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Preface

Infertility is a medical condition which is estimated to affect 8-12% couples 
in the reproductive age group. Apart from emotional challenges and stress 
it adds to interpersonal relationships, there is also social stigma that is 
attached to childless couples, particularly in the developing nations such 
as India. However, over the last couple of years the science of reproductive 
medicine has experienced a true revolution, thereby making it possible for 
several childless couples to realize their dream of parenthood.

“Infertility and its Management-Issue-5” is an educational initiative 
which has been developed to impart up-to-date information on various 
aspects related to the diagnosis and management of infertility in men and 
women. The first paper presents two interesting cases of primary ovarian 
insufficiency who achieved pregnancy by modified natural cycle IVF. In 
the second chapter, the author explains the method of oocyte retrieval for 
in-vitro maturation (IVM) and the protocol of optimal menstrual cycle 
date for retrievals practiced at his center. The next paper discusses the 
roles of cumulus cells and follicular fluid in ensuring oocyte competence, 
and presents new insights on pathological conditions that may interfere 
with oocyte quality by altering the intrafollicular environment. The ben-
eficial effects of regularly monitoring and normalizing folliculo-luteal 
function before conception are summarized in the subsequent chapter. 
Finally, the last chapter emphasizes the value of good in-depth clinical 
evaluation for management of male infertility.   

We sincerely hope that the valuable insights provided in this input 
will help stimulate new ideas and perspectives and assist fertility special-
ists in providing the best care possible to childless couples.

Happy reading!
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Introduction

Primary ovarian insufficiency (POI), commonly referred to as prema-
ture ovarian failure (POF), is defined as the cessation of ovarian func-
tion with follicle-stimulating hormone (FSH) concentrations exceeding 
40 IU/L before 40 years of age, resulting in amenorrhea, infertility, and 
other systemic consequences (e.g., cardiovascular diseases and osteopo-
rosis) because of estrogen deficiency [1]. POI is first brought to light by 
Fuller Albright in 1942 [2], and it affects approximately 1% of women at 
the age of 40, 0.1% of women at the age 30, and 0.01% at the age 20 [3]. 
About 76% of POI patients developed after normal puberty and establish-
ment of regular menses [4].

Multiple causes contributing to POI include environmental factors, 
genetic background, autoimmunity, metabolism, and iatrogenic factors. 
However, the cause of POI remains undetermined in most cases [5]. 
Familial POI research showed that 4–30% of all subjects with POI had 
a familial form [6], which implied a genetic predisposition to POI. 
We found that ESR1 PvuII and XbaI polymorphisms were correlated 
with POF, while no association was found for FST, adiponectin gene, 
and FMR1 premutation to POF [7–10]. In addition, we conducted a  
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meta-analysis to investigate the association between gene variants and 
POF. The results showed that BMP15 538A, FMR1 premutation, and 
INHA 769A (in Asians alone) may indicate susceptibility to POF [11]. 
Interestingly, a novel gene HFM1 mutation was identified in Chinese 
POI patients [12]. A recent study reported that variations in BMP15 gene 
dosage have a relevant influence on ovarian function and can account for 
several defects in female fertility. The modulation of BMP15 action may 
have interesting pharmacological perspectives, and the analysis of BMP15 
may become a useful marker in in vitro fertilisation (IVF) procedures [13].

Women with POI extremely rarely ovulate and achieve pregnan-
cy spontaneously [14], so infertility is an important issue in POI/POF 
patients. Numerous treatment protocols for follicular development and 
ovulation induction have been tested in patients with POI, and none have 
been shown to be effective [15]. There are various therapeutic interven-
tions before IVF included clomiphene citrate, gonadotropins, estrogens, 
GnRH analogues, oral contraceptives, corticosteroids, dehydroepiandros-
terone (DHEA), or a combination of these [16]. Therefore, oocyte dona-
tion is chosen to be a unique opportunity in the treatment of infertility 
with POI, although about 5–10% are able to obtain pregnancy after the 
POI diagnosis.

Oocyte donation and IVF has been used as an aid for conception for 
young women with POI for over 20 years. In other words, the IVF with 
donor eggs is a practical treatment strategy and a hope for women with 
POI to become a mother. Generally, the cryopreserved embryos have 
been employed for ovum donation in POI with a high pregnancy rate of 
30% per transfer [17]. In the reproductive center of our hospital, the First 
Affiliated Hospital of Nanjing Medical University, analysis of 89 oocyte 
donation IVF-ET cycles showed that implantation cycle rate was 91.0% 
(81/89), biochemical pregnancy rate was 40.7% (33/81), and clinical preg-
nancy rate was 37.0% (30/81).

