space since they can be flushed

Fig. 12.4 Cook medical needle—K-OPS-7035-RWH-ET

M. M. Renzini et al.
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removing the needle from the ovary [7]. The genuine dead 
space is limited to an 8 cm segment of 21-gauge needle and 
has a volume of 0.017 mL. It also partly overcomes the stiff-
ness issue and its bevel length is approximately 3 mm and 
bevel angle is 15.3° (based on declaimed characteristics) [9].

12.3  Aspiration Pressure (Fig. 12.5), Fluid 
Velocity, and Flow Rate

The majority of IVM programs used a reduced aspiration 
pressure for IVM oocyte retrieval compared to the pressure 
they use for IVF retrieval (Table 12.3).

Most commonly this is 7.5 kPa (approximately 56 mmHg), 
as suggested by Trounson et  al., original studies: in their 
opinion “this [lower pressure] improved the recovery of 
immature oocytes in preliminary studies” [10].

These data are in conflict with the results suggested in 
different studies using a bovine model; Fry et al. aspirated 
5827 follicles from 720 ovaries with 17- and 20-gauge nee-
dles [11]. More than 5000 of these follicles were 2–4 mm in 
diameter. The rest were 5–15 mm. With 17-gauge needles, 
56% of the follicles yielded oocytes, but with 20-gauge nee-
dles recovery dropped to 45%. The highest recovery also 

occurred with the highest aspiration pressures. The pressures 
evaluated ranged from 25 to 100 mmHg. Recovery was 46% 
at 25 mmHg and 59% at 100 mmHg.

Fry et al. concluded that the optimal pressure to maximize 
recovery of bovine CCOCs was 55 mmHg with a 17-gauge 
needle and 77 mmHg for a 20-gauge needle. Bols et al. aspi-
rated 3000 follicles 3–8 mm in diameter with 18-, 19-, and 
21-gauge needles using aspiration pressures of 50–130 mmHg. 
Oocyte recovery increased from 52.7% for 21-gauge needles 
to 74.4% for 18-gauge needles. Recovery was only 55.5% 
with a pressure of 50 mmHg, but increased to a maximum at 
the three highest pressure levels (67% at 90 mmHg, 69.5% at 
110 mmHg, and 67% at 130 mmHg) [12].

In these bovine studies the increasing aspiration revealed 
an improvement in recovery rate, but as aspiration pressures 
increased, the recovered oocytes were increasingly denuded 
of cumulus cells. This loss of cumulus cells also occurred at 
lower aspiration machine pressures using larger diameter 
needles compared to smaller diameter needles, suggesting 
that needle gauge and pressure are independent variables that 
both contributed to the outcome.

Looking at the human IVM technique of aspiration, at the 
beginning of IVF, aspiration with hand-helding syringes was 
shown to cause detrimental fractures of the zona pellucida [13].

The type of damage caused by the low pressures used in 
these studies appears to be more unique to IVM in that 
oocytes tightly enclosed by granulosa cells; in human IVM, 
naked oocytes are less likely to mature, fertilize, or cleave as 
embryos [14].

An old study looked at oocyte retrieval by laparoscopy 
using a 24 cm 20-gauge needle with a 45° bevel: an aspira-
tion pressure of 200 mmHg produced higher oocyte recovery 
than lower pressures (grouped together as pressures of 
120–180 mmHg).

This study aspirated follicles of all sizes, but the majority 
came from follicles with diameters 7–9 mm, with an aspira-
tion pressure estimated to be greater than 400 mmHg; the 
conclusion of the authors was that a pressure of 200 mmHg 
was better than higher pressures that damaged oocytes and 
removed surrounding cumulus cells [15].

A small study with human subjects (43 cycles) compared 
oocyte recovery for IVM using a 20-gauge needle with aspi-
ration pressures of 180 or 300 mmHg [16]. These aspiration 
pressures are both higher than the pressures used in the 
bovine studies cited above and most published clinical 
human IVM studies (Table  12.2). More oocytes were 
retrieved with more cumulus cells with the lower pressure 
retrievals; a limit of the study is that half of the patients in the 
lower pressure aspiration group received FSH for priming. 
FSH priming increases growth of the granulosa cells in 
 follicles, making the antral follicle easier to visualize and 
aspirate since it increases the number of granulosa cells in 
the follicle [17].

Table 12.3 Aspiration pressure and needle type

Study Needle type
Aspiration 
vacuuma

Trounson et al. (1984) Not given 7.5 kPa
Wynn et al. (1998) 16-gauge double lumen 80 mmHg
Mikkelsen et al. (1999) 17-gauge single lumen 7.5 kPa
Chian et al. (1999) 17-gauge single lumen 7.5 kPa
Suikkari et al. (2000) 17-gauge single lumen 7.5 kPa
Cha et al. (2000) Not given (specially 

designed needle)
7.5 kPa

Mikkelsen and Linden 
berger (2001)

17-gauge single lumen Syringe pump

Child et al. (2001) 17-gauge single lumen 7.5 kPa
Lin et al. (2001) 17-gauge double lumen 7.5 kPa
Dal Canto et al. (2006) 17-gauge single lumen 80 mmHg
Hashimoto et al. (2007) 20-gauge single lumen 300 or 

180 mmHg
a7.5 kPa, 56 mmHg

Fig. 12.5 Pump aspiration with digital display

12 Oocyte Retrieval in IVM



200

These studies suggested that in IVM retrievals lower aspi-
ration pressures compared with IVF could improve recovery 
as oocytes become denuded of cumulus cells at higher pres-
sures, and furthermore, the negative impact of increasing 
aspiration pressures is greater in larger-gauge needles: naked 
oocytes are uncommonly observed in current conventional 
IVF practice, but occur to some degree in IVM recovery with 
any needle size or pressure.

In human models, the system of aspiration have a lot of 
variables that determine the pressure experienced by the 
oocyte at the needle tip: needle gauge, length of needle, con-
necting tube gauge, length of connecting tube, size of the 
collection tube, and size of the vacuum reservoir in the pump; 
as demonstrated by Horne et  al. using bovine ovaries, 
Hagen–Poiseullie law (for steady flow through pipes) does 
not adequately predict flow and pressure in the more com-
plex system required for oocyte aspiration [8].

Poiseullie law says that increasing the length of the tube 
decreases pressure at the end in proportion to the percentage 
that the length was increased; decreasing the interior diame-
ter of the needle or tube decreases the pressure by the fourth 
power of the decreased percentage of the diameter (i.e., 
decreasing the diameter of pipes by 10% results in decreas-
ing the pressure to 65.6% of what it was). The best way to 
refer to a stable parameter comparable between different 
studies could be the use of the fluid flow rate; flow rate is an 
expression of the velocity of fluid at the tip of the needle, and 
it is easier to measure and adjust. The flow rate commonly 
used for IVF with a Wallace 17-gauge needle using a Craft 
suction unit (Rocket Medical plc., Watford. Herts, England) 
aspiration pump set at 100  mmHg is 0.42  mL/s (aspirates 
10 mL of water in 24 s).

A common flow rate used for IVM with the pump at 
50 mmHg is 0.12 mL/s: it takes about 0.5 s after pressure is 
applied before 75% of the maximal pressure is attained and 
about 5 s before the maximal pressure is reached [7]. Since 
the aspiration of a follicle usually takes less than 5 s, we mea-
sured flow by recording the time it takes to aspirate 10 mL 
from the onset of suction. The average velocity of the fluid 
moving in the needle does not completely explain the forces 
acting on the oocyte during aspiration: laminar flow within a 
needle has a parabolic distribution of velocities with fluid 
along the inner wall of the needle moving slowest (due to fric-
tion) and fluid in the center of the needle moving fastest.

In a 17-gauge needle, a typical COC (cumulus oocyte 
complex) will occupy more than 25% of the diameter of the 
needle. The shear stress force acting on the COC is the force 
component perpendicular to the flow, which varies related to 
how far the COC is from the center of the needle. The mag-
nitude of the shear stress that a COC may experience depends 
on the velocity of the fluid and on the diameter of the needle: 
the theory of flow dynamics suggests that with sufficient 
velocity, fluid flow in the needle can change from laminar 

flow to turbulent flow, which exposes the COC to more 
severe randomly directed forces (since the Reynolds number 
is proportional to the velocity and the Reynolds number pre-
dicts when flow becomes turbulent).

However, most flow rates commonly used for IVF and 
IVM (Table 12.2) are likely to keep flow within the needle 
laminar. Otherwise an IVM program that used FSH to prime 
the oocytes leads to more oocytes with expended cumulus 
that is harder to strip [8].

The stripping of cumulus cells from the oocyte likely 
occurs either when the oocyte leaves the follicle wall or dur-
ing passage through the needle.

The entry of the COC into the beveled tip of the needle 
generally involves a change of direction for the COC while it 
undergoes rapid changes in velocity. This will result in turbu-
lent flow before entry into the needle and for the first few 
millimeters of flow inside the needle until laminar flow is 
established. This period of turbulent flow exerts stronger 
forces on the COC that are differently directed and at times 
causes the COC to hit the walls and bevel of the needle. The 
strength of these forces increases with increased velocity 
(increased flow rate) due to increased pressure. Rapid radial 
movement of the needle (twisting) or vigorous flushing, as 
some surgeons do, may also increase the magnitude of the 
force exerted on the COC. Consideration of the forces acting 
on COCs due to flow characteristics provides a unifying 
explanation of why COCs are denuded more frequently with 
a short rather than a long bevel needle, why there is a linear 
relationship between increased pressure and loss of cumulus 
cells, and why the impact of increasing pressure has more 
impact with thicker rather than thinner needles. Increasing 
pressure increases volume of flow and the velocity of the 
fluid much more rapidly in a larger than in a smaller gauge 
needle. Turbulent flow occurs over a longer distance in long 
bevel compared to short bevel needles. The turbulence to 
entry into the needle exerts randomly directed forces on the 
COC, which with increased velocity, may overcome the 
adherence of the cumulus cells to the oocyte.

12.4  Flushing

To maximize the number of oocytes recovered, follicular 
aspiration followed by flushing has been suggested in IVF, 
even if several meta-analysis studies show that there is no 
difference in oocyte recovery with and without flushing 
[18–21].

Also, double-lumen needles (Fig. 12.6), which have one 
channel for flushing fluid into the follicle and another channel 
for aspiration of the oocyte, have also been developed [22].

The potential benefit of follicular flushing is increased 
number of oocytes being collected, which may possibly 
increase pregnancy and live birth rates; however, potential 
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disadvantages include longer procedure time with more 
anesthetics and more tissue handling, with, the possibility to 
remove also the follicular cells important for endocrine luteal 
support function.

In IVM oocytes are embedded in a granulosa cell matrix 
instead of free floating in follicular fluid, so the data on flush-
ing in conventional IVF cannot be applied given the small 
volume of fluid in antral follicles and the large dead space in 
most single lumen needles; so flushing antral follicles using 
single lumen needle makes no sense (Tables 12.1 and 12.3).

A double lumen needle or a pseudo-double lumen needle 
(Steiner-Tan) is required for flushing. If a double lumen needle is 
used, the diameter of the aspiration channel is reduced, and pres-
sure at the aspiration machine needs to be increased to maintain 
the desired velocity at the tip; this mechanism can originate tur-
bulence that can potentially free the oocyte. Such turbulence 
could also enhance factors leading to damage of the COC.

Fluid can easily be injected into the ovary outside of the 
follicle, theoretically losing an oocyte from the follicle and 
also leading to impaired visualization.

Fry et al. conducted studies on the benefit of flushing in 
bovine models with a 17-gauge double lumen needle and 
compared it to a single lumen needle: they aspirated 1500 fol-

licles using 50 mmHg of pressure with and without flushing 
and found no difference in the oocyte recovery rate. Rose and 
Laky compared use of the 19-gauge Cook immature oocyte 
aspiration needle without flushing to the Steiner-Tan needle 
with flushing and found no difference in the number of oocytes 
retrieved [7]. Another concern is that standard approach in 
IVM of removing the needle to flush it and having to pass it 
into the vagina and ovary several times makes an IVM retrieval 
more traumatic than a conventional IVF retrieval [5]. Flushing 
enables the surgeon to leave the needle in the ovary and not 
remove it until all follicles have been aspirated.

12.5  Retrieval Technique

Speaking about the techniques of retrieval, we must under-
line that a great discussion is about needle insertion, needle 
rotation, and timing to apply vacuum pressure, although 
some gynecologists prefer to use the double-needle tech-
nique (Fig. 12.7).

Needle insertions into biological tissues can be viewed as 
a first boundary displacement of the tissue followed by a pla-
nar crack of the follicle.

Fig. 12.6 Aspiration set with double lumen needle for flushing
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When a needle pressures the boundary if the object being 
entered is not fixed (like the ovary), the force applied to the 
needle can be transferred into motion of that object increasing 
displacement without resulting in puncture, so that insufficient 
axial vector force increases just tissue distortion. Multiple 
experimental studies show that the puncture force required 
decreases as the insertion velocity of the needle increases,: in 
fact kinetic energy at the tip increases [23, 24] with square of 
the velocity (kinetic energy = 0.5 × mass × velocity squared); 
thus a 25% increase in needle velocity should increase the 
energy available at the tip to induce puncture by 50%.

These observations suggest that it is desirable to insert a 
needle into the follicle with as much velocity as safely 
possible.

In IVM (Fig. 12.8), Dr. Lim believes that the best way to 
undertake retrieval is to grasp the needle with the surgeon’s 
fingertips (like a pencil) and advance it using an “overhand 
motion.” Advancing the needle using the muscles of the 
 fingers and wrist increases the velocity of needle insertion 
while maintaining control. The alternative and more com-

mon aspiration approach is to keep the table lower and 
advance the needle with an “underhand” motion using the 
muscles of the wrist and forearm.

As the needle crosses the boundary, the load at the needle 
point decreases and a planar crack is created in the follicle 
wall. The crack is enlarged as the tip fully enters the follicle: 
a larger crack could increase the potential of an oocyte being 
lost from the follicle.

Some surgeons enter and aspirate the follicle without 
moving the needle; others advocate that the needle should be 
rotated and moved up and back slightly for scraping or curet-
ting the wall of the follicle.

For conventional IVF, Dahl et al. showed that rotating the 
needle in a follicle during aspiration increased the number 
of oocytes obtained [25] (Fig.  12.9). One clear benefit of 
gentle needle rotation is decreasing the likelihood of the 
needle lumen becoming prematurely blocked by a collaps-
ing follicle wall or large debris. Rotation and axial move-
ment may also help keep the tip of the needle inside the 
follicle. Needle movement is likely to make the needle’s 

Fig. 12.7 Aspiration set with double needle
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ultrasound markings easier to see, and thus, it will enhance 
the surgeon’s visualization. Finally, rotating the needle may 
enhance penetration into a follicle that has only partially 
been entered and whose wall stretches under the slow 
advancement of the needle.

The last topic is the correct timing of applying pressure to 
the follicle; the commonest technique is to apply vacuum 
pressure just before entering each follicle to reduce the loss 
of free fluid created by the puncture into the ovary [15].

After the fluid has been aspirated from a follicle and the 
aspiration pressure has been released, it is possible for 
negative pressure to pull an oocyte back into a follicle 
because the aspiration system returned to atmospheric 
pressure.

Otherwise, pulling the needle out of the ovary and vagina 
while continuing to apply vacuum pressure could cause a 
massive spike of pressure within the needle with high-speed 
turbulent flow that can damage the COC.

Fig. 12.8 Recruitable 
follicles pool for IVM

12 Oocyte Retrieval in IVM



204

12.6  Oocyte Management

In our department the oocyte retrieval was performed by 
transvaginal ultrasound-guided follicle aspiration with a sin-
gle lumen aspiration needle (Gynetics cod. 4551-E2 17-gauce 
35 cm, Belgium) connected to a vacuum pump (Craft Pump- 
Rocket UK, pressure 80 mmHg).

The follicular aspirates, containing cumulus–oocyte com-
plexes (COCs), are collected in a single bottle (tissue culture 
flask, 50 mL) instead of classical tubes, containing 15 mL 
pre-warmed flushing medium with heparin (Origio, 
Denmark). This strategy has been applied in order to avoid 
the “stop and go” in aspiration (Fig. 12.10a–c). Using this 
trick the doctor can move from one follicle to another one 
directly, without stop the fluid aspiration.

At the end of the collection, the follicular fluid containing 
the COCs is examined under the stereomicroscope looking 
for the oocytes (Figs. 12.11, 12.12, and 12.13). This may be 
done by simply pouring the fluid into a petri dish for exami-
nation as in standard IVF. However, due to the small size of 
the COCs because of a diminished cumulus mass, the better 
way to identify them is to filter the follicular fluid aspirated 
through a cell strainer with 70 μm of pore size (BD Falcon 
cod. 352,350, USA). Subsequently it is necessary to wash 
the strainer with flushing medium.

The COCs are washed once in flushing medium without 
heparin (Origio prod.no.10840125, Denmark), then placed 
in a single-well petri dish (Becton Dickinson, Falcon 3037, 
USA) containing 1  mL of IVM medium (vial 2 of IVM 
SYSTEM MEDIUM Origio prod. no. 82214010, Denmark) 
supplemented with rec–FSH 0.075 IU/mL, hCG 0.1 IU/mL, 
and 10% of synthetic serum (Irvine, USA).

Under the microscope COCs appear smaller than usual, 
enclosed within a compacted cumulus complex or with dif-
ferent morphologically cumulus oophorus.

Depending on whether women are exposed to mild FSH 
priming and/or hCG trigger [26], oocytes may be collected at 
different maturation stages and therefore may require differ-
ent culture conditions and times of maturation before insem-
ination by ICSI.

We have classified the oocytes based on two variables: 
morphology of cumulus oophorus and stage of maturation.

In particular they are classified as follow:
Fig. 12.9 For conventional IVF, rotating the needle in a follicle during 
aspiration increased the number of oocytes obtained

a b c

Fig. 12.10 (a) Disposable tube and Petri dishes for classical IVF. (b) and (c) Disposable 50 mL bottles to collect follicular fluid in IVM
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Fig. 12.11 At the end of the collection, the follicular fluid containing the COCs is examined under the stereomicroscope looking for the oocytes. 
This may be done by simply pouring the fluid into a petri dish for examination as in standard IVF. However, due to the small size of the COCs 
because of a diminished cumulus mass, the better way to identify them is to filter the follicular fluid aspirated through a cell strainer with 70 μm 
of pore size (BD Falcon cod. 352,350, USA). Subsequently it is necessary to wash the strainer with flushing medium

Fig. 12.12 Cumulus-oocyte complexes taken from antral follicles (<12  mm). Observation performed on the stereomicroscope with 6× 
magnification

• COMPACT CUMULUS (CC)
• EXPANDED CUMULUS (EC)
• MATURE EXPANDED CUMULUS (EC-MII)
• NUDE OR ATRETIC [27].

The compact cumulus (CC) includes immature oocyte 
(GV) with a full or partial compact multilayer cumulus 
around constituted by cubical and strictly compact granulosa 
cells, defined as “full or sparse” depending on the presence 
of complete or partial multilayer of granulosa cells.

The expanded cumulus (EC) includes immature oocyte 
(GV or MI) with a slack and fluffy multilayer cumulus of 
granulosa cells all around. The COC usually shows a dark 
corona radiata. To check the maturation stage is necessary 
“to spread” them under microscope.

The expanded cumulus metaphase-II (EC-MII) includes 
mature oocyte (metaphase II) with a slack and fluffy, abun-
dant multilayer cumulus all around. They usually show an 
expanded corona radiata and an oocyte with the first polar 
body (1 PB) extruded, whose presence can be confirmed by 
spreading of cumulus cells or total removal with mechanical/
enzymatic system.

Immature oocytes without any granulosa cells around are 
classified as nude and degenerated oocytes as atretic. These 
oocytes are usually GV stage, and they are immediately 
discarded.

The different types of COCs should be cultured sepa-
rately as soon as they are identified and collected from the 
follicular fluid.

12 Oocyte Retrieval in IVM
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The immature oocytes with compacted cumulus cells 
(CC) are stored in an incubator at 37 °C and 5% CO2 in a 
humidified atmosphere for 30 h. The oocytes with expanded 
and slack cumulus cells (EC) are cultured for 3 h and are 
investigated again under microscope to identify the presence 
of the germinal vesicle following the spreading technique. 
The oocytes with GV signal are placed again into the matura-
tion medium without removal of cumulus complex. If no sig-
nal of GV is observed, the cumulus- oocyte complexes are 
treated with hyaluronidase solution 80 IU/mL (Sage Media, 
USA) in order to remove the  cumulus complex. Only oocytes 
with the first polar body (metaphase II stage) are used for the 
insemination the same day.

Oocytes that still appear immature after the removal of 
granulosa cells are discarded. After 30 h of culture all the 
cumulus- oocyte complexes remained are treated with hyal-
uronidase solution 80 IU/mL (Sage Media, USA) in order to 
remove the cumulus complex.

All the MII oocytes, selected according to cytoplasmic 
characteristics (homogeneous or with granularity, presence 
of vacuoles or smooth endoplasmic reticulum aggregates or 
presence of dark zona), were fertilized only by ICSI.

Following insemination, the oocytes are transferred into a 
standard IVF culture medium and treated exactly as in nor-
mal IVF and ICSI procedures. Fertilization is assessed 
16–18 h after injection by the presence of two pronuclei. The 
embryo cleavage is evaluated 48 h after injection.

The embryo transfers should be carried out on day 2, day 
3, or at blastocyst stage.
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Oocyte Retrieval in Egg Donation

Antonio Pellicer and Victor Hugo Gomez

Today, it has become well established and successful repre-
senting approximately 14% of all ART treatments in Spain 
(according to the national registry of the Spanish Society of 
Fertility, SEF, available at http://www.registrosef.com) and 
10% in the USA [1, 2]. Its use has been steadily increasing 
due to sociological changes that resulted in a delayed age of 
motherhood in modern society which nowadays is often 
desired at ages where women are less fertile. This leads to a 

lower number of pregnancies per woman. For this reason, 
women attending infertility clinics nowadays tend to be from 
more advanced age, and oocyte donation is currently the 
only available option to achieve pregnancy [2, 3].

Oocyte donation is defined as an assisted reproductive tech-
nique (ART) in which the female gamete is provided by a dif-
ferent woman than the one who will receive the oocyte or the 
resulting embryo. It offers the highest success rates for preg-
nancy, and it is the best treatment option for those women with 
previous failed in vitro fertilization (IVF) treatment using their 
own oocytes or for those who, due to other medical or physio-
logical conditions, are unable to undergo such treatment [4].
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After the report of the first pregnancy achieved through 
this technique by the Australian team of Trounson and 
Wood in 1983 [5] and the first successful pregnancy 
achieved after oocyte donation 1  year later in 1984, 
described by Lutjen et al., the technique has not ceased to 
increase and the results have improved over the years, 
largely due to a substantial improvement of laboratory 
practice, which has led to an improvement of embryo qual-
ity. At present, it is the assisted reproductive technology 
that provides the best outcomes, offering the best live birth 
rates in IVF practice. This allows us to achieve a pregnancy 
in nearly every woman, regardless of her age, absence of 
ovaries, or ovarian impairment [6, 7]. The reason for such 
success is due to the selection of young, healthy donors. 
This suggests that uterine receptivity plays a secondary role 
[8–10], and embryo quality seems to be the most important 
parameter to achieve pregnancy (Table 13.1).

13.1  Characteristics of Oocyte Donors

There are certain criteria and some screening procedures 
to become an oocyte donor. According to the current 
Spanish legislation, donors must be between the ages of 18 
and 35 and in good physical and mental health. They must 
have a negative history for genetically transmissible medi-
cal  diseases and sexually transmitted diseases such as 
syphilis, toxoplasmosis, rubella, gonorrhoea, chlamydia, 
hepatitis B virus, hepatitis C virus and HIV [11]. At IVI 
clinics, donors get their karyotype checked, and they must 
have a normal 46, XX karyotype to be included in our 
Oocyte Donation Programme. Donors are limited to only 
six live births, and these must be registered in the national 
register of donors.

13.2  Ovarian Stimulation Protocols 
in Oocyte Donor Cycles

Donor stimulation protocols should be simple, safe, and con-
venient to the patient. Nowadays, the GnRH antagonist pro-
tocol is clearly the best protocol, which involves the use of 

GnRH analogues in ovulation induction. This reduces the 
risk of developing ovarian hyperstimulation syndrome 
(OHSS) [12, 13], as reported by Griesinger et al. in a meta- 
analysis published in 2006 [14].

This new approach, most widely accepted actually, was 
validated in 2009, when consensus was reached by a group 
of experts who met in Copenhagen to evaluate the existing 
evidence on the use of GnRHa to trigger final oocyte matu-
ration in in  vitro fertilization/intracytoplasmic sperm 
injection (IVF/ICSI), specifically in oocyte donor cycles.

They suggested that it was time to change the usual proto-
cols and that it was unacceptable to put donors at risk when 
there was an efficient way to reduce the risk of ovarian 
hyperstimulation.

The group of experts concluded that the stimulation pro-
tocols involving the use of antagonists and ovarian induction 
with GnRH analogues should be recommended for oocyte 
donor cycles [15, 16].

Furthermore, for oocyte donors, this approach will shorten 
the length of luteal phase (4–6 days), and the earlier onset of 
withdrawal bleeding reduce ovarian volumes and diminish 
abdominal distension, and avoidance of estradiol monitoring 
during stimulation which altogether might substantially decrease 
the burden of treatment for oocyte donors [12, 17–19].

13.3  Ovulation Induction

Ovarian pickup (OPU) is scheduled when there are >3 folli-
cles of sizes >17 mm or at least one follicle 20 mm, provided 
that the total number of follicles measuring >14 mm is ≥8 
follicles [20].

Concerning the optimal dosage interval and type of ana-
logue for triggering of final oocyte maturation could be from 
0.2 to 0.5 mg of subcutaneous triptorelin or leuprorelin, or, 
alternatively, administering 200  μg of nasal buserelin. 
Identical results after oocyte collection have been obtained 
when compared to the use of 0.1 mg of triptorelin (in one 
bolus) [21, 22].

Oocyte retrieval must be scheduled with great precision: 
oocyte maturation is completed at 25–30 h. After the preovu-
latory LH surge (or hCG injection or GnRH agonist admin-
istration). Follicular rupture occurs on average within 37 h. 
Following hCG administration, the earliest follicular rupture 
is about 39 h and the latest is about 41 h [23, 24].

13.4  Oocyte Retrieval

Transvaginal oocyte retrieval is the most common 
method of oocyte collection in IVF cycles. It consists of 
the aspiration of follicular fluid, and it is performed using 

Table 13.1 The oocytes donors must have an absolutely problem-free 
medical history

Characteristics of oocyte donors
• Between the age of 18 and 35
• Good physical and mental health
• Negative history for genetically transmissible medical disease
•  Negative history for sexually transmitted disease such: 

toxoplasmosis, rubella, chlamydia, gonorrhoea
• Negative HIV, syphilis, HCV, HBV
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 transvaginal ultrasonography. It is focused on obtaining 
the maximum number of oocytes to be fertilized after they 
have reached in vivo nuclear and cytoplasmic maturation, 
before follicle rupture. This technique was first introduced 
in 1981 [25–28], and since then, the technique has been 
used worldwide, as it is minimally invasive, thus replacing 
laparoscopic approach that had been previously performed. 
It has now become the gold standard for IVF therapy [29–
31] (Fig. 13.1).

The success of the technique depends not only on the 
inherent characteristics of the oocyte, which might be influ-
enced by the actual process of oocyte collection, but also on 
other factors such as the length of the ovarian stimulation 
phase, the type of anaesthesia used (local, sedation or gen-
eral), the type of aspiration needle, aspiration alone or aspi-
ration with follicular flushing, and the experience and skills 
of the clinician [32] (Fig. 13.2 and Table 13.2).

Fig. 13.1 Transvaginal ultrasound-guided follicle aspiration
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FOLLICLE
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OVARY

ASPIRATION NEEDLE

ULTRASOUND BEAM

ULTRASOUND
EQUIPMENT

TERMOBLOCK

ASPIRATION PUMP

ULTRASOUND PROBE

VAGINA

Fig. 13.2 Oocyte retrieval

Table 13.2 The advantage of ultrasound transvaginal many compared 
to another type of retrieval

Advantages
Transvaginal oocyte retrieval offers the following advantages:
  •  The distance to reach the ovary is shorter
  •  Higher-resolution pictures enable the identification of the 

ovaries and the aspiration of follicles
  •  No risk of skin damage
  •  The procedure can be conveniently performed in the outpatient 

setting
  •  Lower cost than other techniques
  •  Fewer staff is required
  •  Easy to learn thanks to the use of ultrasound guidance
  •  All follicles can be visualized and punctured, even in case of 

severe pelvic adhesions
  •  It gives more precision than the abdominal approach
  •  Analgesia can be achieved by local anaesthesia, under 

paracervical block, sedation, or general anaesthesia
  •  It is well accepted by patients
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13.5  Materials

Ultrasound equipment with multi-frequency, transvaginal 
(5–7.5 MHz) probe, which must be correctly configured. The 
transducer, equipped with a needle guide and crosshairs that 
must be seen on the screen (Fig. 13.3).

Aspiration pump/Vacuum pump with adjustable suction 
power control (Labotect Aspirator 3) with a negative  pressure 
of 160 mmHg, however the actual pressure on the tip of the 
needle does not exceed 160 mmHg since some pressure loss 
is caused. Furthermore, the aspiration needle is connected to 
a 14 mL polystyrene collection tube (Falcon® 17 × 100 mm), 
17 mm gauge and 100 mm length, and a 50 cm long Teflon 
line, via a silicone stopper. Another catheter is attached to the 
aspiration needle, and it is used to connect another Teflon 
flexible catheter of 1.2 mm diameter (Fig. 13.4).

Oocyte Pickup Needle: It should cause minimal tissue 
injury when passing through the vagina and ovary and 

 guarantee high visibility for the correct approach to the fol-
licle by the clinician. There are today many different needles 
for oocyte aspiration. The ones commonly used at IVI clinics 
have a length of 350  mm, with an aspiration system with 
800 mmHg pressure and 19-g diameters and with embossed 
echogenic marked tips (Fig. 13.5).

13.5.1  Thermoblock/Heating Block 
Thermostat

For storing the aspiration tubes and maintain a constant tem-
perature in follicular fluid aspirates at 37 °C. (Fig. 13.6).

13.6  Ovum Pickup Technique 
for the Collection of Oocytes

Ovum pickup should be performed at exactly 36 h after the 
administration of the ovulation trigger. For donor cycles, 
ovulation is induced with 0.2  mg of triptorelin acetate 

Fig. 13.3 Ultrasound equipment

Fig. 13.4 Aspiration pump

Fig. 13.5 Oocyte pickup needle

Fig. 13.6 Thermoblock
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(Decapeptyl®; IpsenPharma, Barcelona, Spain) [12, 17, 19, 
33]. Antibiotic prophylaxis is recommended the night before 
oocyte retrieval with a single dose of 1 g of oral azithromycin 
(Zitromax® Pfizer, S.A, Madrid, Spain) [34].

Oocyte retrieval is a surgical procedure that usually occurs 
in the theatre of an IVF clinic (Fig. 13.7), under general or 
local anaesthesia. Before starting the surgery, the team will 
check the surgical equipment and flush the aspiration sys-
tem, and then the needle is rinsed with flushing media for 
removal of potential debris or contaminations inside the nee-
dle. The vacuum pressure is verified as higher pressure could 
affect oocyte integrity, thus decreasing their quality and 
increasing the proportion of oocytes without zona pellucida.

At least one operator (gynaecologist) and one assistant 
(nurse) are needed to perform this technique. While one is 
performing the follicle aspiration, the assistant will be chang-
ing the tubes for each of the follicles aspirated. The trans-
ducer tip of the ultrasound probe is covered with an 
ultrasound gel, and it is then covered with a protective sterile 
rubber sheath (or number 8 glove). A guide is attached to the 
probe and a disposable 19-gauge aspiration needle is used 
(Kitazato Medical, Tokyo, Japan).

Observing strict rules of sterility through the exclusive 
use of sterile supplies (namely needle guides, vaginal probe 
covers, patient drapes) (Fig. 13.8) has become the standard 
practice during these procedures. Disinfection of the vaginal 
probe in between usages has also been advocated to reduce 
bacterial contaminations resulting from unidentified probe 
cover defects.

Most commonly, the approach is vaginal and performed 
under ultrasound guidance. General intravenous anaesthesia 
is administered, the patient is placed in a gynaecological 
position and the procedure is begun, once the patient is 
asleep; before the procedure is started, the patient is advise to 
empty her bladder, in order to reduce the risk of urinary blad-

der injury and facilitate the access to the ovaries during 
transvaginal oocyte retrieval (TVOR).

A vaginal speculum is then placed, and saline solution (at 
35–37  °C) [35] or non-cytotoxic antiseptic agents (such as 
chlorhexidine) are flushed to clean the area. It is not advisable 
to use iodide agents since they can be potentially cytotoxic 
but to use gauze pads and Foerster ring forceps [36, 37].

The transvaginal probe must be carefully inserted, and an 
ultrasound scan is made in order to visualize the pelvic area 
to confirm the number and size of follicles according to pre-
vious follicle tracking scans. The uterus is located and exam-
ined, together with the ovaries and pelvic vessels in order to 
determine the best way to approach the ovaries and assess 
any potential risks (full bladder, retrouterine ovaries, cysts, 
endometrial fibroids, uterine fibroids, etc.) that could hinder 
oocyte recovery. If the bladder is full, it must be emptied 
using a urinary probe. Then, the gloves must be changed, and 
if possible, powder-free gloves should be used. As it is shown 
in Fig. 13.9, it is recommended to use the left hand to hold 
the transducer and the right hand to hold the needle when 
aspirating the left ovary, and the other way around, when 
aspirating the right ovary.

Once the most accessible ovary is selected, the needle is 
penetrated through the vaginal fornix into the follicle, by 
applying a steady inwards pressure, with the vaginal probe, 
in order to directly access as closer as possible to the ovary 
(1–3 cm distance), immobilize the ovaries and avoid move-
ments, reduce the risk of intraoperative rupture of the ovarian 
capsule, and keep bowel loops away.

Before penetrating the tissue, the probe should be rotated 
to 90° from the midsagittal plane in order to reduce the risk 
of lesions of the vessels of the vaginal wall. Also Doppler 
ultrasound guidance (Fig. 13.10) can be used to avoid vascu-
lar injury.

When the biggest follicle is visualized on the ultrasound 
screen, once the needle is inserted (Fig. 13.11), a controlled 

Fig. 13.7 Theatre of an IVF
Fig. 13.8 OPU instruments
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vacuum is applied to the needle and the follicular fluid is 
aspirated from the ovary and aspiration of the other follicles 
is performed without removing the needle from the ovary, 
following the same approach (Table 13.3).

Whenever possible, a single puncture of each ovary is 
performed, and, once inserted, puncture the remaining folli-
cles [38]. Bleeding often occurs in the ovarian capsule after 
puncture; therefore, the number of punctures should be lim-
ited to reduce the risk of post-retrieval bleeding.

Oocyte aspiration is often completed at the end of the pro-
cedure, aspirating thick and viscous fluid (granulosa cells of 
the corona radiata and cumulus).

Therefore, the aspiration should be continued until the 
last drop of fluid is aspirated. In order to do so, the long bev-
elled needle should be rotated 90° in a clockwise and counter- 
clockwise fashion inside the follicle after complete aspiration 
of the follicular fluid, followed by one 2-mL flush solution 
that can be changed several times. This procedure is reserved 
for cases of low oocyte recovery [38, 39].

Aspiration pressure may be different depending on the 
type and length of the needle; there is a lack of studies 

Fig. 13.9 Follicle aspiration using both hands

Fig. 13.10 Use colour Doppler to identify pelvic vessels

Fig. 13.11 Follicular aspiration with needle

Table 13.3 A review of complications following transvaginal oocyte 
retrieval for in vitro-fertilization [42]

Safety measures should be taken during ovum pick-up, such as:
  •  When inserting the needle, use colour Doppler ultrasound 

guidance
  •  The tip of the needle must be visualized at all times in order 

to prevent injury to the adjacent pelvic structures
  •  Aspirate completely the follicle before changing to another 

follicle
  •  Do not make any sudden or lateral movements once the 

ovary has been punctured
  •  Do not rotate the needle once in place as this could cause 

injury to the ovary
  •  Once the needle has entered the ovarian cortex, follicles 

should be punctured in a fan-shaped manner starting from 
the entering point. Puncture the follicle where the biggest 
diameter is found
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describing the effect of aspiration pressure on oocyte quality 
and pregnancy outcomes. A few studies have quoted using 
aspirating pressures ranging between 150 and 200 mmHg, or 
occasionally, even lower [40].

At IVI clinics, disposable 19-gauge aspiration needles are 
used with 160 mmHg aspiration pressure. (Kitazato Medical, 
Tokyo, Japan) (Table 13.4).

If flushing is interrupted, the needle must be rotated 45° to 
restore the flow of liquid (this can happen when the tip of the 
aspiration needle is attached to the follicular wall). 
Alternatively, increasing the aspiration pressure should help 
restore the flow. The needle could also be removed from the 
ovary in order to flush the aspiration system if we suspect of 
any potential occlusion caused by blood clots and/or ovarian 
tissue before continuing with the procedure [40, 41].

Intuitively, careful ultrasound visualization of all round- 
shaped translucent structures in both longitudinal and trans-
verse axes is recommended practice for distinguishing 
vessels and avoiding misidentification of ovarian follicles 
during needle advancement.

Once the aspiration of follicles in one ovary is completed, 
the other ovary is punctured. This second ovary is usually 
more accessible after having punctured the first ovary. The 
aspiration needle must be removed and flushed with wash 
media. The vaginal transducer probe is then rotated and the 
position of the needle on the screen changes.

The same procedure is performed.
Regarding the proportion of oocytes recovered by this 

surgical approach, at least 80% of the oocytes are collected 
[42]. Several studies have compared the effectiveness of 
aspiration alone with aspiration with follicular flushing, 
showing higher proportion of recovered oocytes when aspi-
ration alone was performed, compared to those where aspira-
tion and follicular flushing were made. The later reported 
longer operation times and an increased used of analgesics. 
This was concluded after the literature review of Cochrane in 
2010, which was later followed by a meta-analysis in 2012 
[43–45] best placed in the thermal block set at 37 °C. Once 
three quarters of the tube is full, it is transferred to the IVF 
lab in a thermoblock in order to maintain the temperature. 
The lab is then informed of the change of collection tube and 
ovary and the ovum pick-up is completed. Follicular fluid 
obtained is analysed by the biologists under the microscope, 
who will confirm the presence and number of oocytes.

After the puncture of both ovaries, the pelvic cavity is 
assessed with the transvaginal probe in order to confirm the 
absence of bleeding.

Accumulation of liquid in the pouch of Douglas oocyte is 
frequently found after oocyte retrieval, up to 100 mL is nor-
mal [46, 47]. The liquid is removed before finishing the sur-
gical procedure (Fig.  13.12); this routine helps to reduce 
postoperative pain caused by peritoneal irritation.

If an active bleeding point is suspected, ultrasound evalu-
ation of the patient must be performed before the patient is 
discharged from hospital.

Visual examination of the posterior fornix and cervix for 
lesions and/or bleeding is performed. Flush the vagina with 
0.9% saline solution. Press firmly for a few seconds with a 
swab to stop bleeding [35, 48]. Remove vaginal speculum.

In the IVF laboratory, the oocytes are recovered from the 
follicular fluid in order to be washed and placed in the incu-
bator maintaining a 5% CO2 at 37 °C until insemination or 
ICSI. For oocytes that will be vitrified and not donated, new 
screening tests for HIV Ag/Ab and HCV Ab are performed 
within 40 days.

13.7  Post Oocyte Retrieval Follow-Up

One of the main aspects of post oocyte retrieval care is the 
management of pain, which is although difficult to evaluate 
and might be influenced by many factors, such as fear of 
pain, anxiety, surgical skills of the doctor, operation time and 
other technical factors, such as needle diameter and the 
sharpness during ovum-pickup (OPU) [49].

After OPU, 3% of patients experienced severe to very 
severe pain and 2% of patients were still suffering from 
severe pain 2  days after the procedure [31, 34, 35, 48]. 
Intraoperative analgesia should be indicated and routine 

Table 13.4 Recommended pressure for needle Kitazato

Gauge and length of the needle Aspiration pressure (mmHg)
17G × 35 cm 130
18G × 35 cm 170
19G × 35 cm 200–230
20G × 30 cm 300
20G × 35 cm 200–230
21G × 30 cm 350–400

Fig. 13.12 Liquid in the pouch of Douglas
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postoperative analgesic regime should be given in order to 
minimize postoperative pain.

After ovum pickup, the patient rests 2 h at the clinic under 
observation to discard circulatory complications and deter-
mine the need of further analgesia. The patient is then dis-
charged if there are no complications.

For donors who yielded >20 oocytes or presented high 
serum estradiol levels (E2 > 3500 pg/mL) or in the event of 
difficult oocyte retrieval or patients who report any symp-
toms, a follow-up visit is scheduled.

Clear postoperative instructions are given to the patients, 
along with information on emergency contact telephone 
numbers (24 h) in case of bleeding, temperature, feeling of 
weakness, dizziness or poor general condition.

13.8  Other Approaches to Oocyte 
Recovery

The technique of oocyte retrieval has evolved thanks to the 
use and the improvements of ultrasonography; using ultra-
sound guidance, various methods of oocyte retrieval included 
percutaneous [50], transvesical [25, 50], per-urethral [51] 
and transvaginal follicle aspiration [52].

Several studies have found that both patient and clinician 
preference for transvaginal ultrasound over abdominal ultra-
sound for follicular monitoring and aspiration. Hence, gyn-
aecologists care by many are often more skilled in 
transvaginal ultrasound due to the frequency of use.

As such, transvaginal ultrasound-guided aspiration has 
become the standard of care in women undergoing oocyte 
retrieval during IVF [29, 53]. Problems arise when the ova-
ries are not accessible transvaginally. Historically, in these 
cases laparoscopy was performed for oocyte retrieval, or 
these women were not considered candidates for IVF.

An alternative retrieval method is the transabdominal 
ultrasound-guided retrieval in women whose ovaries were 
not accessible by transvaginal ultrasonography, in cases in 
which ultrasonographic follicular monitoring was feasible 
only transabdominally or in those cases where vaginal access 
to the ovary was not possible, in either one or both ovaries, 
despite the usual technique of applying abdominal pressure 
to push the ovaries into the pelvis [30].

Due to decreased elasticity of the abdominal skin, each 
ovary typically required multiple punctures, which has the 
potential for increased patient discomfort and scarring of the 
skin. However, it has been shown that transabdominal aspira-
tion of one or both ovaries can be done without sacrificing 
safety or efficacy. Although a slight decrease in the total 
number of oocytes retrieved transabdominally has been 
reported, this did not translate into fewer mature oocytes or 
fewer embryos. Furthermore, no increase in damage to the 
oocytes was observed [29].

13.9  Factors Influencing Oocyte Retrieval

13.9.1  Inaccessible Ovaries at Oocyte Retrieval

Inaccessibility of the ovaries transvaginally is uncommon; it 
ranges from 0.4 [29] to 1.7% of cases where one or both 
ovaries may be inaccessible at transvaginal oocyte retrieval 
(TVOR) [54] (Figs. 13.13 and 13.14).

It is more common in patients with previous pelvic sur-
gery, uterine adhesions, which may distort the pelvic anat-
omy and the normal ovarian location, including endometriosis, 
uterine fibroids or congenital anomalies of the genital tract, 
such as Müllerian anomaly can make the procedure almost 
impossible. Those patients with previous history of inacces-
sible ovaries at transvaginal oocyte retrieval might be more 
prone to have this problem; however, it should not be relied 
upon to accurately predict their occurrence.

Fig. 13.13 Retrouterine ovary

Fig. 13.14 Inaccessible ovary due to full bladder
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It is important to identify such factors, paying special 
attention to the position of ovaries and the vaginal acces-
sibility during transvaginal follicular monitoring at the 
ovarian stimulation stage in order to identify those 
patients at high risk of transvaginally inaccessible ova-
ries. This information should be documented in the 
patient’s record, most of the times, the professional per-
forming the scan might not be the same one carrying out 
the OPU.

In order to access the ovaries, patients should be asked 
to completely empty the bladder before OPU, even they 
do not feel the urge to urinate. Intraoperatively, if one or 
both ovaries are found to be inaccessible and the bladder 
is full, a disposable catheter should be used to empty the 
bladder as this can bring the ovaries closer to the vagina 
and render them accessible. Another management option 
is the use of appropriate pressure, with or without con-
comitant abdominal pressure, in order to bring an inacces-
sible ovary closer to the vaginal wall. Sometimes, reverse 
Trendelenburg position and lateral table tilt can also help 
(Fig. 13.15).

Sometimes the ovary is firmly fixed behind the uterus and, 
despite various manoeuvers, the only way transvaginally 
would be through the uterus, transmyometrially in order to 
aspirate the follicles of a retroverted ovary [54].

If all transvaginal attempts fail, then transabdominal 
ultrasound-guided oocyte retrieval could be used on one or 
both ovaries without sacrificing safety or efficacy and is 
useful in cases where vaginal access to the ovaries is 
denied [30].

13.10  Complications Following Oocyte 
Retrieval

Short-term complications are usually divided into two cate-
gories (Fig. 13.16).

13.10.1  Complications Arising from Ovarian 
Stimulation

The main known complication arising from ovarian stimula-
tion is ovarian hyperstimulation syndrome (OHSS), which is 
nowadays a rare event in oocyte donors, thanks to the use of 
the GnRH antagonist protocol followed by induction with 
GnRH analogue [18, 55, 56].

13.10.2  Complications Following Oocyte 
Retrieval

Complications related to the oocyte retrieval procedure, 
either by the procedure itself or by the venous blood areas, 
appear to be more important, since they may lead to haemor-
rhage, pelvic infections (occurring in 0.01–0.6%), ovarian 
torsion (occurring in 0.08–0.13%) injuries of the adjacent 
organs, mainly.

There is a low risk of complications noted in oocyte 
retrievals involving oocyte donors (<0.5%) [57]. Although 
not all of them have been reported in the literature, some 
studies have determined their occurrence. These studies have 

Previous surgery
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Endometriosis
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female genital tract
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Fig. 13.15 Procedure when 
inaccessible ovaries at oocyte 
retrieval
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shown risks and complications are similar to those experi-
enced by women undergoing IVF [58].

The potential surgical hazards associated with oocyte 
retrieval include risks of bleeding, pelvic infection, pain, ovar-
ian torsion and injury to adjacent pelvic organs [34, 35, 48].

However, because of the possible health risks for these 
patients, it is prudent to limit the number of stimulated cycles 
for a given donor to 6 [1].

13.10.3  Haemorrhage

Bleeding events probably remain one of the most fre-
quent complications following OPU. In fact, bleeding is 
a reasonable consequence of the process of needle inser-
tion through vascularized tissues and could manifest 
either as external or as internal abdominal bleeding 
(Fig. 13.17).

OPU

Haemorrhage

Following oocyte
retrieval

PAIN

OHSS

Arising from ovarian
stimulaiton

External vaginal bleeding

Internal abdominal bleeding

Pelvic
infection

ADNEXAL
TORSION

Fig. 13.16 Complications 
following oocyte retrieval

OPU Haemorrhage

Internal abdominal bleeding

In-hospital
observation

Surgical
treatment

Vaginal pressure> 1 min
Vaginal tamponade
Vaginal suture
Use of hemostatic agentsExternal vaginal bleeding

Fig. 13.17 Procedure when 
haemorrhage during OPU

A. Pellicer and V. H. Gomez



219

13.10.4  External Vaginal Bleeding

The most common complication associated with oocyte 
retrieval is the external vaginal bleeding, which has been 
reported an incidence of 8.6%. However, the definition and 
quantification of vaginal bleeding remain unclear; to date, 
there is no consensus as to whether bleeding is abnormal 
or not.

In their prospective cohort study on more than 1000 pro-
cedures, Ludwig et  al. reported the occurrence of vaginal 
wall bleeding requiring local compression of >1 min in 2.7% 
of cases, significant bleeding occurred in 0.1% of cases and 
required tamponade for 3  h, and no cases necessitating 
 vaginal suturing were reported. Other studies [59] have 
reported cases of minor vaginal bleeding which requiring 
local vaginal pressure of 1–2 min. In more severe cases, the 
use of haemostatic agents and/or suturing may be required to 
control local bleeding.

It has been estimated that the risk of vaginal bleeding 
during OPU may be increased by the presence of predis-
posing factors, such as the number of vaginal wall punc-
tures, needle diameter and poor operator’s technique. 
Reducing the number of vaginal wall entries by aligning 
multiple ovarian follicles for aspiration during a single nee-
dle pass may therefore be desired. The choice of smaller 
diameter needles could have an additional impact on reduc-
ing the amount and likelihood of bleeding, despite the lack 
of supportive scientific evidence. It has also been suggested 
that the application of firm inwards pressure on the vaginal 
wall during needle entry decreases tissue thickness, hence 
hypothetically reducing the likelihood of bleeding. 
Avoidance of lateral displacement of the needle during 
oocyte retrieval away from its original path further reduces 
the incidence of vaginal wall tears requiring suturing. In the 
event of increased pelvic varicosities or in the case of a 
retroverted uterus, careful ultrasound visualization of the 
paravaginal and paracervical vascular plexus before needle 
advancement is highly advisable to reduce the frequency 
and intensity of vaginal bleeding.

13.10.5  Internal Abdominal Bleeding

Internal abdominal bleeding following TVOR is an event, 
which occurs at a much higher frequency than is clinically 
recognized, and can be caused by needle injury to the ovarian 
pedicle, uterine arteries, iliac vessels, median sacral arteries 
and visceral organs.

Bodri et  al. [34, 48] assessed the complication rate in 
oocyte donation cycles through the analysis of 4052 oocyte 
retrievals. In this series, the authors reported a 0.35% rate of 
hospital admissions for bleeding, where 0.12% required lap-
aroscopy to repair the complications.

In the prospective study of Ludwig et  al., no clinically 
significant abdominal bleeding events were recorded follow-
ing 1058 OPU procedures. In retrospective studies, the inci-
dence of clinically significant internal abdominal bleeding 
has been reported to range from 0.08 to 0.2%. Aragona et al. 
[45, 46] observed severe peritoneal bleeding requiring surgi-
cal treatment in 0.06% of 7098 cases, all of whom mani-
fested as hemodynamic instability and abdominal pain as 
late as 12 h following the procedure. About 750–1000 mL of 
fluid was detected in the abdominal cavity by ultrasound pel-
vic scanning. In a retrospective review of 3241 procedures, 
Liberty et al. further reported the incidence of clinically sig-
nificant internal abdominal bleeding to be 0.2%, all originat-
ing from injury to the ovaries [60].

The amount of blood loss did not appear to correlate with 
the number of follicles aspirated, oocytes collected, preovu-
latory estradiol levels and/or duration of the procedure.

Thorough monitoring of vital signs and recording of pain 
symptoms following the procedure should determine the 
need for an extended postoperative observational period or 
prompt the initiation of a more involved investigation. The 
pattern of pain distribution may also be helpful in refining 
diagnostic accuracy.

Accurate diagnosis and management play an important 
role in safeguarding patient’s well-being and impacting 
recovery. A good surgical technique may also reduce the risks 
of internal abdominal bleeding. Careful ultrasound visualiza-
tion of all round-shaped translucent structures in both longi-
tudinal and transverse axes is the recommended practice for 
distinguishing vessels and avoiding misidentification of ovar-
ian follicles during needle advancement. The immobilization 
of the ovary by the application of steady inward pressure by 
the ultrasound probe may reduce organ slippage and mini-
mize the risk of lacerations to the ovarian capsule. In addition, 
avoidance of lateral needle movements away from the origi-
nal needle path is likely to reduce the incidence of lacerations 
to the outer capsule and inner stroma of the ovary.

At the end of OPU, ultrasound inspection of the pelvis 
prior to vaginal probe withdrawal is considered good prac-
tice to evaluate the rate of fluid accumulation in the posterior 
pouch of Douglas and/or the presence of significant fluid tur-
bulence indicative of active bleeding [61]. Some investiga-
tors have also proposed an additional ultrasound examination 
at the time of patient discharge, which is about 1–2 h later.

13.10.6  Pelvic Infection

Pelvic infection is the second most commonly reported com-
plication following transvaginal oocyte retrieval (TVOR). It 
is a well-documented complication among infertile women 
submitted to in  vitro fertilization treatments as compared 
with oocyte donors, where data is scarce [46].
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It is a rare but potentially serious complication. The sever-
ity of infection ranges from a minor infection with pyrexia, 
leucocytosis and abdominal pain, to a major medical event 
such as pelvic abscess formation or sepsis [59].

Several etiological mechanisms have been suggested to 
contribute to the relatively high rate of pelvic infections fol-
lowing OPU; one of them may be the direct inoculation of 
vaginal microorganisms through the needle path from the 
vagina into the peritoneal cavity during the procedure. 
Another possible route of infection can be the reactivation of 
a latent pelvic infection due to a previous pelvic inflamma-
tory disease (PID) or unintentional bowel puncture during 
TVOR [62, 63].

Although an overall incidence of 0.03–0.6% for pelvic 
infections and tubo-ovarian abscesses has been reported in 
the medical literature, limited evidence is available regarding 
predisposing factors, the need for prophylactic antibiotics 
and the most appropriate means of preoperative vaginal 
preparation [64].

Weinreb et al. [63] reported in a retrospective study com-
paring 526 oocyte donors who received prophylactic antibi-
otics for oocyte retrieval with a comparable group of 625 
who did not the incidence of infection after retrieval was 
reduced from 0.4 to 0% in the group receiving antibiotics. 
Although the results obtained were not statistically signifi-
cant, the data suggested that prophylactic antibiotics at 
retrieval should be considered to minimize the risk of infec-
tion, since the benefit of minimizing the incidence of pelvic 
infection outweighs the risk of allergy, discomfort or bacte-
rial resistance resulting from antibiotic use.

Ludwig et  al. [35] described the use of isotonic saline 
solution to soak the vagina when no preventive antibiotics 
were used; however, the study did not analyse the clinical 
evidence of pelvic infection among these women.

In their prospective study of 2670 TVOR, Bennett et al. 
reported fever, leucocytosis and pelvic tenderness in 0.3% of 

cases, which were managed by subsequent antibiotic 
therapy.

Aragona et al. [46] reported two cases of ovarian abscess 
(0.03%) among 7098 IVF cycles, regardless of the use of 
prophylactic antibiotics and negative culture for vaginal 
infections.

In their retrospective study of 4052 donor oocyte retriev-
als, Bodri et al. reported no cases of pelvic infection when 
prophylactic azithromycin was given on the evening before 
and during the procedure, and when the vagina was disin-
fected using chlorhexidine followed by abundant washing 
with isotonic saline solution.