As all known, the first successful IVF treatment was performed in 
a natural cycle [18]. Generally, natural cycles in IVF have been used for 
patients who have shown a poor response in at least two previous attempts 
with gonadotropin stimulation [19]. Some studies showed that [19, 20] 
the developed follicles of poor responders in natural cycles may produce 
fewer oocytes but oocytes of better quality than their hyperstimulated 
ovaries [21]. Furthermore, it is also less expensive and more time-efficient, 
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avoids most of the risks and complications of ovarian stimulation, spares 
the endometrium from the adverse effects of ovarian stimulation, and is 
more psychologically friendly to the IVF patients [21]. Concerning the 
natural cycle in IVF used for the patients with POI/POF, there has been 
only one study carried out in Japan, in which they reported four women 
with POI who achieved pregnancies resulting from intrauterine insemina-
tion in combination with cyclic estrogen/progesterone therapy and close 
monitoring of follicle development [22].

Indeed, POI patients, whether or not they desire pregnancy, should 
be treated with a combination of estrogen and progesterone hormone 
replacement therapy (HRT) to minimize the bone loss, decrease the risk 
of cardiovascular events, and relieve the vasomotor flushes and vaginal 
dryness [14]. Meanwhile, pregnancy may occur while a woman is under-
going estrogen and progestin therapy, suggesting that this might be a 
method to improve fertility in POI women. Theoretically, estrogen replace-
ment therapy might improve ovulation rates in women with spontane-
ous POI by reducing the associated chronically elevated serum LH levels 
to normal [23]. Interestingly, Naredi et al. [24] reported that the preg-
nancy rate in women after an oocyte donation cycle was 40% in subjects 
who received HRT prior to their cycle, while only 25% conceived in the 
non-HRT group, although the difference did not statistically significant.

We reported two cases of POI who achieved pregnancy by modified 
natural cycle IVF in reproductive center of the First Affiliated Hospital of 
Nanjing Medical University as follows.

Case 1

A 29-year-old patient, a nulligravida with a 4-year history of primary 
infertility with POI, was diagnosed in our reproductive center. Her karyo-
type is 46, XX, without a history of chemotherapy or radiotherapy, but she 
had received a laparoscopic cystectomy for bilateral endometrial cysts at 
25 years. Her basal serum levels of FSH, LH, and E2 were 48.3, 10.6 IU/L, 
and 125.9 pmol/L, respectively. Only one AFC in the left ovary and one in 
the right ovary, separately, can be seen by transvaginal ultrasonography. 
She had undergone a total of five natural or mild stimulation IVF cycle 
treatments in past three years. For her successful cycle, which occurred at 
32 years of age, the serum levels of FSH, LH, and E2 were 16.1, 1.5 IU/L, 
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and 235.3 pmol/L, respectively, on day 3 of a natural cycle. On day 9 of the 
cycle, there was a single follicle with an average diameter of 15.3 mm and 
serum levels of LH, E2, and P were 24.3 IU/L, 1248.7 pmol/L, and 4.84 
ng/L, respectively. Ovulation was triggered with 0.1 mg of Diphereline. 
After 36 h, one MII oocyte was retrieved and fertilized by ICSI. Eight-
cell embryo was transferred on day 3 after fertilization. Pregnancy was 
confirmed on day 14 after embryo transfer. The patient has achieved 
ongoing pregnancy, and she delivered her baby at 37 week’s gestation.

Importantly, during the POI patients in natural cycle IVF, the 
serum levels of FSH and E2 are closely monitored each month, which 
were usually measured at day 2–3 after withdrawal bleeding of HRT. If 
the serum FSH level is <20 IU/L, the natural cycle IVF treatment will be 
performed. The initial serum FSH and E2 levels may help manage POI 
patients in the IVF cycle, which suggest that the initial FSH and E2 levels 
may be predictive of subsequent follicle development in the correspond-
ing cycle. This schedule is less burdensome to patients than ovarian stim-
ulation protocols employing exogenous gonadotropins. Tartagni et al. 
[25] suggested that POI patients in whom the pretreatment FSH level is  
<15 mIU/mL might ovulate in response to exogenous gonadotropins 
according to their results.

Besides, the modified natural cycle also seems to be an appropriate 
strategy for the POI patients according to our reports.

Case 2

The patient, a 30-year-old woman, was diagnosed with POI at 26 years of 
age with amenorrhea in our outpatient clinic. Her karyotype is 46, XX, 
without a history of chemotherapy or radiotherapy, and basal FSH level 
was about 65 IU/L (two times). She has been treated with HRT for one 
year since the age of 28, and her basal serum FSH level was decreased to 
below 20 IU/L. She returned to our clinic desiring pregnancy at the age 
of 30. We monitored closely her FSH level in order to give her IVF treat-
ment. However, the first three cycles of IVF were canceled because the 
serum FSH level was over 20 IU/L. In the fourth IVF treatment cycle, the 
serum levels of FSH, LH, and E2 were 18.3, 4.2 IU/L, and 145.9 pmol/L, 
while there was only one AFC in the left ovary and none AFCs in the 
right ovary. On day 13 of the cycle, she started to be injected with 75 IU 
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HMG every other day because the diameter of left follicle was 9.5 mm. On 
day 17, the diameter of dominant follicle was 15 mm, and serum levels of 
LH, E2, and P were 28.7 IU/L, 933.9 pmol/L, and ng/L, respectively. One 
MII oocyte was retrieved using ultrasound-guided transvaginal needle 
aspiration on day 18 without trigger. The oocyte was fertilized in vitro, 
and 8-cell embryo was transferred on day 3 after fertilization Pregnancy 
was confirmed on day 14 after embryo transfer. The pregnancy was then 
supplemented with progesterone. The patient has achieved ongoing preg-
nancy, 24 weeks’ gestation.