One has to avoid the puncture of endometrioma as well 
as hydrosalpinx in order to reduce the risk of infection 
[65, 66].

The universal use of antibiotic prophylaxis and the com-
mon adoption of aseptic techniques to reduce OPU proce-
dure-associated infections [46, 59, 67] e-associated infections 
remains an unsettled dilemma. Pelvic abscesses continue to 
occur despite their use [46, 59, 67].

In view of this, it is expected that oocyte donors have a 
low incidence of pelvic infections, since donors, by defini-
tion, are young and healthy with no potential risk factor of 
infection following oocyte retrieval, as already shown 
(Fig. 13.18).

13.10.7  Adnexal Torsion

Adnexal torsion (Fig. 13.19) is a rare but serious complica-
tion to ovarian hyperstimulation. The risk is increased due to 
the presence of predisposing factors such as enlarged and at 
the same time mobile ovaries.

Patients with ovarian hyperstimulation syndrome (OHSS) 
seem to be associated with an increased risk of complications, 
since large cysts and the presence of fluid in the pelvic ascites 
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facilitate twisting on the vascular pedicle. The incidence of 
ovarian torsion ranges from 0.8% in all IVF cycles to 7.5% in 
patients with OHSS [68, 69].

The etiopathogensis of ovarian torsion refers to the rota-
tion of the ovarian vascular pedicle at the infundibulo-pel-
vic ligament and causes obstruction to venous outflow, 
lymphatic circulation and arterial inflow. It may lead to 
gangrene and haemorrhagic necrosis, which may result in 
infection. If untreated, then peritonitis and death may ulti-
mately result.

The diagnosis of ovarian torsion is based on the patient’s 
clinical picture detailing acute onset of abdominal pain, 
and a history of nausea and vomiting and signs of perito-
neal irritation. Additional clinical findings may include 
anorexia, fever, leucocytosis and a palpable mass. 
Maintaining a high degree of suspicion is important, espe-
cially in infertility patients who have been submitted to 
ovarian stimulation and present the symptoms already 
enumerated.

Although the diagnosis of ovarian torsion is difficult, 
careful analysis of presenting symptoms is critical to 
avoid irreversible ischemia and infarction. Distinguishing 
ovarian torsion from mild hyperstimulation can be chal-
lenging, both clinically and radiologically. Both entities 
may manifest with abdominal pain, nausea, and vomiting. 
However, the diagnosis should be made based on clinical 
findings, since sonography is not reliable in the diagnosis 
or exclusion of ovarian torsion and Doppler examination 
still has a limited role. Laparoscopy is the gold standard 
for its diagnostic evaluation [70, 71]. In conclusion, ovar-
ian torsion is often difficult to diagnose and requires 
immediate surgery, preferably by laparoscopic detorsion 
of the twisted ovary, regardless of the ischemic appear-
ance of the adnexa, to restore the blood supply and avoid 
adnexectomy.

13.10.8  Pain

It is difficult to evaluate pain experience after OPU, because 
many factors can have an influence such as fear of pain, anxi-
ety, the number of oocytes retrieved, the number of punc-
tures to the vaginal wall, the operation time, the clinician’s 
skill and technical factors including needle diameter [49] and 
the difficulties found during the oocyte retrieval process. For 
most cases, some pain is unavoidable. After the procedure, 
only 2–3% of the patients described their pain as severe, and. 
0.4% as the worst pain they had ever experienced [31, 72]; 
however, even when only a single follicle is punctured, 
oocyte retrieval can be painful.

Pain during oocyte retrieval is caused by the aspirating 
needle puncturing the vaginal skin and ovarian capsule, as 
well as its manipulation within the ovary during the proce-
dure. General anaesthesia may be used for this procedure, 
but since that has significant resource requirements, many 
IVF units use conscious sedation and analgesia [73].

During OPU several options are available for pain relief 
including general anaesthesia, regional anaesthesia and con-
scious sedation. Conscious sedation is administered alone or 
together with paracervical block or acupuncture [73, 74].

However, more and more patients request anaesthesia or 
sedation when OPU is performed. Anaesthesia during OPU 
and the usage of analgesics straight away following the sur-
gery help patients find less pain caused by multiple punc-
tures in the vagina [72, 75].

Bodri et al. [34] conducted a retrospective study to evalu-
ate the complications related to ovarian stimulation and 
oocyte retrieval in 4052 oocyte donor cycles, where only two 
patients experienced severe pain and required hospital 
admission.

Ludwig et  al. [35] conducted a study where they asked 
patients to rank their amount of pain 2 h after OPU. About 
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38.5% of patients had no pain 2 h after OR, 41.6% had mild 
pain, whereas 16.9% of patients recorded medium pain, 
2.7% severe pain and 0.4% very severe pain. Ten percent of 
patients were still suffering from pain 2–3  days after the 
procedure.

It is important, however, not to underestimate the inten-
sity of post-egg retrieval pain in oocyte donors, especially 
the persistent pattern of pelvic pain following TVOR, as it 
may be indicative of a more serious underlying condition 
warranting further investigation in order to intercept signs 
and symptoms of the complications described above 
(Fig. 13.20).

References

 1. Practice Committee of the American Society for Reproductive 
Medicine; and Practice Committee of the Society for Assisted 
Reproductive Technology. Repetitive oocyte donation: a commit-
tee opinion. Fertil Steril. 2014;102(4):964–6. ISSN 1556-5653; 
0015-0282.

 2. Laws PJ, Tracy SK, Sullivan EA.  Perinatal outcomes of women 
intending to give birth in birth centers in Australia. Birth (Berkeley, 
Calif.). 2010;37(1):28–36. ISSN 1523-536X; 0730-7659.

 3. ESHRE Capri Workshop Group. Failures (with some successes) of 
assisted reproduction and gamete donation programs. Hum Reprod 
Update. 2013;19(4):354–65. ISSN 1460-2369; 1355-4786.

 4. Budak E, et al. Improvements achieved in an oocyte donation pro-
gram over a 10-year period: sequential increase in implantation and 
pregnancy rates and decrease in high-order multiple pregnancies. 
Fertil Steril. 2007;88(2):342–9. ISSN 1556-5653; 0015-0282.

 5. Trounson A, et  al. Pregnancy established in an infertile patient 
after transfer of a donated embryo fertilised in  vitro. Br Med J. 
1983;286(6368):835–8. ISSN 0267-0623; 0267-0623.

 6. Yeh JS, et  al. Pregnancy rates in donor oocyte cycles compared 
to similar autologous in  vitro fertilization cycles: an analysis of 
26,457 fresh cycles from the Society for Assisted Reproductive 
Technology. Fertil Steril. 2014;102(2):399–404. ISSN 1556-5653; 
0015-0282.

 7. Centers for Disease Control and Prevention, American Society 
for Reproductive Medicine, Society for Assisted Reproductive 
Technology. Assisted reproductive technology success rates: 
national summary and fertility clinic reports. 2010 ed. Atlanta: 
Department of Health and Human Services; 2008.

 8. Wang YA, Farquhar C, Sullivan EA.  Donor age is a major 
determinant of success of oocyte donation/recipient pro-
gramme. Hum Reprod. 2012;27(1):118–25. ISSN 1460-2350;  
0268-1161.

 9. Borini A, et al. Oocyte donation programs: strategy for improving 
results. Ann N Y Acad Sci. 2011;1221:27–31. ISSN 1749-6632; 
0077-8923.

 10. Gupta P, et  al. A study of recipient related predictors of success 
in oocyte donation program. J Hum Reprod Sci. 2012;5(3):252–7. 
ISSN 0974-1208; 1998-4766.

 11. Guidelines for gamete donation: 1993. The American Fertility 
Society. Fertil Steril. 1993;59, 2(Suppl 1):1S–9S. ISSN 0015-0282; 
0015-0282.

 12. Vuong TN, et al. Gonadotropin-releasing hormone agonist trigger 
in oocyte donors co-treated with a gonadotropin-releasing hormone 
antagonist: a dose-finding study. Fertil Steril. 2016;105(2):356–63. 
ISSN 1556-5653; 0015-0282.

 13. Melo M, et al. GnRH agonist versus recombinant HCG in an oocyte 
donation programme: a randomized, prospective, controlled, 
assessor- blind study. Reprod Biomed Online. 2009;19(4):486–92.. 
ISSN 1472-6491; 1472-6483

 14. Griesinger G, et al. GnRH agonist for triggering final oocyte matu-
ration in the GnRH antagonist ovarian hyperstimulation proto-
col: a systematic review and meta-analysis. Hum Reprod Update. 
2006;12(2):159–68. ISSN 1355-4786; 1355-4786.

 15. Humaidan P. Agonist trigger: what is the best approach? Agonist 
trigger and low dose hCG. Fertil Steril. 2012;97(3):529–30. ISSN 
1556-5653; 0015-0282.

OPU
PAIN

Weak
41.6%

Mild
16.9%

Severe
2.7%

>Severe
0.4%

Observation

Analgesic
therapy

Fig. 13.20 Pain after OPU

A. Pellicer and V. H. Gomez



223

 16. Prapas N, et al. GnRH agonist versus GnRH antagonist in oocyte 
donation cycles: a prospective randomized study. Hum Reprod. 
2005;20(6):1516–20. ISSN 0268-1161; 0268-1161.

 17. Humaidan P, et  al. GnRH agonist for triggering of final oocyte 
maturation: time for a change of practice? Hum Reprod Update. 
2011;17(4):510–24. ISSN 1460-2369; 1355-4786.

 18. Castillo JC, Humaidan P, Bernabeu R.  Pharmaceutical options 
for triggering of final oocyte maturation in ART. BioMed Res Int. 
2014;2014:580171. ISSN 2314-6141.

 19. Hernandez ER, Gomez-Palomares JL, Ricciarelli E. No room for 
cancellation, coasting, or ovarian hyperstimulation syndrome in 
oocyte donation cycles. Fertil Steril. 2009;91(4 Suppl):1358–61. 
ISSN 1556-5653; 0015-0282.

 20. Bodri D, et al. Triggering with human chorionic gonadotropin or a 
gonadotropin-releasing hormone agonist in gonadotropin-releasing 
hormone antagonist-treated oocyte donor cycles: findings of a large 
retrospective cohort study. Fertil Steril. 2009;91(2):365–71. ISSN 
1556-5653; 0015-0282.

 21. Kolibianakis EM, et al. Fixed versus flexible gonadotropin- releasing 
hormone antagonist administration in in vitro fertilization: a ran-
domized controlled trial. Fertil Steril. 2011;95(2):558–62. ISSN 
1556-5653; 0015-0282.

 22. Castillo JC, Garcia-Velasco J, Humaidan P.  Empty follicle syn-
drome after GnRHa triggering versus hCG triggering in COS.  J 
Assist Reprod Genet. 2012;29(3):249–53. ISSN 1573-7330; 
1058-0468.

 23. Andersen AG, et  al. Time interval from human chorionic gonad-
otrophin (HCG) injection to follicular rupture. Hum Reprod. 
1995;10(12):3202–5. ISSN 0268-1161; 0268-1161.

 24. Taymor ML, et al. Ovulation timing by luteinizing hormone assay 
and follicle puncture. Obstet Gynecol. 1983;62(2):191–5. ISSN 
0029-7844; 0029-7844.

 25. Lenz S, Lauritsen JG, Kjellow M. Collection of human oocytes for 
in  vitro fertilisation by ultrasonically guided follicular puncture. 
Lancet. 1981;1(8230):1163–4. ISSN 0140-6736; 0140-6736.

 26. Gembruch U, et  al. Transvaginal sonographically guided oocyte 
retrieval for in-vitro fertilization. Hum Reprod. 1988;3 Suppl 2:59–
63. ISSN 0268-1161; 0268-1161.

 27. Wiseman DA, et  al. Oocyte retrieval in an in  vitro fertilization- 
embryo transfer program: comparison of four methods. Radiology. 
1989;173(1):99–102. ISSN 0033-8419; 0033-8419.

 28. Wikland M, Enk L, Hamberger L.  Transvesical and transvaginal 
approaches for the aspiration of follicles by use of ultrasound. Ann 
N Y Acad Sci. 1985;442:182–94. ISSN 0077-8923; 0077-8923.

 29. Barton SE, et  al. Transabdominal follicular aspiration for oocyte 
retrieval in patients with ovaries inaccessible by transvaginal 
ultrasound. Fertil Steril. 2011;95(5):1773–6. ISSN 1556-5653; 
0015-0282.

 30. Roman-Rodriguez CF, et al. Comparing transabdominal and trans-
vaginal ultrasound-guided follicular aspiration: a risk assessment 
formula. Taiwan J Obstet Gynecol. 2015;54(6):693–9. ISSN 1875- 
6263; 1028-4559.

 31. Ozaltin S, Kumbasar S, Savan K.  Evaluation of complications 
developing during and after transvaginal ultrasound—guided 
oocyte retrieval. Ginekol Pol. 2018;89(1):1–6. ISSN 0017-0011; 
0017-0011.

 32. Leung AS, Dahan MH, Tan SL.  Techniques and technol-
ogy for human oocyte collection. Expert Rev Med Devices. 
2016;13(8):701–3. ISSN 1745-2422; 1743-4440.

 33. Bodri D, et  al. Comparison between a GnRH antagonist and a 
GnRH agonist flare-up protocol in oocyte donors: a randomized 
clinical trial. Hum Reprod. 2006;21(9):2246–51. ISSN 0268-1161; 
0268-1161.

 34. Bodri D, et  al. Complications related to ovarian stimulation and 
oocyte retrieval in 4052 oocyte donor cycles. Reprod Biomed 
Online. 2008;17(2):237–43. ISSN 1472-6491; 1472-6483.

 35. Ludwig AK, et al. Perioperative and post-operative complications 
of transvaginal ultrasound-guided oocyte retrieval: prospective 
study of >1000 oocyte retrievals. Hum Reprod. 2006;21(12):3235–
40. ISSN 0268-1161; 0268-1161.

 36. Hannoun A, et  al. Effect of betadine vaginal preparation during 
oocyte aspiration in in vitro fertilization cycles on pregnancy out-
come. Gynecol Obstet Investig. 2008;66(4):274–8.. ISSN 1423- 
002X; 0378-7346

 37. van Os HC, et al. Vaginal disinfection with povidon iodine and the 
outcome of in-vitro fertilization. Hum Reprod. 1992;7(3):349–50. 
ISSN 0268-1161; 0268-1161.

 38. Rose BI, Laky D. A comparison of the cook single lumen immature 
ovum IVM needle to the steiner-tan pseudo double lumen flush-
ing needle for oocyte retrieval for IVM.  J Assist Reprod Genet. 
2013;30(6):855–60. ISSN 1573-7330; 1058-0468.

 39. Von Horn K, et al. Randomized, open trial comparing a modified 
double-lumen needle follicular flushing system with a single-lumen 
aspiration needle in IVF patients with poor ovarian response. Hum 
Reprod. 2017;32(4):832–5. ISSN 1460-2350; 0268-1161.

 40. Mok-Lin E, et al. Follicular flushing and in vitro fertilization out-
comes in the poorest responders: a randomized controlled trial. 
Hum Reprod. 2013;28(11):2990–5. ISSN 1460-2350; 0268-1161.

 41. Seyhan A, et al. Comparison of complication rates and pain scores 
after transvaginal ultrasound-guided oocyte pickup procedures for 
in  vitro maturation and in  vitro fertilization cycles. Fertil Steril. 
2014;101(3):705–9. ISSN 1556-5653; 0015-0282.

 42. El-Shawarby S, et al. A review of complications following trans-
vaginal oocyte retrieval for in-vitro fertilization. Hum Fertil. 
2004;7(2):127–33. ISSN 1464-7273; 1464-7273.

 43. Kumaran A, et al. Oocyte retrieval at 140-mmHg negative aspira-
tion pressure: a promising alternative to flushing and aspiration in 
assisted reproduction in women with low ovarian reserve. J Hum 
Reprod Sci. 2015;8(2):98–102. ISSN 0974-1208; 1998-4766.

 44. Roque M, Sampaio M, Geber S. Follicular flushing during oocyte 
retrieval: a systematic review and meta-analysis. J Assist Reprod 
Genet. 2012;29(11):1249–54. ISSN 1573-7330; 1058-0468.

 45. Wongtra-Ngan S, Vutyavanich T, Brown J. Follicular flushing dur-
ing oocyte retrieval in assisted reproductive techniques. Cochrane 
Database Syst Rev. 2010;(9):CD004634. ISSN 1469-493X; 
1361-6137.

 46. Aragona C, et al. Clinical complications after transvaginal oocyte 
retrieval in 7,098 IVF cycles. Fertil Steril. 2011;95(1):293–4. ISSN 
1556-5653; 0015-0282.

 47. Ragni G, et  al. Blood loss during transvaginal oocyte retrieval. 
Gynecol Obstet Investig. 2009;67(1):32–5. ISSN 1423-002X; 
0378-7346.

 48. Siristatidis C, et  al. Clinical complications after Transvaginal 
oocyte retrieval: a retrospective analysis. J Obstet Gynaecol. 
2013;33(1):64–6. ISSN 1364-6893; 0144-3615.

 49. Nakagawa K, et al. The effect of a newly designed needle on the 
pain and bleeding of patients during oocyte retrieval of a single 
follicle. J Reprod Infertil. 2015;16(4):207–11. ISSN 2228-5482; 
2228-5482.

 50. Lenz S, Lauritsen JG. Ultrasonically guided percutaneous aspiration 
of human follicles under local anesthesia: a new method of collect-
ing oocytes for in vitro fertilization. Fertil Steril. 1982;38(6):673–7. 
ISSN 0015-0282; 0015-0282.

 51. Parsons J, et  al. Oocyte retrieval for in-vitro fertilisation by 
ultrasonically guided needle aspiration via the urethra. Lancet. 
1985;1(8437):1076–7. ISSN 0140-6736; 0140-6736.

 52. Dellenbach P, et  al. Transvaginal sonographically controlled fol-
licle puncture for oocyte retrieval. Fertil Steril. 1985;44(5):656–62. 
ISSN 0015-0282; 0015-0282.

 53. Sauer MV, Kavic SM. Oocyte and embryo donation 2006: review-
ing two decades of innovation and controversy. Reprod Biomed 
Online. 2006;12(2):153–62. ISSN 1472-6483; 1472-6483.

13 Oocyte Retrieval in Egg Donation



224

 54. Davis LB, Ginsburg ES.  Transmyometrial oocyte retrieval and 
pregnancy rates. Fertil Steril. 2004;81(2):320–2. ISSN 0015-0282; 
0015-0282.

 55. Donoso P, Devroey P.  Low tolerance for complications. Fertil 
Steril. 2013;100(2):299–301. ISSN 1556-5653; 0015-0282.

 56. Sismanoglu A, et al. Ovulation triggering with GnRH agonist vs. 
hCG in the same egg donor population undergoing donor oocyte 
cycles with GnRH antagonist: a prospective randomized cross-over 
trial. J Assist Reprod Genet. 2009;26(5):251–6. ISSN 1573-7330; 
1058-0468.

 57. Maxwell KN, Cholst IN, Rosenwaks Z. The incidence of both seri-
ous and minor complications in young women undergoing oocyte 
donation. Fertil Steril. 2008;90(6):2165–71. ISSN 1556-5653; 
0015-0282.

 58. Sauer MV. Defining the incidence of serious complications expe-
rienced by oocyte donors: a review of 1000 cases. Am J Obstet 
Gynecol. 2001;184(3):277–8. ISSN 0002-9378; 0002-9378.

 59. Bennett SJ, et al. Complications of transvaginal ultrasound-directed 
follicle aspiration: a review of 2670 consecutive procedures. J Assist 
Reprod Genet. 1993;10(1):72–7. ISSN 1058-0468; 1058-0468.

 60. Liberty G, et  al. Ovarian hemorrhage after transvaginal ultraso-
nographically guided oocyte aspiration: a potentially catastrophic 
and not so rare complication among lean patients with polycystic 
ovary syndrome. Fertil Steril. 2010;93(3):874–9. ISSN 1556-5653; 
0015-0282.

 61. Risquez F, Confino E.  Can Doppler ultrasound-guided 
oocyte retrieval improve IVF safety? Reprod Biomed Online. 
2010;21(4):444–5. ISSN 1472-6491; 1472-6483.

 62. Dicker D, et al. Severe abdominal complications after transvaginal 
ultrasonographically guided retrieval of oocytes for in vitro fertil-
ization and embryo transfer. Fertil Steril. 1993;59(6):1313–5. ISSN 
0015-0282; 0015-0282.

 63. Weinreb EB, et al. Should all oocyte donors receive prophylactic 
antibiotics for retrieval? Fertil Steril. 2010;94(7):2935–7. ISSN 
1556-5653; 0015-0282.

 64. Tsai YC, et al. Vaginal disinfection with povidone iodine imme-
diately before oocyte retrieval is effective in preventing  pelvic 

abscess formation without compromising the outcome of 
IVF-ET. J Assist Reprod Genet. 2005;22(4):173–5. ISSN 1058-
0468; 1058-0468.

 65. Romero B, et al. Pelvic abscess after oocyte retrieval in women with 
endometriosis: a case series. Iran J Reprod Med. 2013;11(8):677–
80. ISSN 1680-6433; 1680-6433.

 66. Garcia-Velasco JA, Somigliana E. Management of endometriomas 
in women requiring IVF: to touch or not to touch. Hum Reprod. 
2009;24(3):496–501. ISSN 1460-2350; 0268-1161.

 67. Andersen AN, et al. Assisted reproductive technology in Europe, 
2001. Results generated from European Registers by ESHRE. Hum 
Reprod. 2005;20(5):1158–76. ISSN 0268-1161; 0268-1161.

 68. Roest J, et al. The incidence of major clinical complications in a 
Dutch transport IVF programme. Hum Reprod. 1996;2(4):345–53. 
ISSN 1355-4786; 1355-4786.

 69. Baron KT, et al. Emergent complications of assisted reproduction: 
expecting the unexpected. Radiographics. 2013;33(1):229–44. 
ISSN 1527-1323; 0271-5333.

 70. Pena JE, et al. Usefulness of Doppler sonography in the diagnosis 
of ovarian torsion. Fertil Steril. 2000;73(5):1047–50. ISSN 0015- 
0282; 0015-0282.

 71. Bar-On S, et al. Emergency laparoscopy for suspected ovarian tor-
sion: are we too hasty to operate? Fertil Steril. 2010;93(6):2012–5. 
ISSN 1556-5653; 0015-0282.

 72. Hildebrandt NB, Host E, Mikkelsen AL.  Pain experience during 
transvaginal aspiration of immature oocytes. Acta Obstet Gynecol 
Scand. 2001;80(11):1043–5. ISSN 0001-6349; 0001-6349.

 73. Kwan I, et  al. Pain relief for women undergoing oocyte retrieval 
for assisted reproduction. Cochrane Database Syst Rev. 
2013;(1):CD004829. ISSN 1469-493X; 1361-6137.

 74. Singhal H, et  al. Patient experience with conscious sedation as a 
method of pain relief for transvaginal oocyte retrieval: a cross sec-
tional study. J Hum Reprod Sci. 2017;10(2):119–23. ISSN 0974- 
1208; 1998-4766.

 75. Baldini D, et al. The safe use of the transvaginal ultrasound probe 
for transabdominal oocyte retrieval in patients with vaginally inac-
cessible ovaries. Front Women Health. 2018;3(2):1–3.

A. Pellicer and V. H. Gomez



225© Springer Nature Switzerland AG 2020
A. Malvasi, D. Baldini (eds.), Pick Up and Oocyte Management, https://doi.org/10.1007/978-3-030-28741-2_14

Oocytes Retrieval in Metabolic 
Syndrome

Daniele De Viti, Assunta Stragapede, Elena Pacella, 
and Domenico Baldini

14

D. De Viti (*) 
Department of Cardiology, Santa Maria Hospital, GVM Care and 
Research, Bari, Italy 

A. Stragapede 
Department of Emergency and Organ Transplantation, Section 
of Internal Medicine, Endocrinology, Andrology and Metabolic 
Diseases, University of Bari, Bari, Italy 

E. Pacella 
Ophthalmology Section the Department of Sense Organs, Faculty 
of Medicine and Dentistry, Sapienza University of Rome,  
Rome, Italy
e-mail: elena.pacella@uniroma1.it 

D. Baldini 
Center for Medically Assisted Procreation, MOMO’ fertiLIFE, 
Bisceglie, Italy

Contents
14.1    Introduction  225

14.2    Advanced Maternal Age  226

14.3    Metabolic Disorders  227

14.4    Peripartum Cardiomyopathy  229

14.5    Management of PPCM: Compensated Heart Failure  232
14.5.1  Decompensated Heart Failure  232

14.6    ART in Patients with Heart Disease  233

14.7    Polycystic Ovarian Syndrome and Metabolic Syndrome  235

 References  239

14.1  Introduction

Pregnancy-related cardiovascular complications are rare 
clinical conditions that can lead to significant maternal mor-
bidity and mortality. With the implementation of infertility 
treatment, a new selected population of woman can experi-
ence pregnancy. Women with multiple medical problems and 
women near or beyond menopause are now able to conceive. 

Despite many unanswered questions, clinicians should be 
prepared for the challenges and potential cardiovascular 
complications related to patients who are epidemiologically 
different than those seen in the past.

As a consequence of the combined effect of social changes 
and medical progress, interventions for infertility have 
greatly increased in number and sophistication; medical 
complications of infertility interventions can be direct effects 
of related drugs and technologies and indirect consequences 
of the induced pregnancy, multiple gestation, or associated 
medical condition.

An Italian prospective study conduct in a tertiary univer-
sity maternity hospital between 2005 and 2016 [1] was done 
to assess whether risk of severe maternal morbidity at deliv-
ery differs for women who conceived using assisted repro-
ductive technology (ART) compared to those with a 
spontaneous conception using the World Health Organization 
criteria for potentially life-threatening conditions and near 
miss maternal mortality. The incidence of near miss in the 
entire cohort was 3.3 cases per 1000 births (95% confidence 
interval 2.6–4.1). The crude prevalences of potentially life-
threatening conditions and maternal near miss were higher 
among ART than non-ART deliveries (27.1% vs. 5.7% and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28741-2_14&domain=pdf
https://doi.org/10.1007/978-3-030-28741-2_14#DOI
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2.6% vs. 0.3%, respectively). The cardiovascular dysfunc-
tion requiring vasoactive drugs was one of the three most 
common causes of maternal near miss cases.

Therefore it is essential to assess whether risk of severe 
maternal cardiovascular morbidity differs for women who 
conceives using ART compared to those with a spontaneous 
conception in order to define qualitative and quantitative 
strategies to improve patient care, especially in the preven-
tion of severe cardiovascular complications.

14.2  Advanced Maternal Age

Motherhood at or beyond the edge of reproductive age is a 
new aspect of what clinicians previously referred to as preg-
nancy in the “older gravida” [2]. In the United States alone, 
the 2001 rates for births to women aged 35–39, 40–44, and 
45–49  years rose 30, 47, and 190% compared with 1990. 
Specifically, there were about 5000 births to women ≥ 
45 years. Some complications may occur more frequently in 
older mothers as a result of accumulated prior diseases. 
Hypertension is the most common modifiable risk factor for 
cardiovascular disease, the leading cause of death in both 
men and women. The prevalence and severity of hyperten-
sion rise markedly with age, and blood pressure control 
becomes more difficult with aging in both genders, particu-
larly in women [3]. Hypertension is a major risk factor for 
cardiovascular disease (CVD) in pregnant women. 
Hypertensive disorders in pregnancy include chronic hyper-
tension, gestational hypertension, pre-eclampsia, and 
eclampsia. All of these have been associated with maternal, 
fetal, and neonatal morbidity and mortality. The recent 
European Society of Hypertension/European Society of 
Cardiology guidelines for the management of arterial hyper-
tension [4] recommend drug treatment of severe hyperten-
sion in pregnancy (>160/110 mmHg, Class I; Level of 
Evidence C) and consideration of drug treatment in pregnant 
women with persistent elevation of BP 150/95 mmHg and in 
those with BP 140/90 in the presence of gestational hyper-
tension (with or without pre-existing hypertension), asymp-
tomatic organ damage, or symptoms at any time during 
pregnancy (Class IIb; Level of Evidence C).

Hypertension occurs in about 8% of women of reproduc-
tive age. There are remarkable differences in the prevalence 
of hypertension between racial/ethnic groups. Obesity is a 
risk factor of particular importance in this population because 
it affects over 30% of young women in the USA, is associ-
ated with more than fourfold increased risk of hypertension, 
and is potentially modifiable [5].

Using NHANES from 1999 to 2008, in women 
20–44 years old hypertension estimated to complicate up 
to 5% of the estimated four million pregnancies in the 

United States each year [6] is a major source of maternal 
and fetal morbidity. Between 10 and 25% of women with 
chronic hypertension will develop superimposed pre-
eclampsia [7].

The prevalence of hypertension increased significantly 
with age, from 2.7% in women age 20–34 to 18.4% in 
women age 40–44. The increased prevalence of hypertension 
with advanced age may explain the increased cardiovascular 
risk for some pregnancy complications in women of advanced 
maternal age. The problem of chronic hypertension in preg-
nancy is likely to become more common as the number of 
mothers of advanced age increases, in particular for women 
who conceive using ART compared to those with a spontane-
ous conception. Approximately 5% of women of reproduc-
tive age took antihypertensive medications. Futhermore, in 
most epidemiologic studies of women in reproductive age, is 
defined the upper age limit for statistical analysis of popula-
tion at 44 years old, but women older than this can become 
pregnant through assisted reproduction, and hypertension is 
likely even more prevalent in this group.

Many clinical studies show that the ART singleton preg-
nancies had a significantly increased risk of pregnancy- 
induced hypertension [8].

In a meta-analysis of Qin [8], 50 cohort studies com-
prising 161,370 ART and 2,280,224 spontaneously con-
ceived singleton pregnancies were identified to determine 
whether there are any increases in pregnancy-related com-
plications and adverse pregnancy outcomes in singleton 
pregnancies after ART compared with those conceived 
naturally. The ART singleton pregnancies had a signifi-
cantly increased risk of pregnancy-induced hypertension 
(relative risk [RR] 1.30, 95% confidence interval [CI] 
1.04–1.62; I(2) = 79%), gestational diabetes mellitus (RR 
1.31, 95% CI 1.13–1.53; I(2) = 6%), and other adverse 
pregnancy outcomes. These results are largely related to 
the increased gestational age of ART pregnancies women. 
A retrospective cohort study was done in 2015 to deter-
mine whether there are differences in adverse pregnancy 
outcomes in very advanced maternal age (vAMA) women 
(a total of 472 women aged ≥45  years) who conceived 
with ART compared with spontaneous conceptions [9]. 
For singleton pregnancies, vAMA women who conceived 
with ART were significantly older (47.0  ±  2.3 vs. 
45.6  ±  0.1  years), more likely to be white (88.1% vs. 
75.6%), and less parous (0.4  ±  0.9 vs. 1.2  ±  1.8) than 
vAMA women who conceived spontaneously. Rates of 
cardiovascular maternal complications were similar in the 
two populations.

The majority of the published studies have been unani-
mous about the special caution attitude required for the older 
mother, especially those women who experience pregnancy 
after ART.

D. De Viti et al.
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14.3  Metabolic Disorders

Metabolic disorders are a major problem for overweight 
women seeking pregnancy (Fig. 14.1).

Women with a history of fertility problems have a higher 
risk of gestational diabetes mellitus (GDM) than women 
without a history of fertility problems (Fig. 14.2).

The association between fertility problems and risk of 
GDM is attenuated with increasing age and is more pro-
nounced among primiparous women and women with poly-
cystic ovary syndrome [10].

In the Danish National Patient Registry during 2004–2010 
among women with fertility problems (n  =  49,616) and 
women without fertility problems (n  =  323,061), after 
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Fig. 14.1 Metabolic disorders are a major problem for overweight women seeking pregnancy
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 adjustment for potentially confounding factors, including 
maternal age, prepregnancy BMI, parity, parental history of 
diabetes, level of education, and smoking during pregnancy, 
a total of 7433 (2%) pregnant women received a diagnosis of 
GDM. Multivariate analysis showed that the pregnant women 
with a history of fertility problems had a statistically signifi-
cantly higher risk of GDM than pregnant women without 
fertility problems.

In a population retrospective cohort Australian study of 
400,392 mothers between 2007 and 2009, the prevalence of 
GDM was compared between ART and non-ART mothers 
[11]. The prevalence of GDM was 7.6% for ART mothers 
and 5.0% for non-ART mothers (P < 0.01). Mothers who had 
twins had higher prevalence of GDM than those who gave 
births to singletons (8.8 versus 7.5%, P  =  0.06 for ART 
mothers; and 7.3 versus 5.0%, P < 0.01 for non-ART moth-
ers). Overall, ART mothers had a 28% increased likelihood 
of GDM compared with non-ART mothers (AOR 1.28, 95% 
CI 1.20–1.37). Of mothers who had singletons, ART mothers 
had higher odds of GDM than non-ART mothers (AOR 1.26, 
95% CI 1.18–1.36). There was no significant difference in 
the likelihood of GDM among mothers who had twins 
between ART and non-ART (AOR 1.18, 95% CI 0.94–1.48). 
For mothers aged <40 years, the younger the maternal age, 

the higher the odds of GDM for ART singleton mothers com-
pared with non-ART singleton mothers. It was not possible 
to investigate which ART procedure is associated with 
increased risk of GDM and how the risk could have been 
minimized.

Women after ART constitute a high-risk group for critical 
obstetric states not only in the nearest time period but also 
long after ART. When pregnancy terms exceeded 22 weeks 
after ART, the percentage of pre-eclampsia and gestation 
pancreatic diabetes increases, whereas bleeding is the main 
factor in spontaneously conceived pregnancies [12].

It is uncertain if the increased risk of pregnancy cardio-
vascular complications related with ART is caused by ART 
directly or is an association of the underlying factors causing 
infertility. In a retrospective database analysis of 50,381 
women delivering a singleton pregnancy in four public hos-
pital obstetric units in western Sydney [13] (1727 pregnan-
cies followed ART; 48,654 spontaneous conceptions), 
adjusted for age, body mass index, and smoking, ART was 
associated with increased risk of hypertension and diabetes. 
In a selected cohort of 508 women receiving ART in whom 
the cause of infertility was known, ovulatory dysfunction 
was present in 145 women and 336 had infertility despite 
normal ovulatory function. Ovulatory dysfunction was asso-

Fig. 14.2 An alteration in insulin secretion is typical of diabetic patients
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ciated with increased risk of diabetes (OR 2.94, 95% CI 
1.72–5.02) and hypertension (OR 2.40, 95% CI 1.15–5.00) 
compared to women with normal ovulatory function. The 
risk of cardiovascular complications rests predominantly 
when ovulatory dysfunction is the cause of infertility. Such 
disorders probably predispose towards diabetes and hyper-
tension, which is then exacerbated by pregnancy. Ovulatory 
disorders are an independent risk factor for GDM and hyper-
tension in women receiving assisted reproduction treatments 
[14]. Strong risk factors for GDM are age, body mass index, 
mode of ART (major in IVF/ICSI than in IUI pregnant) [15], 
and progesterone use during pregnancy.

The impact of ovulation induction and ovarian stimula-
tion on the risk of GDM and hypertension requires further 
study. In a large French cohort to evaluate the role of ovar-
ian stimulation procedures on the risk of pregnancy-induced 
hypertension and GDM, spontaneous pregnancies (group 
A), pregnancies achieved after mild ovarian ovulation 
induction without other ART procedures (group B), preg-
nancies after mild ovarian stimulation and ART procedures 
(group C), and pregnancies after multi (>2) follicular stim-
ulation with gonadotropin therapy and ART procedures 
(group D) were selected [16]. The incidence rates of preg-
nancy-induced hypertension are 2.7, 11.6, 4.2, and 2.5% in 
groups A, B, C, and D, respectively (P = 0.004). The high 
incidence of pregnancy- induced hypertension in pregnan-
cies following ovulation induction was driven by polycystic 
ovarian syndrome (PCOS) per se. In other case, a signifi-
cant contribution of IVF compared to conception with ovu-
lary induction drugs without IVF was significant only for 
pre-eclampsia [17].

The exogenous sex hormones, GnRH-a and gonadotropin 
may affect the sex hormones secretion through hypothalamic- 
pituitary- gonadal axis and other mechanism, so the hormone- 
related complications like GDM and pre-eclampsia may 
occur. Most reports haven’t done the systematic research and 
could not reveal the correlation between controlled ovarian 
hyperstimulation (COH), exogenous progesterone treatment, 
and pregnancy complications.

In a Chinese prospective population-based cohort study 
[18], the use of Gn was a risk factor in GDM and PE and, as 
shown in Table 14.1, there was a significant correlation 
between the dosages of Gn and the incidence of GDM and 
PE whether adjusted with maternal age, ethnicity, and body 
mass index. There was not a significant correlation between 
the exogenous progesterone treatment and the incidence of 
GDM and PE whether adjusted with maternal age, ethnicity, 
and body mass index.

14.4  Peripartum Cardiomyopathy

Peripartum cardiomyopathy (PPCM) is a type of dilated 
cardiomyopathy of unknown origin that occurs in previ-
ously healthy women in the final month of pregnancy and 
up to 5  months after delivery. The reported incidence of 
PPCM varies because the diagnosis is not always consistent 
and a comparison with age-matched nonpregnant women 
does not exist. Although the incidence is low—less than 
0.1% of pregnancies—morbidity and mortality rates are 
high at 5–30% [19–21].
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Several risk factors predispose a woman to PPCM, includ-
ing increased maternal age, multiparity, multiple pregnancies, 
and pregnancies complicated by pre-eclampsia and gesta-
tional hypertension [22]. Precise mechanisms that lead to 
PPCM remain poorly defined. During pregnancy, blood vol-
ume and cardiac output increase, increase metabolic demands, 
and afterload decreases because of relaxation of vascular 
smooth muscle. These changes cause a brief, and reversible, 
hypertrophy of the left ventricle to meet the needs of the 
mother and fetus (Figs. 14.3 and 14.4). This transient left ven-
tricular dysfunction during the third trimester and early post-
partum period resolves shortly after birth in a normal 
pregnancy. PPCM might be due, in part, to an exaggerated 
decrease in left ventricular function when these hemody-
namic changes of pregnancy occur. Thus, the onset of PPCM 

can easily be masked and missed because the manifestations 
can mimic those of mild heart failure. Women with PPCM 
most commonly have dyspnea, dizziness, chest pain, cough, 
neck vein distension, fatigue, and peripheral edema. Women 
can also have arrhythmias, embolic events due to the dilated 
dysfunctional left ventricle. They can also have other indica-
tions typical of heart failure: hypoxia, jugular venous disten-
tion, gallop, rales, and hepatomegaly.

PPCM is a diagnosis of exclusion, and the definitive diag-
nosis of PPCM depends on echocardiographic identification 
of new-onset heart failure during a limited period around 
parturition. A diagnosis of PPCM requires the exclusion of 
other causes of heart failure: myocardial infarction, sepsis, 
severe pre-eclampsia, pulmonary embolism, valvular dis-
eases, and other forms of cardiomyopathy.

In PPCM, the electrocardiogram may be normal or may 
show left ventricular hypertrophy, ST-T wave abnormalities, 
dysrhythmias, Q-waves in the anteroseptal precordial leads, 
and prolonged PR and QRS intervals.

Data on clinical outcomes and natural history of PPCM 
are variable. Most of the women recover completely, but a 
few develop progressively worsening HF and, ultimately, 
death.

The prognosis is best when PPCM is diagnosed and 
treated early. Recommended echocardiographic criteria 
for diagnosis of PPCM include an ejection fraction (EF) 
<45% and fractional shortening <30% with a left ventricu-
lar end- diastolic measurement of 4.8  cm/m2 of body 
 surface area [23].

Functional atrioventricular regurgitation may also be 
present secondary to ventricular dilatation. Women who 
recovered early have significantly higher ejection fractions 
on last follow-up compared with women who has late or par-
tial recovery.

Given that the disease is rare and the symptoms such as 
dyspnea, dizziness, fatigue, and peripheral edema can be 
masked and missed, echocardiography is essential for diag-
nosis (Table 14.2). In a high number of studies reported in 
literature, the majority of those patients were diagnosed in 
the postpartum period [23].

The role of hypertension in PPCM has been unclear; some 
consider it a risk factor for development of PPC.  Pre- 
eclampsia is often cited as a risk factor for the development 
of PPCM and recent research suggests that PE and PPCM 
share mechanisms that contribute to their pathobiology [24].

In a systematic review to identify prevalence rates of PE, 
hypertension, and multiple gestations in women diagnosed 
with PPCM, the pooled prevalence of 22% was more than 
quadruple the 5% average worldwide background rate of PE 
in pregnancy (P < 0.001). The rates of hypertension during 
pregnancy (37% [95% CI: 29–45%]) and multiple gestations 
(9% [95% CI: 7–11%]) were also elevated. In another 2015 Fig. 14.3 Left ventricular dilatation is typical in hypertensive patients
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retrospective study [25], women diagnosed with PPCM were 
older than controls. A significantly higher proportion were 
primiparous (63.9%), carried multifetal pregnancies (33.3%) 
and had hypertensive  pregnancy complications (38.9%). 
Even if there are no data on direct association between 
PPCM and ART, 36% of PPCM patients of this population 
conceived with in vitro fertilization, and six of them received 
ovum donation. Thus risk factors for peripartum cardiomy-
opathy include primiparity, hypertension, and multifetal 
pregnancies; ART are not independently associated with 
PPCM but rather through other risk factors for PPCM.

Controlled ovarian stimulation by exogenous gonadotro-
pins is a key procedure during the in vitro fertilization cycle 
to obtain a sufficient number of oocytes in humans. Although 
generally safe, more studies demonstrated that repeated 
superovulation had deleterious effects on the ovaries. 
However, whether repeated superovulation adversely affects 
on heart function remains unclear. In a 2018 study by Zhang 
et al., the role of long-term repeated superovulation in ovar-

ian aging and especially in associated disorders such as car-
diovascular diseases was investigated [26]. This study used 
mice as the study model to evaluate the structure and func-
tion of ovaries that have previously received ten cycles of 
repeated superovulation treatments. Heart function was 
detected by ultrasonography, and heart ejection fraction sig-
nificantly decreased in the repeated superovulation group 
mice. These results suggest that repeated superovulation 
may increase the risk of cardiovascular diseases by acceler-
ating ovarian aging.

OHSS may involve, according to its grade of severity, 
elevated or decreased levels of growth factors, cytokines, 
mediators, changes in hormones, renin-angiotensin and 
kinin-kallikrein system [27]. Reports of high concentration 
of tumor necrosis factor-α (TNF-α), interferon-γ, interleu-
kin- 6, C-reactive protein (CRP), and Fas/apoptosis antigen 1 
(Apo-1) in peripartum cardiomyopathy [28] suggest an 
underlying inflammatory process for the pathophysiologic 
development of PPCM.

Fig. 14.4 Echocardiographic 
view in a pregnant woman 
with hypertension and 
obesity. Note the presence of 
larger left ventricular 
end-diastolic diameter values 
and increased thickness of the 
interventricular septum

Table 14.2 Peripartum cardiomyopathy echocardiographic characteristics and mortality in various studies

Author McNamara Ntusi Biteker Cooper Sliwa Mishra
LVEF (%) at entry 35 ± 10 24 ± 8 26 ± 6 27 ± 7 30 ± 9 31 ± 7
LVEF (%) at follow-up 53 ± 10 31 – 45 ± 14 50 ± 14 43 ± 8
LVEDD at entry, cm 5.5 ± 0.1 7.4 ± 1.1 6.6 ± 0.6 – 5.6 ± 0.6 6.4 ± 1.2
LVEDD at follow-up, cm – – – – 5 ± 0.9 5 ± 0.7
Recovered LVEF (%) 72 20 48 82 – –
Mortality (%) 4 17 24 0 28 23

LVEDD left ventricular end-diastolic diameter, LVEF left ventricular ejection fraction
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14.5  Management of PPCM: Compensated 
Heart Failure

No randomized clinical trials have been done to evaluate 
therapies specifically in PPCM. So management of PPCM is 
similar to standard treatment for heart failure; careful atten-
tion should be paid to fetal safety and to excretion of drug 
during breastfeeding after delivery. The first aim is to 
improve symptoms through conventional pharmacologic 
therapies and, if necessary, nonpharmacologic therapies. The 
second aim is to effect a cure through the administration of 
targeted therapies. Treatment focuses on reducing preload 
and afterload and increasing cardiac inotropy [29]. 
Polypharmacy may be required for optimal management 
[30]. Medications should be continued until evidence indi-
cates improved and/or resolved left ventricular dysfunction. 
Preload reduction is accomplished by administration of 
vasodilators, such as nitrates, most of which are safe during 
pregnancy and breastfeeding.

Diuretics are important for management of signs and 
symptoms; diuretics reduce preload and treat pulmonary 
congestion or peripheral edema. Both hydrochlorothiazide 
and furosemide are safe during pregnancy and lactation. 
However, diuretic-induced dehydration can cause uterine 
hypoperfusion and maternal metabolic acidosis, so bicarbon-
ate monitoring and management with acetazolamide are 
needed. Potassium-sparing diuretic spironolactone has been 
used successfully to treat heart failure [31], but the insuffi-
ciency of data regarding its use in pregnancy means that cau-
tious administration is warranted for preload reduction, 
although caution is warranted in antepartum women because 
rapid changes in intravascular volume can lead to a decrease 
in blood supply to the uterus and therefore the fetus [32]. 
Restriction of dietary sodium is also helpful in preload 
reduction. Bed rest was once standard care but is no longer 
recommended because of the increased risk of thromboem-
bolism [33].

Angiotensin-modulating agents are considered first-line 
drugs for heart-failure management. Angiotensin-converting 
enzyme inhibitors and angiotensin receptor blockers improve 
survival but are contraindicated in pregnancy because of 
their teratogenicity [34, 35]. Also, since they are secreted in 
breast milk, breastfeeding must be stopped before commenc-
ing therapy. Safe alternatives during pregnancy include 
hydralazine and nitrates [36]. Hydralazine is safe during 
pregnancy and is the primary vasodilator drug antepartum. 
More severe cases warrant the use of intravenous nitroglyc-
erin starting at 10–20 μg/min and continuing up to 200 μg/
min. Nitroprusside is not recommended because of the 
potential for cyanide toxicity [37].

β-Blockers are crucial for long-term management of sys-
tolic dysfunction. Although safe during pregnancy, 
β1-selective blockers are preferred over nonselective 

β-blockers to avoid anti-tocolytic action induced by 
β2-receptor blockade [38]. Carvedilol combined with a 
blockade to restrict peripheral vasoconstriction has been 
shown to be effective in peripartum cardiomyopathy. 
However, β-blockers should not be given in the early stages 
of PPCM because they can decrease perfusion in the acute 
decompensated phase of the disease.

Digoxin, an inotropic and dromotropic agent, is safe to 
use during pregnancy and calcium channel blockers (dihy-
dropyridines, such as amlodipine) have been shown to suc-
cessfully reduce interleukin-6 levels in heart-failure patients 
[39, 40], but concomitant uterine hypoperfusion requires 
cautious use of these agents.

14.5.1  Decompensated Heart Failure

In pregnant women with acute decompensating heart failure, 
management begins with the ABCs (airway, breathing, circu-
lation). Women with impending respiratory failure from pul-
monary edema require rapid initiation of supported 
ventilation; however, attempts involving noninvasive ventila-
tion may obviate intubation [41]. Breathing is supported 
with supplemental oxygen to relieve signs and symptoms 
related to hypoxemia and is assessed via continuous pulse 
oxymetry.

Women with acute heart failure benefit from intravenous 
administration of positive inotropic agents such as dobuta-
mine and milrinone, none of which are contraindicated in 
pregnancy. Positive inotropic agents improve cardiac perfor-
mance, facilitate diuresis, preserve end-organ function, and 
promote clinical stability [42]. Milrinone has vasodilating 
properties for both the systemic and the pulmonary circula-
tion, a mechanism that may be a marked benefit over other 
inotropic agents. In women with systolic blood pressure less 
than 90  mmHg, dobutamine may be preferred over milri-
none. Inotropic agents are of greatest value in women who 
have relative hypotension and an intolerance or no response 
to vasodilators and diuretics.

Medical therapy can be unsuccessful in women with 
PPCM, and mechanical cardiovascular support with an intra- 
aortic balloon pump or ventricular assist devices may be 
required [43, 44]. Use of short-term extracorporeal mem-
brane oxygenation has also been of benefit in women with 
PPCM whose heart failure was refractory to medical therapy 
and who had persistent pulmonary edema with hypoxemia.

In conclusion, PPCM is a rare but serious cause of cardiac 
failure. All women having clinical features suggestive of 
PPCM in late pregnancy and early puerperium should be 
evaluated using echocardiography and should be followed in 
order to receive optical medical therapy; those with persis-
tent sign and symptoms associated to persistent ventricular 
dysfunction should be hospitalized and the pregnancy should 
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be managed in multidisciplinary units as some cases may 
require intensive care management due to severe cardiac 
decompensation.

14.6  ART in Patients with Heart Disease

The incidence of pregnancy in women with cardiovascular 
disease is rising, primarily due to the increased number of 
women with congenital heart disease reaching reproductive 
age and the changing demographics associated with advanc-
ing maternal age related to ART treatment. Furthermore, 
many of these women are delaying pregnancy until later in 
life when they may be exposed to a greater number of com-
plications from their heart disease. A relatively high propor-
tion of these women will pursue fertility treatment to achieve 
a pregnancy; consequently, the management of subfertile 
woman with heart disease is of growing importance. It is also 
important to consider that fertility therapy failure is anyway 
associated with an increased risk of long-term adverse car-
diovascular events [45]. Women with heart disease have an 
increased baseline risk of these obstetric and perinatal com-
plications [46, 47]. They may not tolerate additional risks 
imposed by ART. Although most cardiac conditions are well 
tolerated during pregnancy and women can deliver safely 
with favorable outcomes, there are some cardiac conditions 
that have significant maternal and fetal morbidity and 
mortality.

Cardiac disease affects approximately 2% of pregnancies 
in the Western world [48]. Anemia occurs because plasma 
volume increases more rapidly than does red blood cell mass. 
Enlargement of left ventricular mass and volume manifests 
itself as cardiomegaly on chest radiography and as left-axis 
deviation on electrocardiography. Higher cardiac output is 
caused early (during the first trimester) by increased stroke 
volume, and late (after week 20 of gestation) by a rise in 
heart rate. Fetal compression of the inferior vena cava (when 
the mother is in the supine position) can diminish cardiac 
output and thereby contribute to a hypercoagulable state. 
During labor, cardiac output can increase by 80% (compared 
with 25% during caesarian section), which leads to fluctua-
tions of blood pressure and venous return. In the Western 
world, congenital heart disease (such as left to right shunts, 
left ventricular outflow tract obstruction, Marfan syndrome, 
hypertrophic cardiomyopathy, unrepaired and repaired cya-
notic heart disease) accounts for approximately 80% of car-
diac disease during pregnancy. In developing countries, 
rheumatic heart disease remains the most common cardiac 
disease during pregnancy (75%), whereas congenital heart 
disease is much less common (15%). In the United States, 
hypertensive disorders are the most frequent cardiovascular 
events, complicating approximately 7% of pregnancies [47]. 
Acute coronary syndrome [49] is rare (1–2/35,000 pregnan-

cies) but carries a mortality rate of up to 10%. Spontaneous 
coronary artery dissection, thought to be related to the effects 
of progesterone, is one manifestation.

Because of thromboembolism, mechanical heart valves 
are a significant cause of morbidity and—in up to 15% of 
affected patients—of death. Anticoagulation options include 
unfractionated heparin or low-molecular-weight heparin as a 
bridge to warfarin, which has a dose-dependent embryopa-
thy rate of <10%.

Contraindications to pregnancy include pulmonary hyper-
tension, severe systemic ventricular dysfunction (or residual 
dysfunction from peripartum cardiomyopathy), severe left- 
sided obstructive lesions, or a dilated aortic root (45  mm 
with Marfan syndrome or 50 mm with bicuspid aortic valve). 
Cyanosis with a baseline oxygen saturation level of <85% 
carries a >85% chance that pregnancy will not result in a live 
birth. Conversely, a baseline oxygen saturation level of >90% 
enables a >90% chance of a live birth.

The important question in these patients is does fertility 
treatment increase the risk of cardiovascular events? 
However, complications in pregnant women with heart dis-
ease treated with ART have not been described, despite par-
allel trends of delayed childbearing and increasing prevalence 
of heart disease among reproductive-aged women.

In medical records of women followed in the Pregnancy 
and Heart Disease Program, the first report of pregnancy out-
comes in women with heart disease conceiving by ART [50], 
the 68% of pregnancies were in women with a congenital 
heart defect, and 32% in women with acquired heart disease. 
Most pregnancies were first births (nulliparity, 64%), and 9% 
were multiples.

All pregnancies resulted in live births, except 1 that was 
electively terminated at 17 weeks due to fetal omphalocele. 
Overall, 73% of pregnancies were associated with at least 1 
complication. Adverse cardiac maternal outcomes (27% vs. 
13%) and fetal or neonatal outcomes (45% vs. 20%) were 
more common in pregnant women with heart disease 
 conceiving with ART series compared with pregnant women 
with heart disease not conceiving with ART [46]. Pre- 
maturity also was more common among infants in this series 
compared with infants in a reference ART population (32% 
vs. 13%) [51]. This report highlights the complex medical 
issues facing modern maternal demographics. ART-treated 
women with vulnerable heart lesions are at risk of OHSS 
and thromboembolism. OHSS is a potentially serious com-
plication of ART that may result in fluid shifts, maternal 
hypotension, thromboembolism, and death. Even mild 
forms of OHSS may be poorly tolerated in women with 
 ventricular dysfunction, left ventricular outflow tract 
obstruction, Fontan circulation, or pulmonary arterial 
hypertension.

Multiple gestations, a further important aspect in ART, 
remain a significant risk of gonadotropin treatment. Multiple 
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gestations in ART pregnancies are associated with a higher 
cardiac output compared with single pregnancies. This 
increased hemodynamic burden can be problematic in 
women with significant left-sided obstructive valve lesions 
(such as aortic stenosis) or left ventricular systolic dysfunc-
tion. Multiple pregnancies have higher rates of pre- eclampsia 
and other morbidities that are poorly tolerated in the setting 
of pre-existing heart disease.

To reduce the risk of multiple pregnancies associated with 
ART, the number of embryos replaced should be carefully 
evaluated, according to characteristic such as patient’s heart 
defect, maternal age, and grade of embryos.

The management of women with heart disease conceiving 
with ART needs a risk stratification with a thorough cardio-
vascular history and examination, 12-lead ECG, and accu-
rate echocardiographic evaluation (Fig. 14.5) [52].