Conclusion

POI/POF remains a clinically challenging entity because IVF with donor 
oocytes is currently the only treatment known to be effective. Fortunately, 
the modified natural cycle IVF may be promising for the POI patients 
in the future. Importantly, the initial FSH and E2 levels should be moni-
tored and follicle development with transvaginal ultrasonography and/or 
hormonal measurements is recommended for POI patients. Finally, large-
scale prospective studies should be performed in order to evaluate these 
interesting results.
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Introduction

Oocyte in vitro maturation (IVM) has been evoked by Edwards [1] as an 
elegant proposition for the majority of in vitro fertilization procedures. 
The goal of clinical application of IVM is to eliminate or significantly 
reduce important drawbacks of controlled ovarian stimulation, such as 
drug costs, burden on patients, and the risk of ovarian hyperstimulation 
syndrome (OHSS), especially in patients with polycystic ovary syndrome 
(PCOS). In 2015, the use of IVM is still controversial. Some opponents 
have no experience with this technique, and others disagree on principle 
with using a technique that has a higher level of difficulty for oocyte recov-
ery and laboratory procedures than classic IVF. The majority of the team 
who developed this new technique observed that patients with the lowest 
ovarian reserve also had the poorest outcomes in embryo implantation 
and delivery by classic IVF. These patients who have poor ovarian reserve 
will be the next target for IVM, because their follicles do not develop 
beyond certain size frequently. The experience of IVM with norm-ovu-
latory women remains the gold standard for minimizing the burden of 
classic ovarian stimulation and attenuating the undesirable effects of ART 
treatment by classic IVF [2]. Good outcome of IVM with PCOS patients 
is based on important and significant improvements, such as mild follicle-
stimulating hormone (FSH) and human chorionic gonadotropin (HCG) 
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priming started by Dr. Chian before aspiration, not only due to improved 
maturation potential of immature oocyte but also increased the number 
of puncturable size follicles [3]. The importance of management of endo-
metrial thickness with the adjustment of estradiol supplementation is 
crucial. IVM is a relatively new option for assisted reproductive technolo-
gies (ART) promising significant benefits such as prevention of OHSS, 
lower cost, and less stress. However, IVM success rates are thought to be 
less than the conventional ART. We have been using IVM as a routine 
ART choice mainly for PCO patients for last 11 years. The average clinical 
pregnancy rate is 28% which should be acceptable for routine clinical use 
especially without any grade of OHSS. However, IVM is still considered to 
be a special or experimental treatment among some groups of clinicians 
with special interests in the world. Another reason why IVM is not applied 
for routine clinical use is the difficulty of oocyte retrieval. There supposed 
to be two types of problems: technical difficulty, and what menstrual cycle 
date or what size of follicles oocyte retrieval should be done. Some studies 
suggest that successful pregnancy with IVM is correlated with the number 
oocytes retrieved [4]. The purpose of IVM oocyte retrieval (IVM-OR) is 
not only the collection of some immature oocytes, but also to aspirate 
small follicles as many as possible to increase the chance of pregnancy as 
much as possible. In this chapter, details of our method of oocyte retriev-
al are explained with our protocol of optimal menstrual cycle date for 
retrievals suggested according to our experience.

Method of Oocyte Retrieval for IVM

IVM protocols used in our clinic are described briefly in Fig. 1. Regardless 
of the choice of priming, HCG is administered before the leading follicle 
reaches 13 mm, followed by IVM-OR 38 h later. When endometrium is 
thicker than 8 mm, fresh embryo transfer is performed. Otherwise, all 
embryos are frozen for subsequent frozen-thawed embryo transfer on 
either hormone-supplemented or natural ovulation cycle.

Appropriate Timing for Retrieval

Although the main purpose of this chapter is to explain the techniques 
of oocyte retrieval, it is imperative for deciding the retrieval date to know 
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the proper timing for IVM-OR. We use frozen cycle in the case of thin 
endometrium <8 mm on the day of HCG administration as shown in Fig. 
1. We evaluated the most appropriate timing for IVM-ORs in either fresh 
or frozen cycles as shown in Fig. 2. Appropriate cycle day for IVM-ORs 
are day 15.4 for fresh cycle and day 13.6 for frozen cycle. However, PCO 
patients have wide range of menstrual cycle days. Therefore, we deter-
mined appropriate cycle day for retrieval by the percentage of individ-
ual patient menstrual cycle length. From our study, it shows that 33 or 
29% of cycle length is appropriate for retrievals in fresh or frozen cycle, 
respectively.