In counseling should be considered the underlying car-
diac lesion (especially ventricular function, pulmonary pres-
sure, severity of obstructive lesions, persistence of shunts, 
and presence of hypoxemia), maternal functional status most 
often defined by New York Heart Association (NYHA) func-
tional class, the possibility of further palliative or corrective 

surgery, additional associated risk factors, and the risk of 
congenital heart disease in offspring. The risk of recurrence 
of congenital heart disease in offspring should be evaluated, 
in particular for women conceiving with ART.

Left heart obstructive lesions have a higher recurrence 
rate. Certain conditions such as Marfan syndrome are 
autosomal dominant, conferring a 50% risk of recurrence 
in an offspring.

Patients with congenital heart disease who reach repro-
ductive age should be offered genetic counseling so that they 
are fully informed of the mode of inheritance and recurrence 
risk as well as the prenatal diagnosis. Women with inherited 
cardiac conditions who have an identified genetic mutation 
may wish to explore the option of pre-implantation genetic 
screening.

However, more information is urgently needed to help 
guide medical and obstetric management of women with 
heart disease treated with ART.

The additional potential risks conferred by ART in con-
junction with cardiac-specific maternal and fetal risks must 
be weighed against the desire for pregnancy. Modified ART 
protocols and close antenatal surveillance at a center with 

Fig. 14.5 Two-dimensional transesophageal echocardiography showing a significant congenital fistula from the aorta into the right ventricular 
outflow tract
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expertise in pregnancy and heart disease are recommended 
because of high complication rates.

14.7  Polycystic Ovarian Syndrome 
and Metabolic Syndrome

Polycystic ovarian syndrome (PCOS) is complex disorder, 
affecting approximately 5–10% of the women in reproduc-
tive age group [53, 54]. It is characterized by chronic anovu-
lation, hyperandrogenism, and polycystic ovaries (Figs. 14.6, 
14.7, and 14.8).

The other metabolic abnormalities associated with PCOS 
are obesity, dyslipidemia, insulin resistance, glucose intoler-
ance, and hypertension, which confer an increased risk of 
long-term health consequences due to the high prevalence of 
insulin resistance, impaired glucose tolerance, type 2 diabetes, 
dyslipidemia, and numerous cardiovascular risk factors [55].

Most of these metabolic features are also shared by the 
metabolic syndrome (MBS), which is defined according to 
the guidelines of National Cholesterol Education Program 
Adult Treatment Panel (NCEP ATP III) 2005 as having three 
or more of the following abnormalities [56]:

• Waist circumference in females >88 cm
• Fasting serum glucose ≥100 mg/dL
• Fasting serum triglycerides ≥150 mg/dL
• Serum HDL-C

MBS is associated with atherosclerosis, hypertension, 
dyslipidemia, coronary artery disease, and diabetes. Some of 
the factors affecting the prevalence of MBS are age [57, 58], 
obesity [57], insulin resistance [59], and underlying PCOS 
[60, 61]. Many of the metabolic abnormalities of PCOS 
patients overlap with components of MS (Table 14.3) [62].

The prevalence rates of MS in PCOS women vary among 
different countries and ethnicities as follows: 43–46% in 
America [63, 64], 37.9% in India [65], 35.3% in Thailand 
[66], 28.4% in Brazil [67], 16.8% in China [68], 14.5% in 
Korea [69], 11.6% in Turkey [70], and 8.2% in Southern 
Italy [71].

It is important to know these epidemiological aspects 
because PCOS is the most common endocrinopathy among 
women of reproductive age and many infertile women who 
need ART presented with PCOS. The most frequently pre-
sented feature associated with PCOS is primary infertility in 
about 70% of the patients [72]. The presence of PCOS and 
MBS increases the risk of the in vitro fertilization (IVF) pro-
cedure and is also associated with increased obstetric risk 
and even death. The potential risks for women with MBS 
who undergo ART procedures increased with age. More 
adverse cardiovascular risk profiles of women with PCOS 
have been demonstrated in several studies [73, 74]. 
Pathogenetic mechanisms of these impairments are not 
 completely clarified yet, but insulin resistance (IR) appears 

Fig. 14.6 Story picture of patient with PCOS

Fig. 14.7 Dr. Irving Freil Stein and Dr. Michael Leventhal; 80 years 
ago described the polycystic ovaries
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to play a critical role, such as the key factor linking hyperten-
sion, glucose intolerance, obesity, lipid abnormalities, and 
coronary artery disease. Several PCOS women present 
abdominal adiposity (visceral fat) with a level of IR, similar 

to that present in women with type 2 diabetes, in association 
with an increased incidence of impaired glucose tolerance 
[75]. All markers of insulin resistance are abnormal in 
women with PCOS with metabolic syndrome compared with 
those without metabolic syndrome. The serum triglyceride/
high-density lipoprotein cholesterol (TG/HDL-C) ratio cor-
relates with insulin resistance and a serum TG/HDL-C > 3.2 
has a high sensitivity and specificity for the detection of met-
abolic syndrome in women with PCOS [76].

PCOS is a risk factor for type 2 diabetes (T2DM) but the 
magnitude of risk is uncertain, fasting plasma glucose is an 
inadequate screening test for T2DM in this population and 
the oral glucose tolerance test is superior; the identification 
of women with PCOS for diabetes screening is constrained 
by current diagnostic criteria for PCOS. Women with PCOS 
represent a unique group of women at high risk for the 
development of coronary heart disease [77, 78]. Danish 
population women with PCOS and no previous diagnosis of 

Fig. 14.8 Echographic 
aspect typical of 
micropolycystic ovaries

Table 14.3 Prevalence of metabolic syndrome componentsa in 624 
patients with PCOS

MS components

Prevalence %(n)
MS 
(n = 123)

Without MS 
(n = 501)

Total 
(n = 624)

HDL-C < 50 mg/dL 92.8 (114) 66.3 (332) 71.5 (446)
WC ≥ 88 82.9 (102) 22.8 (114) 34.6 (216)
TG ≥ 150 mg/dL 70.7 (87) 15 (75) 26 (162)
FG ≥ 100 mg/dL 43.9 (54) 5.6 (28) 13.1 (82)
BP ≥ 130/85 mmHg 8.1 (10) 0.8 (4) 2.2 (14)

PCOS polycystic ovary syndrome, MS metabolic syndrome, HDL-C 
high-density lipoprotein cholesterol, WC waist circumference, TG tri-
glycerides, FG fasting glucose, BP blood pressure
aAccording to NCEP ATPIII criteria
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cardiovascular disease were recently studied; the main study 
outcome was cardiovascular events including hypertension 
and dyslipidemia. The total event rate of cardiovascular 
event was 22.6 per 1000 patient years in PCOS vs. 13.2 per 
1000 patient years in controls; the median age at diagnosis 
of cardiovascular event was 35 (28–42) years in PCOS vs. 
36 (30–43) years in controls. Obesity, diabetes and infertil-
ity, and previous use of oral contraceptives were associated 
with increased risk of development of cardiovascular event 
in PCOS [79].

Several cardiovascular risk factors are often related to 
structural alterations, such as endothelial dysfunction, oxida-
tive stress, and low-grade chronic inflammation, that are 
present even at early age in PCOS women. Farther the pres-
ence of OHSS, a possible effect of ART treatment, may 
involve elevated levels of cytokines and inflammatory 
markers.

Numerous studies have suggested the importance of vari-
ous different cytokines (IL-1, IL-11, LIF, IL-12, and IL-18) 
in infertility and recurrent miscarriage, with particular 
emphasis on the role that endometrial cytokines may play 
[80]. In obese women with PCOS, adipocytes are the source 
of many compounds of the endocrine activity and some of 
them are also markers and mediators of inflammation. 
Increased levels of proinflammatory cytokines in blood can 
promote insulin resistance atherosclerosis. IL-18, TNF, IL-6, 
and hs-CRP are often elevated in patient with polycystic 
ovary syndrome [81]. Interleukin-18 (IL-18) is considered as 
a strong marker of inflammation and insulin resistance; car-
diovascular risk is significantly higher in PCOS patient com-
pared to controls [82]. Elevated serum IL-18 levels are 
associated with increased carotid intima-media wall thick-
ness that is an early predictor of atherosclerosis and a strong 
independent predictor of the occurrence of major cardiovas-
cular events. Every 0.1 mm increase in carotid intima-media 
wall thickness has been estimated to increase the risk of a 
myocardial infarction by 15% and the risk of stroke by 18% 
[83, 84]. The prognostic events that define the severity of 
PCOS and involvement of cardiovascular risk in PCOS 
include endothelial dysfunction and upregulation of oxida-
tive stress. In PCOS women, the circulating biomarkers of 
oxidative stress are in abnormal levels that are independent 
of overweight; the plasma levels of NO and H2O2 and the 
arginine bioavailability are reduced. In addition, hyperglyce-
mia per se promotes reactive species generation in PCOS 
[85, 86]. The women with PCOS had significantly higher 
serum advanced oxidation protein products than control 
women [87], and plasma levels of pregnancy-associated 
plasma protein-A (PAPP-A) are often elevated [88]. PAPP-A 
is a high molecular weight that is associated with vulnerable 
plaque and may be a predictor of cardiovascular disease and 
mortality [89].

Ischemic heart disease during pregnancy or the early 
postpartum period is a rare condition but has been shown to 
be associated with poor maternal as well as fetal outcome. 
There is no evidence that ART treatment increases the risk of 
ischemic heart events although information related to 
 ischemic heart disease in pregnancy is derived from case 
reports and small series. It is unclear from the literature 
whether the incidence of myocardial infarction (MI) is 
increasing or more cases are being reported. The main con-
tributing factor could be a higher prevalence of the metabolic 
syndrome. The changes in the obstetrics practice may have 
altered or even increased the incidence of MI.  Thus, for 
example, the use of tocolytics (ritodrine), prostaglandins 
(PGE2) and the increase of multiple pregnancies in the popu-
lation as a consequence of ART may all have contributed to 
the apparent increased incidence of MI [90]. A review pub-
lished by Roth shows that MI occurs more commonly in 
multigravidas (66%), and the majority of patients (72%) are 
older than 30 years, frequent characteristics in patient under-
going ART [91]. A recent series on pregnancy-associated 
spontaneous coronary artery dissection, reported between 
2000 and 2015, included 120 cases; 94 of the women (81%) 
were >30 years and 47 (40.5%) were >35 years; use of hor-
monal therapy before pregnancy (n = 38) was reported in 7 
women (18.5%), 4 used oral contraceptives, and 3 were hor-
monally treated for infertility [92, 93]. With the continuing 
trend of childbearing at older ages and advances in reproduc-
tive technology enabling many older women to conceive, it 
may be expected that its occurrence will increase.

The different diagnostic criteria used for the diagnosis of 
PCOS for the past two decades create several phenotypes of 
PCOS that differed metabolically (Table 14.4) [94].

There are three definitions for PCOS: one adopted in 1990 
(classical PCOS with phenotypes A and B), an other in 2003 
(Rotterdam criteria with four phenotypes A–D), a wider defi-
nition including the 1990 phenotypes, and the Androgen 
Excess (AE) and PCOS Society (AE-PCOS) criteria pro-
posed in 2006 [94, 95]. The different diagnostic criteria create 
several phenotypes of PCOS. It is even suggested that these 
subgroups differ metabolically [96]. One extensive review by 
Moran and Teede sought to compare the metabolic profiles 
among these different reproductive phenotypes (Table 14.5) 
[97–99].

Most studies conclude that women with NIH PCOS (phe-
notypes A and B) present with more adverse metabolic pro-
files (including higher IR, increased prevalence of metabolic 
syndrome, and more adverse lipid profiles) than those with 
non-NIH PCOS (phenotypes C and D). Phenotypes C and D 
are not actually related to increased CVD risk, and thus 
screening for CVD risk factors of intervening for primary 
CVD prevention in young women is not cost-effective. There 
is an increasing number of suggestions to return to the 1990 

14 Oocytes Retrieval in Metabolic Syndrome



238

criteria plus some metabolic parameters to identify real CVD 
risk in this population. However, such a strategy needs veri-
fication by large, prospective studies.

Obesity plays a role in the expression of metabolic fea-
tures and other clinical manifestations of PCOS [100, 101] 
and it is linked with worse biotechnological and clinical 
in  vitro fertilization outcome [102]. Obese PCOS women 
have a ten-fold increase in their risk of suffering from DM2 
and a seven-fold increase of IGT compared with normal 
weight PCOS women [103]. An accelerated rate of conver-
sion from IGT to DM2 is strongly dependent upon BMI 
[104]. The patient’s risk of developing cardiovascular dis-
ease increases with increasing BMI. In PCOS and non-PCOS 
women, levels of TNF-α [105, 106], IL-6, and CRP [106] 
correlate directly with BMI, but overweight and obese PCOS 
women in some studies have presented with significantly 
higher levels of these inflammatory markers than their BMI- 
matched non-PCOS counterparts [106, 107] (Fig.  14.9). 
Dyslipidemia is the most common metabolic abnormality in 
PCOS [100]. Elevated LDL [108–110] and VLDL [109] in 
PCOS are further elevated when excess adiposity is present, 
but, as confirmed by a recent meta-analysis, the higher levels 
occur in PCOS independently of obesity [111].

Despite small changes in lipid profiles in PCOS, most 
women with PCOS are young and have normal blood pres-

sure and do not qualify for primary prevention of cardiovas-
cular disease [100]. Nevertheless, performing at least one 
measurement of lipid profiles in PCOS in conjunction with an 
assessment for other cardiovascular risk factors such as smok-
ing and family history of CVD is suggested [100]. It is esti-
mated that 80–90% of women reporting menstrual irregularity 
have PCOS [100]. The subgroup of PCOS women reporting a 
history of very irregular menses most frequently refer to 
ART. An investigation followed 82,439 women aged 20–35 
for 14 years [112]. Compared with women reporting a history 
of regular menses, women reporting a history of very irregu-
lar menses had a significantly higher risk of nonfatal and fatal 
cardiovascular disease, even after adjustment for BMI, age, 
menopausal status, and smoking [112]. Furthermore, a recent 
meta-analysis indicated a two-fold increased risk of coronary 
heart disease (CHD) and stroke for patients with PCOS rela-
tive to women without PCOS [113].

In conclusion, obese women with PCOS should be tar-
geted for aggressive treatment and prevention of cardiovas-
cular disease, and a careful screening of all PCOS women 
should include OGTT; more frequent screenings are 
required for those with other DM2 risk factors, such as a 
family history of DM2. Early diagnosis and treatment of 
PCOS in adolescents are essential in ensuring adulthood 
health [114, 115]; in adolescent girls with PCOS, hyperan-
drogenemia is a risk factor of MBS independent of obesity 
and insulin resistance [116, 117]. The patients with PCOS 
should be counseled to reduce cardiovascular risk factors 
through weight control, exercise, lifestyle intervention, 
and/or pharmacologic interventions. Treatment of the asso-
ciated cardiovascular risk factors, including insulin resis-

Table 14.4 PCOS diagnostic criteria

NIH 1990 Rotterdam 2003
AE-PCOS Society 
2006

Both of the followinga:
1.  Chronic anovulation, 

documented by 
oligo- or amenorrhea

2.  Clinical and/or 
biochemical signs of 
hyperandrogenism 
(with exclusion of 
other etiologies, e.g., 
congenital adrenal 
hyperplasia) with or 
without PCO on 
ultrasound

At least two of the 
followinga:
1.  Chronic 

anovulation, 
documented by 
oligo- or 
amenorrhea

2.  Clinical and/or 
biochemical signs 
of 
hyperandrogenism

3.  Polycystic ovaries 
by ultrasound

Clinical and/or 
biochemical signs of 
hyperandrogenism 
and at least one of 
the followinga:
1.  Ovarian 

dysfunction 
(oligo/
anovulation)

2.  Polycystic 
ovarian 
morphology by 
ultrasound

aAfter exclusion of the other diseases that can produce a similar clinical 
picture

Table 14.5 Diagnostic phenotypes of PCOS

Phenotype A NIH PCOS: hyperandrogenism and oligo/
anovulation with PCO
Phenotype B NIH PCOS: hyperandrogenism and oligo/
anovulation without PCO
Phenotype C Non-NIH PCOS: hyperandrogenism with PCO but 
with normal ovulation
Phenotype D Non-NIH PCOS: no hyperandrogenism but with 
oligo/anovulation and with PCO

Adapted from Moran and Teede [97]

Fig. 14.9 Pathophysiology of metabolic disturbances in PCOS. CVD 
cardiovascular disease, TG triglycerides, HDL-C high-density lipoprotein 
cholesterol, VLDLC very-low-density lipoprotein cholesterol, CRP 
C-reactive protein, TNF-α tumor necrosis factor-alpha, IL-6 interleukin-
 6, FMD flow-mediated dilatation, IMT intima-media thickness, SHBG 
sex hormone binding globulin, LH luteinizing hormone, DM diabetes 
mellitus
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tance, hypertension, and dyslipidemia, should be 
incorporated into the routine PCOS patient wellness care 
program [118]. Assessment of the concentrations of inflam-
matory markers may become a very useful test in evaluat-
ing the risk of developing atherosclerosis and cardiovascular 
disease, long before their clinical manifestation. Further 
evaluation and treatment should follow to ensure the safety 
of ART procedures and of ensuing pregnancies.
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Routine harvesting oocytes for in  vitro fertilization (IVF) 
started in the early 1980s.

Only then gynecologists and scientist had the opportunity 
to study the human female gamete, until this time all the 
knowledge of this extraordinary cell was inferred from ani-
mal models.

The day of oocyte retrieval, also known as oocyte pick-
 up, is the start of all IVF process. In early 1960s, collection 

of the precious egg was the main concern of every gynecolo-
gist. Thanks to doctor Patrick Steptoe and his collaboration 
with doctor Bob Edwards oocyte recovery succeeded, and 
Louise Brown was born 40 years ago [1].

The success of IVF depends on oocyte pick-up. Despite 
age, major impact factor on oocyte quality, ovarian stimula-
tion, and oocyte pick-up also influence oocyte quality. Here 
we will revisit oocyte pick-up: how it is done and its influ-
ence in oocyte quality. We will go through the complete pro-
cess from triggering to oocyte management in vitro.

15.1  Oocyte Pick-Up

15.1.1  Ovarian Stimulation  
and Oocyte Pick-Up

Ovarian stimulation is fundamental for IVF; without it 
there is no oocytes to pick-up. Triggering ovulation with 
exogenous gonadotropins and gonadotropin-releasing hor-
mone (GnRH) agonist or antagonist (to suppress pituitary) 
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 avoiding premature ovulation is essential for the cumulus 
to detach itself from the wall of the follicle [2]. Oocyte 
pick-up occurs after final stages of oocyte maturation 
(when the female gamete is ready to be fertilzed), but 
before follicular rupture or the oocyte will be lost [3]. The 
classic pick-up schedule is 36 h post luteinizing hormone 
(LH) triggering injection. After using hCG 5000 units, uri-
nary extraction of chorionic gonadotropin, its recombinant 
form is currently the only one available on the market. 
Agonist release using their flare-up action is also possible 
in pituitary-controlled ovarian stimulation by GnRH 
antagonists.

The time of collection is wider than 36 h after triggering. 
There is almost no follicular rupture before 40 h as we can 
observe during gamete intrafallopian transfer (GIFT) 
procedure.

15.1.2  From Laparoscopy to Ultrasound- 
Guided Puncture

Initially, oocyte pick-up was done by laparoscopy [4].
After having first identified the occurrence of the LH peak 

by iterative dosing, Steptoe and Edwards proposed a laparo-
scopic intervention to recover the oocytes. This procedure 
was used between 1978 and 1986 with more than 30% fail-
ure of collection [4]. The high rate of failure was not satisfac-
tory; the number of pregnancies and children born per year 
of activity was low.

Some of the disadvantages of laparoscopic method lie in 
the necessary use of general anesthesia, the limitation of 
access to adherent or covered ovaries and its common post- 
operative abdominal discomfort and hospitalization stay of 
6–24 h. But most importantly, its ineffectiveness compared 
to the echo guided collection. With laparoscopy it is only 
possible to access the most prominent follicles on the surface 
of the ovary, which limits the results.

Together with the mastery of ovulation trigger fundamen-
tally changed the prognosis and ensured development of 
teams capable of intervening in most countries. A newer and 
more efficient method for oocyte recovery had to be devel-
oped and that was when ultrasound-guided oocyte collection 
was described [5, 6]. This method brought reliability and 
reproducibility to this long-standing random act [7]. Initially, 
the number of oocytes was not significantly higher, but the 
method was much simpler and with time became more 
 efficient [7, 8].

While using laparoscopic oocyte collection was possible 
to check follicular fluids, the mature follicle wall became 
more and more translucent allowing the fluid to be visible. 
Puncture had to be carried out perpendicular to the follicle to 
avoid rupture with oocyte loss. Unlike today’s guided ultra-
sound puncture, the needle had to be in a particular angle at 

the ovary to puncture the follicle. Whereas today, it is the 
needle that will search each follicle [7].

The collection of human oocytes for IVF by ultrasound- 
guided percutaneous follicular puncture was first described 
in 1981 [5]. This was a natural development based on the 
previous knowledge of ultrasound-guided punctures of other 
abdominal organs. Filling the urinary bladder with a volume 
of 300–500 mL gave better visualization and was routinely 
used. This transvesical aspiration route utilized an abdomi-
nal transducer equipped with an attached needle guide. Its 
main disadvantages lie in the difficulty of performing this 
procedure with local anesthesia since the bladder wall 
remains sensitive in many cases to needle puncture, and fill-
ing of the bladder with up to 500 mL, which usually causes a 
significant degree of patient discomfort. This method 
requires a degree of training and experience in ultrasound 
techniques by the operator before satisfactory oocyte collec-
tion rates can be achieved. For these reasons, another 
ultrasound- guided method emerged—the transvaginal route 
with endovaginal probes [6, 9]. This method remains in use 
until today [7, 8].

Transvaginal ultrasound-guided aspiration is done with a 
puncture needle with diameters between −16 and −17 gauge, 
to avoid damage the oocyte with the suction force [10]. It can 
be done with a 10–20 mL syringe controlled by hand, and a 
higher volume causes a higher suction force which can dam-
age the oocyte during aspiration towards the needle [10]. An 
increased diameter ratio of the puncture needle and the 
higher volume syringe may be responsible for increasing the 
suction force. Instead of using a syringe, oocyte pick-up can 
also be done by using an aspiration device, where the punc-
ture needle is coupled to the ultrasound guide, as in the 
syringe method, but the other end is connected with an aspi-
rator which is then connected to a tube to which the follicular 
fluid is aspirated. The suction/aspiration force should be con-
trolled to avoid oocyte damage [10].

15.1.3  Follicle Aspiration

While follicular fluid is aspirated it is possible to see within 
the tube, cellular elements from the granulosa attesting the 
follicular puncture. In case of cystic follicles aspiration, the 
aspirated fluid is citric yellow. The fluid is bloodier if small 
follicles are aspirated, which is responsible for difficult 
cumulus-oocyte complexes isolation. For that it has been 
suggested to rinse with a heparinized medium to avoid clot-
ting. Ideally, a puncture is a little bloody leaving an orange 
color liquid or the cellular elements are visible to the naked 
eye, indicating the aspiration of mature follicles.

Follicular flushing after follicle aspiration should maxi-
mize the number of oocytes recovered [10]. However, no 
study really proved the increased number of oocytes using 
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flushing, and due to its disadvantages: longer procedures, 
more anesthetics, possibility of cell removal with potential 
important endocrine luteal support, flushing is not routinely 
used [10].

Identification of collection tubes at the site of follicular 
puncture is a key point to identity-vigilance and traceability 
for clinical-biological transmission. Oocyte pick-up is done 
in an operating room, which ideally communicates with the 
IVF laboratory. However, it may not be the case, so transport 
to the laboratory should be organized in order to maintain 
oocyte survival and traceability-security conditions [11, 12].

In the beginning of the establishment of IVF centers, the 
embryology teams were often located away from the punc-
ture sites. This situation still remains current in some cases. 
The quality of transportation could explain the differences in 
results from one team to another, even within the same labo-
ratory. Pre-heated blocks should be used to transport the 
tubes with the follicular fluid, ensuring a temperature as sta-
ble as possible at 36.5  ±  1  °C.  Temperature regulation is 
required during transport, with heat input which can be 
autonomous or connected to a vehicle-type cigarette lighter 
transport device. Several tube types can be used for collec-
tion of follicular fluids, the most common are sterile 14 mL 
tubes [11].

15.1.4  Abnormalities Related  
to Oocyte Pick-Up

There is no risk of deterioration of oocyte quality related to 
the collection, the conditions are today controlled from the 
physical point, depression of 100 mmHg, physiological flu-
ids tested for rinses, absence of toxicity like gaseous anes-
thetics. The risk of damaging the oocyte exists in case of 
pressure vacuum on the suction pump. The examination then 
shows the distended corona and the broken oocyte with cyto-
plasm separated into two (Fig.  15.1a and b), or simply a 
complete damaged oocyte, which will be excluded from any 
technique (Fig. 15.1c).

15.2  Oocyte Isolation In Vitro

15.2.1  Follicular Fluids Examination

Follicular aspirated fluids examination should be performed 
in strict aseptic conditions, under a vertical laminar flow 
hood, and with the least heat loss possible [11]. The search 
for the cumulus-oocyte complexes (COCs) can be performed 
with the naked eye in backlighting for better cell refraction.

The spreading of the fluid in a large petri dish makes it 
possible to locate the oocyte within the cumulus and the cells 
of corona radiata. Isolation is then done under a stereomicro-
scope with a heated stage to maintain the oocyte temperature 
near 37  °C.  Exposure to light and exterior environment 
should be minimal, and sample analysis must be quick [11]. 
Particularly, if follicular fluid is bloody, the fastest analysis 
lowers risks for coagulation. The storage conditions must 
also be controlled to ensure maintenance of the physico-
chemical parameters such as temperature and heat the most 
stable as possible. Again, the speed of the operator is impor-
tant because prolonged exposure of the oocyte to the follicu-
lar fluid will have an impact on oocyte quality. Therefore, it 
is recommended to choose a close buffer medium, like 
HEPES to maintain pH stable, when working under the 
hood, instead of a bicarbonate buffer medium which needs to 
be kept at 5–6% CO2 [11].

Following isolation and morphological evaluation, 
oocytes are placed in an appropriate medium in an incubator 
at 37 °C with 5–6% CO2 until IVF sperm insemination and/
or Intra-Cytoplasmic Sperm Injection (ICSI) denudation and 
microinjection (Fig. 15.2).

Timing for insemination and microinjection is important to 
oocyte quality and/or embryo development, every species oocyte 
has a fertilization window, and in humans that window is between 
24 and 36 h post-LH surge [13]. Afterwards, an aging process of 
in vitro of human oocyte will initiate, and this includes a slow 
migration of the spindle away from the cortex and an increased 
susceptibility to abnormal egg activation, apoptosis, and aneu-
ploidy [13]. Usually,  insemination or microinjection of mature 

Fig. 15.1 Occurrence of abnormalities due to hyper aspiration pressure during oocyte collection: (a) corona without oocyte; (b) separation of the 
oocytes into two; (c) oocyte in fragmentation
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oocytes is done approximately within 4 h after oocyte pick-up. 
For the same reasons, if freezing instead of fertilizing the oocytes, 
the same precautions should be used (Fig. 15.3).

15.2.2  Oocyte Evaluation

Embryo morphology assessment is a key element in any IVF 
laboratory, but interestingly the morphology assessment of the 

recovered oocytes is not [14]. In case of ICSI, a quick evalua-
tion is performed after denudation, providing  superficial infor-
mation of which meiotic stage the oocytes are: germinal 
vesicle (GV—Fig. 15.1a), metaphase I (MI—Fig. 15.1b), or 
metaphase II (MII—Fig. 15.1c), in order to select oocytes to 
microinject [14]. Oocyte quality is of upmost importance for 
which female fertility is totally dependent on [15]. A better 
knowledge of what governs oocyte quality is important, due to 
the fact that this initial evaluation could give the embryologist 

Fig. 15.2 Oocyte sampling: often in bloody follicular fluid the COCs present traces of blood (a) magnification 5× and (b) magnification 8×; (c, 
d) regular appearance of COCs while waiting for insemination (IVF) or denudation (ICSI)

Fig. 15.3 Oocyte isolation: (a, b) alternating backlighting allows for more clear sampling the maturity of cumulus cells; (c) at higher magnifica-
tion (20×) with the black underground it is possible to observe the expanded cumulus cells indicative of maturation
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a prediction of oocyte developmental potential, and ultimately 
embryo development [15].

Nevertheless, there are very few signs of egg quality on 
the day of collection. Historically, it is the expansion of 
the cumulus that is associated with its growth and served 
as a maturity assessor. However, in conventional IVF, this 
 relationship between cumulus and meiosis resume does 
not predict fertilization, and all oocytes collected are usu-
ally inseminated without further evaluation. It is denuda-
tion 24 h afterwards that confirms oocyte maturity by the 
presence of a polar body (PB) and eventual fertilization if 
two pronuclei (PN) are also present. This observation is 
imperfect because we can attest to meiosis resume, but 
nothing certifies that it was the case at the time of contact 
with the spermatozoa. If there is a fertilization failure, it is 
easily explained when we encounter the oocytes in GV or 
MI stage or if intra- cytoplasmic smooth endoplasmic 
reticulum (sER) sacculi are present [13], uncertainties 
remain in the case of MII fail to fertilize, which still 
affects about 30% of oocytes, including those of ICSI 
[16]. The presence of smooth endoplasmic reticulum 
(sER) clusters in the MII ooplasm is associated with low 
pregnancy rates [17–19]. In IVF, it is also associated with 
failure of fertilization that must be overpassed by using 
ICSI.

Oocyte maturation is a complex event, which implies syn-
chronism of nuclear and cytoplasmic maturation. Resume of 
meiosis is initiated with the LH surge, and oocyte meiosis 
from prophase (PI) of meiosis I, and it arrests again in meta-
phase II and awaits sperm entry and fertilization [3].

Nevertheless, these are morphological features, which 
may not represent the very true nature of the oocyte quality. 
The same quality can be compromised by many other factors 
as it has been mentioned. There are still more studies needed 
to truly access oocyte quality during IVF procedures 
(Fig. 15.4).

15.2.3  Oocyte Maturation

Oocyte maturation consists in the progression from diplo-
tene of prophase I (PI) to MII of the second meiosis division 
[3]. This step of oocyte maturation prior to fertilization is 
very fast and crucial, and it occurs just prior to ovulation and 
after the LH surge [3, 20]. This progression occurs at nuclear 
and cytoplasmic level; without it the oocyte will not recog-
nize the spermatozoid and will not fertilize. All of these 
mechanisms depend on the bi-directional communication 
between the oocyte and cumulus cells [20, 21]. In human, 
this process takes about 30 h [19] (Fig. 15.5).

The cumulus cells communicate with the oocyte, and vice 
versa, through transzonal projections (TZPs) that extend 
from the cumulus cells traversing the zona pellucida (ZP) 
into the ooplasm of the oocyte [22]. The factors exchanged 
between the oocyte and the somatic cells are responsible for 
maintaining meiotic arrest and cytoplasm stockpiling of 
molecules and organelles, which will be the maternal contri-
bution to maturation, fertilization, and embryo development 
[3, 15]. Table  15.1 summarizes nuclear and cytoplasmic 
aspects of oocyte maturation.

Nuclear maturation will occur spontaneously if the oocyte is 
released from the follicle [23]. However, the objective is to have 
a MII oocyte at the time of oocyte pick-up (Fig. 15.1c). The 
quiescent immature oocyte has its nucleus arrested in diplotene 
of PI of first meiotic division, also known as GV (Fig. 15.1a). 
Following the hCG dose 36 h before oocyte pick-up, the GV 
initiates breakdown (germinal vesicle breakdown—GVBD) 
and start forming the MI spindle (Fig. 15.1b). In human, it forms 
in center of the oocyte, having to relocate to the oocyte cytoplas-
mic membrane, so that the asymmetrical cytokinesis occurs 
with the extrusion the first PB (Fig. 15.1c) [3].

When cultured in  vitro, human oocyte maturation is 
observed 24–48 h in culture with no hCG stimulation, and in 
30 h if the patient was treated with hCG [23]. The relocation 

Fig. 15.4 Oocyte evaluation: (a) sometimes the cumulus cells in the 
COC are so well expanded that allow to visualize the presence of the PB 
(arrow), confirming nuclear maturation, magnification 10×; (b, c) rare 
sighting of two oocytes within the same corona cells, but each oocyte 

has its own zona pellucida (ZP); (c) interestingly and despite being sub-
jected to same hormone dosage, after denudation the oocytes were in 
different stages of meiosis—GV and MII (arrow in the PB), magnifica-
tion 15×
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of the MI spindle is driven by cytoplasmic streaming which 
pushes the MI spindle closest to the oocyte membrane. The 
relocation leads also to the formation of a thick layer of 
F-actin in the cortex just above the spindle. This highly 
polarized configuration of the oocyte is necessary for a cyto-
kinesis to occur with the less amount of cytoplasm possible 
to ensure oocyte/embryo quality [3].

Regarding cytoplasmic maturation, as in other somatic 
cells, the oocyte cytoplasm is composed of several organ-
elles; among them is the endoplasmic reticulum (ER), Golgi 
complex (GC), lysosomes, ribosomes, mitochondria, and 
annulated lamellae.

However, oocytes have two other organelles that are 
oocyte exclusive: cortical granules (CG) and Balbiani’s body 
[24]. Mitochondria are the energy source for maturation, fer-
tilization, and embryo development, and also are involved in 
oocyte aging due to reduced efficiency in managing the free 
radicals [24]. This organelle is abundant throughout the cyto-
plasm during meiosis I until MI spindle forms when it locates 
in the surrounding of the spindle; just before cytokinesis it 
relocates to the spindle pole farthest of the oocyte membrane, 
ensuring that the oocyte energy reserve is kept within the 

oocyte cytoplasm [3]. The ER is the intercellular calcium 
(Ca2+) store for the necessary Ca2+ oscillations for trigger-
ing meiotic maturation to MII and meiotic completion at fer-
tilization [3]. ER is well organized and distributed throughout 
the cytoplasm in prophase I and metaphase I; however, in 
metaphase II the ER forms clusters throughout the cytoplasm 
including around the MII spindle [3]. The cortical granules 
are secretory organelles that prevent more than one sperma-
tozoid to fertilize the oocyte (polyspermy prevention) [3]. 
These vesicles are dispersed through the cytoplasm during 
prophase I and metaphase I, clustering underneath the 
oolemma in MII. Cortical granules are activated by the Ca2+ 
oscillation at fertilization [3]. Cytoplasmic maturation is 
accomplished through massive intracellular reorganization 
of the organelles, induced by cell cycle kinases in response 
to LH triggering [21].

15.2.4  Oocyte Denudation and ICSI Timing: 
Impact on Oocyte Quality

The success of ART depends upon oocyte quality, hence 
avoiding long oocyte manipulations is very important. The 
oocyte competence is predicted by oocyte nuclear and cyto-
plasmic maturation [25]. This is particularly important due 
to the oocyte ability to fertilize, even after it loses its capacity 
to develop into viable embryo [26]. Age is an important fac-
tor in oocyte quality and is usually assumed that oocytes col-
lected from younger women may hold longer periods of 
incubation than those of older women [25]. However, longer 
incubation periods before ICSI or vitrification can age even 
young oocytes, inducing detrimental outcomes, as shown in 
mice oocyte aged in culture; the same calcium oscillations 
induced apoptosis instead of fertilization [27, 28]. Timing 
matters at all female ages.

Results are still inconsistent regarding what is the best 
time to denudate oocytes, but the timing between denudation 
and ICSI or vitrification is consensual [11, 25]. It should be 
short because denuded oocytes are more vulnerable to any 
external changes [11, 25, 27, 29].

Fig. 15.5 Oocyte maturity stages: (a) germinal vesicle (GV); (b) metaphase I (MI); (c) metaphase II (MII) presence of a polar body (PB—arrow); 
(d) MII oocyte exhibiting a sER in the cytoplasm, sign of immature cytoplasm

Table 15.1 Oocyte maturation: from PI to MII

Prophase I Metaphase I Metaphase II
Nuclear GV centrally 

located in the 
cytoplasm

MI spindle 
centrally 
located

MII spindle 
under the 
oolemma and 
PB extruded

Cytoplasm
 •  Cortical 

granules
 • Mitochondria
 •  Endoplasmic 

reticulum

Distributed 
widely 
through the 
cytoplasm
Sparse
Organized in 
network from 
cortex to the 
interior of the 
cytoplasm

Distributed 
widely 
through the 
cytoplasm
Sparse
Grouped near 
the MI 
spindle
Similar 
distribution 
as in 
prophase I

Underneath 
the oolemma
Underneath 
the oolemma
Clusters 
throughout the 
cell, including 
around the MII 
spindle
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Pre-incubate cumulus-oocyte complexes (COCs) before 
denudation may not increase the number of mature oocytes 
but may allow for those already in MII to complete cytoplas-
mic maturation [14, 29]. Even though this is a nonconsensual 
subject, it is consensual to everyone that excessive incuba-
tion time decreases oocyte quality [29].

It was demonstrated that after warmed the MII oocyte 
spindle integrity starts to decline after 2–3 h in culture before 
ICSI, and oocyte had been cryopreserved 2–3 h prior to pick-
 up [29]. It has been shown that performing ICSI 2–3 h post 
oocyte pick-up or 38–39 h post hCG triggering has a good 
impact on implantation rates [25]. Whereas, earlier other 
authors suggested 37–41  h post hCG triggering for better 
implantation rates [30].

Independently of the differences, these results demon-
strate that we have at least a 3 h window to perform ICSI or 
to vitrify the oocytes after pick-up without compromising the 
oocytes quality.

15.2.5  Oocyte Vitrification

Oocyte vitrification in the context of in vitro fertilization has 
to be considered today as part of the daily life in an ART 
laboratory [31]. This technical advance is responsible for 
oocyte quality and survival after freezing/warming. The vit-
rification of mature oocytes is an alternative to freezing 
embryos and the difficulties that this represents for some 
couples and certain situations such as the preservation of 
female fertility [32]. Vitrification only maintains the qualita-
tive potential of the oocyte collected.

The success rates of this technique are very good, both 
oocyte survival post-thawing and fertilization rates, which 
are indicative of how well the oocyte quality is preserved, 
allowing for a personalized approach in patient care [32]. For 
example, if a patient is in risk of ovarian hyperstimulation 
syndrome (OHSS) a “freeze all” approach can be chosen 
with the same security as freeze all embryos [32]. It can also 
be used safely in poor-responder patients as a strategy to 
accumulate oocytes [33].

Taking into consideration the timing of culture prior to 
execution of the technique, and how harmful it can be to the 
oocyte quality, an ART laboratory should adjust their work to 
the requirements of this technique. It is therefore recom-
mended that this task should be assigned to an experienced 
embryologist with no other assignments, for better results 
(Fig. 15.6).

15.2.6  Limitation of Oocyte Quality Evaluation

Oocyte quality evaluation is mostly morphological, with the 
exception of denuded oocytes for ICSI, the majority of the 
retrieved oocytes are evaluated superficially for cumulus 
overall size, coloration, and expansion [14]. In case of ICSI, 
however, due to denudation it is possible to assess the devel-
opmental stage (GV/MI/MII), and some degenerative signs 
of cytoplasm, PB, and/or zona pellucida (ZP) [14]. 
Nevertheless, this evaluation is still quite insufficient for pre-
dicting higher oocyte fertilization rate and embryo quality.

Spindle imaging using a polscope (polarized light micro-
scope) was proposed in addition to PB observation for better 

Fig. 15.6 Oocyte vitrification: a group of three oocytes (a) in vitrification solution; (b) recovering post-thawing
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oocyte maturity assessment [34]. Their investigation showed 
that the presence of the meiotic spindle was a good addi-
tional morphological parameter for oocyte quality evaluation 
[34]. However, it is not feasible for most ART clinics to have 
a polarized light imaging system. Polscope has been shown, 
in some cases of spindle abnormalities, to be inefficient to 
assess spindle and predict oocyte quality [35]. It is still, how-
ever, a valid noninvasive method to evaluate oocytes.

The variety of oocyte and embryo classification tables 
used by the different professionals may also contribute to 
more inadequate evaluation. With the intention to standard-
ize and develop a more efficient evaluation of oocytes and 
embryos in 2011, it was published a global consensus [36]. 
This consensus suggested the inclusion in the evaluation of 
oocyte morphology: COCs, ZP, perivitelline space (PVS), 
PB, cytoplasm, and vacuolization, based on expert opinion 
and scientific literature.

Note should be made that one of the major limitations of 
these evaluation parameters is the inability to determine 
cytoplasmic maturity (oocyte is prepared for activation, fer-
tilization, and development), which might not be synchro-
nous with nuclear maturation (resumption of meiosis and 
progression to MII—extruded PB) [37].

The most important factor in the success of an in vitro 
fertilization is the number of oocytes available for a patient. 
Ovarian reserve evaluation with antral follicular count and 
AMH dosage reflects what the patient can expect as a 
response to the treatment.

Ultrasound allows to follow up ovarian stimulation, by 
visualizing and measuring the number of liquid structures 
(follicles), which are growing in the ovary. Despite the strong 
correlation between ultrasound images and the number of 
oocytes isolated when looking for COCs, this number must 
always be confirmed on the day of oocyte retrieval. The 
knowledge of the results of ultrasound and hormonal level is 
useful to the biologist in charge of the analysis of the pick-up 
product.

There is a direct correlation between the number of oocyte 
and the pregnancy rate [38]. When oocyte numbers are too 
high, there is a reverse reflection on pregnancy rate [38]. The 
maximum probability of success is reached on 15 oocytes; 
beyond 15 oocytes the qualitative effect turns against the 
results in pregnancy, increasing the possibility of hyperstim-
ulation, which has a negative effect on pregnancy results 
[37]. In addition to impaired quality due to the large number 
of oocytes, the risk of bleeding may endanger the life of the 
patient.

Due to law 40/2004 in Italy, drastic oocyte selection was 
imposed to select only three oocytes after pick-up. It led to 
an increased oocytes research programs but when we look 
closely to the results on National register for patients, there 
has been no change in results [32].

Nevertheless, oocyte examination or its environment still 
needs further investigation to reach a better predictive poten-
tial of oocyte morphology evaluation. This objective will be 
fulfilled by transcriptomic research in cumuli cells [39].

15.3  Oocyte Quality to Support Embryonic 
Early Development

A quantifiable link between oocyte observations and embry-
onic development has not yet been found, despite all the 
efforts [14]. Microscopic observations of cellular elements 
taken separately do not allow to establish a reliable correla-
tion either with development or implantation. Several oocyte 
structures including: meiotic spindle, ZP, presence of vacu-
oles, PB and oocyte shape, PVS, central cytoplasmic granu-
lation, COCs maturation show no predictive value to better 
characterize developmental competence of the oocytes. 
Further studies are necessary to have a predictive potential of 
embryo quality based on morphological observations of the 
oocyte [14].

Regarding patient information of their success rate, if no 
infertility cause diagnosed, age has the most impact on the 
outcome of the attempt. The age of the oocyte is most impor-
tant for the quality of the embryo designed [24]. Oocyte’s 
age can be measured in maternal age (years) and/or time 
after collection (h). Pregnancy rates are directly related to 
maternal age, which is validated by the oocyte donation 
model. The oocyte provides all the elements for embryonic 
development with the exception of half of the nuclear mate-
rial, and even after the awakening of the embryonic genome, 
until implantation, the embryo uses and exhausts all the 
reserves and resources of the oocyte [21, 24]. An important 
factor to keep in mind is that the intra-pellucidal volume of 
the oocyte and that of the embryo until day 5 are identical, 
whereas the exponential multiplication of cell divisions 
decreases the nucleus-cytoplasmic ratio. An implanting blas-
tocyst retrospectively confirms the good quality of an oocyte.

15.4  Conclusions

No clear tendency in recent publications to a general increase 
in predictive value of morphological features has been 
described [14]. Day 0 or pick-up day is one of the more 
stressing days in the IVF procedure due to the unknown 
before follicular fluid examination. Even when oocyte num-
ber is confirmed, the uncertainty remains if associated with 
maternal age. We can only predict a statistical value corre-
lated to the maternal age with the information after pick-up. 
If we keep in mind that female fertility preservation started 
with oocytes and oocyte numbers, the quality is of upmost 
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importance in women whose health is in danger. Whether if 
it is for fertilization or freezing it is only possible to evaluate 
oocyte quality after pick-up, but only a few parameters are 
still available with real prognostic value for this first day. No 
doubt this is a subject under development, and we wait 
expectant for newer guidelines.
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The observation of the oocyte has always been at the base of 
the embryological evaluation since the inception of in vitro 
insemination procedures [1]. However, the identification of 
oocyte characteristics and/or ooplasm dysmorphism under 
an inverted microscope (Fig. 16.1) have mostly been carried 
out after the exposure of the oocyte-cumulus complex to the 
inseminating spermatozoa. Therefore, the evaluation of 
oocyte complexion was carried out mostly on oocytes that 
had failed to undergo fertilization. This led to the work of 
some investigators who attempted to describe these anoma-
lies and concluded that dysmorphic oocytes were not capable 
of undergoing fertilization and if ever they would, they 
would not be able to develop into viable embryos [2].

The advent of ICSI requiring removal of the cumulus 
cells (Fig. 16.2) has changed this assessment and has allowed 
embryologists to characterize oocyte morphology prior to 
sperm injection and therefore define specific morphological 
patterns mainly in terms of oocyte shape, nuclear attributes, 
cytoplasmic traits, and the zona pellucida features [3]. These 
patterns appear as a consequence of a specific superovulation 
protocol or to the response of a particular patient to a stan-
dard drug regimen [4].

Interestingly, even the use of LH-containing drugs has 
been linked to a high recurrence of a particular oocyte dys-
morphism, therefore leading to the debate on the role of uri-
nary gonadotropins, native or purified, versus the recombinant 
FSH drugs [5, 6]. These oocyte characterizations evidenced 
an array of defects affecting its ability to undergo fertiliza-
tion or to support the development of the resulting concep-
tus, albeit in an inconsistent manner.

Indeed, several investigations that probed the causative 
effect of oocyte morphology on embryo development and 
implantation have led to the debate ignited by studies identi-
fying certain ooplasmic features significantly impairing fer-
tilization and embryo quality [7] with other studies finding 
no correlation between clinical outcome and this particular 
attribute [8–10]. Furthermore, specific oocyte defects such as 
a dark ooplasmic area and a granular cytoplasm were 
described as being associated with poor embryo develop-
mental quality [11, 12] (Fig. 16.3). A meta-analysis on the 
effect of oocyte morphological characteristics in relation to 
clinical outcome concluded that based on the data from eli-
gible studies, metaphase-II oocytes with a large polar body, 
large perivitelline space, refractile bodies, or vacuoles were 
associated with an impaired fertilization rate; however, these 
phenomenon did not, for any of these defects, significantly 
affect embryo quality [13]. This lack of causation of oocyte 
dysmorphism on embryo quality was also corroborated by a 
systematic review published during the same year that in 
addition failed to evidence a correlation of oocyte features 
with its ability to undergo fertilization [3].
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Here we plan to revisit the occurrence and variety of spe-
cific ootid anomalies detected at the time of ICSI, in our own 
setting and population, to evaluate the eventual ability of 
these eggs to be fertilized, and to measure the competence of 
the resulting conceptus to implant. To control for a subtle 
effect inferred by ooplasmic dysmaturity, the data were ana-

lyzed in couples where at least 70% of the oocytes retrieved 
were at metaphase-II. Finally, in order to control for oocyte 
aneuploidy, the analysis was then carried out on couples with 
a female partner ≤35 years old.

Fig. 16.1 Identification of 
oocyte characteristics and/or 
ooplasm dysmorphism under 
an inverted microscope

Fig. 16.2 The advent of ICSI requiring removal of the cumulus cells 
has changed this assessment and has allowed embryologists to charac-
terize oocyte morphology

Fig. 16.3 Granular cytoplasm
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16.1  Morphological Description

The terminology to describe oocyte morphology has gener-
ally found a consensus among the different laboratories 
with only small differences in nomenclature. For the pur-
pose of analyzing the significance of each feature in rela-
tion to the oocyte function, we have categorized them into 
four groups: nuclear, cytoplasmic, zona pellucida, and 
shape/size. When assessing metaphase-II oocytes at the 
time of ICSI (carried out at a magnification of 400×), anno-
tations were typically made for each individual oocyte 
detailing any dysmorphism observed by the ICSI operator. 
A normally developed metaphase- II oocyte should have a 
spherical zona pellucida enclosing a clear ooplasm and a 
distinct first polar body [14]. In a cohort of 129,412 oocytes 
assessed at our center over a 10-year period, of all the mor-
phological features, the top three most represented aberra-
tions were a granular cytoplasm (6.07%), dark central 
granularity (5.76%), and a large perivitelline space (4.72%).

Among the functional categories, the nuclear defects were 
the least prevalent occurring at 0.3% of all oocytes assessed. 
Nuclear defects entail any irregularity of the first polar body 
such as a fragmented polar body, an abnormally large polar 
body, or an extrusion of more than one polar body (Table 16.1, 
numbers 1–3).

The cytoplasmic dysmorphic patterns (Figs.  16.4, 
16.5, 16.6, 16.7, 16.8, 16.9, and 16.10) are instead among 
the most prevalent, with 19.7% of oocytes presenting with 
a distinctive ooplasmic characteristic. The cytoplasm can 
present inclusions, refractile bodies, smooth endoplasmic 
reticulum, a central granulation referred to as dark center, 
vacuoles, granular cytoplasm, and mottled cytoplasm, i.e., 
a heterogenous, marked patterns of granularity that are not 
uniform (Table 16.1, numbers 4–10).

The next most recurrent category at 8.1% concerns 
irregularities related to the zona pellucida such as a 
large perivitelline space, perivitelline debris, a dark zona 
pellucida, a thin zona pellucida, an abnormally shaped zona 
pellucida, and a bi-layered zona pellucida (Table  16.1, 
numbers 11–16).

The last category, shape/size at the frequency of 1.4%, 
entails irregularities of contour of the oocyte defined as 
irregular, oval, or in size, characterized by a large cytoplas-
mic volume. Although the shape of the oocyte has not been 
found to be linked to fertilization or day 3 embryo quality 
[3, 15], giant oocytes (Fig. 16.11), verisimilarly generated 
by the fusion of two prophase-I oocytes and often charac-
terized by the presence of two polar bodies, have been 

Table 16.1 Cytoplasmic dysmorphic patterns

Nuclear 1. Fragmented PB 285 (0.22%)

2. Large polar body 19 (0.01%)

3. Two polar bodies 61 (0.04%)

(continued)

Fig. 16.4 Granular cytoplasm and vacuoles
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Cytoplasmatic 4. Inclusions 3602 (2.8%)

5. Refractile bodies 1545 (1.2%)

6. Smooth endoplasmic reticulum 1454 (1.1%)

7. Central granulation/dark center 7452 (5.8%)

8. Vacuoles 3483 (2.7%)

9. Granular cytoplasm 7852 (6.1%)

10. Mottled cytoplasm 56 (0.04%)

Table 16.1 (continued)
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Zona Pellucida 11. Expanse of the perivitelline space 6106 (4.7%)

12. Debris within perivitelline space 2288 (1.8%)

13. Dark zona pellucida 1149 (0.9%)

14. Thin zona pellucida 184 (0.1%)

15. Abnormal zona pellucida 653 (0.5%)

16. Bi-layered zona 40 (0.03%)

Shape/Size 17. Oocyte irregular in shape 783 (0.6%)

18. Oval oocyte 859 (0.7%)

19. Giant oocyte 234 (0.2%)

Table 16.1 (continued)
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Fig. 16.6 Cytoplasmatic vacuoles

Fig. 16.7 Large perivitelline space with oocyte dysmorphism

Fig. 16.8 Large perivitelline space

Fig. 16.5 Large polar body

found to have a higher incidence of aneuploidy and/or mul-
tiple-ploidy [16, 17].

16.2  Clinical Outcome

From October 2008 to May 2018, a total of 10,329 patients 
were treated in 12,580 ICSI cycles with at least five 
oocytes injected were included in the analysis with an 
average male partner age of 39.7 ± 7 years and a female 
partner 37.3 ± 5 years. Of these cycles, 58.6% had at least 
one oocyte with a morphological defect. Cycles that had 
inadequate ejaculated sperm parameters for ICSI (<1 mil-
lion/mL) or that used surgically retrieved spermatozoa 
were excluded.

Superovulation was carried out by considering multiple 
factors such as patient weight, age, serum anti-mullerian hor-
mone (AMH) level, antral follicular count, and any history of 
previous response to stimulation protocols. Patients were 
super-ovulated with gonadotropins daily (Gonal F, EMD 
Serono, Geneva, Switzerland; Menopur, Ferring 
Pharmaceuticals Inc., Parsippany, NJ, USA; and/or Follistim, 
Merck, Kenilworth, NJ, USA). Suppression of pituitary 
gland function was achieved by administering either a 
GnRH-antagonist (Ganirelix acetate, Merck, Kenilworth, 
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Fig. 16.11 Giant oocyte

NJ, USA; or Cetrotide, EMD-Serono Inc., Rockland, MA, 
USA) or GnRH-agonists (leuprolide acetate, Abbott 
Laboratories, Chicago, IL, USA). Ovulation was triggered 
with human chorionic gonadotropin (hCG, Ovidrel, EMD 
Serono) once the two lead follicles were at least 17 mm in 
diameter. Oocyte retrieval was performed 35–37  h post- 
trigger under conscious sedation [18].

We stratified these cases according to the percentage of 
oocytes displaying morphological anomalies in quartiles 
ranging from 0–24%, 25–49%, 50–74%, and 75–100% of 
oocytes having an annotation regarding a particular morpho-
logical feature. Clinical outcome including fertilization, 
clinical pregnancy, implantation, deliveries, and pregnancy 
loss were recorded and compared.

We found that the fertilization, clinical pregnancy, and 
implantation rates progressively decreased as the cycles 
increased in the percentage of oocytes with a dysmorphism 
(P  <  0.00001), particularly in the groups of 75–100% 
(Table 16.2). The delivery and ongoing rates progressively 
decreased with the increasing proportion of dysmorphic 
oocytes (P < 0.00001). The inverse occurred with the preg-
nancy loss (P < 0.05) when the oocyte defects appeared at a 
rate over 25% (Table 16.2).

We then attempted to control for an effect of maturity rate 
by including only cycles that had at least 70% metaphase-II 
oocyte maturity. The effect of oocyte morphology on fertil-
ization (P < 0.00001), clinical pregnancy rate (P < 0.00001), 
and implantation (P  <  0.00001) remained significant 
(Table 16.3). The delivery and ongoing decreased over 25% 
of morphologic anomalies (P < 0.00001) but no difference 
was noted for the pregnancy losses.