Anesthesia for Oocyte Retrieval

Types of anesthesia used for transvaginal follicle aspiration for IVM 
include iv sedation, local injection, or no-anesthesia at all, but no-anesthe-
sia is not recommended for IVM-OR due to the length of retrieval time. 
The use of iv sedation for IVM as well as IVF calls for the placement of a 
secure and accessible venous line. This is necessary not only to administer 
the medications but also to counteract any side effects using antagonists 
and to provide fluids in case of needle injury leading to hemorrhage. The 
use of pulse oximetry is an important part of monitoring patients during 

Fig. 1: IVM protocols at IVF Osaka Clinic. Fresh or frozen IVM are applied depending on 
the thickness of endometrium on the day of HCG administration.

small follicles as many as possible to increase the
chance of pregnancy as much as possible. In this
chapter, details of our method of oocyte retrieval
are explained with our protocol of optimal
menstrual cycle date for retrievals suggested
according to our experience.

Method of Oocyte Retrieval for IVM

IVM protocols used in our clinic are described
briefly in Fig. 24.1. Regardless of the choice of
priming, HCG is administered before the leading
follicle reaches 13 mm, followed by IVM-OR 38 h
later. When endometrium is thicker than 8 mm,
fresh embryo transfer is performed. Otherwise, all
embryos are frozen for subsequent frozen-thawed
embryo transfer on either hormone-supplemented
or natural ovulation cycle.

Appropriate Timing for Retrieval

Although the main purpose of this chapter is to
explain the techniques of oocyte retrieval, it is
imperative for deciding the retrieval date to
know the proper timing for IVM-OR. We use
frozen cycle in the case of thin endome-
trium <8 mm on the day of HCG administration
as shown in Fig. 24.1. We evaluated the most
appropriate timing for IVM-ORs in either fresh
or frozen cycles as shown in Fig. 24.2. Appro-
priate cycle day for IVM-ORs are day 15.4 for
fresh cycle and day 13.6 for frozen cycle.
However, PCO patients have wide range of
menstrual cycle days. Therefore, we determined
appropriate cycle day for retrieval by the per-
centage of individual patient menstrual cycle
length. From our study, it shows that 33 or 29%
of cycle length is appropriate for retrievals in
fresh or frozen cycle, respectively.

Fig. 24.1 IVM protocols at IVF Osaka Clinic. Fresh or frozen IVM are applied depending on the thickness of
endometrium on the day of HCG administration
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Fig. 2: Appropriate timing for IVM oocyte retrievals in either fresh or frozen cycles.

iv sedation. The use of low-flow nasal oxygen diminishes or prevents 
hypoxia during iv sedation. When opioids and benzodiazepines are given 
concomitantly, the opioid is administered first in a therapeutic dose, fol-
lowed by the benzodiazepine, which is titrated to the desired effect. This 
order is based on the ability of opioids to reduce the required dose of a 
sedative. Propofol (Diprivan) is an intravenous general anesthetic agent 
that has a rapid onset of action and a rapid recovery after administration.

Induction with propofol frequently causes apnea for >60 s and may 
require ventilatory support. Equipment for this procedure, including an 
airway, Ambu bag, and supplemental oxygen, should be readily available. 
Propofol has no effect on pain threshold and therefore requires the con-
comitant administration of an analgesic. In addition, propofol frequently 
causes pain, burning, and stinging at the injection site. The use of larger 
veins, such as those of the antecubital fossa, and the administration of 
lidocaine before injection of propofol may minimize pain at the injection 

Anesthesia for Oocyte Retrieval

Types of anesthesia used for transvaginal follicle
aspiration for IVM include iv sedation, local
injection, or no-anesthesia at all, but
no-anesthesia is not recommended for IVM-OR
due to the length of retrieval time. The use of iv
sedation for IVM as well as IVF calls for the
placement of a secure and accessible venous line.
This is necessary not only to administer the
medications but also to counteract any side
effects using antagonists and to provide fluids in
case of needle injury leading to hemorrhage. The
use of pulse oximetry is an important part of
monitoring patients during iv sedation. The use
of low-flow nasal oxygen diminishes or prevents
hypoxia during iv sedation. When opioids and
benzodiazepines are given concomitantly, the
opioid is administered first in a therapeutic dose,
followed by the benzodiazepine, which is titrated
to the desired effect. This order is based on the
ability of opioids to reduce the required dose of a
sedative. Propofol (Diprivan) is an intravenous
general anesthetic agent that has a rapid onset of
action and a rapid recovery after administration.

Induction with propofol frequently causes apnea
for >60 s and may require ventilatory support.
Equipment for this procedure, including an air-
way, Ambu bag, and supplemental oxygen,
should be readily available. Propofol has no
effect on pain threshold and therefore requires the
concomitant administration of an analgesic. In
addition, propofol frequently causes pain, burn-
ing, and stinging at the injection site. The use of
larger veins, such as those of the antecubital
fossa, and the administration of lidocaine before
injection of propofol may minimize pain at the
injection site. Local anesthesia is an option for
IVM, but can cause unnecessary patient dis-
comfort, because more than several puncture
should be done for IVM. A local agent can
anesthetize only the vaginal mucosa, not the
ovary itself. Anyway, it needs a little longer time
of anesthesia for IVM compared to IVF.

Procedure of Oocyte Retrieval

Patients were placed in the dorsal lithotomy
position, and the vagina was cleansed with ster-
ilized saline or water without antiseptics. The

Fig. 24.2 Appropriate
timing for IVM oocyte
retrievals in either fresh or
frozen cycles
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site. Local anesthesia is an option for IVM, but can cause unnecessary 
patient discomfort, because more than several puncture should be done 
for IVM. A local agent can anesthetize only the vaginal mucosa, not the 
ovary itself. Anyway, it needs a little longer time of anesthesia for IVM 
compared to IVF.

Procedure of Oocyte Retrieval

Patients were placed in the dorsal lithotomy position, and the vagina 
was cleansed with sterilized saline or water without antiseptics. The 
technique for IVM-OR involves the introduction of a transvaginal ultra-
sound probe equipped with a needle guide into the vagina. The probe is 
pushed gently and firmly into the ipsilateral vaginal fornix with the ovary 
to be aspirated to make an image of aiming ovary as close as possible. 
Before puncture is initiated, middle-sized vessels in the tissue should be 
identified by color Doppler to avoid rupturing those vessels on its way 
to ovary. A needle connected to an aspiration pump is then inserted 
into the follicles through the vaginal wall and ovarian capsule, while 
the pump simultaneously applies suction with an aspiration pressure. 

Fig. 3: Double-needle system for IVM oocyte retrievals (IVM-OR).

technique for IVM-OR involves the introduction
of a transvaginal ultrasound probe equipped with
a needle guide into the vagina. The probe is
pushed gently and firmly into the ipsilateral
vaginal fornix with the ovary to be aspirated to
make an image of aiming ovary as close as
possible. Before puncture is initiated,
middle-sized vessels in the tissue should be
identified by color Doppler to avoid rupturing
those vessels on its way to ovary. A needle
connected to an aspiration pump is then inserted
into the follicles through the vaginal wall and
ovarian capsule, while the pump simultaneously
applies suction with an aspiration pressure. The
number of punctures to the vaginal wall and the
ovarian capsule for aspirating should be limited
as little as possible to reduce the risk of
post-retrieval bleeding, at the same time to
retrieve the oocytes as many as possible [5]. The
needle tip should be visualized during the entire
procedure to avoid injury to adjacent pelvic

organs or tissues. IVM-OR is based on the same
principle as IVF, but the detail is different.
Double-needle system, instead of single needle,
is used for IVM-OR to reduce the number of
puncture on both vaginal wall and ovarian cap-
sules. To facilitate easier puncturing of small
follicles, we developed a new designed needle
(IVF OSAKA IVM Needle, Kitazato Medical
Co. Ltd., Tokyo, Japan) as shown in Fig. 24.2.
Outer needle is 17 gauge with file structure on
the tip and used to penetrate the vaginal wall and
puncture the ovarian tissue for anchoring there
during aspiration (Fig. 24.3). Then, the inner
19-gauge needle is inserted into the outer needle
to aspirate small follicles by aspiration pressure
of 150 mmHg similar to IVF. However, many
other IVM centers use lower pressure compared
to IVF. When you finish up aspiration of indi-
vidual follicle, you should rotate the aspiration
needle inside the follicle with continuous nega-
tive pressure in order to scrape whole inner

Fig. 24.3 Double-needle system for IVM oocyte retrievals (IVM-OR)
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The number of punctures to the vaginal wall and the ovarian capsule 
for aspirating should be limited as little as possible to reduce the risk of 
post-retrieval bleeding, at the same time to retrieve the oocytes as many 
as possible [5]. The needle tip should be visualized during the entire 
procedure to avoid injury to adjacent pelvic organs or tissues. IVM-OR 
is based on the same principle as IVF, but the detail is different. Double-
needle system, instead of single needle, is used for IVM-OR to reduce the 
number of puncture on both vaginal wall and ovarian capsules. To facili-
tate easier puncturing of small follicles, we developed a new designed 
needle (IVF OSAKA IVM Needle, Kitazato Medical Co. Ltd., Tokyo, 
Japan) as shown in Fig. 2. Outer needle is 17 gauge with file structure on 
the tip and used to penetrate the vaginal wall and puncture the ovarian 
tissue for anchoring there during aspiration (Fig. 3). Then, the inner 
19-gauge needle is inserted into the outer needle to aspirate small folli-
cles by aspiration pressure of 150 mmHg similar to IVF. However, many 
other IVM centers use lower pressure compared to IVF. When you finish 
up aspiration of individual follicle, you should rotate the aspiration 
needle inside the follicle with continuous negative pressure in order to 
scrape whole inner surface of the follicle not to leave immature oocyte. 
You can puncture the most of small follicles located in all areas of the 
ovary by changing the direction and depth of outer needle without addi-
tional puncture. The outer needle together with inner needle is with-
drawn after aspiration of all follicles in an ovary, and the procedure is 
repeated on the contralateral side. However, in IVM-OR, the majority of 
follicles to be aspirated measure <10 mm in diameter, and the aspiration 
needle frequently becomes clogged with blood clots and ovarian tissues 
during procedure. This occurs not only due to the smaller diameter of 
the aspiration needle (19-gauge) but also tightly connected granulosa 
cells, when compared to IVF aspiration with larger gauge needle (17-
gauge) and loosely connected mature OCC. Therefore, when you feel 
insufficient aspiration power, the aspiration needle should be withdrawn 
from the ovary through the outer needle for flushing its lumen before 
the next aspiration. Double-needle system does not need multiple punc-
tures of the vaginal wall and ovarian capsule during IVM-OR [6–13]. 
Moreover, the usage of double-needle system can reduce the undesirable 
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Table 1. Clinical outcomes of fresh cycle IVM between PCO and non 
PCO patients. It is noted that unsuccessful oocyte retrievals were only 4 
cases (1.2%) out of 347 attempts, but none for PCO patients.