We then repeated the analysis with the intent to control for 
an oocyte aneuploidy confounder and therefore we included 
cycles with a female partner of ≤35 years old. This resulted in 
a significant impairment of fertilization (P < 0.001) for the 
group 75–100%, while the implantation appeared to decrease 
(P < 0.05) over 25% of oocyte characteristics (Table 16.4).

Interestingly, when we performed an analysis that 
 controlled concurrently for an adequate proportion of 
 metaphase- II as well as oocyte aneuploidy, the comparison 
failed to evidence any effect of any proportion of oocyte dys-
morphism on clinical outcome (Table 16.5).

Furthermore, we assessed within the younger women 
cohort, the clinical outcome taking into consideration the mor-
phological categories focused on oocyte function such as 

Fig. 16.9 Refractile bodies

Fig. 16.10 Smooth endoplasmatic reticulum
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nuclear, cytoplasmic, zona pellucida, or shape/size. These 
morphological functional features were compared to a control 
cohort of cycles with a matched female age with no dysmor-
phic annotations on any of the injected oocytes.

This analysis evidenced a clear effect of the nuclear cate-
gories of defects that appeared to significantly affect fertil-
ization that decreased from 78.6 to 74.0% (P  <  0.05, 
Fig. 16.12). This effect of the nuclear category remained true 
for the clinical pregnancy rate that decreased from 56.5 to 
42.7% (P  <  0.05, Fig.  16.13). While a similar trend was 

Table 16.4 Characteristics and clinical outcome of couples according 
to the proportion of oocytes with dysmorphic features and a female 
partner ≤35 years of age

Dysmorphic 
oocytes (%) 0–24 25–49 50–74 75–100
No. of patients 1970 615 440 309
No. of cycles 2403 647 480 336
Male age 
(mean ± SD)

35.3 ± 6 35.5 ± 6 34.8 ± 4 35.0 ± 5

Female age 
(mean ± SD)

32.1 ± 3 32.3 ± 3 32.1 ± 3 32.2 ± 3

Fertilization 
(mean % ± SD)

77.5 ± 19a 78.0 ± 18b 76.7 ± 20c 72.7 ± 22d

Clinical 
pregnancy (%)

904/1610 
(56.1)

236/426 
(55.4)

164/314 
(52.2)

117/231 
(50.6)

Implantation 
(%)

1148/3446 
(33.3)e

304/956 
(31.8)f

204/707 
(28.9)g

152/529 
(28.7)h

Miscarriage 
(%)

65/904 
(7.2)

20/236 
(8.5)

9/164 (5.5) 7/117 (6.0)

Delivery and 
ongoing (%)

839/1610 
(52.1)

216/426 
(50.7)

155/314 
(49.4)

110/231 
(47.6)

a vs. b, c, d: ANOVA (two-tailed). 3 df, effect of oocyte morphology on 
fertilization rates, P < 0.001
e vs. f, g, h: χ2, 2 × 4, 3 df, effect of oocyte morphology on implantation 
rates, P < 0.05

Table 16.5 Characteristics and clinical outcome of couples according 
to the proportion of oocytes with dysmorphic features with a maturation 
rate ≥70% at the time of insemination and a female partner ≤35 years 
of age

Dysmorphic 
oocytes (%) 0–24 25–49 50–74 75–100
No. of patients 1803 454 333 203
No. of cycles 1838 474 355 211
Male age 
(mean ± SD)

35.34 ± 6 35.5 ± 6 35.1 ± 4 34.9 ± 5

Female age 
(mean ± SD)

32.1 ± 3 32.3 ± 3 32.3 ± 3 32.2 ± 3

Fertilization 
(mean % ± SD)

80.5 ± 17 80.7 ± 17 80.6 ± 17 78.3 ± 16

Clinical 
pregnancy (%)

722/1242 
(58.1)

176/317 
(55.5)

130/241 
(53.9)

79/141 
(56.0)

Implantation (%) 921/2630 
(35.0)

225/694 
(32.4)

161/526 
(30.6)

104/327 
(31.8)

Miscarriage (%) 56/722 
(7.8)

12/176 
(6.8)

6/130 (4.6) 3/79 (3.8)

Delivery and 
ongoing (%)

656/1242 
(53.6)

164/317 
(51.7)

124/241 
(51.5)

76/141 
(53.9)

Table 16.2 Characteristics and clinical outcome of couples according 
to the proportion of oocytes with dysmorphic features

Dysmorphic 
oocytes (%) 0–24 25–49 50–74 75–100
No. of patients 5658 1928 1533 1210
No. of cycles 7362 2150 1702 1366
Male age 
(mean ± SD)

40.0 ± 7 40.1 ± 7 40.1 ± 7 40.6 ± 7

Female age 
(mean ± SD)

37.6 ± 5 38.0 ± 5 38.1 ± 5 38.4 ± 5

Fertilization 
(mean 
% ± SD)

77.5 ± 19a 78.0 ± 18b 76.7 ± 20c 72.7 ± 22d

Clinical 
pregnancy (%)

2325/4766 
(48.8)e

613/1363 
(45.0)f

474/1094 
(43.3)g

338/932 
(36.3)h

Implantation 
(%)

3007/14116 
(21.3)i

797/4291 
(18.6)j

612/3485 
(17.6)k

420/3030 
(13.9)1

Miscarriage 
(%)

213/2325 
(9.2)m

77/613 
(12.6)n

54/474 
(11.4)o

44/338 
(13.0)p

Deliveiy and 
ongoing (%)

2112/4766 
(44.3)q

536/1363 
(39.3)r

420/1094 
(38.4)s

294/932 
(31.5)t

a vs. b, c, d: ANOVA (two-tailed), 3 df, effect of oocyte morphology on 
fertilization rates, P < 0.00001
e vs. f, g, h: χ2, 2 × 4, 3 df, effect of oocyte morphology on clinical 
pregnancy rates, P < 0.00001
i vs. j, k, l: χ2, 2 × 4, 3 df, effect of oocyte morphology on implantation 
rates, P < 0.00001
m vs. n, o, ρ: χ2, 2 × 4, 3 df, effect of oocyte morphology on miscarriage 
rates, P < 0.05
q vs. r, s, t: χ2, 2 × 4, 3 df, effect of oocyte morphology on delivery and 
ongoing pregnancy rates, P < 0.00001

Table 16.3 Characteristics and clinical outcome of couples according 
to the proportion of oocytes with dysmorphic features and a maturity 
rate ≥70% at the time of insemination

Dysmorphic 
oocytes (%) 0–24 25–49 50–74 75–100
No. of patients 5660 1490 1132 788
No. of cycles 4541 1628 1234 846
Male age 
(mean ± SD)

40.0 ± 7 40.3 ± 7 40.7 ± 7 40.7 ± 7

Female age 
(mean ± SD)

37.8 ± 5 38.1 ± 5 38.6 ± 5 38.5 ± 5

Fertilization 
(mean 
% ± SD)

78.8 ± 18a 78.9 ± 18b 78.5 ± 18c 75.4 ± 19d

Clinical 
pregnancy (%)

1884/3663 
(51.4)e

480/1031 
(46.6)f

368/799 
(46.1)g

231/568 
(40.7)h

Implantation 
(%)

2450/10945 
(22.4)i

621/3305 
(18.8)j

476/2539 
(18.7)k

292/1938 
(15.1)l

Miscarnage 
(%)

170/1884 
(9.0)

59/480 
(12.3)

44/368 
(12.0)

27/231 
(11.7)

Delivery and 
ongoing (%)

1714/3663 
(46.8)q

421/1031 
(40.8)r

324/799 
(40.6)s

204/568 
(35.9)t

a vs. b, c, d: ANOVA (two-tailed), 3 df, effect of oocyte morphology on 
fertilization rates, P < 0.00001
e vs. f, g, h: χ2, 2 × 4, 3 df, effect of oocyte morphology on clinical 
pregnancy rates, P < 0.00001
i vs. j, k, l: χ2, 2 × 4, 3 df, effect of oocyte morphology on implantation 
rates, P < 0.00001
q vs. r, s, t: χ2, 2 × 4, 3 df, effect of oocyte morphology on delivery and 
ongoing pregnancy rates, P < 0.00001
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Fig. 16.13 Clinical 
pregnancy rate by oocyte 
dysmorphism category, 
females ≤35

noted for this category of abnormalities in relation to the 
pregnancy loss, it did not reach statistical significance 
(Fig. 16.14).

16.3  Discussion and Conclusions

The assessment of oocyte morphology is embedded into the 
embryological evaluation since its inception and indeed, 
oocyte with morphological defects appeared to fertilize 
poorly with standard in  vitro insemination. The advent of 
ICSI, which requires the removal of the cumulus cells, has 
allowed visualization of oocyte characteristics prior to 
insemination and is also helpful in overcoming fertilization 
failure of these featured oocytes, therefore providing higher 
chances for a subsequent embryo selection and successful 
outcome. It has long been debated the role of these 

 morphological features on the oocyte’s ability to be fertilized 
and generate competent embryos. Moreover, particular cyto-
plasmic features may interfere with the proper placement of 
the spermatozoon during ICSI insemination.

It has been indicated that the stimulation protocol and 
particularly the gonadotropin preparation may affect the 
appearance of ooplasmic abnormalities. Indeed, one study 
showed that highly purified FSH seems to grant more mature 
oocytes, a lower incidence of dark center and cytoplasmic 
granularity [16]. The findings were confirmed in a more 
recent Turkish study that also linked cytoplasmic dysmor-
phism to an impaired embryo development with a higher rate 
of zona pellucida abnormalities [19]. An earlier study from 
Austria concluded that outer layer abnormalities lead to a 
higher oocyte degeneration rate following ICSI [20]. In our 
experience, only oolemma characteristics are linked to a 
higher occurrence of degeneration rate [21, 22].
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An interesting study from the UK indicated that the mor-
phological characteristics of oocytes are multifactorial, and 
they depend on the ovarian superovulation protocol or the 
hormonal environment generated by the effects of these 
drugs. However, this study evidenced that, independently of 
the morphological characteristics, the oocytes appeared to 
fertilize and generate a normal embryo following ICSI 
insemination [10].

Evaluation of the morphological characteristics of the 
female gamete becomes paramount when restrictions on the 
number of oocytes to be utilized are also present, such as in 
Italy or Germany [23]. Despite the dysmorphisms observed, 
a Belgian study indicated that with ICSI it is possible to fer-
tilize oocytes independently of their morphological quality 
[24]. This data was also confirmed by another study carried 
out in Turkey that specifically evidenced that a centrally 
located granular cytoplasm did not affect the fertilization 
rates nor the embryo quality [25].

A study that utilizes similar characterizations of the oocyte 
dysmorphic features such as the ones described in our study 
was a meta-analysis carried out in Italy and formulated a 
detailed scrutiny of the literature on the different dysmorphic 
aspects such as nuclear, cytoplasmic, zona pellucida, and 
shape/size defects. This study condensed the findings of 50 
papers published in a 15-year span about the predictive value 
of the non-invasive parameters of metaphase-II oocytes. Their 
findings were inconclusive, and the authors suggested more 
coordinated research to generate a consensus [3].

A paper from Naples by the Brian Dale group, in addition 
to the oocyte morphological characteristics such as oocyte 
granularity, added the oolemma behavior during the actual 
ICSI procedure. The authors found that the oocytes with “top 
quality” yielded a higher fertilization rate versus those with 
“lowest quality.” Although there was no difference on 

embryo quality once fertilized, “top quality” oocytes led to a 
superior clinical pregnancy rate [26].

Among all the attributes assessed in our study, nuclear 
abnormalities appear the most relevant in impairing fertiliza-
tion and clinical pregnancy rates. However, this finding was 
not confirmed in an Italian study that examined the polar 
body characteristics but without identifying any effect on 
consequent embryo development [27].

Early work done at Cornell found that combined morpho-
logical abnormalities, although may not affect fertilization or 
pregnancy rate, may indeed carry an association with oocyte 
aneuploidy and therefore an increase in chances of miscar-
riage [28]. On this subject, a centrally located granulated 
cytoplasm has been shown to lead to aneuploidy in over half 
of the oocytes assessed [25].

In conclusion, while a variety of features have been 
described and may influence the ultimate embryo selection 
method, particularly with the advent of time-lapse observa-
tion (Fig.  16.15), it is still not clear the impact that these 
morphological traits have on clinical outcome. In fact, these 
characteristics present unpredictably within the same patient 
in repeated ART superovulation cycles. Nonetheless, they 
may recur in the same patient in a later cycle.

Therefore, it is not clear if it is due to a particular hor-
monal milieu generated by a specific superovulation proto-
col or by the response of a particular patient to ovarian 
superovulation. Fortunately, the presence of these oocyte 
dysmorphic traits is limited most of the time to a few oocytes 
within the retrieved cohort to be inseminated and therefore, 
the effect on clinical outcome can be mitigated by an ade-
quate number of metaphase-II oocytes and auspiciously a 
younger female partner.

This, however, does not preclude a causative effect of 
the specific morphological aberration on impairing the 
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Fig. 16.14 Pregnancy loss 
by oocyte dysmorphism 
category, females ≤35
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Fig. 16.15 Device for 
time-lapse observation

ability of that particular oocyte to be fertilized and gener-
ate an embryo.

The whole argument about the evaluation of the female 
gamete has reached new heights since the implementation of 
ICSI, which has allowed a clear assessment of oocyte char-
acteristics prior to insemination and at the same time helps to 
overcome fertilization failure of these featured oocytes, 
therefore providing higher chances for a subsequent embryo 
selection and successful outcome.
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Abbreviations

ART Assisted reproductive technique
COH Controlled ovarian hyperstimulation
COS Controlled ovarian stimulation
COX-2–PGE2 Cyclooxygenase-2 prostaglandin-2
FF Follicular fluid
GM-CSF Granulocyte macrophage-colony stimula-

tor factor
GPx Glutathione peroxidase
GR Glutathione reductase
ICSI Intracytoplasmatic sperm injection
IFN-α Interferon-α
IL-1 Interleukin-1
IL-12 Interleukin-12
IL-2 Interleukin-2
IL-4 Interleukin-4
IL-6 Interleukin-6
IL-8 Interleukin-8
IVF In vitro fertilization
LPO Lipid peroxidation
MCP-1 Monocyte chemotactic protein-1
MCs Mast cells
MMPs Matrix metalloproteinases
NK Natural Killer
NO Nitric oxide
OFF Ovarian follicular fluid
OS Oxidative stress
PCR Polymerase chain reaction
PDGF Platelet-derived growth factor
PF Peritoneal fluid
PG Prostaglandin
PP Peripheral plasma
ROL Retinol
ROS Reactive oxygen species
SOD Superoxide dismutase
SOD1 Superoxide dismutase 1
TAC Total antioxidant capacity
TEM Transmission electron microscopy
TGF-β Transforming growth factor-β
TNF-α Tumor necrosis factor-α
VEGF Vascular endothelial growth factor 3

17.1  Introduction

Endometriosis is an inflammatory disease affecting till the 
10% of reproductive-aged women, linked to infertility in 
almost half of the patients. Unfortunately, the pathogenesis 
of endometriosis and its associated infertility is unknown, 
even if there are some theories [1].

Literature demonstrated that patients suffering endome-
triosis have genetic, biochemical, or immunological dys-
function that prevents the removal of the tissue from the 
peritoneal cavity and rather facilitates tissue adhesion to 
peritoneal structures [2].

The dysfunctional immune system of patient with endome-
triosis generally have dysregulated a multitude of immune cell 
types, including neutrophils, macrophages, dendritic cells, 
natural killer cells, T helper cells, and B cells [3] (Fig. 17.1).

A part the oxidative stress and oocyte quality, as possible 
ethiopathogenic mechanisms for endometriosis (Fig. 17.2), 
the cytokines and the chemokines involved in inflammation 
process, angiogenesis, and tissue growth are increased in the 
plasma and peritoneal fluid (PF) of women with endometrio-
sis. This process is suspected to stimulate symptoms com-
monly presented including pain and infertility [4].

Statistical reports showed that 35–50% patients affected 
by endometriosis experienced infertility and 25–50% of 
infertile women have endometriosis [5].

If in healthy couples the monthly fecundity rate, which is 
a couple’s probability of conceiving in 1 month, is 15–20%, 
on the contrary, women with endometriosis have a monthly 
fecundity rate of 2–10% [6].

Endometriosis is a heritable condition influenced by mul-
tiple genetic and environmental factors, with an overall heri-
tability estimated at approximately 50%. Authors investigated 
whether single nucleotide polymorphisms (SNPs) rs7521902, 
rs10859871, and rs11031006 mapping to WNT4, VEZT, and 
FSHB genetic loci, respectively, are associated with risk for 
endometriosis in a Greek population. Genotyping of the 
rs7521902, rs10859871, and rs11031006 SNPs was per-
formed with Taqman primer/probe sets. A significant asso-
ciation was detected with the AC genotype of rs7521902 
(WNT4) in patients with stage III and IV disease only. 
Evidence for association with endometriosis was also found 
for the AC genotype of the rs10859871 of VEZT. Notably, a 
significant difference in the distribution of the AG genotype 
and the minor allele A of FSHB rs11031006 SNP was found 
between the patients with endometriosis and controls. They 
found a genetic association between rs11031006 (FSHB) 
SNP and endometriosis. WNT4 and VEZT genes constitute 
the most consistently associated genes with endometriosis. 
In the present study, an association of rs7521902 (WNT4) 
and rs10859871 (VEZT) was confirmed in women with 
endometriosis at the genotypic but not the allelic level [7].

17.1.1  Infertility and Endometriosis

Almost 50% of adolescents with intractable dysmenorrhea 
or pelvic pain are diagnosed with endometriosis, but it is not 
yet clear why only certain women develop the condition.

A. Tinelli et al.
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The monthly fecundity rate in normal couples of reproduc-
tive age is known to be 15–20%, whereas the rate in infertile 
women with endometriosis ranges from 2 to 10% [8].

A meta-analysis proposed that the chance of achieving 
pregnancy was lower for patients with endometriosis com-
pared to those with tubal factor infertility (OR 0.56; 95% CI, 
0.44–0.70) [9].

However, the association between infertility and early- 
stage disease, from minimal endometriosis [stage I] and mild 
endometriosis [stage II], according to the ASRM score 
(Fig.  17.3), in which no substantial pelvic anatomical 
changes are identified, remains controversial [10].

The improvement of Controlled Ovarian Hyperstimulation 
(COH) with GnRH-a downregulation and the application of 
ICSI technology may suppress some negative influences of 
endometriosis on pregnancy [11, 12].

Dong et al. investigated the impact of endometriosis on 
the IVF/ICSI outcomes, comparing ovarian stimulation 
parameters and IVF/ICSI outcomes. Patients with stage I-II 
and stage III-IV endometriosis required higher dosage and 
longer duration of gonadotropins, but had lower day 3 high- 
quality embryos rate, when compared to patients with tubal 
infertility. In addition, the number of oocytes retrieved, the 
number of obtained embryos, the number of day 3 high- 
quality embryos, serum E2 level on the day of hCG, and fer-
tilization rate were lower in patients with stage III-IV 
endometriosis than those in tubal factors group. Except 
reduced implantation rate in stage III-IV endometriosis 
group, no differences were found in other pregnancy 

 parameters. This study concluded that IVF/ICSI yielded sim-
ilar pregnancy outcomes in patients with different stages of 
endometriosis and patients with tubal infertility [13].

Barbosa et al. evaluated whether the presence or severity 
of endometriosis affects the outcome of ART in a systematic 
review, investigating all studies comparing the outcome of 
ART in women with and those without endometriosis, or at 
different stages of the disease. Women with endometriosis 
undergoing ART have practically the same chance of achiev-
ing clinical pregnancy and live birth as do women with other 
causes of infertility. No relevant difference was observed in 
the chance of achieving clinical pregnancy and live birth fol-
lowing ART when comparing stage-III/IV with stage-I/II 
endometriosis [14].

In a recent review, Tanbo and Fedorcsak affirmed that 
medical or hormonal treatment alone has little or no effect 
and should only be used in conjunction with ART.  Of the 
various methods of ART, intrauterine insemination, due to its 
simplicity, can be recommended in women with minimal or 
mild peritoneal endometriosis, even though insemination 
may yield a lower success rate than in women without endo-
metriosis. IVF is an effective treatment option in less- 
advanced disease stages, and the success rates are similar to 
the results in other causes of infertility. However, women 
with more advanced stages of endometriosis have lower suc-
cess rates with IVF [15].

How endometriosis affect infertility? The most widely 
accepted theory, which was developed by Sampson, holds that 
that endometrial tissue refluxed to the fallopian tubes fails to be 

Fig. 17.1 Pathogenesis and 
risk factors
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Fig. 17.2 Oxidative stress 
and oocyte quality: possible 
ethiopathogenic mechanism 
involved in minimal/mild 
endometriosis-related 
infertility. ROS reactive 
oxygen species, PF peritoneal 
fluid, FF follicular fluid, CC 
cumulus cells
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Fig. 17.3 ASRM staging criteria for endometriosis
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cleared and attaches to the peritoneum. Some 70% of women 
who menstruate regularly exhibit bleeding reflux, but only 10% 
develop endometriosis [16] (Figs. 17.4, 17.5, and 17.6).

Recently, it has been suggested that abnormal immune 
function and dysregulation of immune mediators are 
responsible for the poor response to treatment, and poor 
clearance, of ectopic endometrium. Immune status is now 
considered to play an important role in the initiation and 
progression of endometriosis. Several studies have shown 
that the levels of activated macrophages, T cells, B cells, 
and inflammatory cytokines are increased in women with 
endometriosis [17, 18].

Reductions in NK cell cytotoxic function have been 
observed in the peritoneal fluid (PF) of patients with endo-
metriosis implying that a defect in NK cell cytotoxic func-
tion, preventing elimination of endometrial cells from 
ectopic sites, may cause endometriosis [19, 20].

17.1.2  Endometriosis-Related Infertility

Endometriosis may contribute to infertility by impairing 
ovarian and tubal function and reducing uterine receptivity 
(Fig. 17.6); in fact, 35–50% of women with infertility have 
endometriosis [10], and about 30–50% of patients with 
endometriosis have impaired fertility [21].

Endometriosis is also associated with a reduced rate of 
pregnancy after IVF, which may be due to the poor qualities 
of oocytes and embryos [22].

Despite the advances in the research of endometriosis role 
in infertility, there are still no clearly defined treatment pro-
tocols. Low pregnancy rates after IVF are observed in 
patients with endometriosis, compared to those with tubal 
factor of infertility. The detrimental impact, if any, of endo-
metriosis on IVF outcome would be expected to be on 
embryo “quality” and/or endometrial receptivity [23].

Fig. 17.4 Pathogenetic mechanisms of endometriosis

A. Tinelli et al.
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Analyzing retrospective studies on in  vitro fertilization 
(IVF) and oocyte donation programs showed that women with 
endometriosis have significantly reduced pregnancy rates per 
cycle and per transfer as well as reduced implantation rates. 
Moreover, studies reported that healthy ovum donation to 
patients with endometriosis produces the same rate of implan-
tation and pregnancy compared to controls [23].

Retrospective and prospective clinical trials on IVF suc-
cess rate have shown decreased oocyte and embryo quality 
and low ovarian reserves in women with endometriosis com-
pared to controls [24].

Nevertheless, human studies indicate poor oocyte and 
embryo quality and lower pregnancy rates in women with 
endometriosis, addressing the problem on pro-inflamma-
tory cytokines and chemokines that negatively interact with 
the oocyte and embryo, with damage to the oocyte and 
embryo [25].

In fact, intrafollicular levels of IL-8, IL-12, and adreno-
medullin are elevated in women with endometriosis under-

going IVF and are indicators of impaired embryo and oocyte 
quality [26].

Poor oocyte quality was observed and measured, in retro-
spective IVF studies, by diminished blastomere cleavage 
rates, increased numbers of arrested embryos, and impaired 
cytosolic events [27].

In addition, reports also suggest that other etiological fac-
tors, such as in utero exposure to diethylstilbestrol, environ-
mental exposure to endocrine disrupting agents, low birth 
weight, and dietary choices may play significant roles in the 
development of endometriosis [28].

Outcomes of in vitro fertilization cycles in women with 
endometriosis are significantly worse than in patients with-
out this condition. The impact of endometriosis on ovarian 
reserve and the quality of retrieved oocytes seems evident. 
Lower implantation rates, however, raise the question 
whether this finding is purely the consequence of lower num-
ber and poorer quality of embryos, or whether it also reflects 
compromised endometrial receptivity [29].

Fig. 17.5 Pathogenetic 
theory of menstrual reflux
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Accumulating evidence indicates that endometriosis is 
associated with aberrant transcriptional profiles in the 
eutopic endometrium of women and baboons resulting in 
dysregulation of critical signaling pathways [30].

Endometriosis is known to be associated with several 
deregulated molecules related to the pathogenesis of the dis-
ease, such as cyclooxygenase-2 (COX-2) and aromatase. 
The COX-2 enzyme, encoded by the PTGS2 gene (prosta-
glandin–endoperoxide synthase 2), is naturally induced by 
aromatase and is involved in the conversion of arachidonic 

acid into prostaglandins, which, in turn, regulate aromatase 
levels in endometriotic tissue [31].

In the endometrial tissue of patients with endometriosis, 
aberrant aromatase is induced via cyclooxygenase-2 prosta-
glandin- 2 (COX-2–PGE2) pathway deregulation, with a 
positive feedback cycle. It is also related to proliferative and 
inflammatory properties of ectopic implants [32].

The PTGS2 gene, which encodes cyclooxygenase 2 
(COX-2), is deregulated in endometriotic lesions and plays a 
crucial role in the acquisition of oocyte competence [33].

Fig. 17.6 Factors associated 
with reduced fecundity in 
women with endometriosis
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17.1.3  Peritoneal Fluid of Patient 
with Endometriosis

Endometrial fragments refluxed during menstruation induce 
inflammation within the peritoneal cavity [34].

Normally, neutrophils and macrophages are among the 
first immune cells (Fig. 17.7) to be recruited to this area and, 
both, are primary contributors to the elevations in pro- 
inflammatory and chemotactic cytokine levels found in the 
peritoneal fluid (PF) [35].

In addition to encouraging the growth of peritoneal 
implants, macrophages are a major source of angiogenic 
mediators, including TNF-𝛼 and IL-8 [36].

Endometriosis also involves significant disarray in the 
production and metabolism of nitric oxide (NO), a  ubiquitous 
free radical in the oocyte microenvironment that plays a vital 
role in virtually every step of oocyte development, including 
meiotic maturation, fertilization, embryonic cleavage, and 
implantation [37].

Authors demonstrated a significant role of NO in delaying 
oocyte aging and maintaining the integrity of the spindle 
apparatus.

Decreased bioavailability of NO under certain pathologic 
conditions could therefore result in abnormalities in oocyte 
viability and developmental capacity [38].

Further, sperm, travelling through the uterus and fallopian 
tubes, also interact with inflammatory cytokines in the PF 
and similarly encounter damage.

Moreover, endometriosis is linked to the Natural Killer (NK) 
cells dysfunction; NK cells comprise 15% of all circulating 
lymphocytes, particularly those of the innate immune system, 
and protect against tumor development and viral infections.

Most studies have found that the numbers of cytotoxic 
NK cells are functionally defective and reduced in the PF 
and peripheral blood of patients with endometriosis and that 
this is accompanied by an overall decrease in NK cell activ-
ity [16] (Fig. 17.8).

In such patients, the populations of NK cells 
(CD32CD56+) are significantly decreased, whereas the pro-
portions of immature NK cells (CD272CD11b2) among 
CD32CD56+ NK cells are increased in the PF. Functional 
impairment and diminished cytotoxicity of NK cells within 
the peritoneal cavity have also been well documented in such 
patients [39].

Fig. 17.7 Expression of NK cells in the endometrium

17 Endometriosis, Infertility, and Oocyte Quality



274

In addition, the levels of the inflammatory cytokines IL-6, 
IL-8, IL-1b, IFN-𝛾, and TNF-𝛼 increase in the PF of patients 
with endometriosis, which is consistent with the elevated 
levels noted in the serum [16].

Inflammatory cytokines including TNF-α and oxidative 
stress has been shown to directly hinder sperm motility [25, 26].

Similarly, murine embryos incubated in the PF from women 
with endometriosis have shown diminished growth rates of 
embryos, increased rates of apoptosis, DNA fragmentation, and 
increased number of embryos arrested in development [40].

Dexamethasone reduced the observed embryotoxic effect 
of the PF from women with endometriosis-associated infer-
tility. Dexamethasone is a glucocorticoid that has been 
shown to reduce the expression of prostaglandins and other 
inflammatory mediators dysregulated in endometriosis [41].

Additionally, inhibiting TNF-α reduces embryotoxic 
effect on mouse embryos incubated with PF from infertile 
women with endometriosis [42].

Collectively, these studies link inflammation in the PF, 
specifically TNF-α, with embryo toxicity. Studying the tox-
icity of PF from women with endometriosis is limited by 
ethical constraints as interfering with human embryos vio-

lates moral and ethical considerations. However, this murine 
model provides a convincing argument to suggest the PF 
from women with endometriosis produces a damaging effect 
on the embryo [40].

17.1.4  The Oocyte Quality

Patients with endometriosis continue to pose difficulties in 
achieving pregnancy. Studies have shown lower implantation 
rates in non-endometriotic patients who received oocytes 
from women with endometriosis, whereas healthy donated 
oocytes have proven to contribute to a pregnancy with simi-
lar chances in women without the disease. The question still 
to be answered is whether this situation applies for natural 
cycles or whether it is the use of gonadotropin-releasing hor-
mone analogs and hormonal replacement therapy used for 
endometrial priming in oocyte recipients that reestablishes 
an adequate uterine environment [29].

Endometriosis, especially at the ovarian site has been 
shown to have a detrimental impact on ovarian physiology. 
Indeed, sonographic and histologic data tend to support the 

Fig. 17.8 Interaction between immune cells and ectopic endometrial cells in the peritoneal cavity
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idea that ovarian follicles of patients with endometriosis are 
decreased in number and more atretic. Moreover, the local 
intrafollicular environment of patients affected is character-
ized by alterations of the granulosa cell compartment includ-
ing reduced P450 aromatase expression and increased 
intracellular reactive oxygen species generation [24].

Assessment of oocyte morphology is obligatory for the 
evaluation of oocyte quality and it has been known that quality 
of the oocyte has an impact on the fertilization outcomes [43].

Oocyte quality is determined by its morphological, cellu-
lar, and molecular evaluations [44].

Advances in reproductive medicine have made clear that 
one of the most important factors determining the outcome 
of embryo development is oocyte quality [45].

Many prognostic factors based on morphological charac-
teristics of the oocyte have been devised that may allow pre-
diction of oocyte quality, fertilization rates, and embryo 
development.

However, currently available techniques are not very reli-
able in predicting which metaphase II (MII) oocyte will lead 

to an embryo which will implant and result in a clinical preg-
nancy [46] (Fig. 17.9).

One way indirectly to assess oocyte quality is to analyze 
markers in cumulus cells (CCs). During follicular develop-
ment, the granulosa cells differ in the mural population, lim-
iting the follicular antrum and in the CC population, which 
surrounds the oocyte. Mural cells are responsible for estro-
gen production and rupture of the follicle, whereas CCs are 
intimately associated with oocyte development. CCs are 
regulated, in part, by factors derived from the oocyte, while 
contributing to oocyte maturation and development 
potential.

In this context, some studies have suggested that the analy-
sis of gene expression in CCs can be used as an indirect pre-
dictor of oocyte quality and outcomes of assisted reproduction 
technologies, with possible clinical applications [23].

Traditionally, poor oocyte quality has been held respon-
sible for poor ART outcome in women with endometriosis.

Barnhart et al. observed lower number of oocytes retrieved 
and lower fertilization rates in oocytes recovered from 

Fig. 17.9 Damage of endometriosis on tissues
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women with endometriosis as compared to controls of tubal 
factor infertility but other authors have reported conflicting 
results [9].

Other researches have found no difference in folliculo-
genesis or the number of oocytes retrieved in patients with 
endometriosis, as compared to other etiologies such as tubal 
factor infertility [47, 48].

Adverse influence on the oocyte is therefore a likely cen-
tral aspect in endometriosis-related infertility. This concept 
is strengthened by a study reporting significant improvement 
in the pregnancy rate in patients with endometriosis who 
received donated oocytes compared with their own oocytes. 
Conversely, the pregnancy rates were lower in subjects with-
out endometriosis who received donor oocytes from subjects 
with endometriosis [49–51].

Moreover, a recent meta-analysis on IVF outcomes in 
endometriosis indicates that live birth rates were not altered 
in patients with minimal/mild endometriosis, whereas patients 
with moderate and severe endometriosis patients had poorer 
outcomes including lower retrieved oocytes, implantation 
rates, and birth rates [52].

When retrieved oocyte number is considered as ovarian 
response to controlled ovarian stimulation (COS) and as a 
success parameter, data in the literature are more conflicting.

The acquisition of oocyte competence is known to depend 
on adequate cytoplasmic and nuclear maturation, the latter 
being dependent on the presence of a normal spindle. The 
meiotic spindle of human oocytes in metaphase II, a 
 temporary and dynamic structure composed of microtubules, 
is associated with the oocyte cortex and its subcortical micro-
filaments network and is essential to ensure the fidelity of 
chromosome segregation during meiosis. The meiotic spin-
dle, however, is extremely sensitive to the action of various 
factors such as oxidative stress, which can promote meiotic 
abnormalities and chromosome instability, increase apopto-
sis and impair the development of the preimplantation 
embryo [23].

17.1.5  Impact of Endometriosis  
on Oocyte Quality

A systematic review of the literature showed that the retrieved 
oocytes from women affected by endometriosis are more 
likely to fail in  vitro maturation and to show altered mor-
phology and lower cytoplasmic mitochondrial content com-
pared to women with other causes of infertility (Fig. 17.10). 
Results from meta-analyses addressing IVF outcomes in 

Fig. 17.10 Damage of endometriosis disease on oocyte quality
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women affected would indicate that a reduction in the num-
ber of mature oocytes retrieved is associated with endome-
triosis while a reduction in fertilization rates is more likely to 
be associated with minimal/mild rather than with moderate/
severe disease [24].

Women with endometriosis ovulate fewer oocytes than 
healthy women and those oocytes ovulated by women with 
endometriosis are both sometimes compromised, so that 
endometriosis negatively impacts embryo development [25].

Xu et  al. examined the ultrastructure of oocytes from 
patients with minimal or mild endometriosis and control 
females undergoing IVF treatment by transmission electron 
microscopy (TEM) to investigate the physiological signifi-
cance of oocyte quality for patients with minimal or mild endo-
metriosis. The TEM results revealed that the oocytes from 
women with minimal or mild endometriosis exhibited abnor-
mal mitochondrial structure and decreased mitochondria mass. 
Quantitative real-time PCR analysis revealed that the mito-
chondrial DNA copy number was significantly reduced in the 
oocytes from women with minimal or mild endometriosis 
compared with those of the control subjects. Their results sug-
gested the decreased oocyte quality because of impaired mito-
chondrial structure and functions, probably an important factor 
affecting the fertility of patients with endometriosis [53].

A recent study has shown that women with endometriosis 
exhibit an increase in apoptosis of the cumulus cells sur-
rounding the oocyte and apoptosis in ovarian cells is a good 
indicator of poor oocyte quality [54].

Death of cumulus cells probably leads to reduced oocyte 
quality and maturation attributable to the loss of the essential 
support that the cumulus cells give to the oocyte [55].

Aberrant nuclear and cytoplasmic events in embryos from 
women with endometriosis are six times more likely com-
pared with women without endometriosis [56] (Fig. 17.11).

These events include cytoplasmic fragmentation, dark-
ened cytoplasm, reduced cell numbers, and increased fre-
quency of arrested embryos, leading to significantly fewer 
transferable blastocysts. Additionally, the quality of embryos 
that develop from patients with endometriosis has been 
shown to be reduced [57].

Treatment with a gonadotropin-releasing hormone ago-
nist that temporarily causes regression of the endometriotic 
lesions and cessation of reproductive cyclicity helps to 
improve embryo quality in these patients [58].

Embryo quality and embryo implantation are also of par-
ticular concern in women with endometriosis. In a normal 
embryo, there are proteins called L-selectin that normally 
coat the trophoblast on the surface of the blastocyst. This 
protein is involved in binding of the embryo to the endome-
trium. Low levels of the enzyme involved in the synthesis of 
the endometrial ligand for L-selectin have been observed and 
is a possible etiology of decreased embryo receptivity in 
patients with endometriosis [59–61].

In addition, endometriosis-free patients who have oocytes 
donated from women with a known history of moderate to 
severe endometriosis have decreased implantation rates and 
reduced embryo quality. This decrease in implantation rate 
and embryo quality is in comparison with women with mod-
erate to severe endometriosis that receive oocytes from 
endometriosis- free women [62].

The hormonal milieu was altered in the follicular fluid of 
patients with endometriosis, such as a decreased estradiol 
concentration [63].

A dysregulated intrafollicular hormone milieu, as well 
as an abnormal intrafollicular cytokine profile, might 
therefore be a cause of reduced fertility in endometriosis.

This suggestion is in line with studies from oocyte dona-
tion programs. Implantation rates were reduced with oocytes 
from women with endometriosis transferred to women with-
out endometriosis, whereas embryos from healthy donors, 
transferred to women with endometriosis, did not affect 
implantation rates [29, 64].

Abnormal folliculogenesis, elevated oxidative stress 
(OS), altered immune function, changes in the hormonal 
milieu, or decreased endometrial receptivity may also con-
tribute to reduced fertility [65].

OS can be considered as a process consisting in three dis-
tinct stages, with an increased production of reactive species 
occurring in the first stage, mobilization of antioxidant 
occurring in the second, and oxidative damage to the major 
targets (lipids, proteins, and nucleic acids) occurring in the 
third [66, 67].

The presence of OS markers in the follicular fluid of 
infertile women with endometriosis, submitted to in IVF, has 
been recently demonstrated (Table 17.1) [68, 69].

Donabela et al. demonstrated that infertile women with 
moderate and severe endometriosis showed increased 
expression of the superoxide dismutase 1 (SOD1) gene in 
cumulus cells, compared to women with minimal/mild 
endometriosis and controls. This evidence opens a new per-
spective for understanding the pathogenesis of endometrio-
sis-related infertility, confirming that OS is involved in the 
worsening of oocyte quality in these women. These find-
ings also suggest that analysis of expression of SOD1 gene 
in CCs might be used as a biomarker of ICSI success in 
women with infertility related to advanced stages of endo-
metriosis [70].

Singh et  al. evaluated the OS and trace elements in the 
oocytes environment in endometriosis and impact on IVF out-
come. They aspirated FF at the time of oocyte retrieval from 
endometriosis (n = 200) and tubal infertility (n = 140) and it 
was analyzed. In endometriosis group, they showed an 
increased concentration of reactive oxygen species (ROS), 
nitric oxide (NO), lipid peroxidation (LPO), iron, lead, cad-
mium and reduced levels of total antioxidant capacity (TAC), 
superoxide dismutase (SOD), catalase, glutathione peroxidase 
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(GPx), glutathione reductase (GR), vitamins A, C, E, copper, 
zinc and selenium, compared to tubal infertility. Increased 
ROS and NO in endometriosis and tubal infertility are associ-
ated with poor oocytes and embryo quality. Increased levels of 
ROS, NO, LPO, cadmium, and lead were observed in women 
who did not become pregnant, compared to women who did. 
Intrafollicular zinc levels were higher in women with endome-
triosis who subsequently became pregnant following IVF.

The deleterious effect of intrafollicular ROS/NO on 
oocytes and embryo quality and IVF pregnancy prompted 

authors to ascertain the ROS threshold level, beyond which it 
appears to be toxic, and is associated with the formation of 
poor quality oocytes. Further, follicular levels of lead and 
cadmium showed a negative association with IVF pregnancy 
outcome, thereby highlighting the toxicity risk of environ-
mental pollutants [71].

An imbalance between reactive oxygen species (ROS) 
production and antioxidant activity causes cellular damage 
and dysfunction and may affect folliculogenesis. Altered fol-
liculogenesis in patients with endometriosis may contribute 

Fig. 17.11 Damage of endometriosis disease on oocyte quality (image under the microscope)

A. Tinelli et al.



279

to ovulatory dysfunction, poor oocyte quality, reduced fertil-
ization, low-grade embryos, and reduced implantation [57].

Changes in the kinetics of granulosa cell cycle may also 
impair follicular growth and oocyte maturation in patients 
with endometriosis [72].

Thiols are organic sulfur derivatives, contributing to the 
infertility associated with endometriosis, since extracellular 
supply of thiols is critical for maintaining the redox state of 
the extracellular space or microenvironment [73].

Thus, endometriosis is associated with inflammatory 
changes in the intrafollicular microenvironment.

In addition, the levels of inflammatory cytokines, such as 
interleukin 6 (IL6), IL1b, and tumor necrosis factor alpha 
(TNFa), are increased in the ovarian follicular fluid (OFF) of 
patients with endometriosis [74].

Da Broi et al. detected a deleterious effect of FF taken from 
infertile women with mild endometriosis on the spindle and 
chromosome distribution of bovine oocytes matured in vitro, 
indicating the presence of harmful factors against oocyte qual-
ity in the FF of women with the disease and questioning the 
role of OS in the worsening of gamete quality [75].

Da Broi et al. also demonstrated both systemic and fol-
licular oxidative stress in infertile patients with endometrio-
sis. They demonstrate the presence of oxidative DNA 
damage, represented by higher 8OHdG concentrations in the 
follicular microenvironment of these patients, possibly 
related to compromised oocyte quality and associated with 
the pathogenesis of endometriosis-related infertility. These 
findings also suggest that some of the OS markers studied in 
serum and FF are predictive of clinical pregnancy and live 
birth after ICSI [76].

Baumann et  al. demonstrated that endometriosis is 
linked with altered patterns of ovarian gene expression and 
demonstrated that a prominent epigenetic pathway, associ-
ated with oocyte quality and potential correct ovarian 
development, is severely disrupted in primate females with 
induced  endometriosis [77].

Kasapoglu et  al. showed dimorphisms significantly 
higher in oocytes retrieved from endometriosis group: dark 
cytoplasm; dark, large or thin zona pellucida; and flat or 
fragmented polar body (p < 0.05 for all) (Figs. 17.11, 17.12, 
and 17.13). When morphological parameters for oocytes of 
patients with endometriosis are evaluated, the oocyte defects 
have increased significantly in patients with endometriosis. 
Thus, the abnormal oocyte morphology is more common in 
patients with endometriosis than those with male factor 
infertility (Figs. 17.14, 17.15, 17.16, and 17.17).

Table 17.1 Change in OS concentration in oocytes after retrieval in 
patients with endometriosis

Endometriosis group
> ROS
> NO
> LPO
> Fe
> LEAD
> Cadmio
< TAC
< SOD
< Catalase
< Glutathione peroxidase
< GR
< Vit. A, C, E
< Cu, Zn, Se

Fig. 17.12 Morphological alterations in oocyte pronucleus of endo-
metriosis (A)

Fig. 17.13 Morphological alterations in oocyte pronucleus of patients 
with endometriosis (B)
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Thus, endometriosis may cause subfertility, and adversely 
affect outcomes of ART by its detrimental effects on oocyte 
morphology [78].

Santonastaso et al. analyzed and integrated different clini-
cal chemistry parameters being specific of the metabolic pro-
file, the inflammatory state, and the cell damage by H-Nuclear 
Magnetic Resonance (NMR) spectroscopy approach and 
biochemistry analysis, respectively, in follicular fluids of 
women with different stages endometriosis (I-II and III-IV) 
unrolled to IVF cycle (Figs. 17.18 and 17.19).

Their analysis evidenced that in the follicular fluids of the 
patients with endometriosis the levels of phospholipids, lac-
tate, insulin, PTX3, CXCL8, CXCL10, CCL11, and VEGF 
were higher, whereas those of some fatty acids, lysine, cho-
line, glucose, aspartate, alanine, leucine, valine, proline, 
phosphocholine, total LDH as well as its LDH-3 isoform 
were lower in comparison to control group. The levels of 

Fig. 17.14 Massive endometriotic ovarian cyst

Fig. 17.15 The hemorrhagic event within an endometriotic cyst pro-
duces a slow re-adjustment of the blood with formation of a thick layer 
of siderotic macrophages and failure to reconstitute the endometrial 
mucosa. In these cases, the pathologist formulates a diagnosis of “endo-
metriotic cyst” even without recognizing the endometrium

Fig. 17.16 At higher magnification we can see the large quantity of 
brownish pigment inside the macrophages

Fig. 17.17 Endoscopic image of chocolate cyst

Fig. 17.18 Ovary surmounted by chocolate cyst
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Fig. 17.19 Above, the 
graphic reconstruction of the 
endometriosic ovarian cyst; in 
the center the representation 
of transvaginal ultrasound 
used to diagnose the ovarian 
cyst of endometriotic 
appearance; below, the 
ultrasound image of the 
endometriotic cyst
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LDHB, PTX3, and insulin receptor were confirmed also by 
RT-PCR applied on cumulus cells surrounding oocytes 
retrieved from the patients. The reduced oocyte quality 
observed in patients with endometriosis can be certainly cor-
related to the different levels of these molecules [79].

Schebl et  al. investigated morphological parameters of 
oocyte morphology in patients with endometriosis, describ-
ing oocyte morphology in patients undergoing intracytoplas-
mic sperm injection. Patients with endometriosis had a 
 significantly lower rate of mature oocytes (p  <  0.03) and 
morphologically normal oocytes (p < 0.001). In particular, 
brownish oocytes (p < 0.009; stage I-IV) and the presence of 
refractile bodies (p  <  0.001; stage IV) were found to be 
increased. Endometriosis stage IV was associated with sig-
nificantly worse-quality oocytes than stages I-III (p < 0.01). 
Fertilization was significantly reduced in conventional 
in vitro fertilization but not in intracytoplasmic sperm injec-
tion (p < 0.03). This was due to lower fertilization rates in 
stage III-IV endometriosis compared with stage I-II 
(p < 0.04). No difference was observed with respect to rates 
of implantation, clinical pregnancy, miscarriage, live birth, 
and malformation. Authors concluded that patients with 
endometriosis, in particular those with severe endometriosis, 
present lower-quality oocytes [80].

Nakagawa et al. measured the OS in the FF from a single 
follicle of patients with endometrioma (EM); we evaluated 
whether an EM might affect the environment of follicular 
growth. The FF was obtained during the first puncture of fol-
licular aspiration and was evaluated. Authors showed that 
oxidative stress and antioxidant potential in the FF of the 
patients with unilateral EM showed values similar to those 
without an EM, and concluded that EMs do not affect the 
environment for follicle growth during ART treatment [81].

Nasiri et  al. evaluated the levels of two OS markers 
including lipid peroxide (LPO) and total antioxidant capac-

ity (TAC) in both serum and FF of women with endometrio-
sis after puncture. They observed that women with 
endometriosis had significantly higher LPO and lower TAC 
levels in the serum and FF as compared with the control 
group. Therefore, authors noted that FF of women with 
endometriosis, regardless of disease stage, increases the pro-
liferation power of endometrial cells in vitro, and presumed 
that inflammatory reactions-induced OS in ovary may be 
responsible for proliferation induction ability in FF obtained 
from women with endometriosis [82] (Figs.  17.20, 17.21, 
17.22, 17.23, 17.24, 17.25, and 17.26).

Da Luz et al. compared the expression levels of PTGS2 in 
cumulus cells of infertile women, with and without endome-
triosis, undergoing ovarian stimulation for ICSI. A decreased 
expression of PTGS2 was found in cumulus cells of infertile 
women with endometriosis compared with controls, which 
might be related to reduced levels of COX-2 in the cumulus 
cells of women with the disease. Consequently, authors 

Fig. 17.20 Stripping technique for the removal of endometriotic cyst

Fig. 17.21 The causes of 
follicle loss during surgery for 
endometriosis involve injury 
to blood vessels and stroma 
and removal of healthy cortex. 
(1) Endometrioma. (2) 
Pseudocapsule of 
endometriosic ovarian cyst. 
(3) Healthy cortex containing 
significant number of follicles 
stripped with pseudocapsule. 
(4) Coagulation of vascular 
bed. (5) Blood vessels 
injuries. (6) Edema/
inflammation
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hypothesized that lower transcript levels of PTGS2 in cumu-
lus cells may be involved in the impairment of oocyte qual-
ity, suggesting a possible mechanism involved in 
disease-related infertility [83].

Pauli et al. analyzed and compared peripheral plasma (PP) 
and FF retinoid levels, retinol (ROL) including all-trans reti-
noic acid (ATRA), all essential for a number of reproductive 
processes, in women undergoing IVF. They investigated also 
the relationship between retinoid levels and embryo quality.

An analysis compared the retinoid levels with day 3 
embryo grades between two groups of women, patients with 
endometriosis and control patients. Results demonstrated 
distinctive levels of retinoid metabolites and isomers in FF 
versus PP.  There was a significantly larger percentage of 
high-quality grade I embryos derived from the largest versus 
smallest follicles. An increase in follicle size also correlated 
with a >50% increase in FF ROL and ATRA concentrations. 
Independent of follicle size, FF yielding grade I versus non-
grade I embryos showed higher mean levels of ATRA but 
not ROL. In a nested case-control analysis, control partici-
pants had 50% higher mean levels of ATRA in their FF and 
PP than women with endometriosis. These findings strongly 
supported the proposition that ATRA should play a funda-
mental role in oocyte development and quality, and that 
reduced ATRA synthesis may contribute to decreased fecun-
dity of participants with endometriosis [84].

Du et al. evaluated the effect of endometriosis on follicu-
logenesis and pregnancy, and to assess the involvement of 
inflammatory factors (IL1b, PGE2, PGF2a, and TGFb2) in 
follicular fluid. Authors aspirated FF in patients with endo-
metriosis to measure the concentrations of inflammatory 
factors (IL1b, PGE2, PGF2α, and TGFβ2) and steroid hor-
mones (E2, progesterone, FSH, and LH) within follicular 
fluid, as well as serum E2 and LH concentrations. The 
oocyte retrieval, rate of metaphase II oocyte, cleavage rate, 
effective embryo rate, and pregnancy rates of patients with 
endometriosis were all significantly lower than those of the 
control patients. In those with endometriosis, serum E2 con-
centrations were lower than those observed in controls. 
Aromatase levels in the granulosa cells of the endometriosis 
group were lower while concentrations of PGE2 in follicu-
lar fluid were higher than in the control group. Concentrations 
of PGE2, PGF2α, TGFβ2, and IL1b were significantly cor-
related with each other. The study conclusion was that the 
outcomes of ART, in relation to serum E2 concentration, 
were adversely affected by the presence of endometriosis 
[85] (Fig. 17.27).

Furthermore, severe ovarian damage and extensive folli-
cle loss have been reported after cystectomy for endometrio-
mas, resulting in a shorter reproductive life span or even 
immediate ovarian failure as reported in few cases [86–89].

The follicle loss during surgery for endometriosis has a 
negative impact of reproduction (Fig. 17.4).

Fig. 17.22 Stripping technique for the removal of endometriotic cyst

Fig. 17.23 Operative laparoscopy for endometriosis

Fig. 17.24 Operative laparoscopy for endometriosis
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The amount of healthy tissue inadvertently lost during 
surgery is larger with excision of bilateral endometriomas 
and is also related to electrosurgical coagulation and the 
local inflammation associated with the procedure [90].

The endometrioma cyst wall contains different amounts of 
follicles, which are lost during surgery. The number of folli-

cles in histological sections obtained from the cyst wall is 
related to patient’s age: the younger the patient, the larger the 
number of follicles present in the endometrioma wall [91].

Young women also have a higher recurrence rate of their 
endometriomas (30–50%) that often leads to repeated ovar-
ian surgery which further compromises ovarian reserve [92].

Fig. 17.25 Adenomyotic 
nodule, small or large, which 
develops in deep adenomyosis 
in viscera (intestine, bladder) 
equipped with muscular tunic. 
The release of cytokines with 
stimulatory activity in the 
endometriotic focus causes 
reactive hyperplasia in the 
smooth muscle cells of the 
host organ. These fibers have 
an irregular pattern and do not 
respect the normal functional 
dynamics of the organ causing 
dyskinesias. Macroscopically, 
the hypertrophic lesion has a 
neoplastic-like character and 
causes extensive resections of 
the organ. Histologically, 
Peripherical endometrial 
stroma may be poor or absent, 
causing uncertainties about 
the invasive character of the 
glands

Fig. 17.26 The hemosiderin 
is not the only pigment 
present in endometriotic 
outbreaks. In the stroma of 
this outbreak, a light brown 
pigment is observed, vitreous 
with the characteristics of the 
ceroid pigment, linked to the 
deposition of complex fats 
coming from the erythrocyte 
wall
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Lastly, extensive adhesiolysis even without direct surgery 
to the ovaries has been associated with a significant decline 
in ovarian reserve. This may derive from injury to ovarian 
vascular bed, resulting in reduced ovarian blood supply post-
surgery [93].

17.2  Transvaginal Ultrasound-Guided 
Oocyte Retrieval in Patients with 
Endometriosis

The development of transvaginal ultrasound-guided oocyte 
retrieval transformed IVF in the 1980s. It became possible to 
retrieve oocytes from the ovaries using outpatient, minimally 
invasive approaches, utilizing IV sedation or even just local 
anesthetics [94]. Previously, laparoscopy was necessary with 
its increased cost and need for general anesthesia. Whether 
oocyte retrieval is being performed laparoscopically or trans-
vaginally, the ovary needs to be held in place in order for the 
follicle to be punctured and aspirated. Several consequences 
of advanced stages of endometriosis include scarring of the 
ovary and adnexa within the cul-de-sac or obscuring by bowel 
or omental adhesions [95, 96]. Paradoxically during transvagi-
nal oocyte retrieval, adhesion formation may actually immobi-
lize the ovaries facilitating the aspiration of the follicles.

Endometriosis and associated endometriomas are com-
mon in patients coming for oocyte retrieval as part of the IVF 
process [97]. The development of large endometriomas is 
unusual outside the ovary, and the pathogenesis behind their 
development inside the ovary is unknown; however, different 
hypotheses do exist. It has been shown, while the formation 
of superficial cysts of superficial ovarian endometriosis is 
similar to extra-ovarian site endometriosis, the development 
of large endometriomas may be the result of secondary 

involvement of functional (follicular or luteal) ovarian cysts 
by the endometriotic process. Additionally, the ovary has 
several unique physiologic processes, such as high concen-
trations of ovarian steroids and growth factors which may 
impact the initiation, maintenance, and growth of endome-
trial implants; as well as, the regular follicular rupture at time 
of ovulation, also known as ovulation dehiscence, causes 
metaplasia of the ovarian mesothelium, or stigma, poten-
tially allowing for the progressive invagination of the ovarian 
cortex and the invasion of follicles or corpora lutea from 
endometriotic cells [98, 99]. To note, the chance of corre-
spondence between follicular dehiscence and an endometrial 
implant may be higher in natural cycles due to the concomi-
tance of molecules involved in both endometriosis- associated 
inflammation and ovulation dehiscence. Furthermore, such 
correspondence can also occur during IUI but not during IVF 
cycles, when the stigma is controlled by physicians [100, 
101]. These two unique features of the ovary in combination 
may play a role in the development of large ovarian endome-
triomas. Different clinical types of suspected endometriomas 
have been observed and classifications have been developed 
based on size, cyst contents, ease of capsule removal, adhe-
sions of the cyst to surrounding structures, and location of 
superficial endometrial implants relative to the cyst [102, 
103]; see Table 17.2.

At times, the surgical approach in these cases depends on 
the size and location of the endometrioma (Fig.  17.5). 
Ordinarily, follicles will be aspirated sequentially, moving 
from one to the next emptying the follicular contents. The 
larger problem faced during transvaginal oocyte retrieval in 
patients with endometriosis is the presence of endometrio-
mas in the needle path from the vagina toward the target fol-
licle [104]. Generally, the goal is to avoid the endometrioma 
and “go around it” if possible (Fig. 17.28).

Fig. 17.27 An endometrioma 
exerting pressure on ovarian 
follicles on the day of oocyte 
aspiration
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The reason for this approach is because spillage of the 
endometrioma fluid can be toxic to the oocytes, the endome-
trium, and the peritoneal cavity [105]. Occasionally, it is 
hard to avoid the endometriomas and several methods exist 
to combat this inconvenience. (1) The vaginal ultrasound 
technique may be used to traverse the cyst with the aspirating 
needle without aspirating the cyst itself. This is usually suc-
cessful and avoids the issues mentioned above; or (2) if the 
endometrioma is so large as to prevent a clear path to the 
normal follicle, it may be drained into a separate aspiration 
tube and the aspiration needle thoroughly rinsed prior to 
using it to aspirate a normal follicle.

IVF is an outstanding treatment option with excellent suc-
cess rates for couples suffering from infertility caused by 
endometriosis [106]. Treatment for endometriosis via 

 laparoscopy following previous IVF failures has been shown 
to increase odds of conceiving naturally and/or via IVF [107]. 
With a little planning and attention to detail, transvaginal 
ultrasound-guided oocyte retrieval can be carried out safely 
and efficiently in women with all stages of endometriosis.
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Table 17.2 Classification of clinical types of suspected endometriomas [102]

TYPE I Primary endometrioma (or true endometrioma, like that found on peritoneal surfaces). Is called also “pure” endometriomas are 
characterized as small superficial cysts containing dark “chocolate” fluid. Typically, they firmly adhere to the tissue on the surface of the ovary 
making them difficult to remove surgically. Histological analysis reveals only endometrial glands and stroma
TYPE II Secondary endometrioma (or follicular or luteal ovarian cysts). They have been involved or invaded by cortical endometriotic implants 
or by primary endometriosis
TYPE IIa
 –  Usually large, with a capsule that is 

easily separated from the ovarian tissue
 – Follicular or luteal in origin
 –  Endometrial implants (if present) do not 

penetrate the cyst wall
 –  Histological analysis: walls are found to 

be clear of any endometrial tissue

TYPE IIb
 –  Have features of functional cysts but show 

deep involvement with surface 
endometriosis

 –  Cyst lining is easily separated from the 
ovarian capsule and stroma, except where 
the ovarian capsule has adhered to the cyst 
wall adjacent to the area of endometriosis

 –  Histological findings: endometriosis 
implants in the cyst wall

TYPE IIc
 –  Similar to Type IIb, functional cysts with 

extensive surface endometrial implants
 –  PLUS deep penetration of endometriosis 

into the cyst wall, spreading to at least one 
area of the ovarian capsule

 –  Histological findings: endometriotic 
extension into the wall of the ovarian cyst 
strong correlation with clinical findings of 
the presence of dense adhesions

There are difference between TYPE IIa and other TYPE IIb and c; but the difference between TYPE IIb and TYPE IIc is slight and depend on the 
degree of endometrial invasion into the cyst wall and progressive difficulty in removing the cysts capsule

Fig. 17.28 Oocyte aspiration 
needle tip in follicle adjunct 
to ovarian endometrioma. 
(Image courtesy of Prof. 
Daniel Seidman, Tel Aviv, 
Israel)

A. Tinelli et al.



287

 3. Patel BG, Lenk EE, Lebovic DI, Shu Y, Yu J, Taylor 
RN. Pathogenesis of endometriosis: interaction between endocrine 
and inflammatory pathways. Best Pract Res Clin Obstet Gynaecol. 
2018;50:50–60. https://doi.org/10.1016/j.bpobgyn.2018.01.006. 
pii: S1521-6934(18)30023-3.

 4. Clemenza S, Sorbi F, Noci I, Capezzuoli T, Turrini I, Carriero 
C, Buffi N, Fambrini M, Petraglia F.  From pathogenesis to 
clinical practice: emerging medical treatments for endome-
triosis. Best Pract Res Clin Obstet Gynaecol. 2018;51:92–
101. https://doi.org/10.1016/j.bpobgyn.2018.01.021. pii: 
S1521-6934(18)30039-7.

 5. Greene AD, Lang SA, Kendziorski JA, Sroga-Rios JM, Herzog TJ, 
Burns KA. Endometriosis: where are we and where are we going? 
Reproduction. 2016;152(3):R63–78. https://doi.org/10.1530/
REP-16-0052.

 6. Donnez J, Donnez O, Orellana R, Binda MM, Dolmans 
MM.  Endometriosis and infertility. Panminerva Med. 
2016;58(2):143–50.

 7. Matalliotakis M, Zervou MI, Matalliotaki C, Rahmioglu N, 
Koumantakis G, Kalogiannidis I, Prapas I, Zondervan K, Spandidos 
DA, Matalliotakis I, Goulielmos GN. The role of gene polymor-
phisms in endometriosis. Mol Med Rep. 2017;16(5):5881–6.

 8. Hughes EG, Fedorkow DM, Collins JA. A quantitative overview 
of controlled trials in endometriosis-associated infertility. Fertil 
Steril. 1993;59(5):963–70.

 9. Barnhart K, Dunsmoor-Su R, Coutifaris C. Effect of endometrio-
sis on in vitro fertilization. Fertil Steril. 2002;77:1148–55.

 10. Giudice LC, Kao LC.  Endometriosis. Lancet. 
2004;364(9447):1789–99.

 11. Opoien HK, Fedorcsak P, Omland AK, Abyholm T, Bjercke S, 
Ertzeid G, Oldereid N, Mellembakken JR, Tanbo T. In vitro fertil-
ization is a successful treatment in endometriosis-associated infer-
tility. Fertil Steril. 2012;97:912–8.

 12. Lin XN, Wei ML, Tong XM, Xu WH, Zhou F, Huang QX, Wen 
GF, Zhang SY. Outcome of in vitro fertilization in endometriosis- 
associated infertility: a 5-year database cohort study. Chin Med J 
(Engl). 2012;125:2688–93.

 13. Dong X, Liao X, Wang R, Zhang H. The impact of endometriosis 
on IVF/ICSI outcomes. Int J Clin Exp Pathol. 2013;6(9):1911–8.

 14. Barbosa MA, Teixeira DM, Navarro PA, Ferriani RA, Nastri CO, 
Martins WP. Impact of endometriosis and its staging on assisted 
reproduction outcome: systematic review and meta-analysis. 
Ultrasound Obstet Gynecol. 2014;44(3):261–78.

 15. Tanbo T, Fedorcsak P.  Endometriosis-associated infertility: 
aspects of pathophysiological mechanisms and treatment options. 
Acta Obstet Gynecol Scand. 2017;96(6):659–67.

 16. Jeung I, Cheon K, Kim MR. Decreased cytotoxicity of peripheral 
and peritoneal natural killer cell in endometriosis. Biomed Res 
Int. 2016;2016:2916070.

 17. D’Hooghe TM, Debrock S, Hill JA, Meuleman C. Endometriosis 
and subfertility: is the relationship resolved? Semin Reprod Med. 
2003;21(2):243–54.

 18. Khan KN, Kitajima M, Hiraki K, Fujishita A, Sekine I, Ishimaru 
T, Masuzaki H.  Immunopathogenesis of pelvic endometriosis: 
role of hepatocyte growth factor, macrophages and ovarian ste-
roids. Am J Reprod Immunol. 2008;60(5):383–404.

 19. Oosterlynck DJ, Cornillie FJ, Waer M, Vandeputte M, Koninckx 
PR.  Women with endometriosis show a defect in natural killer 
activity resulting in a decreased cytotoxicity to autologous endo-
metrium. Fertil Steril. 1991;56(1):45–51.

 20. Oosterlynck DJ, Meuleman C, Waer M, Vandeputte M, Koninckx 
PR.  The natural killer activity of peritoneal fluid lympho-
cytes is decreased in women with endometriosis. Fertil Steril. 
1992;58(2):290–5.

 21. Bulletti C, Coccia ME, Battistoni S, Borini A. Endometriosis and 
infertility. J Assist Reprod Genet. 2010;27(8):441–7.

 22. Garrido N, Navarro J, Remohí J, Simón C, Pellicer A. Follicular 
hormonal environment and embryo quality in women with endo-
metriosis. Hum Reprod Update. 2000;6(1):67–74.

 23. Da Broi MG, Navarro PA.  Oxidative stress and oocyte quality: 
ethiopathogenic mechanisms of minimal/mild endometriosis- 
related infertility. Cell Tissue Res. 2016;364(1):1–7.

 24. Sanchez AM, Vanni VS, Bartiromo L, Papaleo E, Zilberberg E, 
Candiani M, Orvieto R, Viganò P. Is the oocyte quality affected 
by endometriosis? A review of the literature. J Ovarian Res. 
2017;10(1):43.

 25. Stilley JA, Birt JA, Sharpe-Timms KL.  Cellular and molecular 
basis for endometriosis-associated infertility. Cell Tissue Res. 
2012;349(3):849–62.

 26. Miller JE, Ahn SH, Monsanto SP, Khalaj K, Koti M, Tayade 
C. Implications of immune dysfunction on endometriosis associ-
ated infertility. Oncotarget. 2017;8(4):7138–47.

 27. Prasad S, Tiwari M, Pandey AN, Shrivastav TG, Chaube 
SK. Impact of stress on oocyte quality and reproductive outcome. 
J Biomed Sci. 2016;23:36.

 28. Missmer SA, Chavarro JE, Malspeis S, Bertone-Johnson 
ER, Hornstein MD, Spiegelman D, Barbieri RL, Willett WC, 
Hankinson SE.  A prospective study of dietary fat consumption 
and endometriosis risk. Hum Reprod. 2010;25(6):1528–35.

 29. Hauzman EE, Garcia-Velasco JA, Pellicer A.  Oocyte donation 
and endometriosis: what are the lessons? Semin Reprod Med. 
2013;31(2):173–7.

 30. Afshar Y, Hastings J, Roqueiro D, Jeong JW, Giudice LC, 
Fazleabas AT.  Changes in eutopic endometrial gene expression 
during the progression of experimental endometriosis in the 
baboon, Papio anubis. Biol Reprod. 2013;88(2):44.

 31. Bulun SE, Monsivais D, Kakinuma T, Furukawa Y, Bernardi 
L, Pavone ME, Dyson M.  Molecular biology of endometriosis: 
from aromatase to genomic abnormalities. Semin Reprod Med. 
2015;33(3):220–4.

 32. Bulun SE. Endometriosis. N Engl J Med. 2009;360(3):268–79.
 33. Pavone ME, Dyson M, Reirstad S, Pearson E, Ishikawa H, Cheng 

YH, Bulun SE. Endometriosis expresses a molecular pattern con-
sistent with decreased retinoid uptake, metabolism and action. 
Hum Reprod. 2011;26(8):2157–64.

 34. Chen GY, Nuñez G. Sterile inflammation: sensing and reacting to 
damage. Nat Rev Immunol. 2010;10(12):826–37.

 35. Haney AF, Muscato JJ, Weinberg JB. Peritoneal fluid cell popula-
tions in infertility patients. Fertil Steril. 1981;35(6):696–8.

 36. Beste MT, Pfäffle-Doyle N, Prentice EA, Morris SN, Lauffenburger 
DA, Isaacson KB, Griffith LG.  Molecular network analysis of 
endometriosis reveals a role for c-Jun-regulated macrophage acti-
vation. Sci Transl Med. 2014;6(222):222ra16.

 37. Osborn BH, Haney AF, Misukonis MA, Weinberg JB. Inducible 
nitric oxide synthase expression by peritoneal macro-
phages in endometriosis-associated infertility. Fertil Steril. 
2002;77(1):46–51.

 38. Goud AP, Goud PT, Diamond MP, Gonik B, Abu-Soud 
HM.  Activation of the cGMP signaling pathway is essential 
in delaying oocyte aging in diabetes mellitus. Biochemistry. 
2006;45(38):11366–78.

 39. Somigliana E, Viganò P, Gaffuri B, Candiani M, Busacca M, Di 
Blasio AM, Vignali M. Modulation of NK cell lytic function by 
endometrial secretory factors: potential role in endometriosis. Am 
J Reprod Immunol. 1996;36(5):295–300.

 40. Kokcu A.  Possible effects of endometriosis-related immune 
events on reproductive function. Arch Gynecol Obstet. 
2013;287(6):1225–33.

 41. Heitmann RJ, Tobler KJ, Gillette L, Tercero J, Burney 
RO. Dexamethasone attenuates the embryotoxic effect of endo-
metriotic peritoneal fluid in a murine model. J Assist Reprod 
Genet. 2015;32(9):1317–23.

17 Endometriosis, Infertility, and Oocyte Quality

https://doi.org/10.1016/j.bpobgyn.2018.01.006
https://doi.org/10.1016/j.bpobgyn.2018.01.021
https://doi.org/10.1530/REP-16-0052
https://doi.org/10.1530/REP-16-0052


288

 42. Riccio LDGC, Santulli P, Marcellin L, Abrão MS, Batteux F, 
Chapron C.  Immunology of endometriosis. Best Pract Res Clin 
Obstet Gynaecol. 2018;50:39–49. https://doi.org/10.1016/j.bpob-
gyn.2018.01.010. pii: S1521-6934(18)30028-2.

 43. Harris SE, Faddy M, Levett S, et al. Analysis of donor heterogene-
ity as a factor affecting the clinical outcome of oocyte donation. 
Hum Fertil (Camb). 2002;5:193–8.

 44. Wang Q, Sun QY. Evaluation of oocyte quality: morphological, cel-
lular and molecular predictors. Reprod Fertil Dev. 2007;19:1–12.

 45. Cohen Y, Malcov M, Schwartz T, Mey-Raz N, Carmon A, Cohen 
T, et  al. Spindle imaging: a new marker for optimal timing of 
ICSI? Hum Reprod. 2004;19:649–54.

 46. De Santis L, Cino I, Rabellotti E, Calzi F, Persico P, Borini A, 
et al. Polar body morphology and spindle imaging as predictors of 
oocyte quality. Reprod Biomed Online. 2005;11:36–42.

 47. Dmowski WP, Rana N, Michalowska J, Friberg J, Papierniak C, 
el-Roeiy A. The effect of endometriosis, its stage and activity, and 
of autoantibodies on in vitro fertilisation and embryo transfer suc-
cess rates. Fertil Steril. 1995;63:555–62.

 48. Bergendal A, Naffah S, Nagy C, Bergqvist A, Sjöblom P, Hillensjö 
T. Outcome of IVF in patients with endometriosis in comparison 
with tubal factor infertility. J Assist Reprod Genet. 1998;15:530–4.

 49. Simón C, Gutiérrez A, Vidal A, de los Santos MJ, Tarín JJ, Remohí 
J, Pellicer A. Outcome of patients with endometriosis in assisted 
reproduction: results from in-vitro fertilization and oocyte dona-
tion. Hum Reprod. 1994;9(4):725–9.

 50. Garrido N, Navarro J, Remohí J, Simón C, Pellicer A. Follicular 
hormonal environment and embryo quality in women with endo-
metriosis. Hum Reprod Update. 2000;6(1):67–74.

 51. Garrido N, Navarro J, García-Velasco J, Remoh J, Pellice A, Simón 
C. The endometrium versus embryonic quality in endometriosis- 
related infertility. Hum Reprod Update. 2002;8(1):95–103.

 52. Hamdan M, Omar SZ, Dunselman G, Cheong Y. Influence of endo-
metriosis on assisted reproductive technology outcomes: a system-
atic review and meta-analysis. Obstet Gynecol. 2015;125:79–88.

 53. Xu B, Guo N, Zhang XM, Shi W, Tong XH, Iqbal F, Liu 
YS. Oocyte quality is decreased in women with minimal or mild 
endometriosis. Sci Rep. 2015;5:10779.

 54. Díaz-Fontdevila M, Pommer R, Smith R. Cumulus cell apoptosis 
changes with exposure to spermatozoa and pathologies involved 
in infertility. Fertil Steril. 2009;91(5 Suppl):2061–8.

 55. Wu R, Van der Hoek KH, Ryan NK, Norman RJ, Robker 
RL. Macrophage contributions to ovarian function. Hum Reprod 
Update. 2004;10(2):119–33.

 56. Brizek CL, Schlaff S, Pellegrini VA, Frank JB, Worrilow 
KC.  Increased incidence of aberrant morphological phenotypes 
in human embryogenesis—an association with endometriosis. J 
Assist Reprod Genet. 1995;12(2):106–12.

 57. Garrido N, Pellicer A, Remohí J, Simón C.  Uterine and 
ovarian function in endometriosis. Semin Reprod Med. 
2003;21(2):183–92.

 58. Kimura F, Takahashi K, Takebayashi K, Fujiwara M, Kita N, 
Noda Y, Harada N, et al. Fertil Steril. 2007;87(6):1468.e9–12.

 59. Burney RO, Talbi S, Hamilton AE, et al. Gene expression analy-
sis of endometrium reveals progesterone resistance and candidate 
susceptibility genes in women with endometriosis. Endocrinology. 
2007;48:3814–26.

 60. Kao LC, Germeyer A, Tulac S, et  al. Expression profiling of 
endometrium from women with endometriosis reveals candi-
date genes for disease-based implantation failure and infertility. 
Endocrinology. 2003;144:2870–81.

 61. Kemmann E, Ghazi D, Corsan G, et al. Does ovulation stimulation 
improve fertility in women with minimal/mild endometriosis after 
laser laparoscopy? Int J Fertil Menopausal Stud. 1993;38:16–21.

 62. Evans MB, Decherney AH.  Fertility and endometriosis. Clin 
Obstet Gynecol. 2017;60(3):497–502.

 63. Wunder DM, Mueller MD, Birkhäuser MH, Bersinger 
NA. Steroids and protein markers in the follicular fluid as indica-
tors of oocyte quality in patients with and without endometriosis. 
J Assist Reprod Genet. 2005;22(6):257–64.

 64. von Wolff M, Kollmann Z, Flück CE, Stute P, Marti U, Weiss B, 
et al. Gonadotrophin stimulation for in vitro fertilization signifi-
cantly alters the hormone milieu in follicular fluid: a compara-
tive study between natural cycle IVF and conventional IVF. Hum 
Reprod. 2014;29:1049–57.

 65. Härkki P, Tiitinen A, Ylikorkala O.  Endometriosis and assisted 
reproduction techniques. Ann N Y Acad Sci. 2010;1205:207–13.

 66. Gupta S, Agarwal A, Krajcir N, Alvarez JG. Role of oxidative stress 
in endometriosis. Reprod Biomed Online. 2006;13(1):126–34.

 67. Agarwal A, Said TM, Bedaiwy MA, Banerjee J, Alvarez 
JG. Oxidative stress in an assisted reproductive techniques setting. 
Fertil Steril. 2006;86(3):503–12.

 68. Navarro PA, Liu L, Ferriani RA, Keefe DL. Arsenite induces aber-
rations in meiosis that can be prevented by coadministration of 
N-acetylcysteine in mice. Fertil Steril. 2006;85(Suppl 1):1187–94.

 69. Prieto L, Quesada JF, Cambero O, et al. Analysis of follicular fluid 
and serum markers of oxidative stress in women with infertility 
related to endometriosis. Fertil Steril. 2012;98(1):126–30.

 70. Donabela FC, Meola J, Padovan CC, de Paz CC, Navarro 
PA. Higher SOD1 gene expression in cumulus cells from infer-
tile women with moderate and severe endometriosis. Reprod Sci. 
2015;22(11):1452–60.

 71. Singh AK, Chattopadhyay R, Chakravarty B, Chaudhury 
K. Markers of oxidative stress in follicular fluid of women with 
endometriosis and tubal infertility undergoing IVF.  Reprod 
Toxicol. 2013;42:116–24.

 72. Saito H, Seino T, Kaneko T, Nakahara K, Toya M, Kurachi 
H.  Endometriosis and oocyte quality. Gynecol Obstet Invest. 
2002;53(Suppl 1):46–51.

 73. Turkyilmaz E, Yildirim M, Cendek BD, Baran P, Alisik M, 
Dalgaci F, Yavuz AF. Evaluation of oxidative stress markers and 
intra-extracellular antioxidant activities in patients with endome-
triosis. Eur J Obstet Gynecol Reprod Biol. 2016;199:164–8.

 74. Wunder DM, Mueller MD, Birkhäuser MH, Bersinger 
NA.  Increased ENA-78  in the follicular fluid of patients with 
endometriosis. Acta Obstet Gynecol Scand. 2006;85(3):336–42.

 75. Da Broi MG, Malvezzi H, Paz CC, Ferriani RA, Navarro 
PA. Follicular fluid from infertile women with mild endometrio-
sis may compromise the meiotic spindles of bovine metaphase II 
oocytes. Hum Reprod. 2014;29(2):315–23.

 76. Da Broi MG, de Albuquerque FO, de Andrade AZ, Cardoso 
RL, Jordão Junior AA, Navarro PA.  Increased concentra-
tion of 8-hydroxy-2′-deoxyguanosine in follicular fluid 
of infertile women with endometriosis. Cell Tissue Res. 
2016;366(1):231–42.

 77. Baumann C, Olson M, Wang K, Fazleabas A, De La Fuente 
R.  Arginine methyltransferases mediate an epigenetic ovarian 
response to endometriosis. Reproduction. 2015;150(4):297–310.

 78. Kasapoglu I, Kuspinar G, Saribal S, Turk P, Avcı B, Uncu 
G.  Detrimental effects of endometriosis on oocyte morphology 
in intracytoplasmic sperm injection cycles: a retrospective cohort 
study. Gynecol Endocrinol. 2018;34(3):206–211.11.

 79. Santonastaso M, Pucciarelli A, Costantini S, Caprio F, Sorice A, 
Capone F, Natella A, Iardino P, Colacurci N, Chiosi E. Metabolomic 
profiling and biochemical evaluation of the follicular fluid of 
endometriosis patients. Mol Biosyst. 2017;13(6):1213–22.

 80. Shebl O, Sifferlinger I, Habelsberger A, Oppelt P, Mayer RB, 
Petek E, Ebner T. Oocyte competence in in vitro fertilization and 
intracytoplasmic sperm injection patients suffering from endome-
triosis and its possible association with subsequent treatment out-
come: a matched case-control study. Acta Obstet Gynecol Scand. 
2017;96(6):736–44.

A. Tinelli et al.

https://doi.org/10.1016/j.bpobgyn.2018.01.010
https://doi.org/10.1016/j.bpobgyn.2018.01.010


289

 81. Nakagawa K, Hisano M, Sugiyama R, Yamaguchi K. Measurement 
of oxidative stress in the follicular fluid of infertility patients with 
an endometrioma. Arch Gynecol Obstet. 2016;293(1):197–202.

 82. Nasiri N, Moini A, Eftekhari-Yazdi P, Karimian L, Salman-Yazdi 
R, Arabipoor A. Oxidative stress statues in serum and follicular 
fluid of women with endometriosis. Cell J. 2017;18(4):582–7.

 83. da Luz CM, da Broi MG, Donabela FC, Paro de Paz CC, Meola 
J, Navarro PA.  PTGS2 down-regulation in cumulus cells of 
infertile women with endometriosis. Reprod Biomed Online. 
2017;35(4):379–86.

 84. Pauli SA, Session DR, Shang W, Easley K, Wieser F, Taylor RN, 
Pierzchalski K, Napoli JL, Kane MA, Sidell N. Analysis of fol-
licular fluid retinoids in women undergoing in vitro fertilization: 
retinoic acid influences embryo quality and is reduced in women 
with endometriosis. Reprod Sci. 2013;20(9):1116–24.

 85. Du YB, Gao MZ, Shi Y, Sun ZG, Wang J.  Endocrine and 
inflammatory factors and endometriosis-associated infertil-
ity in assisted reproduction techniques. Arch Gynecol Obstet. 
2013;287(1):123–30.

 86. Hwu YM, Wu FS-Y, Li S-H, Sun F-J, Lin M-H, Lee RK-K. The 
impact of endometrioma and laparoscopic cystectomy on 
serum anti-Mullerian hormone levels. Reprod Biol Endocrinol. 
2011;9:80.

 87. Busacca M, Riparini J, Somigliana E, Oggioni G, Izzo S, 
Vignali M, et  al. Postsurgical ovarian failure after laparoscopic 
excision of bilateral endometriomas. Am J Obstet Gynecol. 
2006;195(2):421–5.

 88. Coccia ME, Rizzello F, Mariani G, Bulletti C, Palagiano A, 
Scarselli G.  Ovarian surgery for bilateral endometriomas influ-
ences age at menopause. Hum Reprod. 2011;26(11):3000–7.

 89. Roman H, Tarta O, Pura I, Opris I, Bourdel N, Marpeau L, et al. 
Direct proportional relationship between endometrioma size and 
ovarian parenchyma inadvertently removed during cystectomy, 
and its implication on the management of enlarged endometrio-
mas. Hum Reprod. 2010;25:1428–32.

 90. Li CZ, Liu B, Wen ZQ, Sun Q.  The impact of electrocoagula-
tion on ovarian reserve after laparoscopic excision of ovarian 
cyst: a prospective clinical study of 191 patients. Fertil Steril. 
2009;92:1428–35.

 91. Romualdi D, Franco Zannoni G, Lanzone A, Selvaggi L, 
Tagliaferri V, Gaetano Vellone V, et  al. Follicular loss in endo-
scopic surgery for ovarian endometriosis: quantitative and qualita-
tive observations. Fertil Steril. 2011;96(2):374–8.

 92. Tandoi I, Somigliana E, Riparini J, Ronzoni S, Vigano P, Candiani 
M.  High rate of endometriosis recurrence in young women. J 
Pediatr Adolesc Gynecol. 2011;24(6):376–9.

 93. Hirokawa W, Iwase A, Goto M, Takikawa S, Nagatomo Y, 
Nakahara T, et  al. The post-operative decline in serum anti- 

Mullerian hormone correlates with the bilaterality and severity of 
endometriosis. Hum Reprod. 2011;26(4):904–10.

 94. Tanbo T, Henriksen T, Magnus O, Abyholm T. Oocyte retrieval 
in an IVF program. A comparison of laparoscopic and transvagi-
nal ultrasound-guided follicular puncture. Acta Obstet Gynecol 
Scand. 1988;67(3):243–6.

 95. Ota Y, Andou M, Ota I. Laparoscopic surgery with urinary tract 
reconstruction and bowel endometriosis resection for deep infil-
trating endometriosis. Asian J Endosc Surg. 2018;11(1):7–14.

 96. King CR, Lum D.  Techniques in minimally invasive sur-
gery for advanced endometriosis. Curr Opin Obstet Gynecol. 
2016;28(4):316–22.

 97. Khine YM, Taniguchi F, Harada T.  Clinical management 
of endometriosis-associated infertility. Reprod Med Biol. 
2016;15(4):217–25.

 98. Nezhat F, Nezhat C, Allan CJ, Metzger DA, Sears DL. Clinical 
and histologic classification of endometriomas: implications for a 
mechanism of pathogenesis. J Reprod Med. 1992;37(9):771–6.

 99. Vigano P, Vanni VS, Corti L, Garavaglia E, Tandoi I, Pagliardini 
L, et al. Unravelling the ovarian endometrioma pathogenesis: “the 
long and winding road across the various theories.”. J Endometr 
Pelvic Pain Disord. 2013;5:62–7.

 100. Gerard N, Caillaud M, Martoriati A, Goudet G, Lalmanach 
AC.  The interleukin-1 system and female reproduction. J 
Endocrinol. 2004;180:203–12.

 101. Somigliana E, Vigano P, Benaglia L, Busnelli A, Vercellini P, 
Fedele L. Adhesion prevention in endometriosis: a neglected criti-
cal challenge. J Minim Invasive Gynecol. 2012;19:415–21.

 102. Nezhat C, Nezhat F, Nezhat CH, Seidman DS. Classification of 
endometriosis: improving the classification of endometriotic ovar-
ian cysts. Hum Reprod. 1994;9(12):2212–3.

 103. Nezhat C, Nezhat F, Nezhat CH.  Nezhat’s video-assisted and 
robotic-assisted laparoscopy and hysteroscopy. 4th ed. New York: 
Cambridge University Press; 2013.

 104. Benaglia L, Busnelli A, Biancardi R, Vegetti W, Reschini M, 
Vercellini P, Somigliana E.  Oocyte retrieval difficulties in 
women with ovarian endometriomas. Reprod Biomed Online. 
2018;37(1):77–84.

 105. Somigliana E, Vigano P, Filippi F, Papaleo E, Benaglia L, Candiani 
M, et al. Fertility preservation in women with endometriosis: for 
all, for some, for none? Hum Reprod. 2015;20:1280–6.

 106. Cecchino GN, Garcia-Velasco JA.  Endometrioma, fertility, and 
assisted reproductive treatments: connecting the dots. Curr Opin 
Obstet Gynecol. 2018;30(4):223–8.

 107. Littman E, Giudice L, Lathi R, Berker B, Milki A, Nezhat C. Role 
of laparoscopic treatment of endometriosis in patients with failed 
in vitro fertilization cycles. Fertil Steril. 2005;84(6):1574–8.

17 Endometriosis, Infertility, and Oocyte Quality



291© Springer Nature Switzerland AG 2020
A. Malvasi, D. Baldini (eds.), Pick Up and Oocyte Management, https://doi.org/10.1007/978-3-030-28741-2_18

The Adhesion of the Blastocyst: 
A Question of Bonds

Leonardo Resta, Roberta Rossi, and Graziana Arborea

18

L. Resta (*) · R. Rossi 
Dipartimento dell’Emergenza e dei Trapianti d’Organo (DETO), 
Università degli Studi di Bari “Aldo Moro”, Bari, Italy
e-mail: leonardo.resta@uniba.it; roberta.rossi@uniba.it 

G. Arborea 
U.O. Anatomia e Istocitopatologia Ospedale “Sacro Cuore di 
Gesù”, Gallipoli, Italy

Contents
 References  303

Almost 75% of pregnancy loss that occurs before the 20th 
week of gestation (when the vast majority of miscarriage 
takes place) is due to the failure of implantation of the 
embryo in the uterus.

The implantation takes place approximately 6 days after 
conception when the blastocyst has been formed by cell divi-
sion of the original cells.

The blastocyst state of the embryo is a microscopic sphere 
(d  =  250 μ) and is composed of about 64 cells which are 
divided into the outer layer of the trophoblast, which will 
generate both the placenta and the other tissues necessary for 
the foetus during its inter-uterine life, and an inner mass of 
cells from which all the cells of the human body will develop 
(Figs.  18.1 and 18.2). The mechanisms through which 
implantation is governed and controlled are not yet perfectly 
understood, though it is evident that during these phases 
what is crucial are the strong relationships which develop 
between the specialized cells of the trophoblast and the cells 
of the endometrium taken together as epithelium, stroma and 
blood vessels (Fig. 18.3).

Three distinct phases can be identified in blastocyst 
implantation:

 1. Adhesion of the blastocyst to the endometrium
 2. Invasion of endometrial mucosa by the trophoblast and 

embedding

 3. Maintenance of the implantation through a complex 
operation consisting of invasion, transformation of the 
matrix and the vascular structures, overcoming of immu-
nitary defences and auto-limiting of the invasive activity.

The first phase of adhesion would seem to be the sim-
plest; however, it is premised by a series of exceptionally 
delicate mother–embryo interactions which can compromise 
the final result.

In humans, the endometrium shows maximum receptivity 
for embryo implantation during the mid-secretory phase, 

Fig. 18.1 Schematic representation of blastocyst

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28741-2_18&domain=pdf
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there being a precise “window of implantation” which cor-
responds to the 21st day of a hypothetical regular menstrual 
cycle of 28 days. The window is when there is the maximum 

level of glandular secretion, interstitial edema and optimal 
blood flow. These conditions of course do not explain how 
the adhesion of the blastocyst to the endometrium becomes 
stable.

In 2003, Genbacev et  al. [1] discovered the protein 
L-selectin functioned as a type of “Velcro” allowing the 
outer layer trophoblast cells to adhere to the walls of the 
uterus, thus it is possibly one of the most important ways of 
mediating early stage embryo–endometrium interaction.

The outer layer of the blastocyst expresses L-selectin and 
the uterus expresses high quantities of glycoproteins with 
oligosaccharide domains which interact at a molecular level 
with the protein so creating “sticky” conditions between 
them. The blastocyst moves along the uterus sticking and 
unsticking to it so slowing its progress until finally it sticks 
to one point and there begins the embedding process. This 
phase is crucial for embryo development (Figs. 18.4, 18.5, 
18.6, and 18.7a, b).

The body’s immune response to cell damage makes use of 
the process of leukocyte extravasation which needs the leu-
kocytes to attach themselves to the vessel walls under condi-
tions of shear stress, as is the case in the need for the 
blastocyst to attach itself to the uterus. These similar activi-
ties have led several scientists to propose similar mecha-Fig. 18.2 Image of blastocyst under a microscope

Fig. 18.3 In (1–6) succession the nesting of the blastocyst in the endometrium
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Fig. 18.3 (continued)
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nisms for the two events. They affirm that the molecular 
basis for embryo implantation must be similar to that of the 
transmigration process of the leukocytes through the endo-
thelial cells of the blood vessels, which initially functions by 
blocking the movement of the leukocytes in the blood by 
molecular “stickiness” using the selectin and other proteins 
expressed by the leukocytes and the carbohydrate ligands on 
the endothelium [2].

Selectins are a C-type lectin (glycoproteins which bind to 
sugar molecules and require calcium for the binding) which 
are expressed on the surface of leukocytes, platelets and acti-
vated endothelial cells.

They are part of the linking mechanism of rolling adhe-
sion of leukocytes and platelets onto vessel endothelium and 

are important for the homing of the lymphocytes to second-
ary lymphoid organs and for the recruiting of leukocytes to 
inflammation sites [3] (Fig. 18.8).

There are three types of selectins:

 – l-selectin (Fig. 18.9) expressed by all leukocytes except 
T-lymphocytes.

 – E-selectin (Fig.  18.10) expressed by endothelial cells 
activated by cytokines from transcriptional stimulation.

 – P-selectin (Fig.  18.11) expressed by platelets and acti-
vated endothelial cells where it is stored in α-granules and 
Weibel–Palade bodies, respectively, as pre-formed trans-
membrane proteins and is translocated to the plasma 
membrane when stimulated.

Fig. 18.3 (continued)
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It is capable of heterophilic binding and interacts with 
glycoproteins and glycolipids which contain structures with 
α2-3-linked sialic acid and α1-3-linked fucose in their termi-
nal branches.

Selectin-mediated cellular adhesion is determined by the 
recognition of carbohydrates by calcium-dependent lectin. 

In general, L-selectin ligands are found on endothelial cells 
while E- and P-selectin ligands are found on leukocytes.

C-type lectins are carbohydrate-binding proteins charac-
terized by a “carbohydrate recognition domain” (CRD). 
They are extended rigid molecules and contain an N-terminal 
CRD domain, which links to the carbohydrate components 

Fig. 18.4 The fifth day of the 
blastocyst and the particular 
of the blastocyst’s relationship 
with the endometrium

Fig. 18.5 The sixth day of 
the blastocyst
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of other molecules, an epidermal growth factor (EGF)-like 
domain and a variable number of short consensus repeat 
(SCR) units. The difference in size between the three selec-
tins is a factor of the number of SCRs in each type (2, 6, and 
6 or 9 for L-, E-, and P-selectin, respectively).

The transmembrane and intracytoplasmatic domains are 
non-consistent between the three types, showing that they 
interact with different intracellular proteins.

During the inflammatory response, the adhesion of the 
leukocytes to the endothelial cells is controlled by the bind-

Fig. 18.6 The sixth day of 
development of the blastocyst 
and its initial invasion of the 
endometrium

Fig. 18.7 Three-dimensional 
counterparts in Figs. 18.4 and 
18.6

L. Resta et al.
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ing of the inner vessel wall selectins to their complementary 
carbohydrates on the leukocytes. All known ligands are 
transmembrane glycoproteins which present oligosac-
charidic structures to the selectins. The formation of transi-
tory bonds between selectins and their ligands determine the 
first steps in the adhesion cascade. All three types of selectin 
can recognize glycoproteins and/or glycolipids which con-
tain the tetrasaccharide Sialyl-Lewis x, which is found in all 
the circulating myeloid cells and is composed of sialic acid, 
galactose, fucose and N-acetylgalactosamine. It is still not 

clear how the selectins are able to carry out specific 
 interactions with their ligands, seeing that they use the same 
molecule for carbohydrate recognition.

L-selectin is constitutively expressed in the microvilli of 
leukocytes. Its surface levels are regulated by scission, 

NAIVE
T CELL

PNAD

L-selectinE-selectin
ligand

P-selectin
E-selectin

PSGL1

ACTIVATED
T CELL

ENDOTHELIAL CELL LAYER CHRONIC INFLAMMATION

Fig. 18.8 Selectin activity in 
chronic inflammation

Fig. 18.9 L-selectin

Fig. 18.10 E-selectin
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mediated by metalloproteinase, of the extracellular domain 
following activation by the leukocytes. The intracellular 
cytoplasmic tail binds to calmodulin and to the actin cyto-
skeleton using α-actinin and the protein family ezrin/
radixin/moesin. The equilibrium between these competing 
cytoplasmic interactions can influence the proteolytic scis-
sion of the extracellular domain.

The extracellular domain of L-selectin binds both to the 
glycoprotein PSGL-1 on the myeloid cells or on the activated 
T-lymphocytes and to the glycoproteins that are found on the 
specialized endothelial cells within the venules of the periph-
eral lymphoid tissue.

In normal venules leukocytes flow without interaction 
with the endothelium, but in the vessels in an inflamed area, 
endothelial cells express selectins and ligands for integrins 
on their surface which bind the circulating leukocytes, caus-
ing rolling adhesion which transforms into tight adhesion 
and finally extravasation and transmigration to the site of 
infection. This is an important process both in autodefence of 
inflamed sites and in the homing of lymphocytes (to lym-
phoid organs). It is also important as the process responsible 
for the pathogenesis of inflammatory disorders.

The outer trophoblast layer of the blastocyst expresses 
L-selectin which binds with the oligosaccharides present on 
the uterine epithelium surface. Generally it bonds, with a low 
affinity, to the glycans containing α2,3 sialic acid and α1,3 
fucose, such as Sialyl-Lewis x (sLe x), while it is also able to 
bond with a higher affinity to sulfated and fucosylated ligands.

The MECA-79 antibody recognizes the high affinity sul-
fation dependent determinant, 6-sulfo-sLex, on L-selectin 
ligands [4] which can be detected on the surface of the endo-
metrial cells. HECA-452 is, instead, an anti-sLex antibody 
which requires the presence of both α2,3 sialylation and α1,3 
fucosylation to recognize the epitope of the low affinity 
ligand.

During the development period of the mouse embryo, 
there is a marked difference in the expression of surface anti-
gens, which are above all carbohydrates. Treatment of the 
embryos with haptenic sugars, with biosynthetic inhibitors 
of glycosyltransferase or with glycosidases has induced 
development arrest in certain stages, suggesting that the car-
bohydrate antigens are essential, probably owing to their 
involvement in cellular interaction.

Lai et  al. [5] revealed a significant difference in the 
expression of the L-selectin ligand on the epithelium during 
the proliferative, early-secretory and mid-secretory phases.

Immunolocalization studies on normal endometrium 
show that the MECA-79 L-selectin ligand is overexpressed 
from the day of ovulation until 6 days after and reduced dur-
ing the proliferative phase and the anovulatory cycles. Other 
studies have shown the overexpression of HECA-452 when 
the endometrium becomes receptive during the “implanta-
tion window”. Quantitatively, MECA-79 expression is 
always higher than that of HECA-452.

In our experience the expression of MECA-79 and HECA-
452 concerns only the surface and glandular epithelium, with 
higher concentration in the uppermost part of the cell 
(Figs. 18.12, 18.13, 18.14a, b, and 18.15a, b). There is evidently 
an accumulation of signal in the glandular secretion and corre-
spondingly there is a reduction in infertile women, especially 
those affected by endometritis. The reduction is more marked 
for the HECA-452 antibody (Figs. 18.16 and 18.17a, b).

Fig. 18.11 P-selectin
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Research into the different levels of immunohisto-
chemical expression of the two ligands in fertile and 
infertile women is on-going and several studies have 
been carried out on infertility due to endometriosis or 
PCOS or other unknown causes. In these patients, empha-
sis has been put on the reduction in expression of MECA-
79 and an increase in that of HECA-452 [6]. However, a 
more careful analysis of the published tables shows that 
the expression of HECA-452 in the infertile group com-
pared to the control group varies at the limit of signifi-

cance and the expression in the lumen of the gland is the 
same.

Other studies have analysed the expression of these 
ligands in women who underwent hormonal stimulation 
(Figs. 18.18 and 18.19) with either a positive or negative out-
come for the implanting of the blastocysts [7]. Measurements 
of ligand levels carried out at the gland apex and cytoplasm 
and at the surface show minimum variation between the two 
groups. This variation is then amplified by mathematical arti-
fice (HSCORE) to show a significant difference in favour of 

Fig. 18.12 Typical histological 
pattern of the endometrium at 
21° day of the menstrual cycle, 
corresponding to the most 
probably “implantation window” 
for the blastocyst. The glands 
contain a large amount of 
secretion; the stroma is 
edematous and hyperaemic

Fig. 18.13 Same case of the 
previous figure. The MECA-79 
antibody is negative in the 
stroma, while it is expressed in 
the glandular secretion and in the 
luminal margin of the epithelial 
cells
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fertile women, especially if the comparison is made based on 
the quality parameters of the embryo. In our experience, 
stimulated patients with a failed implantation show high val-
ues of MECA-79 expression and almost inexistent levels of 
HECA-452.

Our previous studies [8, 9] have clearly shown the corre-
lation between aspecific chronic endometritis and sterility. 
Such correlation can be associated with the production of 
cytokines which interfere with those expressed by the 
 trophoblast, or with the asynchrony of the maturation of the 
endometrium often present in endometritis, that is with the 
modifications of the stroma which accompany many cases of 
endometrial inflammation [9].

Our experience also shows no significant differences in 
the expression of MECA-79 between fertile and unfertile 
women suffering endometritis, though with an absolute 
value in favour of the healthy control group (6.85 vs. 6.41), 
while there is a significant reduction in the expression of 
HECA-452 (5.00 vs. 3.41). It is likely that the variation can 
be associated with the factors which mediate the inflamma-
tion. And considering as the same type of ligands interact 
with inflammatory cells and endothelium cells in the leuko-
cyte margination and adhesion process [10], it is also possi-
ble to hypothesize that the ligands can interact with the 
selectins of the trophoblast so interfering in the implantation 
process.

 

a b

Fig. 18.14 (a) The immunohistochemical expression of MECA-79 is strong and linear at the free border of the superficial epithelium and in 
luminal border of the gland epithelium. (b) The positivity is of cupular morphology in several of the superficial cells

a b

Fig. 18.15 (a) The HECA-452 antibody expresses a less intense positivity only in the epithelial cells. (b) At higher magnification, the expression 
is more intense in the luminal secretion than in the epithelial border
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The actual effects of these variations on the adhesion pro-
cess is still to be established though it would be logical to 
assume that a reduction in ligands, including those of low 
affinity, would lead to a reduction in the ability of the blasto-
cyst to attach itself to the uterine wall. It is in fact known that 
the establishment of multiple consecutive bonds between the 
blastocyst and endometrium is indispensible for the progres-
sive slowing of the rolling movement of the blastocyst along 
the uterine wall until its final stopping.

Ultrastructural investigation with immunogold 
(Fig. 18.20) confirmed the transmembrane surface distribu-
tion of the L-selectin ligand MECA-79 [11]. The correlation 
between ligand expression and the presence of pinopodes, as 
shown by scanning electron microscope, could explain the 
cupular morphology of the endometrial surface, as seen in 
immunohistochemistry.

Recently [12], by methodical one-step quantitative 
RT-PCR, five types of L-selectin ligand peptide compo-

Fig. 18.16 Endometrium in 
secretive phase (21° day) in 
patient with chronic endometritis. 
The inflammatory cells are 
present in some glandular lumen 
and in the stroma. The glandular 
maturation is abnormal: few 
glandular secretion and absence 
of the initial glandular 
convolution

a b

Fig. 18.17 Same case of the previous figure. (a) The expression of MECA-79 in the superficial and glandular epithelium is not different with 
respect to the endometrium of fertile women. (b) The expression of HECA-452 is reduced
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nents were detected in the endometrium: podocalyxin, 
endomucin, nepmucin, GlyCAM-1 and CD34. All have a 
mucin-like structure with sulphate-linked glycans (recog-
nized by the MECA-79 antibody). Endomucin, nepmucin 
and CD34 are highly present in the proliferative phase, but 
only endomucin shows a significant increase in the secre-
tory phase. The genes CHST2 and CHST4 involved in the 
induction of the formation of the epitopes of the L-selectin 
ligands (sulfotransferase) do not show any significant dif-
ferences in the various phases of the menstrual cycle. At 

the same time, in the same endometrium samples the 
expression of oestrogen receptors alpha remains constant 
during the cycle, while the expression of progesterone 
receptors gradually decreases from the proliferative phase 
to the late secretory phase. The authors note that very 
probably the expression of many ligands begins in the pro-
liferative phase, while in the early- secretory phase there is 
the translational modification with the oligosaccharides, 
perhaps in association with the cycling levels of serum 
oestrogens, but all is not yet clear. The translational modi-

Fig. 18.18 Endometrium of a 
patient submitted to hormonal 
therapy in view of an intervention 
of medical fertilization. The 
glands are dilated by a large 
amount of secretion. However, 
with respect to a normal subject, 
the glands are dysmetric, and 
focally distorted, and the stroma 
is more compact. In some glands, 
the secretion is dense and 
hypereosinophilic

a b

Fig. 18.19 Same case of the previous figure. (a) The expression of MECA-79 is normally continuous in the apex of the superficial and glandular 
cells. (b) HECA- 452 offers a week signal in the glandular secretion
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fication makes the ligand recognizable to the MEGA 79 
antibody and, more importantly, more attractive to the tro-
phoblast selectin.

Endomucin is a transmembrane L27.5  kD polypeptide 
with many glycosylation sites which is found in the endothe-
lium of many organs such as heart, lungs and kidneys. Many 
lymphatic organs overexpress this protein in the post- 
capillary high endothelium venules (HEV), where it carries 
out an important role in the downregulation of the adhesion 
of immunocompetent cells [13, 14]. In this regard, the 
expression of MECA-79 in the HEV of the reactive lympho-
cytic infiltrate of melanomas [15] and other solid tumours 
recall the observations already made on the interactions 
between blastocyst implanting and infertility due to 
endometritis.
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Fig. 18.20 The electron 
microscopy identifies the 
presence of MECA-79 (a) and 
HECA-79 (b) antibodies in the 
microvilli present at the border of 
superficial and glandular 
epithelial cells and in the 
intervillous space, by the 
immunogold technique (arrows)
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19.1  Introduction

The most important step for the in vitro fertilization (IVF) 
process is oocyte retrieval. Under ultrasound guidance, a 
needle is inserted through the vagina and directed to the 
ovary and the follicles. Subsequently, the follicular fluid 
together with the oocyte is aspirated. Although it is a very 
precise technique, complications may occur. Although these 
complications are rare, they could be serious and life threat-
ening. In this chapter, we present the complications after 
oocyte retrieval for IVF as they are reported in case reports 
and studies with small series of cycles. All studies conclude 
that these events are associated with pelvic inflammatory 
disease or endometriosis that may coexist with infertility.

19.2  Incidence of IVF Complications 
as Reported Through the Years

In a retrospective report, Tureck et al. in 1993 [1] included 
674 patients that underwent oocyte retrieval in the same unit, 
covering a period of 3  years. All surgeons had extensive 
experience with OPU. About 1.5% (10) of patients required 
hospitalization, nine for intravenous antibiotics, and one for 
broad ligament hematoma observation. Two patients had sig-
nificant vaginal arterial bleeding after the procedure. Most 
of the hospitalized patients had a history of extensive pelvic 
adhesions with or without a history of salpingitis. Authors 
conclude that a history of previous pelvic inflammatory dis-
ease and/or adnexal adhesions is a risk factor for periopera-
tive morbidity. In a narrative review, El-Shawarby et al. in 
2004 [2] described the OPU complications presented at that 
time in literature. Eventually, he formed a table of general 
recommendations, to increase safety during oocyte retrieval. 
These include a detailed preoperative evaluation, the con-
struction of a risk assessment list for complications during 
OPU, and the establishment of a clinical risk management 
group at each unit to evaluate and solve eventual problems. 
In addition, he advises to avoid multiple penetrations of the 
ovary and vaginal wall, in order to prevent intraperitoneal 
bleeding and pelvic infection. He emphasizes the need for 
clinical guidelines and the importance of training for junior 
doctors on oocyte retrieval. He suggests that clinical research 
is needed to optimize this procedure while the use of color 
Doppler might be beneficial.

Ludwig et al. in 2006 [3] reported the perioperative and 
postoperative complications after 1058 OPUs. There were 
no complications from general anesthesia. Vaginal bleeding 
was evident in 2.8% of the participants (29 patients). For 28 
of them, the bleeding was stopped by compression for more 
than 1 min and for the remaining one patient tamponade was 
required for more than 2  h without the need for suturing. 
The majority of patients (41.6%) experienced mild pain 2 h 

after oocyte retrieval, 16.9% presented with medium pain, 
2.7% with severe pain, and 0.4% with very severe pain. Most 
importantly, the mean pain score was dependent on the num-
ber of oocytes retrieved. Regarding the persistence of pain, 
2–3 days after oocyte retrieval, 7.6% of the patients reported 
medium pain, 1.5% severe pain, and 0.2% very severe pain. 
Only 25.6% of them suffered from mild pain on the day of 
embryo transfer. Overall, only 98 patients were hospitalized 
for ovarian hyperstimulation, complications from oocyte 
retrieval, pain and complications during early pregnancy. 
Only one patient was hospitalized for injury to the ureter. 
Authors conclude that oocyte retrieval is a procedure that is 
well tolerated with a minority of women developing severe 
pain.

Bodri et  al. in 2008 [4] evaluated the complications of 
4052 IVF cycles, of which 1238 were downregulated with 
agonist and 2814 with antagonist. Fourteen patients devel-
oped intra-abdominal bleeding, two presented with severe 
pain, and one had an ovarian torsion. Among oocyte retriev-
als, almost half of them (1917) have been for egg donation. 
For patients who received GnRH antagonists, oocytes final 
maturation was triggered either by hCG or GnRH agonist, 
in order to prevent ovarian hyperstimulation. Nevertheless, 
22 oocyte donors developed early onset moderate/severe 
OHSS.  One patient had to undergo ascites puncture by 
 culdocentesis. Surprisingly more patients developed ovar-
ian hyperstimulation in the GnRH antagonist/hCG protocol 
that in the GnRH agonist/hCG one although this did not 
reach statistical significance. In the oocyte donation group, 
11 patients developed intra-abdominal bleeding. Of these, 
six required observation only, four needed laparoscopy for 
cauterization, and one required laparotomy due to ovarian 
torsion resulting in acute abdomen. Most of them had a large 
number of oocytes retrieved, except for two patients hospi-
talized for observation that had a small amount of oocytes 
collected. In the IVF group, two women developed intra- 
abdominal bleeding, eight presented with an early onset 
moderate/severe ovarian hyperstimulation, and seven with 
late onset moderate/severe OHSS.

In a very large series of 7098 IVF cycles, Aragona et al. 
in 2011 [5], monitored the complications of transvaginal 
oocyte retrieval. Four patients developed severe perito-
neal bleeding and required surgical intervention while two 
patients developed pelvic abscesses. Intraperitoneal bleeding 
was developed immediately, in 2 h and 12 h, respectively, for 
these four patients. Three patients underwent laparoscopic 
hemostasis and one had a laparotomy. Three patients had an 
embryo transfer while the laparotomy patient received no 
embryo. Regarding the two patients who developed pelvic 
abscesses, this was evident at 7 and 10 days after embryo 
transfer and oocyte retrieval, respectively. The first patient 
had a left oophorectomy while for the second patient, right 
ovarian abscess drainage was performed.
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In a retrospective study, Siristatidis et al. in 2013 [6], pre-
sented the complications arising from 542 oocyte retrievals in a 
7-year period. Most of them (18.08%) had minor vaginal bleed-
ing (controlled by <2  min pressure). Mild vaginal bleeding 
(Fig. 19.1) was evident in 5.9% (32 cases), similarly controlled 
by <2 min pressure. Twelve patients developed mild OHSS and 
only five were involved in severe ovarian hyperstimulation. No 
injuries of other internal organs have been reported although 
in one case, the suspicion of iliac artery trauma existed. One 
cervical pregnancy occurred that was followed by hysterec-
tomy. Two cases of peritoneal bleeding have been documented, 
both involving women at prophylactic dose of LMWH. Two 
patients developed bronchospasm during general anesthesia. In 
all cases, appropriate measures have been taken.

19.3  Complications Developed 
in the Uterus, Ovaries, and Fallopian 
Tubes

19.3.1  Tubo-Ovarian Abscess in General

19.3.1.1  Overview
In a case series of 7098 patients that underwent transvaginal 
oocyte retrieval, only two cases of pelvic abscess have been 

reported. Abscesses have been developed despite antibiotic 
prophylaxis. These abscesses have not been developed early 
and did not involve the tubo-ovarian complex entirely, but 
developed alone, one in the left ovary and the other at the 
right ovary [5]. The authors suggest that it might be benefi-
cial to perform vaginal culture for infections and antibiotic 
prophylaxis before the oocyte retrieval. Only if patient is 
found negative for vaginal infections, then it is allowed to 
proceed to the OPU.