Clinical outcome of fresh cycle IVM–IVF (<40yo) (2003–2012)

PCO Non PCO

OR cycles 243 (70%*) 103 (30%)

Frozen IVM–IVF cycles 90 (40%) 134 (60%*)

No. egg retrieved cycles 0 4 (3.8%)

ET cycles 156 (64%*) 45 (44%)

PR including chemical 57 (37%*) 9 (20%)

Clinical PR 53 (34%*) 9 (20%)

Miscarriage rate 26.4% (14/53) 11.1% (1/9)

*p < 0.05

Fig. 4: Puncture of ovarian tissue through vaginal wall by outer needle and hold it during 
aspiration of small follicles by inner needle.

failure IVM-OR with no oocyte retrieved as shown in Table 1. All-over 
failure rate is 1.15%, but none of the PCO patients was failed to retrieve 

surface of the follicle not to leave immature
oocyte. You can puncture the most of small
follicles located in all areas of the ovary by
changing the direction and depth of outer needle
without additional puncture. The outer needle
together with inner needle is withdrawn after
aspiration of all follicles in an ovary, and the
procedure is repeated on the contralateral side.
However, in IVM-OR, the majority of follicles to
be aspirated measure <10 mm in diameter, and
the aspiration needle frequently becomes clogged
with blood clots and ovarian tissues during pro-
cedure. This occurs not only due to the smaller
diameter of the aspiration needle (19 gauge) but
also tightly connected granulosa cells, when
compared to IVF aspiration with larger gauge
needle (17 gauge) and loosely connected mature
OCC. Therefore, when you feel insufficient
aspiration power, the aspiration needle should be
withdrawn from the ovary through the outer
needle for flushing its lumen before the next
aspiration. Double-needle system does not need
multiple punctures of the vaginal wall and
ovarian capsule during IVM-OR [6–13]. More-
over, the usage of double-needle system can
reduce the undesirable failure IVM-OR with no

oocyte retrieved as shown in Table 24.1.
All-over failure rate is 1.15%, but none of the
PCO patients was failed to retrieve oocyte. This
concept has been applied to most IVM centers
worldwide [14]. The patients are observed in the
clinic for a minimum of 1 h after IVM-OR
(Figs. 24.4 and 24.5).

Table 24.1 Clinical outcomes of fresh cycle IVM
between PCO and non PCO patients. It is noted that
unsuccessful oocyte retrievals were only 4 cases (1.2%)
out of 347 attempts, but none for PCO patients

Clinical outcome of fresh cycle IVM–IVF (<40yo)
(2003–2012)

PCO Non PCO

OR cycles 243 (70%*) 103 (30%)

Frozen IVM–IVF
cycles

90 (40%) 134 (60%
*)

No. egg retrieved cycles 0 4 (3.8%)

ET cycles 156 (64%*) 45 (44%)

PR including chemical 57 (37%*) 9 (20%)

Clinical PR 53 (34%*) 9 (20%)

Miscarriage rate 26.4%
(14/53)

11.1%
(1/9)

*p < 0.05

Fig. 24.4 Puncture of
ovarian tissue through vaginal
wall by outer needle and hold
it during aspiration of small
follicles by inner needle.
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oocyte. This concept has been applied to most IVM centers worldwide 
[14]. The patients are observed in the clinic for a minimum of 1 h after 
IVM-OR (Figs. 4 and 5).

Complications of IVM-OR

At our clinic, we did not observe a higher complication rate after IVM-OR 
cycles than in IVF cycles. The patients who underwent IVM-OR did not 
have higher pain scores than who underwent IVF. It is important to note 
that the incidence of ovarian bleeding at IVM-OR does not seem to be 
more than IVF. The tendency towards lower pain scores during IVM-OR 
than during IVF-OR seems counterintuitive, but several possible mecha-
nisms can be proposed [15]. The smaller diameter of the IVM-OR aspi-
ration needle compared with the IVF-OR needle may make for a more 
comfortable collection, irrespective of the number of follicular punctures. 
Enlarged ovaries with multiple large follicles and the larger aspiration 
needle tip employed in IVF collection may cause more irritation of the 
ovarian stroma as the follicles collapse. Therefore, IVM-OR does not seem 
to be associated with an increased risk of post-retrieval complications. 
(Fig. 6).