19.3.1.2  Risks of Developing Tubo-Ovarian 
Abscess

In another retrospective study covering four consecutive 
years, Villette et al. [7] tried to associate tubo-ovarian abscess 
with the likelihood of endometriosis and oocyte retrieval. 
Only three out of ten women that hospitalized for ovarian 
abscess, presented with factors, the oocyte retrieval and the 
endometrioma. This complication developed in different 
time after OPU (16, 57 and 102 days later). The other seven 
patients had tubo-ovarian abscesses without undergoing 
oocyte retrieval, previously. Authors do not associate ART 
with tubo-ovarian abscess but rather these constitute spo-
radic occurrences in women with endometriosis (Figs. 19.2 
and 19.3).

19.3.2  Tubo-Ovarian Abscess from Specific 
Microorganisms Actinomycosis

19.3.2.1  Tubo-Ovarian Abscesses 
from Actinomycosis urogenitalis

Van Hoecke et al. in 2013 [8] reported a tubo-ovarian abscess 
in a 40-year-old woman with Crohn’s disease and previously 
right hemi-colectomy. The responsible microorganism was 
Actinomyces urogenitalis. Patient presented 14  days after 
OPU with infection signs and antibiotics have been admin-
istered (amoxicillin–clavulanic acid (two doses, 2  g each) 
and doxycycline (two doses, 100  mg each)). She was dis-
charged but pelvic inflammatory disease continued. Patient 
was admitted again after 2 days and underwent laparoscopic 
exploration that ended in laparotomy and right adnexal 
abscess drainage. Authors found a large right adnexal mul-
tiocular collection with abscess formation and bacteremia, 
while after the pelvic exploration, amoxicillin–clavulanic 
acid for four doses (1  g each one), was administered. 
Eventually she was discharged 8 days after surgery.

19.3.2.2  Actinomycosis israelii Pelvic Abscess
In another case report, infection with Actinomyces israelii, 
presented as pelvic abscess. In a 31-year-old woman, with no 
previous pregnancies and male factor as a cause for infertil-
ity, pelvic infection developed 6 days after oocyte retrieval. 
She was presented with pelvic pain, nausea, vomiting, uri-

Fig. 19.1 Vaginal bleeding
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nary urgency, anorexia, and fever. A diagnosis of urinary 
tract infection was set up before 2 days and nitrofurantoin, 
(100 mg daily for 3 days) was administered. On pelvic ultra-
sound and computed tomography, large bilateral loculated 
pelvic abscesses have been diagnosed and (IV) vancomycin, 
gentamicin, and clindamycin were administered for 7 days. 
At that time, a CT-guided drainage was performed with a 
pig-tailed drain to be left in situ. This is where the diagno-
sis of Actinomyces israelii was set. Same antibiotic regimen 
continued for the next 4  days. Patient was discharged on 
ninth day, and continued oral amoxicillin/clavulanate potas-
sium and metronidazole for 14 days [9].

19.3.2.3  Ureaplasma Parvum Peritonitis
Bébéar et al. in 2014 [10], reported an infection, 72 h after 
oocyte retrieval for male factor infertility. Patient presented 
with severe pelvic pain and fever, indicating an abdominal 
infection. She had (IV) cefoxitin 2 mg during oocyte pickup. 
By TVS, pelvic fluid collection reported in the pouch of 
Douglas and a perriapendiceal collection. An exploratory 
laparoscopy was performed and a retro-uterine collection 
of pus was found. Abscess was drained and on bacteriology, 
Ureaplasma parvum was reported while blood cultures at the 

time of admission have been negative. Neither her husband 
nor she has been infected from U parvum during OPU. As a 
treatment, she received ticarcillin, clavulanic acid, and cip-
rofloxacin. This regimen was changed to (o) ciprofloxacin, 
2 days after she established apyrexia. This treatment contin-
ued for 21 days. No pregnancy was stated.

19.3.2.4  Pelvic Tuberculosis
Annamraju et  al. in 2008 [11], reported pelvic tuberculo-
sis reactivation in a 40-year-old, nulliparous woman with 
three previous unsuccessful IVF attempts. Last attempt was 
9 months before symptoms development. She developed a 
biloculated cystic mass in the left iliac fossa. By ultrasound, 
it was found, that it was ovarian in origin, thin walled, avas-
cular, and uniform. A laparotomy revealed a large left ret-
roperitoneal mass, between the descending colon, sigmoid 
colon, and uterus while the fimbrial end, including the left 
ovary, was encapsulated in the mass. Operators left this ovary 
intact while dissected the mass and cleaned the discharge. 
The examination of the mass, by pathology, suggested tuber-
culosis. Patient had (IV) cefuroxime and metronidazole for 
48 h and for the next 14 days continued on oral medications. 
Patient advised that before any IVF attempts, a hysteroscopic 

Fig. 19.2 Ovaric and tubal 
abscess
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evaluation of the uterus and a laparoscopic evaluation of the 
peritoneal cavity (or hysterosalpingogram), is needed. In 
addition, an endometrial biopsy has to be performed to rule 
out active tuberculosis lesions.

19.4  Complication During Pregnancy

19.4.1  Early Pregnancy Complicated Tubo-
ovarian Abscess

Matsunaga et al. in 2003 [12], reported a tubo-ovarian abscess 
during pregnancy after oocyte retrieval. Patient delivered at 
22  weeks of pregnancy and a left salpingo oophorectomy 
was performed afterwards. Varras et  al. in 2003 presented 
a case of tubo-ovarian abscess in a 38-year- old patient with 
primary infertility and bilateral hydrosalpinx aspiration, at 

the time of TVOR.  The authors consider that the possible 
cause of this infection was PID reactivation of latent pelvic 
infection [13]. Patient previously had PID. They also con-
clude that tubo-ovarian abscess has to be taken into diagno-
sis of peritonitis after OPU. Fertility preservation should be 
opted for with uterus and ovary preservation. Laparoscopic 
drainage was the choice for operating a left ovarian abscess 
with diffuse pus, which developed 3  weeks after oocyte 
retrieval. This patient was 26 years old and underwent ART 
for male factor infertility [14]. She was presented with mild 
abdominal pain and fever that remained even after antibiotic 
treatment. After laparoscopic drainage and whole pelvis irri-
gation, three microorganisms have been found (Escherichia 
coli, bacteroides and peptostreptococcus species). Patient 
was discharged 5 days after the surgery. She was pregnant 
at 5  weeks of gestation, during surgery, but miscarried at 
8 weeks. No recurrence took place.

Fig. 19.3 Ovaric and tubal 
abscess peritonitis
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19.4.2  Pregnancy at Second Trimester 
Complicated Tubo-ovarian Abscess

Den Boon et al. in 1999 [15] described the rupture of a bilat-
eral ovarian abscess, at the end of second trimester and the 
acute abdomen development. Patient had two IVF cycles in 
the past for male infertility. She had a previous pregnancy 
delivered at the 28  weeks of gestation with cesarean sec-
tion (after IVF). From her medical history, patient had a 
laparotomy for an ovarian endometrioma. During the sec-
ond IVF procedure, operators detected an endometrioma 
that was not punctured, in the left ovary. Antibiotic prophy-
laxis was administered the day before, during, and after the 
OPU. A diamniotic dichorionic pregnancy was the result of 
this IVF. At 25 weeks of gestation, she was admitted to the 
hospital with symptoms of labor. Tocolysis was performed 
and cervical effacement and dilatation was evident. The days 
of admission, she developed an infection, acute abdomen, 
rebound tenderness, and guarding. An emergency laparot-
omy was performed. Pus in the pouch of Douglas originat-
ing from the right ovary has been found. Both ovaries had 
small abscesses that drained with multiple incisions. A drain 
was placed in the pouch of Douglas. Antibiotics have been 
administered. Peritoneal cultures revealed Staphylococcus 
aureus and mixed anaerobic bacteria. At 26 weeks of ges-
tation, she went into labor delivering two boys. Pulmonary 
edema and peritonitis was developed. On the fifth postpar-
tum day, a second laparotomy was performed but no pus was 
found. She was discharged after 3 weeks from her delivery. 
One of the infants died 9 weeks postpartum.

19.4.3  Term Delivery Complicated Tubo-
ovarian Abscess

Kim et  al. in 2013 [16] reported a tubo-ovarian abscess 
after oocyte retrieval. This infertility treatment, ended to a 
pregnancy. A 33-year-old patient, with 4 years of infertility, 
presented with a history of a left tubal pregnancy, bilateral 
tubal obstruction, and a 4.5-cm endometrioma on the right 
ovary. Tubal factor was considered the reason for infertil-
ity treatment. Before ovarian stimulation, she had a course 
of ciprofloxacin 250  mg for 5  days because of vaginitis 
due to Ureaplasma urealyticum and Mycoplasma hominis. 
During OPU, no puncture of endometrioma took place. After 
the procedure, patient became pregnant and at 7 weeks of 
pregnancy, presented with right lower abdominal pain and 
growth of an endometrioma mass. At that time, conserva-
tive management and observation was decided. At 14 weeks 
gestation, patient presented with lower abdominal pain mim-
icking appendicitis. After ultrasonography and MRI, a pelvic 

abscess was found, that arise from the right adnexa, adherent 
to the posterior wall of the uterus, right pelvic sidewall, and 
sigmoid colon. On laparoscopic examination, it was found 
that the abscess was encapsulated within the ovary and there 
was no pus within the pelvis. Pus drainage was performed 
and a drain was placed in the pouch of Douglas. Cefotiam 
(IV) (1 g every 12 h) and metronidazole (500 mg every 8 h) 
was administered for treatment. The drain was retained for 
2  days, while patient was discharged after 10  days. Her 
pregnancy continued at 8 months while no recurrence was 
observed.

19.4.4  Late in Pregnancy Complicated Tubo-
ovarian Abscess

Younis et  al. in 1997 [17] reported three cases of pelvic 
abscess that developed on ovarian endometriosis. The first 
one was a 34year-old woman with 12  years of primary 
 infertility. The second one was a 36-year-old with 10 years 
primary infertility and the last one was 29  years old with 
4.5 years of infertility. Both the first and the second had a 
stage IV endometriosis and the last one had diffuse pelvic 
endometriosis with bilateral endometrioma. These have been 
considered the reason for infertility. The first case received 
laparoscopic adhesiolysis, bilateral tubolasty, and right 
endometriosis cystectomy. The last two had laparoscopy 
with the second one to receive bilateral endometriosis cys-
tectomy. All three patients received GnRH agonist downreg-
ulation. In the first case, a 4-cm endometrioma was aspirated 
while in the other two cases, aspiration was not performed. 
All three patients received prophylactic antibiotics (IV 
cefazolin). The first patient, 40 days after oocyte retrieval, 
admitted to the hospital with signs of abdominal infection 
and a left ovarian multicystic mass. Laparotomy was per-
formed and chocolate-like material was expelled from the 
cyst. Patient received broad spectrum antibiotics and dis-
charged. Eight weeks later, she developed pelvic peritonitis. 
In TVS, bilateral complex adnexal masses compatible with 
bilateral tubo-ovarian abscesses have been revealed. IV anti-
biotics have been administered again but sonographic find-
ings remained the same. Three weeks later, she had bilateral 
salpingo-oophorectomy with spillage of pus coming from 
both ovaries. She recovered uneventfully. The second patient 
developed high temperature, 24 days after oocyte retrieval. 
She had no signs from the ovaries, and admitted to the inter-
nal medicine department to be treated for Q fever. She was 
discharged and after 4 weeks, was admitted with high tem-
perature, low abdominal pain, and bilateral tender adnexal 
masses. On transvaginal ultrasound, bilateral adnexal multi-
cystic complex masses have been observed and the diagnosis 
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was set up for tubo-ovarian abscesses. Patient received intra-
venous antibiotics and a laparotomy with bilateral salpingo- 
oophorectomy was performed. In addition, the second 
patient, recovered uneventfully. The third patient, 22  days 
after OPU, developed low abdominal pain, bilateral tender 
adnexal masses, and high temperature. These masses were 
also complex and compatible with tubo-ovarian abscess. 
She received IV antibiotics and clinical improvement was 
evident, although fever remained up to 38 C. On the sixth 
day of admission, IV treatment was changed and fever and 
WBC fell to normal levels. Patient was discharged home, 
after 15  days of intravenous antibiotics, and continued on 
oral antibiotics. She became pregnant, with an intrauterine 
viable fetus and at 14 weeks pregnancy, a viable pregnancy 
was observed. Patient delivered at term.

19.4.5  Pyometra Development 
and Hysterectomy

A 43-year-old woman, with three previous IVF attempts 
and no pregnancy, underwent the last oocyte retrieval. Four 
weeks after OPU, she presented with fever and chills and 
left lower quadrant tenderness. Laboratory studies showed 
an ever-increasing infection while CT and MRI revealed 
a large heterogeneous myomatosus uterus with several 
fibroids. Patient was administered vancomycin, aztreonam, 
metronidazole, and ciprofloxacin but her condition did not 
resolve. After that diagnostic laparoscopic and hysteroscopy 
was performed to evaluate focal points of infection. On lapa-
roscopy, an old pelvic inflammatory disease with bilateral 
hydrosalpinges and perihepatic adhesions was seen. On 
the contrary, hysteroscopy revealed pyometra. Endometrial 
cultures were taken and revealed vancomycin-resistant 
enterococci. Linezolid added to the treatment scheme and 
vancomycin was taken out. Patient discharged on linezolid 
and metronidazole. Two weeks later patient readmitted with 
signs of infection and the CT scan showed resistant pyome-
tra. Severe infection and signs of shock have been developed 
while fever remained at high levels. For that reason, total 
abdominal hysterectomy was performed and her condition 
was substantially improved. Patient discharged after 5 days. 
No other postoperative problems have been reported [18].

19.5  Endometriosis-Endometrioma 
Associated Complications

19.5.1  Endometrioma Abscess

19.5.1.1  General
In a retrospective study, Benaglia et al. in 2008 [19], poses 
the question whether ovarian endometrioma abscesses are a 

true risk after oocyte retrieval, or a rare event. They included 
patients with 1, 2, 3, or more ovarian endometriomas that 
underwent ovarian hyperstimulation and OPU, from 2004 
to 2006. Diameters ranged from <20 mm to >30 mm with 
the majority of them to be at the first group. All women 
were covered with ceftriaxone 1  g for 4  days, starting at 
oocyte retrieval. Overall, 214  cycles have been examined 
for pelvic pain, fever, antibiotic use, and hospitalization. 
There was no difference between the three groups, on the 
duration of stimulation and pregnancy rates was at 43%. 
Only three cases had an IVF-correlated complication. Two 
of them presented with moderate ovarian hyperstimula-
tion and one had unexplained fever starting 7  days after 
OPU.  Patient recovered in 2  days. None of the women 
developed endometriotic abscess either when endometrio-
mas punctured accidentally or not (Figs.  19.4 and 19.5). 
Authors conclude that endometriotic pelvic abscesses after 
oocyte retrieval are very low. Although in this study, the 
diagnosis of endometriomas has been done only by ultra-
sound and not by histology, care has been taken to exclude 
other functional ovarian cysts.

19.5.2  Endometrioma and Pregnancy 
Outcome

In another study [20], 24 patients with an ovarian endometri-
oma that aspirated at the time of OPU, completed 29 cycles. 
These patients have been compared retrospectively with 
84 patients (147  cycles) for all main IVF parameters. No 
adverse outcomes have been reported following endometri-
oma aspiration and a similar total number of embryos have 
been obtained. There was no difference in clinical pregnan-
cies, between the two groups. It appears that endometriosis 
does not adversely affect pregnancy rates and ovarian endo-
metriomas after IVF, have a minimal impact on pregnancy 
rates.

19.5.3  Endometriosis-Pelvic Infection

Moini et al. in 2005 [21], answered the question, whether 
endometriosis raises the risk of pelvic inflammatory dis-
ease (Fig.  19.5), after OPU.  In his retrospective study, 
out of 5958 cycles, ten patients developed pelvic inflam-
matory disease. Diagnosis of PID was set up on certain 
criteria, and usually was evident 4–7  days after oocyte 
retrieval. Eight out of the ten women that diagnosed with 
PID, had endometriosis. It was found after clinical symp-
toms for endometriosis and diagnostic laparoscopy. One 
of them had an endometrioma, and the others had stage 
II, III, IV endometriosis. The non-endometriosis patients 
had bilateral tubal obstruction and a history of PID. After 
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the diagnosis of pelvic inflammatory disease, five of them 
treated conservatively with antibiotics, while the other 
three needed surgical intervention. Two of the patients had 
laparoscopic drainage of abscess; one of them had a trans-
vaginal drainage of abscess, while the other two needed 
laparotomy. All patients recovered well. Authors conclude 
that inoculation of vaginal bacteria and anaerobe microor-
ganisms after oocyte retrieval can cause pelvic inflamma-
tory disease. On the contrary, no pelvic infection has been 
reported in the literature, after laparoscopic or abdominal 
oocyte retrieval.

19.5.4  Bilateral Ovarian Abscess

Kelada et  al. in 2007 [22], reported on a 35-year-old 
woman, with no previous pregnancies and a bilateral ovar-
ian abscess formation. Patient presented with left iliac 
fossa pain and diarrhea, 16  days after oocyte retrieval. 
Also she presented with vaginal bleeding. Ovarian hyper-
stimulation syndrome was evident and at first, clexane 
20 mg/day administered. On further evaluation with trans-
vaginal ultrasonography, bilateral ovarian masses have 
been seen. Although, infection was not evident, at the later 
stage, she developed fever (over 38 °C). Patient adminis-
tered cefuroxime and metronidazole for 48 h but infection 
continued. Even after a replacement to clindamycin and 
gentamicin, there is no improvement on infection signs 
while abdominal guardening and generalized tenderness 
was developed. Consumption coagulopathy was evident 
while her condition has been deteriorating. Laparotomy 
has been performed and the abscess capsule was excised, 
from each ovary. Pus drained and the culture showed 
staphylococci. Peritoneal cavity was washed out from pus 
while two drains where left in the site. As a treatment, 
clindamycin and gentamicin were continued postopera-
tively while the patient was discharged on the fourth day. 
Authors did not mention further complications but they 
conclude that if antibiotics response in 72 h is minimal, 
then exploratory laparoscopy or laparotomy should take 
place.

Fig. 19.4 Schematic 
representation of chocolate 
cysts and its endoscopic 
picture

Fig. 19.5 Chocolate cysts in patient with PID

19 Complications in Oocyte Retrieval



314

19.5.5  Right Ovarian Abscess

In one of the earliest reports for endometrioma abscess 
after oocyte retrieval, it was documented the development 
of a right ovarian endometrioma that aspirated during OPU 
[23]. Patient after OPU had an embryo transfer. Two weeks 
after oocyte retrieval, she developed signs of peritonitis and 
an immediate laparoscopy revealed a ruptured right ovar-
ian abscess. The patient had laparoscopic drainage and IV 
antibiotics. Fortunately she achieved a single ongoing preg-
nancy, at the time of the publication.

19.5.6  Ovarian Abscess During Pregnancy

Sharpe et al. in 2006 [24] described an ovarian abscess in a 
35-year-old nulliparous woman with long-term infertility. 
From her medical history, she had endometriosis and a right 
ovarian endometrioma. During OPU, this endometrioma was 
aspirated while antibiotic prophylaxis was administered (IV 
cefazolin and metronidazole). Patient became pregnant with a 
dichorionic diamniotic pregnancy. Thirteen weeks after oocyte 
retrieval, she complained of vaginal discharge. At 17 weeks of 
pregnancy, she presented with an ongoing vaginal discharge 
and low-grade fever, nausea, vomiting, and malaise. Vaginal 
and blood cultures, chest X-rays and ultrasound have been 
performed. Except the twin pregnancy, no other findings have 
been found to indicate the infection origin. Patient improved 
transiently on azithromycin but vaginal discharge increased. 
On 18th week, after a repeat ultrasound, a mild enlargement 
in the right ovarian mass was observed. Metronidazole was 
administered but with no effect. After 30 weeks of pregnancy, 
discharge was increasing while by ultrasound and MRI, a right 
ovarian abscess was revealed. A vaginal fistula was evident 
clinically while cefotaxime and metronidazole was started. 
On first instance, S. viridans was recognized. Despite clinical 
improvement, a cesarean section was performed at 31 weeks 
of pregnancy and two healthy twins have been delivered. In 
abscess fluid, S. viridans, Escherichia Coli, Bacteroides, and 
Peptostreptococcus species, have been identified. At that 
time, it was preferred not to drain. A percutaneous drain was 
inserted, 23  days later. Patient discharged 10  days postpar-
tum while parenteral antibiotic therapy was continued for 
4.5 weeks. Antibiotics sustained for another 4 weeks, orally. 
Authors agree that delayed diagnosis and therapy was made, 
due to variable symptoms. The continuation of pregnancy did 
not allow for surgical intervention before 32 weeks.

19.5.7  Gigantic Ovarian Abscess

Hameed et  al. in 2010 [25], reported a rare case of De 
Novo gigantic ovarian abscess within an endometrioma. 

The patient, a 47-year-old nulliparous woman, with pri-
mary infertility, had an increase in temperature (38.5 °C) 
and in abdominal girth. The abdominal extension was 
more evident in the right side and the whole abdomen 
was tender. On a CT scan, a large ovarian mass, ascites,  
and obstruction of the left ureter were evident. Patient 
started on antibiotics and a midline laparotomy incision, 
was performed. A large cystic mass in the right adnexa was 
identified, after aspiration of 6 L of pus. Ovarian cyst was  
drained and 5  L of pus aspirated. Inside the cavity wall 
there was necrotic tissue. Many fibroids existed on the 
large uterus. For this reason, a subtotal hysterectomy with 
right oophorectomy was performed. As a next step, a left 
oophorectomy with adjunct endometriotic cysts was per-
formed. Patient remained in intensive care and transfused 
six units of blood. On pus cultures, Bacteroides fragilis 
was developed, and treated with tazocin. She remained 
on antibiotics for 10  days and discharged on the 14th 
 postoperative day. On histology, marked inflammation 
was on the right ovarian cyst wall with glandular foci, 
indicating endometriosis. In addition, the left ovary had 
an endometriotic cyst. Authors conclude that patient’s 
primary infertility was due to undiagnosed endometrio-
sis. An infection, ascending from the vaginal canal, was 
spread to the endometrioma. Pus leakage from the abscess 
created peritonitis and transformed ovarian abscess to an 
acute gynecological emergency.

19.6  Hydrosalpinx and Its Management

19.6.1  Starting Recommendation

Tubal disease and hydrosalpinx are important factors 
for reduced pregnancy rates after in  vitro fertilization. 
Hydrosalpinges, when found by ultrasound (Figs. 19.6 and 
19.7), need laparoscopic salpingectomy because clinical 
pregnancy and ongoing pregnancy rates are increased [26]. 
Even if laparoscopic occlusion of the fallopian tube is per-
formed then there is significant increase in the clinical preg-
nancy rates [27]. Both methods are of equal importance, in 
terms of ongoing pregnancy. Ultrasound-guided aspiration 
of hydrosalpinges (Fig.  19.8) and its effect on pregnancy 
rates remains to be elucidated.

19.6.2  Hydrosalpinx Aspiration

In a case report, Hinckley and Milki in 2003 [28] reported 
two patients that had hydrosalpinges aspiration at the time 
of oocyte retrieval and rapid accumulation of hydrometra 
before embryo transfer. The first patient had bilateral dis-
tal tubal occlusion and prominent hydrosalpinx on the left 
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Fig. 19.6 Ultrasonography 
of hydrosalpinx

Fig. 19.7 Schematic 
rappresentation of 
hydrosalpinx
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with no visualization of hydrometra. After oocyte retrieval 
and aspiration, an ultrasound was performed on day three 
that suggested fluid accumulation inside the uterus. This 
fluid was aspirated and partially accumulated 1  h later. A 
second aspiration was performed and embryo transfer was 
postponed until day five. At this day, fluid accumulation 
in the uterus was increased, aspirated again but returned 
to the same size 2 h later. Embryo transfer was postponed 

and patient underwent laparoscopic salpingectomy and left 
proximal tubal ligation. No hydrometra was seen at the time 
of embryo transfer. The second patient had a previous sal-
pingectomy for ectopic pregnancy and a hydrosalpinx of 
the remaining tube. Patient underwent controlled ovarian 
hyperstimulation, and at day 3 just before embryo transfer, 
uterine fluid accumulation was suspected. Hydrometra was 
5 mm, hydrosalpinx was refilled to 1.9 cm. Embryo transfer 

Fig. 19.8 Transvaginal 
aspiration of hydrosalpinx
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was postponed until day five, and aspiration was performed. 
Fluid disappearance was evident with ultrasound. Embryo 
transfer was canceled and blastocyst cryopreservation was 
performed. Patient underwent proximal tubal ligation and 
after that frozen/thaw, embryo transfer was performed with 
no hydrometra to be seen at the time of embryo transfer.

19.6.3  Hydrosalpinx Aspiration 
and Pregnancy Rates

In a randomized controlled trial, Hammadieh et al. in 2008 
[29], examined the effect of ultrasound-guided hydrosalpinx 
aspiration on pregnancy rates. The control group consisted of 
patients with hydrosalpinges, which received no intervention. 
Aspiration was performed on the day of the oocyte retrieval. 
There is significant difference in biochemical pregnancy 
rates favoring the aspiration group. As a next step, authors 
examined the time of fluid re-accumulation. They scanned 
2–3 days after the aspiration and 14 days later. About 38% 
of the patients that had fluid accumulation at 14  days got 
pregnant while 39% of the patient that did not get fluid re-
accumulation became pregnant. Authors conclude that fluid 
re-accumulation after aspiration does not impair pregnancy 
rates. Most importantly, after microbiological cultures only 
one patient found positive to Escherichia coli. Improvement 
in the clinical pregnancy and implantation rates, in the aspi-
ration group, did not reach statistical significance. No ecto-
pic pregnancy was reported in this study.

19.6.4  Hydrosalpinx Aspiration/Pregnancy 
Rates Trials

Sharara in 2009 [30], in a letter to the journal of Human 
Reproduction, poses certain questions that need to be taken 
into account in the design of clinical trials for ultrasound- 
guided hydrosalpinx aspiration. All patients have to have 
hysterosalpingography or a prior laparoscopy for diagno-
sis of hydrosalpinx. Endometrial fluid collection should be 
noted and hydrosalpinx fluid accumulation to be recorded. 
The time needed for fluid re-accumulation should be associ-
ated with pregnancy rates. Bilateral hydrosalpinx need to be 
compared to unilateral hydrosalpinx, in terms of pregnancy 
rates.

19.6.5  Hydrosalpinx Aspiration and Mouse 
Embryo Assay

Chen et  al. in 2012 [31] presented a case report of 
ultrasound- guided hydrosalpinx aspiration combined with 
the mouse embryo assay of hydrosalpinx fluid for selection 

of  appropriate treatment. Left hydrosalpinx was recognized 
at the seventh day of ovarian stimulation that increased in 
size. On the day of hCG administration, endometrial fluid 
collection of 15  mm was organized. At oocyte retrieval, 
hydrosalpinx aspiration was performed transvaginally, until 
it completely collapsed. Microbiological cultures of the 
fluid were performed and bacterial infection was not found. 
After that, the mouse embryo assay was performed with 
hydrosalpinx fluid. Two days after oocyte retrieval, an ultra-
sound examination, indicated that the endometrial fluid was 
reduced to 5 mm. A decision was taken, to perform a day 
three embryo transfer. Seven days later, no endometrial fluid 
collection or hydrosalpinx, was noted. A singleton pregnancy 
was established and delivered at 39 weeks of gestation.

19.6.6  Hydrosalpinx Aspiration vs. 
Laparoscopic Salpingectomy

In a randomized controlled trial that compared hydrosalpinx 
fluid aspiration versus laparoscopic salpingectomy, no sig-
nificant difference was found in clinical and ongoing preg-
nancy rates. Laparoscopic salpingectomy performed at least 
2 months before oocyte retrieval while hydrosalpinx aspira-
tion performed at the time of OPU. Fluid re-accumulation 
was examined on the day of embryo transfer and 2 weeks 
after, by ultrasound. In the ultrasound, aspiration group 
three patients had re-accumulation of hydrosalpinx fluid and 
uterine collection on the day of embryo transfer and did not 
become pregnant. At the same group, eight other patients 
had fluid re-accumulation. Obviously, rapid accumulation of 
hydrosalpinx after aspiration decreases pregnancy rates [32].

19.6.7  Unilateral Hydrosalpinx Fluid 
Aspiration

In a case report of ultrasound-guided aspiration of unilateral 
hydrosalpinx, at the time of oocyte retrieval, a patient became 
pregnant in the same cycle. She had a left hydrosalpinx with 
blocked right tube that was found 6 years before IVF. She 
received hydrosalpinx drainage, immediately after oocyte 
retrieval. Hydrosalpinx fluid was sterile. Patient became 
pregnant and she had an uneventful antenatal period [33].

19.6.8  Long-Term vs. Short-Term Diagnosis 
for Hydrosalpinx Fluid Aspiration

Zhou et al. in 2016 [34] have retrospectively tested, whether 
hydrosalpinx aspiration during oocyte retrieval had a posi-
tive effect on embryo implantation and clinical pregnancy 
rates. In this study, unilateral or bilateral hydrosalpinges have 
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been included, after diagnosed by hysterosalpingography and 
ultrasound. Four groups have been assigned and further parti-
tioned. The first group included hydrosalpinx diagnosis before 
IVF while the second group had diagnosis during treatment. 
Both these two groups received ultrasound- guided hydrosal-
pinx aspiration immediately after oocyte retrieval. The third 
group included hydrosalpinges that received no treatment, 
while the fourth group included women with no hydrosalpin-
ges and received no treatment. This group served as control. 
All patients received the same downregulation protocol and 
the same criteria for diagnosing hydrosalpinx either by hys-
terosalpingography or ultrasound. Study results show that 
embryo implantation and clinical pregnancy rates are lower in 
the group of hydrosalpinx diagnosed before IVF and received 
treatment and the group with hydrosalpinges that received no 
treatment when compared with the other two groups. There is 
no difference in these two factors between control group and 
the second group. Abortion rate was higher in the first and the 
third group. Ongoing pregnancy rates have been significantly 
lower in the third group compared with the fourth group. It is 
not clear why there was significant difference in pregnancy 
rates between the two groups (A and B) that received hydro-
salpinx aspiration immediately after oocyte retrieval. Authors 
conclude that ultrasound-guided aspiration during controlled 
ovarian hyperstimulation improves the clinical outcome of 
IVF, only for hydrosalpinx diagnosed during COH.

19.7  Ureteric Injury

19.7.1  Ureteral Stricture

Fugita and Kavoussi in 2001 [35] reported a ureteral stricture 
after oocyte retrieval. A 41-year-old woman with a history of 
laparoscopic myomectomy and five oocyte retrievals under-
went IVF. After the last OPU, she experienced dysuria and 
left-sided flank pain. After 2 weeks, she came to the hospi-
tal. On renal ultrasound, it was revealed left ureterohydro-
nephrosis. A nephrostomy tube was placed and retrograde 
pyelography revealed hydronephrosis and a left distal ure-
teral obstruction. A CT scan confirmed this obstruction at a 
level between the vagina and the left ovary. A laparoscopic 
approach was used to reimplant the left ureter. Laparoscopy 
was a choice to minimize pain and length of hospitalization. 
Patient was discharged 2 days after the operation. No compli-
cations arose after 6 months of observation when examined 
by either ultrasound, IV pyelography, or diuretic renography.

19.7.2  Ureteral Obstruction

Miller et al. in 2002 [36] reported an acute ureteral obstruc-
tion after oocyte retrieval. A 34-year-old woman with pri-

mary unexplained infertility, and a history of diagnostic 
laparoscopy and hysteroscopy, underwent OPU. After 7 h, 
from OPU, she presented with right lower quadrant ten-
derness and guarding. On transvaginal ultrasound, a small 
amount of fluid was revealed in the pelvis. On renal ultra-
sound, a mild right hydronephrosis with debris on the right 
collection system was evident. Patient was administered (IV) 
amoxicillin and sulbactam. On a CT scan, the next day, a right 
hydronephrosis and mild hydroureter was revealed, down to 
the right adnexa. A ureteral stent was inserted through cys-
toscopy. Patient had an embryo transfer but did not become 
pregnant. The stent was removed 3 weeks after, in an office 
cystoscopy. No complications were reported 6 weeks after 
stent removal.

19.7.3  Uro-retroperitoneum

Fiori et  al. in 2006 [37] reported a different complica-
tion of ureteric injury after OPU, the development of uro- 
retroperitoneum. A 33-year-old woman, with two previous 
pregnancies that were delivered by cesarean section, pre-
sented with uro-retroperitoneum. This complication devel-
oped in the first 2 days after OPU. She has no medical history 
of endometriosis or renal pathology. Two hours after oocyte 
retrieval, patient presented with severe abdominal pain, dys-
uria and fluid in the pouch of Douglas. She was hospitalized 
with IV paracetamol but in the next day she developed fever, 
nausea, urinary urgency, and bladder tenesmus with abdomi-
nal guarding in the right iliac fossa. She started ofloxacin and 
metronidazole (IV).On the next day an MRI revealed a right 
lateral uterine collection in the broad ligament and dilation 
of the right urinary tract collection system. An abdominal 
CT showed a leakage of the medium through a pelvic-ureter 
lesion, near the right vesicoureteral junction. A right ureteral 
stent was inserted through cystoscopy. Patient discharged 
after 6 days, and the ureteral stent was removed 10 weeks 
later.

19.7.4  Ureteric Injury and OHSS

Grynberg et  al. in 2011 [38] reported a ureteric injury 
in a 26-year-old woman with ovulatory infertility due to 
PCOs. This patient, after oocyte retrieval developed mild 
OHSS. One day after retrieval, she was admitted with pelvic 
pain (diffuse tenderness with localized hypogastric guard-
ing) and cervical motion tenderness. Minor intra-abdominal 
fluid was evident due to OHSS, after transabdominal and 
transvaginal ultrasound. Patient was hospitalized and (IV) 
paracetamol was administered. Improvement of symptoms 
was noted and at the second day an embryo transfer was per-
formed. Eight hours later, pelvic pain with radiation to the 
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right lumbar region and polyuria was developed. The clini-
cal picture resembled ureteric injury. On renal sonogram 
and subsequent uro-computed tomography, a mild right 
dilatation of pyelocalyceal cavities and proximal ureter was 
observed, with leakage of contrast medium through a right 
pelvic- ureter lesion. A cystoscopy and a right ureteral stent 
was placed. Patient was discharged 24 h later. In 3 weeks, 
the ureteral stent was removed. At 6  weeks, an IV pyelo-
gram revealed a normal right urinary tract. Patient delivered 
at 38 weeks gestation (Fig. 19.9).

19.7.5  Hematuria

Papler et  al. in 2015 [39] reported a case of delayed mas-
sive hematuria (Fig.  19.10) on a 28-year-old woman with 
2  years of primary infertility. From her medical history, 
she has a resection of uterine septum, electrocoagulation 
of peritoneal endometriosis lesions, and resection of endo-
metriosis nodes on both sacrouterine ligaments, 4  months 
before IVF. One day after OPU, she presented with bilateral 
adnexal tenderness and a drop at Hb levels. On ultrasound, 
a hematoma in the left side of the pouch of Douglas was 
presented. With cystoscopy (Fig.  19.10), left ureter active 
bleeding was observed and hemostasis was achieved using 
monopolar coagulation with wire electrode. A double J-stent 
was inserted at that time while gentamycin (IV) was admin-
istered along with transfusion of concentrated erythrocytes 
and fresh frozen plasma. On the next day, Hb levels return to 
normal and blood clots have been disappeared. She received 
a second cystoscopy at 7  days and the urine catheter was 
removed. She was discharged the same day. Six weeks later, 
operators removed the double J-stent.

19.7.6  Early Ureteric Injury

Vilos et al. in 2015 [40] reported an early ureteric injury after 
OPU, on a 37-year-old patient, gravida 1, with three past IVF 
trials and a miscarriage. From medical history she had high 
BMI (42 kg/m2) and was a carrier of factor V Leiden muta-
tion. Twelve hours after OPU, she noted a watery vaginal dis-
charge. After an immediate CT scan, a right ureteric injury 
was noted, 1 cm from vesicoureteral junction. A ureteral stent 
was placed, by cystoscopy, for the next 3 weeks. No fertil-
ization was achieved in this cycle and the patient asked for 
a second cycle. A diagnostic laparoscopy and hysteroscopy 
were performed. In laparoscopy, endometriosis type II was 
found, mainly in the left side of the pelvis. Extensive adhe-
sions have been noted while endometriotic scarring pulled 
both ovaries toward the pelvic brim. Authors used laser to 
excise all adhesions and endometriotic implants. Bilateral 
ureteric stents had been inserted, 1 week before starting the 

next cycle. During OPU, these stents had been clearly visu-
alized on ultrasound. They remained in position until 48 h 
post-retrieval. On this IVF cycle, patient became pregnant 
but miscarried at 8 weeks of gestation.

Catanzarite et al. in 2015 [41] reported a ureteral trauma 
after OPU. Bleeding from the left ureter was revealed after 
cystoscopy, laparoscopy, and retrograde pyelography. A left 
ureteral stent was inserted through cystoscopy and ureteral 
trauma was managed successfully.

Choudhary et al. in 2017 [42] reported a case of ureteric 
injury, on a 28-year-old woman, with primary infertility 
due to male factor. After OPU and still in anesthesia, opera-
tor noticed a 4 × 3 cm collection, above the right ovary and 
minimal fluid collection in the anterior pouch. Abdominal 
ultrasonography revealed no abdominal fluid. On patient 
catheterization, frank hematuria was noted while in accom-
panied cystoscopy, injury of the right ureter was noticed. 
Continuous trickling of blood from the right ureteric orifice 
was evident and a ureteric stent was positioned at the same 
time. Secondary measures included continuous bladder irri-
gation and intravenous antibiotics. Hematuria was dimin-
ished over the next 2 days and the patient discharged after 
3 days. This OPU complication did not recur, when patient 
tested with ultrasound, after 7 days from the discharge and 
after 6 weeks. After 6 weeks, the stent was removed.

19.8  Uterovaginal and Vesicovaginal 
Fistulas

Coroleu et  al. in 1997 [43] presented a case of a ureteral 
lesion after oocyte retrieval. A 33-year-old patient, with male 
factor infertility, and 7 years of infertility had an OPU. After 
5 days, patient developed a severe abdominal pain located 
in the right iliac fossa, dysuria and vesical tenesmus while 
later, pain spread to right lumbar fossa. On ultrasonography, 
she had mild OHSS while renal ultrasound revealed pyelo-
calyceal hydronephrosis of the right kidney with proximal 
ureter dilation. Also, an irregular enlargement of the right 
posterolateral wall of the urinary wall was noted.

A diagnostic cystoscopy revealed an edematous area 
showed neo-formation of tissue occupying all the right 
hemitrigone. Vesical integrity has been tested and found no 
need for drainage. In 24 h, all symptoms have ceased and 
minimal pyelocalyceal dilatation was noted. Unfortunately, 
loss of vaginal fluid (urine) was reported and transurethral 
and IV methylene blue was instilled. Ureterovaginal fistula 
secondary to ureteral lesions was noted. A surgical reimplan-
tation of right ureter was performed by laparotomy. Patient 
was discharged 12  days after the operation while she was 
pregnant with a dizygotic twin and delivered at 38 weeks by 
cesarean section.
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Fig. 19.9 Renal injury from 
needle pickup, this is rare, but 
in cases of ectopic kidney it 
can be a really possible 
complication
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Mongiu et al. in 2009 [44] reported the formation of ure-
terovaginal fistula, 7 days after oocyte retrieval. A 33-year- 
old g0p0 with a history of two previous IVF cycles had 
third oocyte retrieval. After 2 days, she presented with right 
lower quadrant abdominal pain and fever. WBC was raised 
to 24.2 K/μL and she received IV antibiotics. No symptoms 
from the ureter or the bladder, was evident at that time. She 
had a blastocyst transfer and discharged with antibiotic cov-
erage for another 7 days. After 2 days, she had urinary leak-
age from her vagina that continued till 21 days after oocyte 
retrieval. No other symptoms accompanied this leakage. 
Moderate right renal hydronephrosis was revealed with renal 
ultrasound. Efflux was observed from the left ureteral ori-
fice with flexible cystoscopy. A tampon was placed to the 
vagina and bladder was distended with a methylene blue, 
but no leakage was observed. Under cystoscopic observation 
and a cone-tipped catheter, methylene blue was instilled to 
the left and the right ureter. No leakage to the vagina was 
observed from the left ureter but this was evident from the 
right ureter confirming a right ureterovaginal fistula. A dif-
ferent approach was used to close this fistula, secondary. 
Under ultrasound guidance, a percutaneous nephrostomy 
tube was placed to the dilated right kidney, because fluoro-
scopic guidance to the ureters was not possible due to the 

early pregnancy. In 2 days, vaginal drainage has completely 
resolved. Unfortunately, on first trimester screening, embryo 
was found with trisomy 21 and pregnancy was terminated 
at 15  weeks gestation, on patient’s decision. After that, in 
2 weeks’ time, on contrast instillation from the right neph-
rostomy tube, no evidence of leakage or fistula was evident. 
A small defect like ureteral diverticulum was evident. The 
nephrostomy tube was closed and removed 1 week later. No 
recurrence took place.

Al-Shaikh et  al. in 2012 [45] reported a vesicovaginal 
fistula after OPU, for male factor infertility. Patient had a 
fresh embryo transfer while in parallel had watery vaginal 
discharge. On examination, the bladder was filled with meth-
ylene blue and leakage was noted from the vaginal apex at lat-
eral fornix on the left side. Patient declined voiding cystogram 
and only a 14-Foleys catheter was inserted for full bladder 
drainage. Catheter remained in position for the next 3 weeks, 
and no leakage was observed at all. Even with methylene blue 
dye, no leakage was evident. After that, Foleys catheter was 
removed. At 17 weeks of pregnancy, patient had a magnetic 
resonance imaging, for confirmation of bladder integrity. No 
leakage was observed till the end of the pregnancy.

A case report of an acute uterovaginal fistula was pre-
sented in a 33-year-old patient with primary anovulatory 

Fig. 19.10 Hematuria after 
oocyte retrieval by needle 
pickup
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infertility and class II obesity [46]. She had a difficult OPU, 
especially at the left ovary. Immediately after oocyte retrieval, 
she developed pain that was controlled with analgetics. On 
her way home, she developed lower abdominal pain, emesis, 
and leakage of vaginal fluid. She developed abdominal ten-
derness and infection signs. On urinalysis, she had hematuria. 
Ovaries were seen with TVS, as usual ovaries after OPU. A 
freeze-all embryo cycle was planned. A CT scan revealed 
nothing about the leakage. Even on vaginal examination, no 
fistula was identified but fluid was pooling in the vagina. On 
creatinine measurements of the fluid it was found that it was 
urine. On a CT urogram of the abdomen/pelvis with IV con-
trast, a small fistula extending from the distal left ureter to the 
vagina was observed. Bladder cystoscopy revealed no injury, 
while left retrograde pyelogram revealed contrast extrava-
sation from the distal ureter without associated hydroure-
teronephrosis. She was inserted with a left double J ureteral 
stent with Foley catheter to be removed after 2 weeks. After 
4 weeks, a left retrograde pyelogram was performed and the 
stent was removed because uterovaginal fistula was self-cor-
rected. Eight weeks later, patient had a day 5 embryo transfer 
and an ongoing pregnancy till publication of this study.

19.8.1  Conclusion

Ureteric injury is a rare complication after oocyte retrieval. 
Usually it is presented with abdominal pain to the side of 
the injury. Fistula formation is very rare (only two cases 
reported till now) and becomes evident in about 7 days after 
OPU.  Physician should be aware of this rare complication. 
Extensive investigations are needed to define the level of the 
injury. Abdominal or vaginal scans are not sufficient for an 
early diagnosis. Correction of the injury can be done, with preg-
nancy continuation, so an embryo transfer is allowed. At the 
moment, there is no universal method of treatment, but rather 
inserting a stent in the site of the injury or inserting a neph-
rostomy tube, diverting the urine flow, and leaving the ureter 
to heal. In case of a small (<1 cm) vesicovaginal fistula that is 
diagnosed within 7 days after OPU, conservative management 
might be sufficient to resolve the situation. Conservative man-
agement includes at least 4 weeks of constant bladder drainage 
because this time interval is correlated with success. For large 
vesicovaginal fistulas, conservative management offers lower 
closure rates (12–18%). IVF specialists should know that for 
this rare complication, early intervention with Foley catheter 
drainage can cure the condition without long-term morbidity.

19.9  Pseudoaneurysm

A pseudoaneurysm has been developed after transmyome-
trial and transabdominal oocyte retrieval for the right and 
left ovaries, respectively. Both procedures have been under 

ultrasound guidance. The patient, a 34-year-old woman, had 
a history of four miscarriages. She had received curettages 
twice and had two spontaneous expulsions. No other history 
of pelvic inflammation or pelvic surgery has been reported. 
After ovarian stimulation protocol with GnRH antagonists, 
she developed more than 53 follicles. The right ovary was 
located behind the middle uterine settlement and was firmly 
fixed while the left ovary was beneath left lower abdomi-
nal wall. For the transmyometrial puncture, the needle was 
guided through the right posterior portion of the lower uter-
ine segment to access the right ovary. After this the transab-
dominal follicular aspiration was performed. The next day, 
the patient experienced slight bleeding while 6 days later, 
intermittent vaginal bleeding was evident, and in the seventh 
day with massive vaginal bleeding. Bleeding was a major 
symptom. Transvaginal and transabdominal color Doppler 
ultrasound revealed a pseudoaneurysm. During a CT scan, 
a vascular lesion of 2.5  cm was seen in the lower uterine 
segment. Three-dimensional CT angiography showed a rup-
tured pseudoaneurysm, starting from the peripheral branch 
of the right uterine artery. Uterine preservation was needed 
and transcatheter arterial embolization was performed. The 
pseudoaneurysm and the feeding artery have been embo-
lized. This secured hemostasis and hemodynamic stability. 
The overall amount of blood loss from the pseudoaneurysm 
rupture was about 1000–1500 mL. An MRI evaluated the 
pelvic condition and the position of the ovaries. Patient 
was discharged 3 days after embolization without any other 
symptoms. Although arterial embolization is an option for 
uterine artery pseudoaneurysms, there are concerns about 
future fertility. Uterine ischemia may influence endometrial 
receptivity. From the other side, transmyometrial oocyte 
retrieval should be avoided and early recognition of pseudo-
aneurysms is mandatory for uterus preserving management.

A very late pseudoaneurysm of the left ovary was pre-
sented by Pappin and Plant in 2006 [47]. Patient had an 
OPU, 6 years earlier. She presented at 12 weeks gestation 
as a complete miscarriage. Conservative management was 
decided and after 10 days, on transvaginal ultrasound with 
color Doppler, a left ovarian cyst with pulsating flow was 
observed. A diagnosis of 4.5-cm pseudoaneurysm was sus-
pected and an MRI angiogram was performed. This structure 
originated from anterior branches of the left internal iliac 
artery. After the diagnosis, patient understood the pulsating 
cessation of the pseudoaneurysm. Selective embolization 
was performed and conservative management of miscar-
riage was continued due to the risk of aneurysm rupture dur-
ing ERPC.  Pseudoaneurysm flow was ceased and she was 
discharged with advice to avoid pregnancy for a year. After 
13 months, with the use of MRI I angiogram, this structure 
remained occluded.

Another case of pseudoaneurysm reported from Bozdag 
et al. in 2007 [48]. A 22-year-old woman with primary infer-
tility of 6 years, had oocyte retrieval and an embryo transfer, 
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3 days after. She became pregnant and at 29 weeks of gesta-
tion and at a planned visit, a unilocular anechoic mass was 
found in the left upper side of the uterus. Doppler examina-
tion for the diagnosis of pseudoaneurysm was set and angio-
graphic MRI revealed this pseudoaneurysm originated from 
the left internal iliac artery. Patient delivered at 32  weeks 
gestation due to preterm labor. At this time, a change of the 
pseudoaneurysm was noted. Eventually this structure was 
visualized in the left inferior pudendal artery and success-
fully embolized. The patient was examined at 6 weeks after 
the procedure with no other changes.

19.9.1  Pseudoaneurysm and Massive 
Hematuria

Jayakrishnan et al. in 2011 [49] reported massive hematuria 
in a 34-year-old patient with 8 years of primary infertility 
and severe endometriosis. She had an embryo transfer 2 days 
after retrieval. Seven days after oocyte retrieval, patient pre-
sented with severe dysuria and frank hematuria. In the next 
day, she developed severe pain in the abdomen with tachy-
cardia, hypotension, and urinary retention. Patient presented 
with a hemoglobin fall from 12.8 to 6  g/dL while in par-
allel she received four units of packed RBCs. She had an 
emergency cystoscopy and pseudoaneurysm was found in 
the right ureteric orifice. Pseudoaneurysm cauterization was 
performed while after that, no other episodes of hematuria 
was recorded. Hemoglobin rose to 10.5  g/dL.  Patient was 
discharged 3 days after cystoscopy with oral antibiotics. No 
pregnancy was achieved.

19.10  Hemoperitoneum

Zhen et  al. in 2010 [50] investigated the factors that con-
tribute to hemoperitoneum after oocyte retrieval (Figs. 19.11 
and 19.12).

In a retrospective study of 10,251 oocyte retrievals, only 
22 patients had intraperitoneal bleeding. Only five of them 
had severe bleeding and underwent laparoscopy or laparot-
omy. The other patients were managed conservatively. There 
is significant difference in the number of oocytes retrieved 
between mild and severe bleeding. Paradoxically mild intra-
peritoneal bleeding is associated with more oocytes retrieved 
than the severe one. Also patients with lower body mass 
index (BMI) have been significantly more susceptible for 
severe bleeding. Mild bleeding is associated with younger 
patients and more than 15 oocytes retrieved while 6 of the 17 
patients that have been managed conservatively had previous 
surgical history, either ovarian cystectomy or salpingectomy.

Chatrian et  al. in 2012 [51] reported a case report of a 
33-year-old woman with male factor infertility undergo-
ing oocyte retrieval. Three hours after oocyte retrieval, 
developed abdominal pain and hemoglobin was 9.9 g/L but 
dropped to 9.0 g/L after 6 h. Ultrasound revealed massive 
hemoperitoneum. Patient had an emergency laparoscopy, 7 h 
after OPU and at that time, hemoglobin was 7.7 g/L. Active 
bleeding was recognized from the site of left ovarian punc-
ture. Hemostasis achieved with the use of human fibrinogen 
and thrombin sponge while in parallel a transfusion of three 
units of packed red cells were administered. Patient was dis-
charged after 2 days but no embryo transfer took place and 
all embryos have been cryopreserved.

Fig. 19.11 Hemaperitoneum 
from rupture of an ovarian 
vessel
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Nouri et  al. in 2014 [52] performed a retrospective 
analysis of hemoperitoneum cases after oocyte retrieval. 
He examined 28,416 patients where 34 of them had hemo-
peritoneum. Hemoglobin drop was between 4.5 and 9 g/L 
(median 6.7 g/L). Some factors that may have contributed 
to hemoperitoneum were: prolongation of the activated 
partial thromboplastin time, a combination of the previous 
factor and decreased factors XI and XII, mild factor VIII 
deficiency, and IV diclofenac before oocyte retrieval. No 
consistent risk factor has been recognized from this study 
while from other studies leanness of the patients (BMI 
around 20  kg/m2) and polycystic ovarian syndrome was 

evident. Median time of surgical intervention after oocyte 
retrieval was 10 h (range 1–5 h) while laparoscopy or lapa-
rotomy was the main method of treatment, while angio-
graphic embolization of the right and left uterine arteries 
was performed in one woman. In all except three cases, 
the bleeding ovary was preserved. One patient had ovarian 
wedge resection. It is important to mention, that patients, 
which preserved their ovaries, had significantly shorter 
time intervals between oocyte retrieval and onset of symp-
toms. Patients were discharged after 2–10  days (median 
time of hospitalization 5  days). He concludes that these 
cases should be better reported.

Fig. 19.12 Hemaperitoneum 
from rupture of an omental 
vessel
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19.11  Periumbilical Hematoma (Cullens 
Sign)

Bentov et al. in 2005 [53] presented two cases that devel-
oped periumbilical hematoma (Cullens sign) after oocyte 
retrieval. The first case was a 34-year-old patient with a 
total of seven IVF cycles due to polycystic selected ovary 
syndrome, an ectopic pregnancy, and a full-term pregnancy. 
Patient underwent cryopreservation due to the high number 
of oocytes retrieved and the possible ovarian hyperstimula-
tion. The days after the procedure, patient presented with 
urinary tract infection, while and nontender bluish discolor-
ation around umbilicus was noticed. No signs of peritonitis 
was evident while all clotting tests are normal. She received 
cefuroxime and metronidazole while skin discoloration 
disappeared after 2  weeks. The second case report was a 
32-year-old woman with primary infertility due to male fac-
tor, and a medical history of a laparoscopic ovarian detor-
sion a year ago. At the end of oocyte retrieval, no active 
bleeding and no hemoperitoneum were present. A week after 
oocyte retrieval patient presented with abdominal pain and 
a periumbilical hematoma with a dark red-blue color. All 
hematological and clotting factors where in normal range. 
On the second day, she developed abdominal tenderness 
and laparoscopy revealed a bilateral ovarian torsion similar 
to the previous year. Detorsion was performed and patient 
was discharged on the next day. In general, Gullens sign 
is associated with hemorrhagic pancreatitis and retroperito-
neal hematoma. Other pathological situations that is asso-
ciated with, is ruptured amoebic liver abscess, malignant 
liver diseases, intra- abdominal non-Hodgin lymphoma, and 
ruptured ectopic pregnancy. In this case, authors conclude 
that hemoperitoneum may spread to the peritoneal folds to 
the retroperitoneum and from this space may spread to the 
periumbilical region via the falciform ligament.

19.12  Vertebral Osteomyelitis

Almog et al. in 2000 [54] presented the first case of a vertebral 
osteomyelitis after IVF treatment. The patient, a 41-year- old 
woman with unexplained infertility had four previous failed 
attempts. After the oocyte pickup she had a day two embryo 
transfer. Nine days after oocyte retrieval she was presented 
with low back pain, high temperature, and signs of mild 
infection. She had amoxicillin plus clavulanic acid and fever 
dropped for a few days. Low back pain insisted radiating 
symmetrically to both posterior thighs and was unrelieved 
by the rest. Temperature rose again with signs also of mild 
infection. Seven days after admission, a spinal MRI did not 
reveal anything specific. In the next 2  days spiking fevers 

have been continuously evident in the evenings. Repeat MRI 
on the 16th day of hospitalization disclosed an inflammatory 
process (Fig. 19.13) involving L5, disk L5-S1, and foramen 
L5-S1.Antibiotic treatment was instituted on the fifth day of 
hospitalization but was discontinued after 10 days. The days 
after, a CT-guided needle aspiration of the infected foci was 
performed but no microorganism was found. On another, 
temperature rise, blood cultures have been obtained and 
revealed, Escherichia Coli. This infection was treated with 
ciprofloxacin for 6  weeks. Patient recovered without any 
other recurrence of the infection.

Another case of infectious spondylitis has been reported 
after ultrasound-guided oocyte retrieval, 14 weeks after OPU 
[55]. Patient had an embryo transfer on day three. The patient, 
a 31-year-old woman, developed lower back pain for the last 
3 weeks and on a lumbar spine magnetic resonance imaging 
(MRI), high signal intensity of the second and third lumbar ver-
tebrae has been seen. Infectious spondylitis was the first diag-
nosis, and a spinal biopsy was performed. The spinal biopsy 
results showed Staphylococcus aureus and IV cefazolin was the 
antibiotic of choice. In parallel, amniotic fluid cultures showed 
no infection with an infant in good development. Transthoracic 
echocardiogram showed that no vegetations have been devel-
oped in the mitral or aortic valves. Repeat blood culture on day 
9 indicated elimination of Staphylococcus aureus. Pelvic and 
lower back pain has been improved on day 12. Cefazolin treat-
ment was continued for 6 weeks and patient remained in the 
hospital for 44 days. She delivered a female at 38 weeks with 
no other recurrence of the infection.

Some of the routes of vertebral osteomyelitis after oocyte 
retrieval include the direct inoculation of vaginal organisms, 
trauma to the loop of the large bowel, and reactivation of pre-
vious pelvic infection. The most likely explanation for pelvic 
infection is the direct implantation of vaginal organisms, fol-
lowed by reactivated pelvic infection. Large bowel trauma is 
less likely to take place and has to be accompanied by abdom-
inal or pelvic infection. Trauma to the bone causes the pain, 
infects the area with microorganisms, and causes inflamma-
tion. Vaginal preparation for the procedure is mandatory.

19.13  General Conditions That Predispose 
to Complications

19.13.1  Hematological Conditions and Its 
Effect on Hemorrhage After OPU

19.13.1.1  Factor XI Deficiency
In a case report, Battaglia et  al. in 2000 [56] described a 
hemoperitoneum in a 34-year-old woman who underwent 
in  vitro fertilization for primary infertility of male origin. 
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The patient’s bleeding history consisted of easy bruising 
and two episodes of menorrhagia. As per protocol, 35 h after 
hCG administration, the transvaginal oocyte retrieval was 
performed uneventfully, according to standard procedures, 
followed by a pelvic ultrasound to exclude blood leakage. 
Three hours later, while the patient was waiting in the obser-
vation ward, she suffered from a lipothymic episode. An 
ulterior drop of the hemoglobin and the appearance of an 

abdomen rebound, promptly suggested hemorrhage which 
was confirmed by both transvaginal and transabdominal 
ultrasonography. An exploratory laparotomy was performed 
that revealed blood leakage from both ovaries without evi-
dence of iatrogenic damage. Pelvic blood drainage and accu-
rate hemostasis successfully controlled the hemorrhage and 
the patient was discharged from the hospital 10 days later. A 
retrospective analysis of the patient’s frozen plasma showed 

Fig. 19.13 Rare 
complication, vertebral 
osteomyelitis after puncture 
of the needle to pick
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a mild prolongation of the activated partial thrombloplastin 
time (aPTT) (ratio 1.31; normal range 0.82–1.24) that led 
to a further exploration of the intrinsic pathway coagulation 
factors and the discovery of Factor XI deficiency (39%; nor-
mal range 60–150%).

Although severe hemorrhagic complications after trans-
vaginal oocyte retrieval are rare, they can be life threat-
ening. A thorough family and personal bleeding history 
as well as global coagulation tests are sufficient to guide 
the physician toward a more targeted research of a hemo-
static disorder. Clinicians should be vigilant about a pro-
longed aPTT that should always be investigated especially 
if the patient is about to undergo an invasive procedure. 
FXI deficiency is not associated with spontaneous bleed-
ing, and therefore, it could remain silent and unrecognized 
for years. Furthermore, there is no correlation between 
FXI level and bleeding risk making patient’s management 
complicated [57]. A specialist’s approach along with an 
individual care plan is recommended to prevent bleeding 
complications.

19.13.1.2  Other Coagulation Factors 
Deficiencies

In an observational retrospective study, Fatum et al. in 2008 
[58] reviewed 1800 patients who underwent oocyte retrieval 
from 2002 until 2008 and identified eight with a bleeding dis-
order. For half of them the need for assisted reproduction was 
of male origin, three had unexplained infertility, and for one 
patient the cause was mechanical. In two patients, the disorder 
was already known and the rest was diagnosed in the course of 
routine preoperative blood tests. Three patients had factor VII 
deficiency, other three had factor XI deficiency, one had von 
Willebrand type B2 disease, and one had immune thrombo-
cytopenia (ITP). All patients with factor deficiencies received 
plasma before the ovum pickup, while the patient with von 
Willebrand disease had factor VIII infusion and to the patient 
with ITP were given steroids and intravenous immunoglobulin. 
None of them experienced bleeding complications and no rela-
tion was found between bleeding disorder and IVF outcome. 
Currently, there is no strong evidence to support the predic-
tive value of preoperative indiscriminate coagulation screening 
[59]. Assessment of bleeding risk in view of an invasive proce-
dure is based on thorough personal and family bleeding history 
which will then guide the need for subsequent laboratory tests 
[60]. If the bleeding history is positive or there is evidence from 
physical examination, a comprehensive assessment which 
includes prothrombin Time (PT), aPTT, fibrinogen level, and 
von Willebrand screen is done. A specialist’s opinion is recom-
mended to evaluate the bleeding risk in relation to the sever-
ity of coagulopathy (Figs. 19.14 and 19.15) in order to avoid 
unnecessary blood products or coagulation factors infusion.

19.13.1.3  Thrombocythemia
El-Shawarby et al. in 2004 [61] reported a case of a 37-year- 
old woman with essential thrombocythemia (ET) who 
developed an extensive hemoperitoneum after transvaginal 
ultrasound-guided oocyte retrieval. She underwent medi-
cally assisted reproduction for primary infertility of male 
origin. Her platelet count at the time was 1372 × 109/L and 
was treated with clopidogrel and low dose aspirin to reduce 
the risk of thrombosis. No cytoreductive therapy was admin-
istered by patient’s choice but she was on prophylactic dalte-
parin injections throughout the ovarian stimulation, which 
was discontinued on the day of the procedure. Screening 
coagulation tests were performed preoperatively with no 
evidence of abnormality. The transvaginal ovum pickup 
was performed successfully according to the institute’s pro-
tocol with no complications. Twenty eight hours later, the 
patient presented lower abdominal pain that quickly ended 
in hypovolemic shock and a hemoglobin level of 5 g/dL. A 
prompt resuscitation was followed by an urgent exploratory 
laparotomy which revealed active bleeding from the right 
ovary and a massive hemoperitoneum of approximately 3 L 
of blood. A right salpingoophorectomy had to be carried out 
to achieve hemostasis. The patient received several units of 
blood products during and after surgery and was finally dis-
charged 9 days later.

Essential thrombocythemia is not uncommon among 
women of reproductive age. One of the main concerns for 
this indolent myeloproliferative disorder is the occurrence 
of vascular events, both thrombosis and bleeding. The main 
objective of therapy is to minimize the risk for these events 
taking into account the patient’s age, platelet count, and 
personal history of thrombosis or major bleeding. Any con-
comitant cardiovascular risk factors such as hypertension, 
diabetes, or dyslipidemia should be evaluated for the thera-
peutic decision and adequately treated. Therapy is essentially 
focused on antiplatelet agents with or without cytoreduc-
tive therapy. However, if PLT count is >1000 109/L and/or 
the patient has a history of bleeding, the possibility of an 
acquired von Willebrand syndrome should be considered and 
investigated [62]. If this is confirmed, the use of antiplate-
let agents is contraindicated because the patient is at high 
risk of bleeding. A careful evaluation from a hematologist is 
recommended before undertaking any invasive procedure to 
balance the hemorrhagic and thrombotic risk.

In general, no predisposing factors have been associated 
with hemoperitoneum during oocyte retrieval. Only when 
woman have a BMI around 20 kg/m2 and have polycystic 
ovary syndrome may be more susceptible for hemoperi-
toneum. The reason for that is the increased number of 
oocytes retrieved or the fragility of the ovarian tissue as it 
is observed in ovarian lacerations. In case of abnormalities 
detection in the coagulation system, transfusion of fresh 
frozen plasma, concentrated preparations of the deficient 
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clotting factor. Intravenous immunoglobulins (IVIG) and 
steroids are recommended. The use of color Doppler during 
oocyte retrieval is not found as capable to predict peritoneal 
bleeding.

19.14  Complications After Special Oocyte 
Retrievals

19.14.1  In Vitro Maturation

Seyhan et al. in 2013 [63] reported the complications of 
transvaginal ultrasound follicular aspiration for in  vitro 
maturation. For IVM, 19 gauge single lumen needles are 
used. There are specific differences between IVM and IVF 
cycles and their management. In IVM, hCG is adminis-
tered when the leading follicle reaches 10–12 mm while 
in IVF, the follicle has to reach 17–18 mm before oocyte 
maturation. Antibiotics have been administered in both 
protocols. There was no significant difference in the com-
plications reported. Most of the patients (97.3% in the 

IVM group and 94.1% in the IVF group) experienced no 
complication.

Ovarian and vaginal bleeding, endometrioma perfora-
tion, and severe postoperative pain are the common incidents 
between the two groups. Fever was experienced only in the 
IVM group while an ovarian abscess developed only in the 
IVF group. More patients with severe postoperative pain 
existed in the IVF group but this did not reach statistical signif-
icance. Obviously, a significantly higher number of polycys-
tic ovaries’ patients were in the IVM group, and significantly 
more time was needed for an IVM oocyte retrieval (22 versus 
15 min). Authors conclude that higher complication rates after 
IVM oocyte pickup was not observed comparing with IVF.

19.14.2  Transabdominal Oocyte Retrieval

In a retrospective study, Barton et al. in 2011 [64], examined 
the transabdominal (Fig. 19.16) and the transvaginal oocyte 
aspiration approach. They included also in the study, cases 
of mixed abdominal/vaginal follicular aspiration. There is no 

Fig. 19.14 Rare 
complication, thrombotic 
event of the retinal artery
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difference in all parameters of stimulated cycles in the two 
groups, except the transabdominal approach had less num-
ber of total oocytes retrieved but similar clinical and ongo-
ing pregnancy rates. No serious intraoperative complications 
were observed but two postoperative infections have been 
noted in the transabdominal group and one mixed case of 
transabdominal/transvaginal retrieval had bleeding in the 
vaginal puncture site. Antibiotics have been administered to 
the patients that developed infection and complete symptom 
resolution has been observed.

Roman-Rodriguez et  al. in 2015 [65] retrospectively 
compared the transabdominal and transvaginal ultrasound-
guided follicular aspiration and eventually developed a risk 
score for the transabdominal approach. Three groups have 
been formed, one with entirely the transvaginal approach, 
the second with the transabdominal one, and the third 
group that started transvaginally for the first ovary and con-
tinued transabdominally for the second inaccessible one. 
No difference in pregnancy rates were observed while no 
complications took place. The final risk score included the 
BMI, the history of pelvic surgery, and whether ovaries are 
difficult to be seen on ultrasound. This model can serve as a 
useful screening tool for women that are for increased risk 
of transabdominal oocyte retrieval.

19.15  Methods to Improve Safety During 
Oocyte Retrieval

19.15.1  Prevention of Infection with Vaginal 
Disinfection

Many studies reported on the use of povidone iodine and 
saline douching, alone or in combination, for prevention of 
pelvic infection after oocyte retrieval. All studies agree that 
there are no significant differences in the fertilization rates, 
embryo morphology, and other embryological parameters. 
The same does not apply for the clinical pregnancy rates 
between the two groups as examined by van Os HC et al. 
in 1992 [66]. In this study, significantly higher pregnancy 
rates have been observed in the normal saline group. In 
addition, in the study by Hannoun et al. in 2008 [67], an 
increased rate of chemical pregnancies has been observed 
in the povidone iodine group, so they suggest thorough 
cleaning with saline irrigation before oocyte retrieval. 
When comparing the use of saline alone or with a combina-
tion of povidone and subsequent saline douching, no sig-
nificant difference was observed in all embryo parameters, 
including clinical and ongoing pregnancy rates [68]. In this 
study, four patients from the saline douching group had an 

Fig. 19.15 Rare 
complication, thrombotic 
event of the cerebral vessel
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incidence OPU-associated pelvic inflammation. Tsai et al. 
in 2005 [69], compared the use of aqueous povidone iodine 
followed by saline or the use of saline alone, specifically to 
the patients with endometriomas. No significant difference 
was found in fertilization parameters and pregnancy rates. 
On the contrary, two patients in the saline only group devel-
oped a right and a left tubo-ovarian abscess, respectively. 
For the first patient, a right salpingoophorectomy was per-

formed while for the second one, ovarian preservation was 
achieved through abscess drainage. Both cultures revealed 
E. Coli.

Summarizing evidence, vaginal disinfection with normal 
saline achieves better pregnancy rates than povidone iodine 
but with incidences of pelvic infection and ovarian abscesses. 
An effective solution is to clean the vagina with povidone 
iodine and subsequently rinse with normal saline [68].

Fig. 19.16 Oocytes retrieval 
by transaddominal
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19.15.2  Transvaginal Ultrasound-Guided 
Oocyte Retrieval Plus Doppler

Transvaginal ultrasound-guided oocyte retrieval with the use 
of Doppler and the appropriate ultrasound-guided simula-
tion training techniques has been proposed as a method to 
increase safety (Fig. 19.17) and avoid bleeding by Porter in 
2008 [70]. Rísquez et al. in 2010 [71], evaluated the use of 
Doppler ultrasound during oocyte pickup, to predict mod-
erate peritoneal bleeding. Authors measured the fluid pock-
ets to predict hemoperitoneum. Pockets measured less than 
2 cm have been considered as mild hemoperitoneum while if 
at least one pocket with maximum diameter 2–4 cm existed, 
then moderate hemoperitoneum was defined. If one pocket 
measured more than 5  cm then bleeding was considered. 
Unfortunately, a large percentage (45%) of patients with 
bleeding was not predicted. The incidence of vaginal bleed-
ing was 1% with the use of Doppler ultrasound, while the 
expected incidence is 2.8%. Authors raise certain questions 
about the validity of this method to minimize hemoperito-
neum. The visualization of vascularized ovarian areas during 
OPU mandates the clinician take a decision whether to risk 
hemorrhage in order to harvest an extra number of oocytes.

19.15.3  Ethanol Sclerotherapy

19.15.3.1  Ethanol Sclerotherapy 
in Endometriotic Cysts

Ethanol sclerotherapy might be used also for recurrent endo-
metriotic cyst before ovarian stimulation. In order to avoid 

unwanted consequences of ovarian poor response after ovar-
ian surgery, ethanol sclerotherapy is a good alternative [72]. 
This technique includes a needle insertion into the endome-
trioma, through vagina. The cyst content is aspirated and sent 
for pathological review. Pure sterile ethanol at an amount of 
80% of the aspirated volume is instilled to the cyst. Care is 
taken to avoid over distention, cyst rupture, and pelvic leak-
age. Ethanol remains in the cyst for 10 min and afterwards it 
is entirely aspirated. Significantly, higher number of oocytes 
retrieved was observed in the sclerotherapy group. As a sec-
ond result of this technique, a significant number of ongo-
ing pregnancies were observed in the ethanol sclerotherapy 
group compared with the control group. The same applied 
for the cumulative pregnancy rates (after three cycles). 
Authors conclude that except efficiency, this technique is 
safe because no ovarian abscesses were seen.

19.15.3.2  Ethanol Sclerotherapy Design 
of Studies

In a letter to the editor for the previous study, Kumbak and 
Sahin in 2010 [73], point some methodology flows of the 
study and propose a different control group. Secondly, they 
define that the benefits and the mechanism of ethanol sclero-
therapy and recurrent endometrioma are not clear. They con-
clude that it is not the cyst, but the endometriosis that affects 
pregnancy rates.

19.15.3.3  Ethanol Sclerotherapy 
in Hydrosalpinx

Song et  al. in 2017 [74] tested whether ultrasound sclero-
therapy treatment before ovarian hyperstimulation offered 

Fig. 19.17 The use of the 
Doppler decreases the risk of 
perforation of blood vessels 
during the oocyte retrieval
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the same pregnancy rates with hydrosalpinx aspiration and 
laparoscopic bilateral salpingectomy, before an IVF cycle. 
About 265  cycles were included to the ultrasound sclero-
therapy pretreatment group, while 109  cycles had hydro-
salpinx aspiration under ultrasound guidance on the day of 
oocyte retrieval. The third group included 108  cycles and 
bilateral salpingectomy was performed before IVF treat-
ment. Hydrosalpinx sclerotherapy treatment and the bilat-
eral salpingectomy methods performed equally in terms of 
embryo implantation, biochemical, and clinical pregnancy 
rates. The ultrasound-guided aspiration of hydrosalpinx had 
lower pregnancy and higher abortion rates than the other two 
groups. Authors conclude that ultrasound sclerotherapy has 
a position in the surgical management of hydrosalpinges. 
Benefits of this method include the avoidance of risks from 
bilateral salpingectomy, like reduced ovarian responsiveness 
and increased risk from severe pelvic adhesions.

19.15.4  SIPS Technique

Shah and Walmer in 2010 [75] tried to evaluate the pelvic 
anatomy with a technique called saline intraperitoneal sono-
gram. They included ten women with unexplained infertil-
ity and normal hysterosalpingogram while five of them had 
known adhesive disease. The technique involved two steps. 
First of all they performed a sonohysterogram with saline 
and observed for a pocket of fluid in the peritoneal cav-
ity. Secondly, they directed at 17-g oocyte retrieval needle 
into the pocket of peritoneal fluid and infused of 600 mL of 
normal saline. At this step, they evaluated with 3D and 4D 
ultrasound the pelvic anatomy. More saline was infused (up 
to 1500 mL) in case tubes and ovaries did not float easily. 
At the end of the procedure, saline was aspirated from the 
peritoneal cavity and antibiotics have been administered. 
Then they evaluated the images and considered as normal 
if the uterus, fallopian tubes and ovaries where completely 
surrounded from saline and no abnormal pathology was 
observed. In case the structures were not completely sur-
rounded by saline, then the images were considered non-
diagnostic. From the other side, if these images have been 
suspicious for pelvic adhesions or hydrosalpinges, then 
they were considered abnormal. Diagnostic laparoscopy 
was offered for patients that included in the last two groups. 
The average time for this procedure was 45 min. Eventually, 
with this technique, all patients finished the procedure. Eight 
of them requested sedation and pain management and one 
developed signs of abdominal infection. This patient was 
admitted and treated with IV antibiotics. For patients with 
known risk factors for adhesions, SIPS technique was very 
accurate finding pelvic adhesions, evidence of prior perito-
nitis (Fitz-Hugh-Curtis adhesions), and peritoneal adhesions 
involving 75% the peritoneal cavity after myomectomy. Of 

the five subjects without risk factors for intraperitoneal dis-
ease, four had studies that were judged to be normal and one 
had findings with unilateral hydrosalpinx and bilateral pel-
vic adhesions not seen in a previous hysterosalpingogram. 
This technique is considered feasible and cost-effective for 
patients that would like to avoid laparoscopy while in par-
allel evaluating the intraperitoneal cavity for pathology that 
affects fertility treatment (Fig. 19.18).

19.16  Anesthesia for Assisted Reproductive 
Techniques

In vitro fertilization (IVF) and embryo transfer in the last 
two decades became popular for the treatment of infertility. 
For stimulation of maturation of plenty of follicles, hormone 
therapy is used. Under ultrasound, the preovulatory oocytes 
are aspirated through transvaginal approach. After micro-
scopic control combine with semen, and formed embryos are 
transferred into uterine cavity.

19.16.1  Planning the Anesthetic Approach

The preanesthetic evaluation is similar to that for other pre-
operative patients, with a focus on assessment of the airway, 
lower back, and coexisting patient’s medical conditions. 
Challenges and complications related to anesthesia are more 
common in obese patients, which include difficulty with 
monitoring, positioning, airway management, and neuraxial 
techniques [54]. In patients with specific medical issues, 
such as predicted difficult airway or (rarely) malignant 
hyperthermia susceptibility, there are additional reasons to 
avoid general anesthesia. Therefore, anesthesiology consul-
tation is recommended.

19.16.2  IVF Procedures Can Be Conducted 
with Local Infiltration, Neuraxial,  
or in General Anesthesia

 1. Local infiltration of posterolateral vaginal fornix, in com-
bination with small doses of sedatives and narcotics, can 
be used successfully. This technique doesn’t give com-
plete immobilization to the patient, and this can be nega-
tive side of local anesthesia.

 2. Complication during infiltration of local anesthetics: 
intravascular injection is most often heralded by agita-
tion, visual disturbance, tinnitus, and convulsions and 
may lead to loss of consciousness. If any of these symp-
toms is noted, the injection should be stopped and imme-
diate attention is given to airway.
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19.16.3  Spinal Anesthesia

Spinal anesthesia can provide an excellent operating condi-
tion for IVF. The needles presently in use, as Withacre or 
Sprotte, decrease the incidence of postdural puncture head-
ache (PDPH) to 1% [76, 77]. Furthermore, use of low dose of 
local anesthetic in combination with narcotics as fentanyl or 
sufetanil can produce neuraxial blockade that decrease pain 
with preserved leg mobility [5, 11].

19.16.4  Complication During Regional 
Anesthesia

Regional anesthesia is an extremely safe technic, but like 
all surgical procedures, rarely, cardiovascular, neuro-
logic, infective, or hematologic complications may occur. 
This may take place also in total spinal anesthesia [9]. (a) 
Hypotension is one of the cardiovascular complications of 
neuraxial technique. The most frequently applied defini-
tion is systolic arterial blood pressure less than 100 mmHg 
from baseline or if patient becomes symptomatic. Dense 
neuraxial blockade at the high sensory level, for example 
fourth thoracic dermatome, includes sympathetic block and 
vasodilation that often results in hypotension. The hypoten-
sion can be prevented with low doses of local anesthetics in 
combination with intravenous fluid pre- or co-loading with 
crystalloids and ephedrine prophylaxis. (b) Bradycardia and 
cardiac arrest are the most feared complications and have 

higher incidence in neuraxial than in general anesthesia. 
The blockade of the preganglionic cardio accelerator fibers 
originating between vertebra T1 and T4 may progress in 
heart block or asystole. First-line therapy in this case is 
atropine; ephedrine is used when hypotension is associ-
ated with bradycardia or in unresponsive case to atropine. 
(c) Postdural puncture headache (PDPH) is a common 
complication after inadvertent puncture of the dura matter. 
The risk factors included sex, young age, pregnancy, vagi-
nal delivery, low body mass index, and being non-smoker. 
The PDPH is a postdural headache that worsens with sitting 
or standing and improves with lying down. Conservative 
therapies such as bed rest, hydration, and caffeine are com-
monly used treatments, and the blood epidural patch in the 
patients with unsuccessful conservative therapy [76]. (d) 
Infective complications can occur if the meticulous asep-
tic technique during neuraxial block procedures in operat-
ing room has not been followed. The infection concerns 
the central nervous system such as arachnoiditis, menin-
gitis, and abscess following spinal anesthesia. The source 
of infection is contamination by the hands or nasopharynx 
of the operating anesthesiologist. Using of sterile overalls, 
gloves, surgical cup, and face mask should be of procedural 
routine. (e) Hematoma is a rare and well-recognized com-
plication in patients who have received regional anesthesia. 
The literature suggest that routine platelet count can pre-
dict anesthesia- related complications in patient with disor-
ders associated with coagulopathy, or in patient in therapy 
with low molecular weight heparin, other factor Xa inhibi-

Fig. 19.18 The first two time of SIPS technique
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tors, direct thrombin inhibitor, warfarin, aspirin, GPIIb/
IIIa antagonists [9, 64]. Thrombocytopenia in Pregnancy, 
Practice Bulletin of The American College of Obstetricians 
and Gynecologists (ACOG), recently concluded that neur-
axial techniques are acceptable in parturients with platelet 
counts greater than 80,000 mm3. Recently, a safe neuraxial 
technique was suggested in patients whose platelet count 
was more than 56,000  mm3 with normal thromboelastog-
raphy value [10, 19, 56]. (f) Nausea and vomiting—Nausea 
is a common complaint during cesarean delivery. It is often 
related to hypotension from the sympathetic block, in which 
case restoring the blood pressure (with phenylephrine or 
ephedrine) should alleviate the nausea. Nausea and vom-
iting is common after spinal morphine administration, but 
unlikely following neuraxial administration of lipophilic 
opioids (e.g., fentanyl, sufentanil). (g) Pruritus—Neuraxial 
opioids lead to pruritus in 60–100% of patient women [19]. 
This may resolve with small doses of intravenous opioid 
agonist–antagonists (e.g., nalbuphine 2.5–5  mg, butorph-
anol 1  mg, which may be followed by 0.2  mg/h infusion 
(14)), or antagonists (e.g., naloxone 40–100 mcg IV boluses, 
which may be followed by 0.25–1 mcg/kg/h infusion) [19]. 
(h) Total spinal anesthesia can happen when local anesthetic 
interferes with the normal neuronal function in the cervical 
spinal cord and brain stem. The onset is usually rapid and 
severe hypotension bradycardia, and respiratory arrest can 
occur. Management of total spinal anesthesia is mainly sup-
portive: fluid administration, inotrope or vasopressors drugs 
to raise blood pressure, and atropine to treat bradycardia. 
Respiratory insufficiency may need tracheal intubation and 
mechanical ventilation [9].

19.17  General Anesthesia Can Be Used 
for Oocyte Retrieval

Usually, the induction is made with benzodiazepine, narcot-
ics, and propofol. General anesthesia may preserve spon-
taneous ventilation or may require mechanical ventilation 
through an endotracheal tube or a laryngeal mask airway [9]. 
General anesthesia-associated patients’ morbidities include 
airway-related complications (e.g., aspiration of stomach 
contents, failed intubation). The consequences of airway 
problems may be severe, but the incidence is low, if the 
device for difficult airway management is present.

19.17.1  Patient Preparation

Preoperative fasting—We agree with the American College 
of Obstetricians and Gynecologists (ACOG) and the 
American Society of Anesthesiologists (ASA) recommen-
dation that patients abstain from solid food for at least 6 h 

prior to elective cesarean delivery (8  h for fried or fatty 
foods) [4, 39, 48]. Clear liquids, which have a more rapid 
gastric transit time, may be ingested until 2 h prior to surgery. 
Reduction of gastric acidity—For patients who undergo IVF, 
we administer medications that reduce the acidity of stomach 
contents as prophylaxis against aspiration pneumonia. We 
administer sodium citrate, 30 mL PO, and metoclopramide 
10  mg IV, slowly. If time permits, we administer an H2 
blocker (e.g., ranitidine 50 mg IV) 40–60 min prior to anes-
thesia as well. The American Society of Anesthesiologists 
Practice Guidelines for Obstetric Anesthesia state that before 
surgical procedures (i.e., cesarean delivery, postpartum tubal 
ligation) clinicians should consider administration of non-
particulate antacids, H2 antagonists, and/or metoclopramide 
for aspiration prophylaxis [48]. Complication during general 
anesthesia, accomplished either by inhalational or intrave-
nous agents, is frequently associated with a prolonged recov-
ery time and an increased incidence of postanesthesia adverse 
effects such as nausea, vomiting, drowsiness, and difficulty 
voiding, hypotension and respiratory depression. Respiratory 
depression was defined as apnea, hypopnea, oxyhemoglobin 
desaturations, or episodes of severe pain despite moderate 
to profound sedation. Weingarten et al. [78] found in their 
study that 23.7% cases of 11,970 patients had respiratory 
depression in postoperative period after sedating analgesics. 
A higher rate of respiratory depression was observed among 
patients who underwent general anesthesia (312 per 1000 
cases; 95% CI, 301–323) than neuraxial anesthesia (144 per 
1000 cases; 95% CI, 135–153) (P < 0.001) [79]. Induction 
of general anesthesia tends to transiently reduce patients’ 
blood pressure. Hypotension should be treated with fluid and 
vasopressor administration, aiming for blood pressure near 
or at baseline. Patients who required flumazenil postopera-
tively had received a higher dosage of benzodiazepines and 
utilized more postoperative health care resources. More con-
servative perioperative use of benzodiazepines may improve 
postoperative recovery and use of health care resources [41]. 
Other adverse systemic effects of general anesthesia that 
may have a potential detrimental effect on reproductive out-
come include transient elevations of serum prolactin levels 
and suppression of progesterone production by the corpus 
luteum.

Standard I. Major conduction anesthesia (lumbar or cau-
dal subarachnoid or bilateral lumbar sympathetic block) shall 
be initiated and maintained only in locations with appropri-
ate resuscitation equipment and drugs immediately available 
to manage procedurally related problems (e.g., hypotension, 
respiratory depression, convulsion, myocardial depression)

Resuscitation Equipment: (a) It must be present with 
sources of oxygen and suction, (b) equipment to maintain an 
airway and perform endotracheal intubation, (c) possibility 
to provide positive pressure ventilation, and (d) drugs and 
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equipment for cardiopulmonary resuscitation shall be imme-
diately available.

Standard II. Major conduction anesthesia should not be 
administered until the patient has been examined.

Standard III. An intravenous infusion shall be established 
before initiation and maintained throughout the duration of 
major conduction block.

Standard IV.  The patient oxygenation, ventilation, and 
circulation shell be monitored continually.

Standard V. The anesthetist should be always present.
Standard VI. All patients recovering from major conduc-

tion anesthesia shall receive appropriate postanesthesia care.
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Ovarian tissue cryopreservation was first performed more than 
20 years ago. The first live birth after ovarian tissue transplanta-
tion after cryopreservation was reported in 2004 [1] followed 
by a second one the following year [2]. Today, with more than 
120 live births and a 30% success rate, this technique is no 
longer considered experimental. However, the evolution of 
oocyte and embryo vitrification techniques has limited the 
ovarian cryopreservation to a selected number of patients. The 

ASRM (American Society for Reproductive Medicine) recog-
nizes the cryopreservation of oocytes and embryos as only 
valid methods for the preservation of fertility.

Premature ovarian failure (POF) can occur in woman 
spontaneously or due to iatrogenic causes. Chemotherapy 
and radiotherapy have significantly increased life expectancy 
in cancer patients but at the same time they can become del-
eterious for the ovarian function and reserve.

Chemotherapy treatments (Fig. 20.1) are divided into three 
categories of gonadotoxicity risk: low, medium, and high risk.

The low-risk group includes:
• methotrexate
• 5-fluorouracil
• vincristine
• bleomycin
• actinomycin D
• mercaptopurine

The medium-risk group includes:
• doxorubicin
• cisplatin
• carboplatin

The high-risk group includes:
• cyclophosphamide
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• chlorambucil
• nitrogen mustard
• dacarbazine
• ifosfamide
• thiotepa
• melphalan
• busulfan
• procarbazine (Fig. 20.1)

Cyclophosphamide is the agent which causes the greatest 
damage to oocytes and granulosa cells. The ovarian damage 
depends on patient’s age and on the type of treatment 
administered.

As far as radiotherapy is concerned it has been stated that 
a dose of 5–20 Gy administered to the ovary is sufficient to 
completely impair gonadal function, whatever the age of the 
patient [3, 4].

Patients who undergo bone marrow transplantation 
associated to total body irradiation and/or intensive che-
motherapy, the percentage of POF after the treatment is 
nearly 100% [5–7].

Three options can be proposed to preserve fertility before 
radiotherapy or chemotherapy: oocyte cryopreservation, 
embryo cryopreservation, and ovarian tissue cryopreservation. 
The vitrification of oocytes (in metaphase II) is the ideal tech-
nique in pubertal and adult age for the preservation of fertility 

Degree of risk Treatment protocol

High risk

More than 80% of woman
develop amenorrhea post-
treatment 

• CAF x 6 cycles in women ages 40 and older
 (cyclophosphamide,doxorubicin, 5-FU)
• CEF x 6 cycles in women ages 40 and older
 (cyclophosphamide, epirubicin, 5-FU)
• CMF x6 cycles in wome ages 40 older
 (cyclophosphamide,methotrexate,5-fluorouracil)

Intermediate risk

Approximately 30-70% of
woman develop amenorrhea
post-treatment

• CMF x6 cycles in wome ages 30-39
 (cyclophosphamide,methotrexate,5-fluorouracil)
• CAF x 6 cycles in women ages  30-39
 (cyclophosphamide,doxorubicin, 5-FU)
• CEF x 6 cycles in women ages 30-39
 (cyclophosphamide, epirubicin, 5-FU)
• AC x 4 in women  ages 40 and older
 (doxorubicin, cyclophosphamide

Low risk

Approximately 20% of
woman develop amenorrhea
post-treatment

• AC x 4 in women  ages 30-39
 (doxorubicin, cyclophosphamide)
• CAF x 6 cycles in women under 30
 (cyclophosphamide,doxorubicin, 5-FU)
• CEF x 6 cycles in women under 30
 (cyclophosphamide, epirubicin, 5-FU)
• CMF x6 cycles in women under 30
 (cyclophosphamide,methotrexate,5-fluorouracil)

Very low/ no risk

No effects 
• MF (methotrexate, 5-FU)

Unknown risk

There has been limited re-
search on this treatment

• Trastuzamab( Herceptin)
• Paclitaxel
• Docetaxel

Fig. 20.1 Categories of 
chemotherapy associated to 
gonadotoxicity risk

F. Signore et al.
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in cases of benign diseases such as autoimmune diseases or in 
cases of neoplasia. Moreover, it is the only method that guar-
antees that no malignant cell is reintroduced when the oocytes 
will be used again. The embryo cryopreservation would be a 
better option because of the known oocyte loss at thawing but 
it requires the presence of a partner or donor sperm. Studies 
show a survival rate of mature oocytes after thawing of 90% 
and a 50% pregnancy rate. However, we must consider that in 
order to have a live birth, it is necessary to have at least 20 
vitrified oocytes [5]. In both cases, the patient must be in 
pubertal age and the start of the  chemotherapy has to be post-
poned for 2 weeks, the time interval needed to stimulate the 
ovaries and collect mature oocytes. In prepubertal patients or 
in patients with oncological diseases in which the beginning of 
chemotherapy cannot be delayed, ovarian tissue cryopreserva-
tion represents the only possibility of preserving fertility.

The indications for cryopreservation of ovarian tissue in 
case of malignant and nonmalignant diseases are summa-
rized here below (Table 20.1) [8]. In gynecological neopla-
sia, proposing an ovarian cryopreservation should be taken 
into consideration before realizing a fertility preservation 
surgery and spare the uterus given the restriction in surro-
gacy. The indication for ovarian cryopreservation can be also 
considered in patients, especially children, who undergo a 
unilateral oophorectomy for nonmalignant diseases. Jadoul 
et  al. in 2017 analyzed all ovarian cryopreservation cases 
realized in their institution between 1997 and 2013; in 545 
cases, 17% were done for benign diseases as shown in 
Table 20.2 [9]. The indications of cryopreservation must be 
discussed in a multidisciplinary team after taking into con-
sideration the type of treatment administered to the patient 
after the surgery and its gonadotoxic risk.

However, in some types of neoplasia such as leukemia and 
lymphoma, ovarian tissue autotransplantation should be 
avoided due to the high possibility of reintroducing malignant 
cells. Rosendahl et al. demonstrated that there was suspicion of 
malignant cell infiltration in 7% of cases of ovarian tissue auto-
transplantation [10]. Dolmans et al. have evidenced the preva-
lence of minimal residual disease (MRD) in cryopreserved 
ovarian tissue in patients with chronic myeloid leukemia and 
lymphoblastic leukemia; these percentages are 33% and 70%, 
respectively [9]. In vitro maturation (IVM) and isolated follicle 
transplantation from ovarian tissue could be a promising option 
for these cases [12, 13]. However, primordial follicles do not 
grow properly in culture and the current studies are trying to 
identify the ideal culture system (Table 20.3).

20.1  The Surgical Technique

In cases in which it is not possible to postpone the chemo-
therapy or in prepubertal age, ovarian tissue cryopreserva-
tion is the only possibility of fertility preservation.

There are three different techniques to realize the ovarian 
cryopreservation:

 1. Large ovarian biopsies and orthotopic or heterotopic 
graft

 2. Follicular isolation and IVM followed by transplantation 
(not yet realized in humans)

Table 20.1 Indications for cryopreservation of ovarian tissue in case 
of malignant and nonmalignant diseases (adopted from Donnez et al. 
[1])

(A) Malignant
(a) Extrapelvic diseases

Bone cancer (osteosarcoma and Ewing sarcoma)
Breast cancer
Melanoma
Neuroblastoma
Bowel malignancy

(b) Pelvic diseases
Non gynecologic malignancy
Pelvic sarcoma
Rhabdomyosarcoma
Sacral tumors
Rectosigmoid tumors
Gynecologic malignancy
Early cervical carcinoma
Early vaginal carcinoma
Early vulvar carcinoma
Selected cases of ovarian carcinoma (stage IA)
Borderline ovarian tumors

(c) Systemic diseases
Hodgkin disease
Non-Hodgkin lymphoma
Leukemia
Medulloblastoma

(B) Nonmalignant
(a) Uni/bilateral oophorectomy
Benign ovarian tumors
Severe and recurrent endometriosis
BRCA1 or BRCA2 mutation carriers

Table 20.2 Causes of ovarian cryopreservation [6]

N(%) 
patients

N(%) 
deaths

N(%) 
autografts

Hematological pathology 191(35) 15(8) 11
Lymplioma 127(23) 6(5)
Leukemia 50(9) 9(18)
Benign 14(3) 0
Breast cancer 94(17) 5(5)
Sarcoma 51(9) 17(33)
Gynecological malignancy 33(6) 4(12)
Neurological malignancy 26(5) 7(27)
Gastrointestinal malignancy 16(3) 5(31)
Systemic disease 11(2) 0
Benign and borderline 
ovarian pathology

95(17) 0

Generic diseases 19(3) 0
Other 9(2) 1(11)

20 Oocytes Freezing in Patient with Cancer
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 3. Removal of the entire ovary in order to preserve the vascu-
larization and reduce the follicular loss due to ischemia [5]

The first technique is the most frequently used. The ovar-
ian biopsies are taken by laparoscopic or laparotomic surgery 
depending on the surgical team and patient’s age. The opera-
tion is done under general anesthesia. The following four 
laparoscopic puncture sites, including the umbilicus, are 
used:

• 10 mm umbilical.
• 5 mm right.
• 10  mm medial (allowing the use of 5-mm instruments) 

and 5  mm left lower quadrant, just above the pubic 
hairline.

• Lateral incisions are made next to the deep epigastric ves-
sels. A cannula is placed in the cervix for appropriate 
uterine mobilization.

Then, multiple biopsies (Fig. 20.2) of one or both ovaries 
are performed. In prepubertal patients, it is preferred to 
remove the entire ovary or half of it (Fig.  20.3). Bipolar 
coagulation is avoided as far as possible in order to reduce 
the follicular damage.

The size of biopsies is in general 1.5–2 cm × 5 mm. The 
number of follicles found in the ovarian cortex depends on 
the patient’s age: 350 and 400 follicles/mm3 in patients aged 
<10 years; 70–80/mm3 in patients between 10 and 15 years; 
30–35/mm3 in patients between 15 and 34  years [10, 11]. 
The removed biopsies or ovary are then immediately handed 
over to a second team that is present in the operating room 

and that includes a microsurgeon and biologist. A part of one 
of the biopsies is directly sent to anatomopathology in order 
to detect the presence of any malignant cell. The surgery can 
be realized in day hospital. After surgery, patients can 
undergo their programmed treatment immediately.

20.2  Transplantation

The transplantation can be realized when the patient has fin-
ished the treatment and is considered disease-free according 
to the oncologist and radiotherapist. The ovarian cortex can 
be implanted into the pelvic site (orthotopic site) or in 

Table 20.3 Series of 60 live births after trasplantation of frozen-thawed ovarian cortex [18]

Cryopreservation 
procedure

No of transplanted women desiring 
pregnancy

No of live birth = ongoing 
pregnancies

Donnez, Dolmans SF 19 8 (+l)
Meirow et al. SF NA 6
Demeestere et al. SF NA 3
Andersen’s et al. SF 25 8
Silber et al. SF 6 4
Piver et al., Roux et al. SF NA 3 (+l)
Pellicer et al. SF 33 6a (+3)
Revel et al. SF NA 2
Dittrich et al. SF 20 6
Revelli et al. SF NA 1
Callejo et al. SF NA 1
Stem, Gook and Rozen SF 14 3a

Kawamura, Suzuka et al. VF NA 2
Burmeister, Kovacs, et al. SF 2 1
Rodriguez-Wallberg, Hovatta 
et al.

SF NA 1

Tanbo et al. SF 2 2
Agarwal et al. SF NA 1
Makolkin et al., Kalugina et al. SF NA 2

SF slow freezing, VF vitrification
aTwins

Fig. 20.2 Laparoscopic surgery: biopsy of ovarian cortical tissue for 
cryopreservation

F. Signore et al.
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another site in the body as the abdominal wall (heterotopic 
site). There are a few reports about the heterotopic autotrans-
plantation of cryopreserved human ovarian tissue [14, 15]. 
Studies have reported heterotopic transplantation in rectus 
and pectoralis muscle. However, more is known on ortho-
topic transplantation.

The transplantation is performed with a laparoscopic sur-
gery. At the time of transplantation, the ovarian fragments 
are placed on the ovaries by using stitches, glue, or intercede 
(Figs. 20.4 and 20.5). During transplantation, the cortex of 

the ovary is cut in order to create a window with a new vas-
cularization. If the ovaries were removed in first place, the 
ovarian fragments are placed in a peritoneal window created 
at the ovarian fossa or at the large ligament. Orthotopic trans-
plantation has a 95% recovery rate of ovarian endocrine 
activity and 40% restoration of fertility [15, 16].

20.3  Results

When primordial follicles are present in the reimplanted 
ovarian tissue in orthotopic reimplantation, the ovarian func-
tion is almost always restored. Generally, the ovarian func-
tion begins about 4 months (between 31/2 and 61/2 months) 
after the transplantation [17, 18]. The reduction of FSH starts 
about 3 months after surgery and gains its normal baseline 
levels after 5 months. The peak of estradiol (E2) concomitant 
with decline of FSH is more later, between 51/2 and 
61/2 months after the surgery. The peak of E2 depends on the 
follicular reserve and on the patient’s age at the time of the 
cryopreservation [19, 20]. Meirow et al. demonstrated that 
the decline of FSH depends on the detrimental effect of pre-
vious chemotherapy on the vascularization [2]. According to 
Donnez et al., the decline of FSH depends also on the exis-
tent blood vessels in grafts tissue. The restauration of ovarian 
activity is lower in patients who had received chemotherapy 
before the cryopreservation and depends on the type of 
chemotherapy.Fig. 20.3 Laparoscopic surgery: unilateral oophorectomy for ovarian 

cryopreservation

Fig. 20.4 (a) Remaining 
ovary. (b) The cortex of the 
remaining ovary is removed. 
(c) Ovarian cortical pieces 
were grafted with stitches.  
(d) Pieces are covered with 
interceed. (Images kindly 
offered by St Luc Hospital in 
Bruxelles)
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The ovarian activity is maintained for an average of 
5 years but in the patients who received the chemotherapy 
before cryopreservation the ovarian activity lasts 
1–2 years.

Spontaneous pregnancies have been reported after ortho-
topic and heterotopic transplantation. However, in many 
cases, the patients will have to follow an in vitro fertilization 
(IVF) treatment. In these patients, there is a higher rate of 
empty follicles (29–35%) [2, 21–23]; this rate is higher than 
in the general population undergoing IVF. Different factors 
can determine the higher empty follicles such as the delay of 
revascularization after the graft.

According to Donnez and Demesteere, the orthotopic 
transplantation should be preferred to the heterotopic because 
it provides the optimal environment for follicular develop-
ment in terms of pressure, temperature, and paracrine fac-
tors. It should be emphasized that ovarian tissue 
transplantation can be repeated in order to prolong the ovar-
ian activity for more than 10 years [24–30].

20.4  Conclusion

Approximately, one-third of young women exposed to che-
motherapy develop ovarian failure. The ovarian tissue cryo-
preservation is an invasive and experimental procedure 
compared to the embryo and oocyte cryopreservation. 
However, it represents the only solution in patients who have 
to undergo a gonadotoxic chemotherapy immediately or in 
cancer patients of prepubertal age. In some neoplasia such as 
the lymphoma, the transmission of malignant cells exists but 
it should be proposed in these patients when there are no 
other possibilities. More research is expected on the isolated 
oocytes transplantation and IVM.
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21.1  Standard and Substandard Care 
Concepts

Ovum pickup (OPU) or egg retrieval, also known as follicu-
lar or follicle puncture, is instrumental in carrying out in vitro 
fertilization (IVF) procedures.

It is a surgical process aimed at harvesting oocytes 
from the ovarian follicles. The intervention in itself is 
swiftly performed, usually under anesthesia (sedation). 
By virtue of ovum-retrieval being an invasive kind of 
practice, it is consequently prone to bringing about 
adverse events, throughout the various stages of the pro-
cedure, from hormonal stimulation to management of 
retrieved oocytes, in addition to possible mishaps occur-
ring in the pickup phase.

Guidelines have been devised as a means to facilitate clin-
ical practice and to provide, beforehand, a set of standards of 
conduct to be adopted as guiding principles in health care 
practice. Over time, guidelines have, de facto, taken up ever 
greater legal significance, since they have been applied as 
parameters of judgment in almost all nations, even across 
different legal and judicial systems, for the purpose of 
formulating assessments as to the suitability and soundness 
of health care choices made by professionals.

It is therefore safe to say that the main assessment criteria 
applicable to evaluate the clinical and legal tenability of any 
given medical procedure, including MAP and egg retrieval, 
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is the compliance with relevant sets of guidelines pertaining 
to a given medical specialty [1].

In some instances, however, there may not be specific 
guidelines for a certain field of medicine, or those available 
may not be universally acknowledged. In such cases, the 
judiciary has often shown a tendency to rely on good prac-
tices, which are typically based on scientific literature and 
research findings of recognized merit. Those standards con-
stitute the cornerstone, from a legal perspective, needed to 
outline the standards of care. Any health care choice that 
fails to meet those standards, which prove unwarranted by 
either available guidelines or best practices, is likely to be 
deemed unorthodox, inappropriate, liable to be punishable in 
a court of law, especially if a connection is proven with 
adverse outcomes following such actions (the so-called sub-
standard of care, i.e., a breach of standards of care). In that 
respect, it is worth pointing out that the very definition of 
complication, however, widely used, may often prove unsat-
isfactory and hazy, in order to properly identify an area of 
non-liability, unlike the notion of malpractice, clearly associ-
ated with punishable events.

The medical concept of complication stands for any dam-
aging event arising during treatment which may result in an 
unfavorable deviation with respect to the expected clinical 
path, whatever the cause may be.

Such definition, widely accepted in medicine, does not 
satisfy fundamental law requirements, as often observed in 
medicolegal disputes (Fig. 21.1).

In fact, legal approaches which came about in the field of 
medical malpractice both in Anglo-Saxon countries (com-

mon law) and in those of Roman tradition (civil law) do not 
consider nullifying the fact that clinical statistics foresee a 
particular adverse event as a complication. In legal proceed-
ing terms, the concept of complication is much more restric-
tive than that provided in medicine.

In fact, the complication that does not involve responsibil-
ity is only the so-called unpredictable or unavoidable event. 
In particular, unpredictability or inevitability of complica-
tions excludes liability if the expected favorable outcome is 
not feasible in practice, not just on the basis of the statistical 
data. In Italy, this principle has been repeatedly stated in 
court decisions and has been recently confirmed by the 
Italian Supreme Court [2].

The logic behind this approach is: in treatments of choice 
(i.e., treatments performed not in emergency-urgency condi-
tions) a favorable outcome should follow the treatment on 
the basis of the principle of clinical-statistical regularity. The 
latter is closely related to the doctrine of res ipsa loquitur, 
which is applied in most European countries and in the 
United States.

This doctrine, peculiar of the Anglo-Saxon jurisprudence, 
affects the burden of proof between the plaintiff and the 
defendant and consists in a rule of evidence that involves the 
presumption that the surgeon acted negligently for the very 
fact that the claimed damage occurred. In the commonly 
accepted interpretation, the presumptive liability, in order to 
be applied, must see to meet three conditions:

 (a) The material means that determined the damage (i.e., 
instruments) were under the operator’s direct control.

 (b) The damage could have occurred only for the operator’s 
negligence or mistake.

 (c) The behavior of the damaged party has not contributed 
to the injury.

Experience demonstrates that this rule is applied by the 
courts in a less strict way than the original version, and in 
cases of uncertainty the judgment is usually in favor of the 
damaged parties.

Based on the actual features of the arising complica-
tion, physicians may avoid the debt of liability only if said 
developments could not be avoided in that specific case. 
In all other cases, it is likely that surgeons are held 
responsible.

Moreover, even in those cases of unavoidable complica-
tions, the physician’s responsibility is considered as fac-
tual if complications were not treated according to the 
standard of care, which anyhow was inadequate. This eval-
uation, which should be made case by case, unavoidably 
calls for the consultation of experts that the courts rely on 
in the case of legal disputes that require specific technical 
knowledge. They should have expertise on both the meth-
odology under discussion and the medical testimony, also 

Fig. 21.1 The medical concept of complication stands for any damag-
ing event arising during treatment which may result in an unfavorable 
deviation with respect to the expected clinical path, whatever the cause 
may be. Such definition, widely accepted in medicine, does not satisfy 
fundamental law requirements, as often observed in medicolegal 
disputes
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in order to avoid any procedural error in the evaluation of 
the responsibilities that could lead to legally invalidate the 
assessing procedure.

A person can testify as a medical expert only after his/
her credentials are established before the court. An attorney 
can assess the medical expert credentials by asking ques-
tions about their education, training, skills, and experience 
within a particular field. Once the required qualifications 
for an expert witness status have been established, a judge 
will qualify the witness as an expert. Most expert witnesses 
must be paid to testify on behalf of one of the parties. There 
may be more than one medical expert witness in a case [3]. 
Since it is difficult that only one professional has both 
 technical- operational skills and expertise as expert fitness 
in medical litigations, the collective legal assessment is 
becoming a legal practice (a physician actually applying 
the method and a professional medical expert witness).

This practice is supported by some codes of medical eth-
ics [4], and in Italy by a law enacted on article 15 of 8th 
March 2017 [5].

This awareness justifies the great interest on the issue of 
complications, both in terms of improving the individual per-
formance of each operator and the ability to prevent and 
manage possible damages in order to avoid charges of mal-
practice or, at least, reduce the consequences.

21.2  The Issue of Informed Consent

Egg-retrieval procedures and IVF must be carried out in 
compliance with available guidelines, such as those laid out 
by the European Society of Human Reproduction and 
Embryology, and after gaining informed consent from 
patients made fully aware of the risks involved in the 
procedures.

As with any medical procedure, patients must provide 
informed consent to fertility treatments such as artificial 
insemination and in vitro fertilization (IVF).

Informed consent occurs when a patient understands the 
nature of the proposed treatment as well as the potential ben-
efits and risks of the treatment and potential alternatives, and 
voluntarily chooses to proceed with the treatment.

Many fertility clinics have standardized forms for patients 
to complete as part of the informed consent process. 
Typically, the physician will have the informed consent dis-
cussion with patients simultaneously with the completion of 
the informed consent paperwork. However, it is unrealistic to 
expect a physician to understand the nuances of the unsettled 
field of parentage law.

The informed consent paperwork often goes beyond the 
concepts of procedures, benefits and risks, and delves into 
issues such as the establishment and relinquishment of 
parental rights [6].

Clinic consent forms have played an important role in liti-
gation surrounding the use of cryopreserved genetic material 
following the divorce of the intended parents. Courts have 
taken different approaches toward evaluating the preferences 
expressed in the clinic consent forms.

The clinical consent forms at issue would typically be 
filled out by the intended parents before the creation of the 
embryos, at a time when the patients’ interests are typically 
focused only on maximizing the chance of success of their 
upcoming IVF cycle.

Thoughtful deliberation is necessary to determine the 
ultimate disposition of their unused embryos at this stage of 
the process.

It should be highlighted that the definition of the main com-
plications as part of the informed consent procedure is not in 
itself sufficient to ensure that gynecologists will not incur in 
charges in case any of these complications occur. In deciding 
whether the physician is free from any responsibility, the judge 
will consider only the inevitable or unforeseeable complica-
tions. However, timely and complete information avoids the 
charge of violating the patient’s self- determination freedom 
that a poor information does not allow.

From a practical point of view, it is therefore necessary to 
consider the problem of what are the minimum requirements 
of the information to be given to patients. In theory, any form 
of information could be disputed for being inappropriate, 
most frequently due to its being somehow incomplete.

However, respecting some logical criteria (which could 
constitute a sort of checklist of the information to be given to 
the patient) the risks can be limited to a minimum.

The necessary information requirements, according to the 
patient’s right-to-know should include:

• Usefulness, purpose, and method of execution of the 
procedure.

• If, and whenever feasible, there are alternative and equally 
efficient therapeutic procedures.

• Degree of tolerability of the procedure (in terms of pain, 
discomfort, time).

• Need to use drugs specifying their nature, route of admin-
istration, dosage, side effects, and possible interactions 
with any other medications that the patient is taking.

• Risks of the procedure with an indication of the statisti-
cally significant adverse events (ovarian hyperstimulation 
syndrome, hemoperitoneum, anesthetic adverse events, 
and long-term effects).

• Physician’s skills in the execution of the procedure. In 
this context, it is still debated whether it is sufficient that 
physicians provide general statistical information on the 
frequency of adverse events or whether it is essential they 
make available also their own personal statistics. The lat-
ter information is preferable not only because it is more 
specific, but also because it is more transparent.

21 Eggs Retrieval. Adverse Events, Complications, and Malpractice: A Medicolegal Perspective
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This aspect should not be underestimated because in 
many countries, especially in Italy, courts can punish 
physicians who have not fulfilled this obligation even 
when the procedure used has a favorable outcome, by 
imposing a compensation calculated on the basis of a fair, 
equitable method (discretionary), if the patient claims 
that the information provided was insufficient and the 
physician is not able to demonstrate that there was no 
lack of information [7].

21.3  Ovum PickUp Related Injuries:  
All Potential Claims

Ovum pickup associated complications may include damage 
to pelvic organs, hemorrhage, and infection (Fig. 21.2) [8].

Thorough information, as previously pointed out, entails 
that such potential developments should be explained to pro-
spective donors. The provision of thorough information, 
however, is not necessarily enough to stave off lawsuits in 
case of adverse outcomes. It can be confidently asserted that 
almost all kinds of complications laid out in scientific litera-
ture may give rise to doctors being sued. The main kinds of 
recurring damages are outlined below, in terms of their 
assessed potential to lead to indemnity payments being 
awarded.