Fig. 5: Inner needle is inserted into outer needle in order to puncture small follicles.

Complications of IVM-OR

At our clinic, we did not observe a higher com-
plication rate after IVM-OR cycles than in IVF
cycles. The patients who underwent IVM-OR did
not have higher pain scores than who underwent
IVF. It is important to note that the incidence of
ovarian bleeding at IVM-OR does not seem to be
more than IVF. The tendency toward lower pain
scores during IVM-OR than during IVF-OR
seems counterintuitive, but several possible
mechanisms can be proposed [15]. The smaller
diameter of the IVM-OR aspiration needle
compared with the IVF-OR needle may make for
a more comfortable collection, irrespective of the
number of follicular punctures. Enlarged ovaries
with multiple large follicles and the larger aspi-
ration needle tip employed in IVF collection may
cause more irritation of the ovarian stroma as the
follicles collapse. Therefore, IVM-OR does not
seem to be associated with an increased risk of
post-retrieval complications. (Fig. 24.6).

Summary

1. IVM-OR is a key component of all IVM
procedures. If IVM-OR fails, not only dis-
appointment happens on the patients but also
physicians who attempt IVM are discouraged
to continue IVM practice.

2. The needle system for IVM-OR is critical for
the operator. Most suitable needle should be
chosen by individual physician. We recom-
mend double-needle system which could
reduce unsuccessful retrieval with no oocyte.

3. Ampule anesthesia should be given to the
patient either on conscious sedation or intra-
venous general anesthesia, because IVM-OR
requires longer operating time than IVF-OR.
Furthermore, patient’s discomfort makes
IVM-OR more difficult to target small folli-
cles due to the subtle movement of the
patient.

4. Application of color Doppler to detect vessels
can prevent post-retrieval bleedings.

Fig. 24.5 Inner needle is inserted into outer needle in order to puncture small follicles
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Fig. 6: Ultrasonographical images of real oocyte retrievals. Upper-level pictures show 
outer needle 1  and inner needle 2  in the ovary. Lower-level pictures, 1  and 2 , show 
the same pictures with illustrated captions.

Summary

1. IVM-OR is a key component of all IVM procedures. If IVM-OR 
fails, not only disappointment happens on the patients but also phy-
sicians who attempt IVM are discouraged to continue IVM practice.

2. The needle system for IVM-OR is critical for the operator. Most suita-
ble needle should be chosen by individual physician. We recommend 
double-needle system which could reduce unsuccessful retrieval with 
no oocyte.

3. Ampule anesthesia should be given to the patient either on con-
scious sedation or intravenous general anesthesia, because IVM-OR 
requires longer operating time than IVF-OR. Furthermore, patient’s 
discomfort makes IVM-OR more difficult to target small follicles due 
to the subtle movement of the patient.

4. Application of color Doppler to detect vessels can prevent post-
retrieval bleedings.

5. When you are finishing up of aspirating each follicle, the aspiration 
needle should be rotated not to leave immature oocytes by scraping 
inside the follicle.

5. When you are finishing up of aspirating each
follicle, the aspiration needle should be rota-
ted not to leave immature oocytes by scraping
inside the follicle.

6. Post-IVM-OR complications are less than
IVF in spite of more complicated process
with longer procedure.
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6. Post-IVM-OR complications are less than IVF in spite of more com-
plicated process with longer procedure.
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Abstract

An equilibrium needs to be established by the cellular and acellular 
components of the ovarian follicle if developmental competence is to 
be acquired by the oocyte. Both cumulus cells (CCs) and follicular fluid 
(FF) are critical determinants for oocyte quality. Understanding how 
CCs and FF influence oocyte quality in the presence of deleterious sys-
temic or pelvic conditions may impact clinical decisions in the course of 
managing infertility. Given that the functional integrities of FF and CCs 
are susceptible to concurrent pathological conditions, it is important to 
understand how pathophysiological factors influence natural fertility and 
the outcomes of pregnancy arising from the use of assisted reproduction 
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Introduction

A healthy intrafollicular environment supports the acquisition of devel-
opmental competence in oocytes [1], largely via the coordinated contri-
butions of cumulus cells (CCs) and follicular fluid (FF) [2]. An oocyte is 
considered competent when it is able to complete meiosis and undergo 
fertilization, embryogenesis, and term development [1]. An understand-
ing of how CCs and FF influence the acquisition of oocyte competence 
and protect the oocyte from deleterious systemic and pelvic conditions is 
important for clinical decision-making in the management of infertility. 
Disruption of the intrafollicular environment under different pathological 
conditions [3–12] has the potential to impact the chance of pregnancy if 
not treated and/or adjusted in a timely manner. This paper discusses how 
CCs and FF (and their functional integrity) affect oocyte quality in the 
context of commonly encountered pathological conditions that are likely 
to compromise the sustainable environment that is needed to obtain preg-
nancy. Understanding how these pathological conditions may interfere 
with natural fertility and pregnancy/live birth rates in assisted reproduc-
tive technologies (ARTs) may inform future clinical practice.