21.3.1  Candidate Selection. Obesity-Related 
Risks and Medicolegal Issues

Obesity is a growing problem in many parts of the world. It 
is generally defined using the body mass index (BMI) mea-
surement in the units, kg/m2.

Based on World Health Organization (WHO) standards, a 
BMI of 18.5–24.9 is considered normal, 25–29.9 overweight, 
and ≥30 as obese.

In obese patients, the egg retrieval technique is more chal-
lenging, difficult, and dangerous (Fig. 21.3) [9]. For this rea-
son, many IVF centers have imposed various cutoffs for BMI 
and IVF egg retrievals under conscious sedation [10].

Some women with a BMI over 40 (morbid obesity) may 
not be able to proceed to egg retrieval and conscious seda-
tion. At Fertility Centers of Illinois, any obese women with a 
BMI over 35 must obtain counseling regarding the increased 
risks to both the mom and baby, and provide authorization to 
proceed with IVF in light of the risks [11].

In addition, any woman whose BMI is between 40 and 50 
may proceed with IVF and anesthesia, as long as they pass 
medical clearance and anesthesia clearance. A consultation 
with a Maternal Fetal Medicine specialist may also be 
required to discuss potential risks to mother and baby. In 
regards to the effect of obesity on oocyte retrieval: a review 
reflects that eight studies reported lower numbers and nine 

Fig. 21.2 Ovum pickup in 
patients with the uterine 
bowel adhesions and 
accidental intestinal 
perforation and subsequent 
peritoneal infection: a 
potential claim issue
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found no difference; oocyte quality or maturity: six studies 
found an adverse effect and one found no effect [12].

Women with polycystic ovarian syndrome (PCOS) and 
obesity were also reported to have smaller oocyte diameter at 
the time of retrieval [13].

Because of the heightened associated risks, patients with 
a BMI over 50 will not be permitted to proceed with fertility 
treatment [14].

Obesity can result in fewer mature follicles and a 
decreased chance for oocyte retrieval [15–17]. Any failure to 
abide by the disqualifying criteria (BMI > 50, for instance) 
would be bound to lead to malpractice claims against 
doctors.

21.3.2  Ovum PickUp and Anesthetic 
Complications

A retrospective study of 1.031 patients showed that OPU is a 
safe and well-tolerated procedure. In this study, there were 
no anesthetic complications in patients who underwent sedo-
analgesia or local anesthesia [18].

Two studies in the literature reported complications due 
to anesthesia performed for OPU; one was conducted on a 

series of 542 patients, and intensive care was needed for two 
patients due to bronchospasm, which occurred after general 
anesthesia [19, 20]. The harmful potential of these adverse 
events is relative because these are usually reversible events.

Additional complications may result from the administra-
tion of intravenous sedation or general anesthesia. These 
include asphyxia caused by airway obstruction, apnea, hypo-
tension, and pulmonary aspiration of stomach contents 
(Fig. 21.4) [21]. Such developments result in high likelihood 
of generating legal claims, especially relative to the possibil-
ity of brain damage arising from them.

The second complication type, described in a not so 
recent case report, was cardiac conduction disorder, which 
occurred in a patient who received paracervical anesthesia 
with 400 mg mepivacaine [22]. This event turned out to be 
reversible. Aside from these cases, no other anesthesia- 
induced complications were found in the literature [23].

21.3.3  Hemorrhagic Complications

Limited vaginal bleeding is relatively common (8%) at the 
entrance site of the OPU needle; this can often be stopped by 
compression, although suturing is sometimes required [24].

Fig. 21.3 In obese patients, the egg retrieval technique is more challenging, difficult, and dangerous
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Acute hemorrhage from the ovary (Fig. 21.5), and bleed-
ing or hematomas due to vascular damage in the uterus, 
ovary, and iliac vein are very rare (0.04–0.07%), but may 
require surgical intervention when they do occur [25].

Ovarian hemorrhage after transvaginal oocyte retrieval 
(TVOR) is a potentially catastrophic complication, even life- 
threatening, and has been observed to occur more often in lean 
patients with polycystic ovary syndrome [26]. Such a risk fac-
tor must be carefully assessed in women candidate to proce-
dure. Luckily this is an event rarely detected in literature.

In the realm of such events, it is often difficult to draw the 
line between complication (i.e., unavoidable adverse event) 
and malpractice [27]. Courts of law have frequently shown a 

tendency to take into account the scope of consequences, 
thus opting for a principle of proportionality between risks 
and achievable benefits: the more severe the event turns out, 
the less excusable it is deemed, particularly when it occurs in 
healthy patients.

21.3.4  Ovarian Hyperstimulation Syndrome 
(OHSS) and Liability

HCG injections as a trigger for ovulation may give rise to the 
risk of ovarian hyperstimulation syndrome (OHSS), espe-
cially in patients suffering from polycystic ovary syndrome 

Fig. 21.4 Oocytes retrieval and general anesthetic complications: asphyxia caused by airway obstruction, apnea, ipotension, and pulmonary 
aspiration

Fig. 21.5 Hemorrhagic 
complication during oocyte 
retrieval on the artery of left 
ovary
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who may have been hyperstimulated during previous assisted 
reproduction cycles. Most cases involving patients who 
undergo egg retrieval are mild to moderate cases that resolve 
themselves within a few days.

In order to stave off these complications, patients should 
undergo a thorough female pelvic ultrasound exam to pre-
vent fluid from accumulating in the pouch of Douglas. In that 
clinical field, the use of diagnostic ultrasonography could go 
a long way in warding off malpractice litigation, based on the 
allegedly untimely detection and treatment of OHSS; in that 
regard, ultrasonography should be combined with a thorough 
documentation process of all tests and monitoring activities 
implemented, as it is the case in other gynecological special-
ties [28].

Patient follow-up studies from Canada indicate that about 
one-third of women who undergo ovarian stimulation suffer 
“mild” OHSS.  In a British study tracking 339 women, 
roughly 14% were hospitalized for OHSS after stimulation 
cycles yielded more than 20 eggs [29].

The results of a study by Kramer et  al. seem to be in 
agreement with previous reports of the prevalence of OHSS 
following ovarian stimulation, now recognized as a common 
adverse effect [30].

Ovarian hyperstimulation entails a significant degree 
of risk, which seems to become worse with the number of 
cycles undergone. Provided that five or fewer successive 
stimulation cycles do not seem to impair ovarian response, 
the American Society of Reproductive Medicine (ASRM) 
[31] cautions that the number of adverse events after a 
given number of procedures is additive and, therefore, 
recommends a maximum limit of six cycles of oocyte 
donation [32].

Patients experiencing mild OHSS may complain of mild 
pain, bloated feeling, mild abdominal swelling, mild nausea, 
mild weight gain, and diarrhea [33].

Moderate OHSS presents symptoms similar to mild 
OHSS, but the swelling and bloating is worse, as are abdomi-
nal pain and vomit. There might be fluid build-up in the 
abdominal cavity causing discomfort. Severe OHSS carries 
even worse swelling and bloating in addition to abdominal 
pain and vomiting (Fig. 21.6).

Patients might experience shortness of breath and a reduc-
tion in the amount of urine output. Severe OHSS is typical in 
an IVF cycle with the intended mothers own eggs and the 
intended mother having a transfer of the embryos into herself 
after undergoing egg retrieval. The worst cases seem to be 
associated with pregnancy.

If hyperstimulation is mild to moderate, it can be man-
aged at home on bed rest. The study of Kramer et al. shows 
that 11.6% of respondents had required paracentesis and/or 
hospitalization for OHSS [30].

Severe hyperstimulation happens with large amounts of 
fluid retention and low urine output occurs. Several factors 
independently increase the risk of developing severe OHSS.

These include an age under 30, polycystic ovaries, or 
high basal antral follicle count on ultrasound, rapidly ris-
ing or high serum estradiol, previous history of OHSS, 
large number of small follicles (8–12  mm) detected by 
ultrasound during ovarian stimulation, use of hCG as 
opposed to progesterone for luteal phase support after IVF, 
large number of oocytes retrieved (over 20), and early 
pregnancy [34].

Ovarian stimulation falls within the category of stan-
dardized practices, during which the onset of OHSS is 
hard to foresee, except for those cases in which women 
had undergone previous stimulation cycles, or suffered 
from polycystic ovarian syndrome. Malpractice charges 
may be leveled, in all likelihood, in cases of underestima-
tion of OHSS and failure to initiate treatment in a timely 
fashion; fatalities have been recorded in such circum-
stance, however rarely, mostly associated with thrombo-
embolic events [35–39].

Any disregard of recommended limits in the number of 
oocyte donation cycles (the ASRM recommends a maximum 
limit of six cycles of oocyte donation) would carry the high 

Fig. 21.6 Anatomical findings of OHSS
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risk of legal claims of negligence against doctors and/or 
facilities [39–41].

21.3.5  Secondary Infertility Following Ovarian 
Stimulation

In a 2009 retrospective study, 16.8% of respondents reported 
some menstrual problems and 9.6% noted infertility 
 problems. Because the mean time since first oocyte donation 
was 9.4 years, some of these changes may be unrelated to the 
oocyte donation [30].

The results of this study reinforce the need for increased 
attention to the health and safety of oocyte donors.

IVF clinics should provide anonymous oocyte donors 
clear guidelines about requesting outcome information or 
giving the clinic medical updates to benefit their biological 
children. Additional long-term studies are needed to ascer-
tain oocyte donors’ risks of infertility or cancer. The recom-
mendations of the Ethics Committee of the ASRM are a 
significant step in the right direction; they need to be trans-
lated into clear guidelines that specify new policies in US 
fertility clinics.

It is worth pointing out that in 2009, the Ethics Committee 
of the ASRM published a report outlining the interests, obli-
gations, and rights of gamete donors [32]. Such recommen-
dations clearly assert that programs should respect the rights 
of donors to be informed about legal, medical, and emotional 
issues involved in gamete donation, that medical updates be 
provided by donors, and that information sharing about out-
comes be facilitated.

It may serve oocyte donors better to have more stringent 
recommendations, both on a national level and from supra-
national health care institutions. There is clearly a need for 
national oocyte donor registries that include records of sub-
sequent and prior fertility problems, and the number of 
cycles of oocyte retrieval undergone by the donor. This 
would permit prospective follow-up studies of fertility in 
oocyte donors after oocyte retrieval.

As for long-term risks for oocyte donors, only isolated 
case reports have suggested a possible cancer connection. A 
large cohort with long-term follow-up, such as an oocyte 
donor registry, as mentioned before, is necessary to obtain 
and compare meaningful data [42].

On the other hand, back in 2001, Caligara et al. already 
recommended the establishment of a world registry for 
oocyte donors to detect both adverse effects of oocyte dona-
tion and to provide a thorough assessment of long-term risks, 
such as an increased incidence of premature ovarian failure 
(POF), ovarian cancer, or breast cancer. To date, no such data 
have been published [43].

However, IVF and egg donation are relatively new proce-
dures: these areas of medicine are still under-researched. 

Charles L.  Shapiro, director of translational breast cancer 
research for Mount Sinai Health System, said: “The bulk of 
the literature on this topic says there is no relationship 
between IVF, hormone priming or egg harvesting and 
increasing risk of breast cancer. It’s usually not one factor 
that causes breast cancer, but a whole host of different cir-
cumstances, most of which we don’t know about.” Other 
researchers, however, seem to differ. Anthony Caruso, direc-
tor of A Bella Baby OBGYN in Chicago and consultant to 
the Center for Bioethics and Culture network has pointed out 
that “High-estrogen states generated artificially for women 
are potentially putting them at a greater risk for estrogen- 
related cancers” [44]. Fauser and Velasco in a recent editorial 
published on Reproductive BioMedicine Online reminded 
that “… the absence of appropriate data, it is not possible to 
state with absolute certainty that volunteering as an oocyte 
donor will not increase breast cancer or other health risks. 
Indeed, the absence of proof is not the same as the proof of 
absence…” [45].

Such a dearth of available data is likely due to a certain 
degree of caution in the assessment of possible causal rela-
tionships between repeated oocyte donation cycles and the 
onset of neoplastic syndromes, yet at the same time, it makes 
it even more pressing to comply with the ASRM- 
recommended maximum limits in donation cycles, which is 
a key factor in preventing litigation based on the exceeding 
of such limits.

21.3.6  Psychological Risks and Psychological 
Damages in Donors

When a woman chooses to donate her eggs for use in the 
in vitro fertilization (IVF) process or scientific research, it is 
a very personal decision that might entail a variety of psy-
chological implications. Lawson et  al. have observed that 
here is a whole psychology about why a woman decides to 
do this and what she thinks and feels about being an oocyte 
donor [46]. And so, in addition to the potential physical risks, 
however rare they may be, the donation process potentially 
carries with it a number of psychological risks as well, which 
can be classified into three broad categories: the psychologi-
cal aspects of the donor screening process, the psychological 
aspects of the procedure itself, and a post-donation psycho-
logical adjustment to the donation. Relatively few studies 
have explored the psychology of oocyte donation, and they 
have generally been small ones, with relatively few subjects. 
It is nonetheless possible to describe some basic findings 
about the psychological effects on women who donate their 
eggs.

Psychological risks to donors can occur in the screening, 
donation, and post-donation time frames, including psycho-
logical distress from being excluded from donating, psycho-
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logical side effects from medications and retrieval, worry 
and regret, observed in a minority of donors.

As far as the issues associated with the egg retrieval sur-
gery are concerned, one study of donors conducted by inves-
tigators at Dartmouth Medical School found that 83% 
reported high anxiety on the day of retrieval. Besides this 
anxiety, donors also listed the daily injections, the frequent 
travel to the clinic, and pain as the most difficult aspects of 
the donation process itself [47].

The good news about these potential psychological risks 
is that they do not appear to carry over past the donation. 
Once the surgery is done and the medication is out of a wom-
an’s system, the psychological symptoms typically appear to 
vanish.

It seems likely that the potential psychological risks both 
here and in the screening process will be the same for 
research donors as they are for women donating their eggs 
for reproductive purposes [48].

Long-term follow-up studies of donor health, including 
psychological health, are certainly needed. For the time 
being, however, there do not seem to be considerable risks of 
psychological damages directly linked to repeated oocyte 
donation cycles, hence, litigation arising on this basis is not 
highly relevant. It is plausible, on the other hand, that psy-
chological distress may be cited in case of adverse outcomes, 
with psychological suffering stemming from physical 
damage.

The six-cycle limit recommended by the ASRM ought to 
be effective enough to minimize the risk of significant and 
long-lasting psychological fallout.

21.3.7  Pregnancy Expectation Unmet: Is It 
a Claim Source?

It is estimated that almost 15% of people with a diagnosis of 
infertility receive treatment at in  vitro fertilization units 
(IVF). Even though there has been a progress in pregnancy 
rates over the last two decades, live birth rates have not yet 
reached the desired levels [49]. Among the various factors 
involved in the formation of pregnancy, there are the age of 
the woman, the selected treatment protocol, and the reasons 
of infertility. Even propofol-based anesthetic techniques 
have been called into question. In fact they have been found 
to result in significant concentrations of propofol in follicu-
lar fluid. Propofol has been shown to have potentially harm-
ful effects on oocyte fertilization (in a mouse model), with 
some studies suggesting that the dose of propofol adminis-
tered during anesthesia should be limited, and also that the 
retrieved oocytes should be cleansed of propofol [50].

Anecdotal reports suggest that certain airborne chemical 
contaminants and particles, especially volatile organic com-
pounds (VOC), may be toxic to and impair the growth and 

development of embryos if present in sufficient concentra-
tions in the ambient atmosphere of an IVF incubator [49, 51].

Today, a couple of endocrine biochemical markers and 
ultrasonographic signs are commonly used, which go a long 
way in predicting IVF outcomes and determining the gonad-
otropin doses to be used in ovarian stimulation (OS) [51, 52]. 
The methods most widely used, and the most reliable, are the 
ultrasonographic assessment of the primordial antral follicle 
pool in the early follicular phase and ovarian volume [53]. 
However, ovarian reserve tests are still inadequate in predict-
ing live birth rates.

For those reasons an unsuccessful procedure, without 
damage sustained by the patient, would not be enough in and 
of itself to file a lawsuit and gain compensation in a court of 
law.

On the other hand, any failure from specialists to inform 
patients of the dangers entailed in IVF (from the mild mani-
festations to the severe ones), or their disregarding risk fac-
tors, which may result in unfavorable outcomes and damage 
to patients, would be bound to result in compensation 
awarded to damaged women under most tort law statutes, as 
it happened in the cases described above.

21.4  Claims in OPU Published

For illustrating purposes, court cases are reported below that 
are related to OPU procedures and came to verdict over the 
past years. A case of negligence and mismanagement led to 
a patient’s death, and a $25 million indemnity payment [54]: 
a woman with infertility and antiphospholipid antibody syn-
drome (APA) was advised to have heparin and aspirin ther-
apy in addition to in vitro fertilization. On the day of oocyte 
retrieval, 18 eggs were harvested. An ultrasound was per-
formed immediately afterward, which showed a large amount 
of free fluid in the patient’s pelvis.

About 3 h later, the patient underwent treatment for APA 
at another site, during which she became hypotensive. The 
nurse terminated the therapy and contacted the woman’s 
physician, who arrived about 90 min later.

When he examined the patient, she was lethargic and hal-
lucinating. At that time, her husband, an Ob/Gyn, was con-
tacted. The decedent’s husband arrived a short time later and 
transported the decedent to Holy Redeemer Hospital, which 
was located approximately 20 min away, later discovering a 
massive hemoperitoneum (Fig. 21.7).

The decedent’s husband and a general surgeon performed 
surgery to remove blood and clotting from the decedent’s 
abdomen. The decedent was listed in stable condition fol-
lowing the surgery. He transported her to the hospital where 
he worked and performed emergency surgery. The bleeding 
was controlled, and the patient was transferred to an ICU 
postoperatively.
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However, 2 days later she suffered a cardiac arrest; 9 days 
later, she died. The deceased patient’s husband decided to 
sue on grounds of negligence.

In suing, the husband claimed the ultrasound had demon-
strated a large amount of blood in his wife’s abdomen. 
Further, he argued that his wife bled for 5 h while under the 
physician’s care. The physician countered that he had not 
been made aware of the ultrasound findings [55].

The fertility specialists contended that the decedent’s hus-
band (third-party defendant) was negligent in transporting 
the decedent to Holy Redeemer Hospital, rather than allow-
ing the defendants’ office staff to call for the patient being 
taken to an emergency room immediately [56]. The defen-
dants claimed that faster emergency room treatment would 
have enabled stabilization and faster surgery, if needed. The 
defendant fertility specialists also asserted that the third- 
party defendant failed to place the decedent in the intensive 
care unit following the surgery and failed to properly moni-
tor her, including the taking of chest X-rays and blood gases 
to check for RDS.

Furthermore, they maintained that since the decedent and 
her husband were both physicians, they were aware of the 
risks involved in administering aspirin during egg retrieval, 
including the possibility of internal bleeding.

The defendant hospital and nurse settled the plaintiff’s 
claim for $5 million prior to trial and the case proceeded 
against the two defendant fertility specialists and the dece-
dent’s husband as a third-party defendant. The jury found 
each defendant fertility specialist 50% negligent. It found the 
decedent’s husband not negligent. The jury awarded the 
plaintiff $25 million in damages.

According to attorney Ellen Barton, JD, CPCU, a risk 
management consultant in Phoenix, MD: “Thus case also 
points out the need for communication between the referring 
and primary physicians as the physician patient went back 

and forth between them for various treatments and 
procedures”.

While this case is in large part about the practice of medi-
cine, ‘there is also a large component of administrative’ 
breakdown. Not only did the defendant physicians not seem 
to share critical information regarding the patient’s condition 
and subsequent tests, but the referring physician’s failure to 
personally review the ultrasound, relying instead on a techni-
cian’s oral opinion that ‘everything appeared normal’ falls 
below the standard of care. “Thus, the protocols regarding 
response time by physicians to nursing staff in an outpatient 
setting should be reviewed so that a patient’s condition is not 
compromised by a lack of or tardy response, as it seems to 
have been the case here” [57].

A 2014 case of ovarian hyperstimulation syndrome 
(OHSS) in India, where a 23-year-old died after undergoing 
an egg-retrieval procedure, sparked protests, and calls for 
new legislation to protect egg donors in the country.

An initial postmortem report of the 23-year-old Yuma 
Sherpa, who died after an egg donation procedure at an IVF 
clinic in Lajpat Nagar on January 29, 2014, has said she sus-
tained internal bleeding in her pelvic region and her ovaries 
were “hypertrophied.” The report has been submitted to the 
police by AIIMS, and the viscera has been sent for more tests 
to establish the cause of death.

According to sources, the postmortem has found hema-
toma or clotting of blood in the peritoneum (stomach cavity), 
around the uterus and ovaries, indicating internal bleeding. 
The report has also found her ovaries were “severely hyper-
trophied” or enlarged. “The ovaries were enlarged due to 
hormones injected to trigger the ovaries to produce more 
than the usual number of eggs, since she had undergone a 
procedure to donate her eggs. We are trying to understand the 
quantity of hormones that were injected, through viscera 
tests and chemical and physical examination of the ovary 

a bFig. 21.7 Injury of omental 
vessel during oocytes retrieval 
(a) and subsequent 
hemoperitoneum (b), in 
patient in treatment for 
antiphospholipid antibody 
syndrome.
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cells to analyse the number of follicles that were formed in 
the ovary,” a source said.

Sources said Sherpa was given general anesthesia in the 
procedure, and the ovary was probed by a catheter to retrieve 
the eggs under suction puncture, which has caused internal 
bleeding. Sources said even the possibility of a reaction from 
anesthesia had not yet been ruled out. “The procedure was 
performed under general anaesthesia, many patients have 
adverse reactions to anaesthesia. Tests on visceral samples 
will help us establish that,” a source said.

Sources confirmed no blood vessels around the ovaries 
were found to be torn or ruptured in the procedure. Sherpa, 
the mother of a 3-year-old, had gone to New Life India 
Fertility Clinic for her first egg donation. She collapsed 
after the retrieval procedure. When she did not respond to 
resuscitation efforts, she was taken from the clinic to a 
hospital in Green Park where she was declared dead on 
arrival.

When contacted for comments, the medical director of 
the New Life India Fertility Clinic denied any irregulari-
ties. “We are awaiting the post-mortem report. The 
patient’s full consent was taken, she was screened as per 
procedure and we also conducted all necessary pre-anaes-
thetic tests. All records have been handed over to police. 
She lost consciousness suddenly in the recovery room,” 
she said. She added that when the treating team realized 
that Sherpa was not responding, an ambulance was 
arranged to have her transported to a Green Park hospital, 
where the anesthetist from New Life clinic was a consul-
tant. “They also failed to resuscitate her. It appears she 
had a sudden cardiac arrest. We are also awaiting the post-
mortem report to find out what went wrong,” the medical 
director added.

Sherpa’s husband had made a PCR call from the Green 
Park hospital after she was declared dead, on the basis of 
which a complaint was filed by the police.

A medical board was constituted at All India Institute of 
Medical Sciences (AIIMS) under the chairmanship of a pro-
fessor of forensic medicine to conduct the postmortem. “The 
preliminary report has stated certain physical findings in the 
body. We are waiting for the viscera report to establish the 
final cause of death. We will initiate investigations after we 
get the viscera report,” a police officer said.

In oocyte donation procedures, hormones known as 
gonadotropins are administered to the donor during her men-
strual cycle to boost ovaries to produce a number of eggs, 
against the normal production of one follicle that matures into 
an egg every month. Doctors say in rare cases this can lead to 
a condition of ovarian hyperstimulation syndrome (OHSS), 
which leads to a cascade of reactions when the ovary is stimu-
lated very strongly to produce an excess of eggs.

“While mild to moderate OHSS can happen in 8–10 per-
cent cases, severe OHSS cases are very rare, and between 
1–3 percent. I think at AIIMS our incidence will be less than 

1 percent,” an IVF specialist from AIIMS said. The dosage of 
the hormones is determined by doctors on the basis of the 
patient’s BMI, ovarian reserve, and hormone levels. Doctors 
said OHSS can also be prevented by screening tests for 
donors, like identifying levels of some hormones like AMH 
and checking the ovarian reserve of the patient. “If the patient 
has high Anti-Müllerian Hormone (AMH) levels, or very 
high ovarian reserves, or number of eggs, she should ideally 
not be used as a donor, because such women have a tendency 
to go into OHSS with stimulation,” the AIIMS doctor 
explained.

Sudha Sundararaman, national vice president of AIDWA 
(All India Democratic Women’s Association), said the case 
highlights vulnerability of poverty-stricken women per-
suaded to donate without counseling, monitoring, or assess-
ment of their suitability. “The ministry of health and family 
welfare must immediately draft a law to regulate this profit- 
making industry,” she said [58].

21.5  Prospects of Stricter Rules

In many developing countries, the lack of regulation and 
extreme poverty has resulted in a substantial increase in the 
number of fertility clinics and brokers that cater to foreigners 
searching for IVF treatments. What could be defined as a 
“global market for human eggs” has grown exponentially as 
in vitro fertilization and stem cell technologies have become 
more widely available, creating a “global shortage of human 
oocytes.”

The expansion of the global marketplace has created 
increased opportunities to exploit women, while exerting 
pressure on the market for eggs within the United States and 
other developed countries.

A comprehensive legislative package is needed in each 
state that addresses eggs used for research and those used for 
IVF purposes, closing the major gaps and filling the voids 
that unethical actors exploit to their financial benefit.

A better alternative would be for each state to allow rea-
sonable compensation for donors of eggs for either purpose, 
while mandating informed consent and full disclosure of 
known risks from the surgical procedure and the drug proto-
cols used. States could specify acceptable ranges of compen-
sation and enforce compliance through a statutory mechanism 
[59].

Additionally, if national registries were created for IVF 
donors, like those already being used to monitor embryos 
used for stem cell research, this would facilitate surveillance 
efforts by requiring providers and clinics to track the disposi-
tion of each oocyte utilized and keep donors’ medical 
records, thus aiding researchers who have been trying to 
identify possible long-term side effects [60, 61].

Currently, no records are kept in the United States of how 
many times donors donate their eggs.
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There is little information or research on the role played 
by fertility clinics, which appears to be growing; egg- 
donation agencies, and private brokers profoundly shape the 
market for human eggs within the United States.

Often, clinics do not keep donors’ medical records, mak-
ing it hard for donors to seek recourse if they experience 
complications and making it impossible for researchers to 
effectively monitor donors for long-term side effects such as 
infertility and higher risk of cancer.

Finally, states should enact legislation prohibiting preda-
tory advertising and mandating compliance with ASRM- 
recommended guidelines [62]. Enacting such legislation 
would give donors a remedy that the courts could enforce, 
while also protecting young donors who may not realize the 
risk of cancer and other long-term effects are much higher 
with repetitive donations. In absence of a national consen-
sus on how to address this issue, unethical entities and pro-
viders, looking to make a profit, will continue to take 
advantage of existing gaps in legislation to exploit women. 
The “bad actors” that are present in any such ill-defined or 
poorly regulated setting have been taking advantage of the 
lack of regulation, as well as making a lucrative business of 
performing risky procedures on women who are unaware of 
the long- term dangers to their health and fertility. States 
must take action to address eggs used for research and IVF 
purposes [63].

Only a wide-ranging legislative solution has any hope of 
tackling abuses while providing damaged patients with a ten-
able legal recourse.
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The history of artificial fertilization shows that such tech-
niques was originally meant as therapy for infertility in het-
erosexual couples because the element of biological lineage 
is no longer the foundational value on which to base procre-
ation. Medically assisted procreation is by now a deeply 

rooted phenomenon in modern society, and appears to be 
constantly growing [1].

Artificial procreation, unrelated to sexuality, has pro-
foundly transformed childbearing as a concept in and of 
itself, and lays the groundwork for the revamping of the very 
notion of parenthood. Artificial fertilization falls places itself 
in the setting of the so-called “reproductive revolution” and 
is characterized by three fundamental traits: the disconnec-
tion of procreation from the sexual act, the ability to take 
steps in order to alter the genetic profile of the newborn and 
lastly, the ensuing assertion of new figures in the reproduc-
tive process (male and female gamete donors, surrogate 
mothers) [2] (Fig. 22.1).

The newborn is no longer conceived in his or her mother’s 
womb, and the “parents” involved may turn out to be more 
than two, and not necessarily a mother and a father playing 
their respective traditional roles. The mother is no longer a 

The original version of this chapter was revised. The author, Tom 
Schneider was removed from the original version. The correction to this 
chapter can be found at  https://doi.org/10.1007/978-3-030-28741-2_23
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unique entity for each newborn child, rather a genetic mother 
(who provided the oocyte that was fertilized), a biological 
one (who carries out gestation and bears the child), and a 
social one (the person who set in motion the procreative pro-
cess, without being involved in it from either a genetic or 
biological standpoint, and will be vested with social parent-
hood responsibility). The fatherly figure itself is dichoto-
mized into two distinct profiles: a social father and a 
biological one (i.e., the sperm donor) [3] (Fig. 22.2).

Surrogate motherhood falls within the wider context of 
medically assisted procreation, although it does not consti-
tute a specific technique in and of itself: the use of multiple 
procreative procedures represents the “means” by which the 
various forms of surrogacy are implemented [4].

Surrogacy has grown to become a somewhat widespread 
practice, and is currently the only choice for women who 
suffer from sterility, or are otherwise ill, or no longer fertile 
on account of age, and male homosexual couples who are 

Fig. 22.1 The artificial 
fertilization made a 
“reproductive revolution” 
with ethical and controversial 
aspect between restricted (up) 
and enlarged (down) ethical 
criteria relationship to culture 
of different countries

Fig. 22.2 Intrauterine donor 
sperm insemination
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determined to have children of their own, with a genetic 
bond to at least either member of the couple. Various kinds of 
surrogacy are currently in use. By traditional surrogacy, the 
practice is defined in which the fertilized oocyte belongs to 
the surrogate mother who bears the child, whereas the sperm 
is provided by the male in the couple who requested the pro-
cedure. In other instances, the surrogate mother is implanted 
an oocyte that was fertilized by donor sperm (traditional sur-
rogacy and donor sperm); or both gametes may belong to the 
couple and, after in vitro fertilization, the oocyte is implanted 
into the surrogate mother’s uterus (so-called gestational sur-
rogacy); otherwise, in  vitro fertilization may take place 
between the mother-to-be’s oocyte and donor sperm, prior to 
implantation, (defined as gestational surrogacy and donor 
sperm); in a different scenario, neither the prospective legal 
parents nor the surrogate mother may have any genetic tie 
with the newborn, and an in vitro fertilization procedure is 
carried out relying on oocyte and sperm both coming from 
donors (characterized as gestational surrogacy and donor 
embryo) [5].

No matter how controversial and opposed to it may be, 
due to its questioning the society’s founding principles more 
than any other procreative process, surrogacy is rather wide-
spread worldwide, and the nations that have legalized it, 
among which Georgia, Greece, the United Kingdom, Russia, 
and Ukraine, have drawn women who could not otherwise 
have a pregnancy, due to sterility or age-related issues [6, 7]. 
There are then two different ways of approaching reproduc-
tive technologies: on the one hand, as a greater power of 
choice for couples in terms of timing and methods of procre-
ation, on the other hand, as a therapy for sterility.

22.1  European Legislative Framework

In such a complex landscape, with the affirmation of new 
reproductive rights arising from the development of new 
assisted reproduction technologies, it is incumbent upon 
national lawmakers to set up a regulatory framework to out-
line their scope and define their exact functions. In accor-
dance with the decisions made nationally, parliaments will 
enact laws and carry out policies that may reflect a permis-
sive, restrictive, or intermediate approach, designed to recon-
cile all needs and aspirations (Fig. 22.3).

In Europe, medically assisted procreation is regulated 
ranging from permissive standards (mirrored by regulations 
in Spain and Britain) and relatively stricter ones (such as 
those in place in Germany and France). Some countries have 
no targeted legislation in place, and medically assisted pro-
creation is regulated through general health laws; others still 
have no legislation at all, but rather rely on “guidelines” that 
fail to encompass such a crucial aspect of health care from 
the social, ethical, and legal perspectives [8].

It is worth outlining the fundamental standards governing 
such a crucial area of medicine in some European Union 
member states.

22.2  Italian Legislation

In Italy law n. 40, passed on 19th February 2004, contain-
ing “norms regulating medically-assisted procreation” 
allows heterosexual couples, either married or unmarried, 
with sterility or infertility issues, to avail themselves of 
medically assisted procreation procedures. Resorting to 
such techniques is only legal once it has been proved that 
the issues leading to the couple’s inability to have a preg-
nancy cannot be solved otherwise. Sterility and/or infertil-
ity must be medically documented. In its previous form, the 
law banned heterologous fertilization (in article 4) and 
embryo research (article 13). Provisions only allowed clini-
cal research and trials for the purpose of preserving the 
health and development of the embryos used. It banned the 
following practices:

 1. Eugenic selection of embryos and gametes
 2. Cloning via nuclear transfer
 3. Fertilization of a human gamete with one from different 

species, i.e., the attempted creation of human–animal 
hybrids and chimeras

Twelve years after the law’s enactment, several court 
rulings on the merits, at both a national and European level, 

Fig. 22.3 The absence of an European unitary law determines the 
presence of multiple country legislations
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have voided some of its restrictive provisions: the ban on 
cryopreservation of embryos, along with the limit of three 
embryos for each implantation, has been amended by rul-
ing n. 151, from 8th May 2009; according to the court, 
gynecologists should execute the fertilization of a greater 
number of embryo than strictly necessary for implantation, 
based on the most updated and accredited technical and sci-
entific standards. In such a way, a greater amount of zygotes 
can be used, thus giving hope to those couples who have 
lower- quality embryos. The embryos produced but not 
implanted out of medical choice must be stored via cryo-
preservation [9, 10].

 – The ban on heterologous fertilization has been voided by 
ruling n. 162, from 10th June 2015 [11] (Fig. 22.4).

 – The prohibition to access assisted procreation tech-
niques for fertile couples carrying severe genetic con-
ditions has been repealed by ruling n. 96, from 5th 
June 2016 [12].

The above cited rulings confirm that embryo protection is 
essential, and it should not be achieved through bans and 
restrictions, but rather with the harmonization of women’s 
health as they undergo the treatments.

22.3  French Legislation

 

Fig. 22.4 The ban on heterologous fertilization has been voided by ruling n. 162, from 10th June 2015
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France has opted for a therapeutic approach to assisted pro-
creation, as a means to solve sterility and infertility cases or 
avert the risk of passing on hereditary diseases. Access to 
medically assisted procreation is legal for heterosexual mar-
ried couples, or those who entered into a civil union, thus 
barring singles and same-sex couples. Donation is regulated 
by the public health care code, which mandates that consent 
be granted by both donors and receivers. Article L. 1244-2, 
subsection 1 of the same code makes consent from sperm 
and oocyte donors mandatory, as is that from the couple’s 
other member. Consent, privately drafted and signed (regis-
tered by a notary or a civil court, the so-called Tribunal de 
grande instance) may be withdrawn at any time prior to treat-
ment. France has thus adopted an intermediate approach, 
half way between a liberal and conservative one, in that it 
allows access to medically assisted procreation, while ban-
ning preimplantation diagnosis, in order to treat pathological 
infertility or avert the transmission to children of hereditary 
severe conditions carried by parents. Particularly, article 
311-19 c.c., in keeping with the principle of donor anonym-
ity as an element of donation gratuity, asserts that “no paren-
tal ties shall be established between donors and children born 
from medically assisted procreation” and that consent 
granted by sterile or infertile couples entails the ban on any 
action aimed at questioning parenthood, whether legal or 
biological. Embryo and gamete donation is legal [13–15].

22.4  Spanish Legislation

 

In Spain, a rather permissive set of regulations is in place 
(Fig. 22.5). Sterility or infertility do not constitute require-
ments for accessing heterologous fertilization, which is 
deemed to be simply an alternative procreation technique, in 
additional to the natural methods. Law n. 35 of 1988 had 
already legalized all assisted procreation techniques, includ-
ing heterologous fertilization. All women, whether married, 

in civil unions or singles were allowed to resort to the proce-
dures. Such a legislative framework has been kept standing 
by the new law n. 14/2006 and its subsequent versions. The 
law makes it possible for public health care to intervene in 
cases of sterility or other “specific clinical conditions.” That 
is the reason why several regions have included single 
women, or lesbian couples, even not sterile ones, who cannot 
have a pregnancy on account of “specific conditions,” as 
stated by the law. In 2013, the Health Care Ministry has 
enforced further criteria to be met: women should not be 
over 40 (or over 38, in case of artificial fertilization) and men 
should not be over 50 [16, 17].

The law allows free, consensual, and anonymous dona-
tion. In fact, one of the law’s guiding principles is the ban on 
any form of trade and commercialization of human body 
parts and cells, along with donor anonymity and guaranteed 
privacy in terms of personal data and door identity [18].

22.5  German Legislation

 

Germany’s established policies on the issue appear to be 
remarkably restrictive (Fig. 22.6). Although there is specific 
piece of legislation regulating medically assisted procreation 
in German codes, there has been a law designed for the pres-
ervation of embryos (Embryonenschutzgesetz—ESchG for 
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short) since December 13th 1990. Such a law, in keeping 
with the constitutional principle of life protection, is aimed 
at averting embryo destruction (it is therefore illegal to pro-
duce supernumerary embryos). The legislation does not spe-
cifically target heterologous fertilization, which is however 
banned by the same law [19]. In Germany, heterologous fer-
tilization techniques are regulated by guidelines issued on 
17th February 2006, outlined by the scientific committee 
within the Scientific Council of Physicians.

The EschG bans and criminally prosecutes both oocyte 
donation (i.e., the fertilization of an ovum that will not be 
implanted into the woman to whom it belongs) and surro-
gacy, since the newborn’s best interest entails the consistency 
of genetic, biological, and social motherhood. With the 
release of “Gesetz zur Regelung des Rechts auf Kenntnis der 
Abstammung bei heterologer Verwendung von Samen” (Law 
enforcing the right to know one’s origins in cases of sperm 
donor-conceived children), the German parliament has regu-

Fig. 22.5 In Spain, a rather 
permissive set of regulations 
is in place
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Fig. 22.6 Germany’s 
established policies on the 
issue appear to be remarkably 
restrictive
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lated the practice of sperm donation for reproductive pur-
poses (MAP) [20–22].

22.6  United Kingdom Legislation

 

The United Kingdom has adopted a model that could be 
characterized as permissive. The Human Fertilisation and 
Embryology Act of 1990 (HFEA) is the first legislative exer-
cise governing MAP in the United Kingdom [23]. In 2008, 
the legislation has been amended via the identically denomi-
nated HFEA.  Married couples and couples in civil unions 
may resort to MAP procedures, in addition to singles and 
homosexual women. In order to gain access to such tech-
niques, donor consent is required in writing, as well as con-
sent from the receivers and their partners, and donation of 
male gametes, oocytes, and embryos is likewise legal. The 
British parliament has passed a law legalizing mitochondrial 
donation, on the heels of a heated public controversy. Both 
the Catholic and Anglican Churches have taken a stand 
against mitochondrial donation, stressing the profound ethi-

cal, social and legal implications of creating human embryos 
with DNA from three different individuals.

The United Kingdom is therefore the first country in the 
world to legalize procedures aimed at modifying the genome 
of gametes used for reproduction. The procedure in question 
utilizes DNA from three individuals, or “genetic” parents, 
and makes it feasible for women carrying severe mitochon-
drial diseases to have children without passing on to them 
such devastating conditions. In vitro fertilization consists of 
the replacement of flawed mitochondria from the mother 
with those from another female donor. The danger lurks that 
such procedures, rather than repair the mitochondrial abnor-
malities in the oocyte, might make them worse. Scientists do 
not see that as a particularly significant risk, in light of recent 
trials on animals and embryos, which appear to buttress the 
safety of both operations.

22.7  Belgian Legislation

 

Assisted reproductive procedures in Belgium have been reg-
ulated through two main pieces of legislation: the law gov-
erning medically assisted procreation and the destination of 
embryos and gamete donation from 1st July 2007 and the 
one of in vitro embryo research from 2nd May 2003. Assisted 
reproductive technologies are usable by homosexual couples 
and singles as well. An age limit of 45 years has been set for 
procedures featuring ovarian stimulation, and 47  years in 
cases of ovum donation. Supernumerary embryos may be 
stored via cryopreservation for up to 5  years, after which 
they are destroyed. Parents who have opted for such tech-
niques must sign an agreement with the institution for the 
use of embryos that have not been implanted in cases of sep-
aration, divorce, death of either parent, and whatnot (under 
article 13). As far as preimplantation genetic diagnosis, there 
are no legal requirements in place, although it is indirectly 
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regulated by a 2003 law on embryo research, which only 
allows the practice in cases of high risk of genetic transmis-
sion. Sex selection for embryos is only legal for the purpose 
of preventing gender-related illnesses.

22.7.1  Ethical Issues

Birth in the twenty-first century is defined by a combina-
tion of biological and social factors. Such a breakthrough 
has given rise to an array of ethical, medical, psychologi-
cal, and legal implications and has caused the juxtaposi-
tion of various rights and interests which may be mutually 
at odds with one another and are all involved in the pro-
creation process: those belonging to parents, children, 
gamete donors, and family members. Practices such as 
heterologous fertilization, embryo donation, and surro-
gacy call for a comprehensive reflection on several mat-
ters that are worth being further discussed and elaborated 
on, the procedures through which informed consent is 
gained, for instance, or the right of donor-conceived chil-
dren to know their origins.

22.7.2  Informed Consent

Informed consent is one of the pivotal principles constituting 
patient rights, and encompasses health care at any level: 
medical, hospital, and emergency care. Valid consent calls 
for thorough and suitable information, which has to be pro-
vided through the establishment of a doctor–patient relation-
ship in which both parties are integral parts. Their interactions 
should not be limited to the individual medical procedure, 
but should rather include the therapeutic pathway in its 
entirety, and ought to deal with diagnosis, prognosis, bene-
fits, and possible risks inherent to diagnostic screening and 
treatments prescribed, in addition to possible alternatives 
and consequences of a refusal or discontinuation of a given 
therapy or testing (art. 1, Subsection 3). Doctors should take 
it upon themselves to guide patients through the treatments, 
making sure that all relevant information is correctly under-
stood, so that a sensible decision can be made.

Self-determination, therefore, entails a thorough, clear, 
and exhaustive information process in order to lay the 
groundwork for a truly awareness-based informed consent.

Thus, self-determination entails, and is bound to, the pro-
vision of thorough and exhaustive information so that con-
sent can be granted on the basis of self-awareness.

It is therefore essential for prospective parents who 
undergo such procedures to be thoroughly informed of all 
aspects related to them. In order to meet this need, the 
Italian Ministry of Justice, in cooperation with the 
Ministry of Health, has issued decree n. 265, on 28th 

December 2016, a set of regulations targeted to the mani-
festation of a patient’s wish to access MA techniques, in 
pursuance of article 6, subsection 3, within law m. 40 
from 19th February 2004 [24]. Doctors should expound 
upon all techniques that are potentially usable, including 
MAP and heterologous fertilization, the possibility that 
either one partner may donate gametes, the operational 
stages of each technique, particularly in terms of their 
degree of invasiveness in male and female patients [25, 
26]. The level of commitment on the part of prospective 
parents should also be discussed in depth, with regards to 
the timing and duration needed to bring the treatment to 
completion, possible pharmacological therapies neces-
sary, clinical and instrumental screening to be discharged, 
subsequent checks and hospitalization, including outpa-
tient. Expounding upon possible unwanted side effects 
with regards to a given treatment is key, in addition to the 
likelihood of success for various techniques, such as a live 
birth; further remarks should be made about the risks to 
mother and newborn, either verified or assumed, and veri-
fiable in scientific literature, and the risks associated with 
MAP heterologous procedures [27]. Furthermore, it is 
important to make patients aware of the possibility to 
store male and female gametes via cryopreservation, for 
the purpose of future fertilization treatments, and even 
donation for heterologous fertilization. Psychological 
repercussions for applicants, couples, and children should 
not be overlooked. Moreover, it should be brought up that 
applicants may withdraw their consent until embryo 
implantation takes place, and the doctor in charge of the 
ward may refuse to proceed only on medical grounds, to 
be documented in writing. It is advisable that doctors dis-
cuss the ethical issues stemming from the use of MAP 
techniques. Thus, doctors are required to discharge their 
duties with regards to preservation of patients’ health, 
which duties may not be shirked on conscientious objec-
tion grounds [28]. Italian jurisprudence has shown a cer-
tain degree of harshness toward doctors in terms of their 
obligation to provide information that overstep the bounds 
of medical professional duties. Thus, the duty of doctors 
is not merely to point out a fetal anomaly detected by 

Table 22.1 Topics to be expounded upon in a solid informed consent 
process

Elements
Description of procedure or treatment
Explanation of risks and benefits
Description of possible alternative treatments
Description of foreseeable outcome in case of refraining from any 
therapy
Description of short-term consequences of treatment, including 
length and recovery challenges
Description of foreseeable long-term consequences of treatment, 
including possible permanent alterations
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means of testing, but rather it includes further screening 
as to the consequences of such anomaly, the verification 
ratio, the possible impact on the quality of the parents’ 
and children’s lives [29] (Table 22.1).

22.8  The Ethical Debate Revolving Around 
the Right to Know One’s Biological 
Origins

Within the scenarios outlined above, the opportunity to reg-
ulate access to identity data on the methods of procreation 
has been debated with increased regularity. There are sev-
eral options available, as far as procreation is concerned: 
secrecy, partial anonymity, and full disclosure of informa-
tion identifying gamete donors. Being a donor-conceived 
child entails the imposition of a family status unlike the one 
to which he or she would be entitled. A challenging ethical 
debate is the one centered on the right of donor-conceived 
children to have access to information to their genetic ori-
gins. Considering how widespread such techniques have 
become, it is reasonable to assume that the number of peo-
ple who may be keen to exercise such a right will gradually 
increase [30, 31].

Firstly, it is worth clarifying that those conceived via 
MAP procedures are entitled to know exactly about the pecu-
liarities of their births. Information therefore constitutes a 
starting point. It is obviously up to the parents to inform their 
children, if they wish to do so. Same-sex parents are bound 
to explain to their children that they were donor conceived 
[32]. That is not necessarily the case for heterosexual fami-
lies, since the involvement of third parties, the donors, does 
not show up in any documentation. In such instances, donor- 
conceived children are unaware that they were conceived via 
the external intervention of a stranger, since they were raised 
by their social parents.

If the social-legal parents decide that it’s best to keep it 
secret, they should inform relatives and friends of their 
choice, so as to prevent their children from finding out acci-
dentally, which would make them feel betrayed and may 
even lose trust in their parents [33]. Most couples who 
choose to keep their child’s biological origins secret are 
driven by their unwillingness to generate confusion in their 
child genetic and social parenthood. Explaining such events 
to a child is undoubtedly complicated, because it entails 
information as to the parents’ sexuality, the difference 
between natural parenthood and one based on affection and 
voluntarism, and the medical procedures performed. In addi-
tion to that motivation, parents may also be concerned with 
preserving their child from any kind of social and family dis-
crimination which may stem from their not being considered 
their parents’ biological children, and which may in turn 
cause psychological and social distress and trauma. In our 

view, however, although the choice to conceal the truth 
appears to be in keeping with the emotional intimacy of the 
family, it also seems hypocritical and hard to sustain at the 
communicative level. Several studies have been conducted 
on the psychological implications arising from the decision 
to inform one’s son or daughter of those circumstances, and 
they ultimately concluded that there is no right or wrong 
decision in absolute terms. Even though the law establishes 
who the father is from a legal standpoint, the symbolic pres-
ence of a donor, or biological parent, cannot be underesti-
mated [34]. The fundamental question, and one that is 
everything but easily answered, is: should gamete donors be 
allowed to keep anonymity or should their identities be dis-
closed? An undisputed obligation exists to allow these indi-
viduals access to gamete donors’ medical records and genetic 
background, given that such news may be of the utmost 
importance in the case of hereditary diseases.

Various studies have come to diametrically different con-
clusions. Some researchers contend that donor-conceived 
children should be entitled to gain access to all information 
available on donors, including identity and address, in light 
of the psychological and social consequences that a child 
would suffer should he or she were to find out about siblings 
who live in different families and in different places. Denying 
such information may bring about complex identity-related 
issues, psychological imbalances described as “genealogical 
bewilderment.”

Arguments in favor of anonymity, conversely, focus on 
the need to protect a donor’s private and family life, in par-
ticular when he already has children and solid family ties. 
Undoubtedly, the revelation of a child born from a donation 
possibly happened long before and under different family 
conditions may well give rise to traumatic repercussions on 
the “newly-found” donor and his family [35]. Anonymity, 
moreover, certainly incentivizes gamete donation. If ano-
nymity were no longer guaranteed, many potential donors 
would probably backtrack on their purpose lest they be 
tracked down by their “children” long after. Such a theory is 
borne out by data from countries where anonymity has been 
repealed: the number of donors has decreased in those coun-
tries, whereas it has increased in countries that still enforce 
it. Nonetheless, research has shown that gamete donation can 
be fostered and enhanced through adequate recruitment 
strategies and campaigns that appeal to potential donors’ 
altruistic motivations [36, 37].

It is even more contentious whether someone’s wish to 
know his or her biological origins may warrant allowing 
those born from medically assisted procreation techniques to 
know the donor’s identity, or even their relatives, or whether 
such data should be kept partially secret, while divulging dif-
ferent, less sensitive ones (a donor’s profession, hobbies, 
etc.). Such a quandary has been dealt with through varying 
pieces of legislation in different countries. According to a 
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survey conducted by the International Federation of Fertility 
Societies in 2013, gamete donor anonymity has been gradu-
ally dismissed by more and more countries, leaning toward a 
system of greater transparency.

It is certainly a hot-button issue, and encompasses differ-
ent ethical, moral, social, and legal ramifications, depending 
on whose rights should be deserving of more protection: 
allowing donor-conceived children to know their origins, 
according to the principle of “favor veritatis” (truthfulness in 
family relations, parenthood in particular), or prioritizing the 
right of gamete donors to stay anonymous.

22.9  Ethical Issues in Mitochondrial 
Donation

The possibility to fix genetic mitochondrial abnormalities 
raises relevant ethical and moral quandaries [38, 39]. The 
most serious concern is about the potential harmfulness of 
such procedures to the newborn, thus dooming him or her to 
life-long sufferings. Mitochondrial replacement is supposed 
to stave off the onset of extremely serious diseases, caused 
by mitochondrial anomalies, yet the transfer of genetic mate-
rial from an oocyte to another [40] may eventually prove 
noxious, unpredictably doing more harm than good 
(Fig. 22.7).

In fact, the newborn child could present different types of 
organellar genome (one from the mother, another one from 

the donor), also known as mitochondrial heteroplasmy, 
which might trigger serious illnesses in the child [41] and 
future offspring. Further research is then much needed in 
order to verify that the coexistence of multiple mitochon-
drial DNA variants in a single source, albeit in minimal 
amount, does not cause biological damage, in the medium 
and long terms especially. A further issue should not be 
hastily dismissed: such procedures, involving the transfer of 
genetic material have the potential of causing problems that 
may not be immediately detectable, manifesting themselves 
as the individual grows older, with unforeseeable conse-
quences. Furthermore, the risks of damages to the newborn 
inherent to such mitochondrial replacement therapies may 
be blunted by conducting genetic testing on the embryo, 
before and after implantation in uterus. After the transfer, in 
absence of genetic abnormalities, the woman could bring 
her pregnancy to term. If, on the other hand, anomalies in 
the genetic codes are found, the patient might choose to ter-
minate her pregnancy.

There are fears that, irrespective of their actual effective-
ness and safety, such processes involving mitochondrial 
DNA could lead to the increase of parental figures, thus cre-
ating an element of novelty and difficulty for the children. It 
arguably does not appear to be ethical for a couple to seek to 
fulfill their urges with respect to parenthood through proce-
dures that could weaken the sense of identity of child thus 
born, possibly leading to the creation of various existential 
frames of reference. Doubts are also raised by the possibility 

Fig. 22.7 Mitochondrial replacement is supposed to stave off the onset of extremely serious diseases
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to prevent some diseases through the alteration of the fetus’s 
genetic code. A risk exists, in fact, that procedures aimed at 
correcting the mitochondrial DNA could end up manipulat-
ing, along with the genome, the very identity of the baby yet 
to be born. A further issue arises from the inheriting, on the 
part of the newborn child, of genome from three different 
parties [42]. In that case, the main concern is that mtDNA 
replacement procedures lead to an abnormal increase of 
parental figures, casting the child in a distressing situation, 
from a psychological standpoint. There will be, in fact, three 
adults with genetic ties to the baby [43, 44].

Similar techniques could end up leading to new attempts 
at human cloning, or the creation of man–animal hybrids, 
which are currently banned practices on account of their 
being spiteful for human dignity from the genetic identity 
perspective, its uniqueness, and biological diversity. They 
are banned, moreover, because they would entail the over-
stepping of boundaries that define human specificity; 
although some theoreticians might find that scenario desir-
able, in order to produce “subhuman” beings, or humanoids 
(e.g., the so-called “humanzee”), employable in repetitive or 
unpleasant jobs, as guinea pigs for research purposes or 
organ harvesting for transplants [45].

Surrogacy itself arguably constitutes an insult to the dig-
nity of women and children alike. It cheapens the dignity of 
women, because it discounts her role to a mere reproductive 
organ, akin to a human incubator, even more so if paid; it 
belittles the newborn child too, in that it reduces him or her 
to an object of negotiation and even legal claims (as it has 
already occurred); the baby’s actual status, in fact, depends 
on the compliance on the part of the undersigned with a con-
tract clauses (there have been cases of newborn children that 
were turned down, since they did not live up to the buyers’ 
expectations) and may even develop identity issues, feeling 
like the child of too many parents, exposing him or her to the 
risk of psychophysical development damages due to a 
warped.

22.10  Conclusions

Innovations in the realm of genetics open up new horizons, 
in which childbirth seems to be untied to mating, making 
procreation no longer a natural and spontaneous 
occurrence.

A solution to the problem cannot be found in an approach 
based on a lax or, conversely, a prohibitionist strategy (either 
embracing any kinds of procedures without adequate checks 
and balances or banning them altogether, encouraging under-
ground illegal practices and profitable criminal trafficking) 
but should rather oversee, in a careful and thoughtful fashion, 
the unstoppable and desirable scientific advancements, while 

waiting for clearly defined legislation devised to take into 
account and sensibly regulate the countless issues in the field.

First and foremost, we believe the enactment of legisla-
tion to be necessary, both at a European and international 
level, specifically designed to effectively govern the imple-
mentation of such innovative practices, prioritizing the rights 
of those yet to be born, who are third parties in the overblown 
notion of “procreation,” by a thorough analysis of any pos-
sible psycho-social repercussions of assisted reproduction 
technologies on children.
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