Cumulus Cells-Oocyte Interactions and their Role in 
the Acquisition of Oocyte Competence

During folliculogenesis, granulosa cells are in constant communication 
with the oocyte, and the two cell types undergo bidirectional nutrient 
transfer and paracrine signaling [13–15]. This intercellular communica-
tion is essential for follicular compartment development, oocyte matura-
tion, and competence acquisition [2, 16, 17]. The oocyte becomes fully 

technologies (ARTs). Accordingly, this review discusses the roles of CCs 
and FF in ensuring oocyte competence and present new insights on path-
ological conditions that may interfere with oocyte quality by altering the 
intrafollicular environment.

Keywords Oocyte, Follicular fluid, Cumulus cells, Developmental 
competence
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competent when it completes meiosis (from prophase I to metaphase II) 
and is able to be fertilized to generate a viable embryo [1]. In antral folli-
cles, CCs contribute to metabolic support and maintaining meiotic arrest 
in the growing oocyte [13, 15, 18]. In vitro culture of denuded oocytes 
causes abnormalities in nuclear and cytoplasmic maturation, but these 
changes are prevented when denuded oocytes are cocultured with CCs 
[19]. At the same time, some oocyte secreted factors mediate the metabo-
lism, maturation, and survival of CCs [17]. The intercellular dialog occurs 
through two major mechanisms: gap junctions and paracrine signals [18] 
(summarized in Table 1 and Fig. 1).

Table 1. Cumulus cells-oocyte interactions and their role in the 
acquisition of oocyte quality.

Clinical outcome of fresh cycle IVM–IVF (<40yo) (2003–2012)

Factor Signal 
source

Affected 
cell 
type

Function

Gap junctions Cumulus 
cells (CCs)

Oocyte Intercellular channels responsible 
for small molecules (ions, 
pyruvate, cyclic nucleotides, 
metabolites, amino acids, 
and RNA transcripts) transfer 
from CCs to the oocyte, which 
contribute to meiosis, ATP 
production, and pH balance 
into the oocyte

KIT pathway Oocyte CCs This pathway induces molecular 
events that dictate oocyte 
growth and induces the 
production of oocyte factors 
which stimulate granulosa cell 
proliferation

Growth 
Differentiation 
Factor 9 (GDF-9)

Bone Morphogenetic  
Protein 15 (BMP-15)

Oocyte CCs Induce expansion, metabolism, 
differentiation, proliferation, 
apoptosis, and luteinization 
of CCs

Enzymatic (e.g., SOD,
CAT, GPx) and non-

enzymatic (e.g., 
GSH, VitE, VitC)

antioxidant defense

CCs CCs Metabolize and/or neutralize 
ROS and protect the oocyte 
from oxidative stress-induced 
apoptosis

SOD superoxide dismutase, CAT catalase, GPx glutathione peroxidase, GSH reduced glutathione, 
VitE vitamin E, VitC vitamin C
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granulosa cells: oocyte-derived BMP-15 induces KITL ex-
pression in rat granulosa cells, while granulosa cell-derived
KITL inhibits the secretion of BMP-15 by the oocyte [46].
GDF-9 mutant ovaries were found to exhibit increased
mRNA levels of Kitl, suggesting that GDF-9 downregulates
Kitl [39]. Another interesting observation is that there is an
interaction between gap junctions and paracrine signaling in
the ovaries. It seems that the arrangement of connexins may

alter the response of CCs to paracrine signals, and that para-
crine factors may influence the organization of connexins be-
tween CCs [47, 48], thereby potentially impacting
folliculogenesis and oocyte competency. Gittens et al. (2005)
[48] found that mice with Cx43-null mutant ovaries and con-
sequent loss of gap junctional coupling among granulosa cells
(GCs) exhibited an alteration in their in vitro response to ex-
ogenous GDF-9 and a subsequent reduction in GC

Fig. 1 Schematic diagram showing the role of the blood-follicle barrier
and cumulus cells in follicular physiology. a General view of the antral
follicle. b During follicular development, granulosa and thecal cells se-
crete VEGF, which stimulates follicular angiogenesis to form a complex
vascular network. The endothelium, sub-endothelial basement mem-
brane, thecal interstitium, follicular basement membrane, and membrane
granulosa constitute the blood-follicle barrier, which restricts the transcel-
lular transport of molecules between the blood and follicular fluid based
on molecular size. The constitution of follicular fluid is altered under
many conditions (e.g., age, oocyte maturation stage, and blood supply/
flow), and this can negatively impact oocyte maturation and oocyte qual-
ity. c Cumulus cells (CCs) express the soluble and membrane-bound
isoforms of KIT ligand (KITL), which acts on oocyte KIT tyrosine kinase
receptors (KITr) to enhance oocyte growth. The oocyte secretes growth
differentiation factor 9 (GDF-9) and bonemorphogenic protein 15 (BMP-
15), which regulate CC proliferation, differentiation, glycolysis (Gly),
and cholesterol synthesis (CS). Meanwhile, CCs provide pyruvate, lac-
tate, and products of the cholesterol biosynthetic pathway to the oocyte
via gap junctions to support the production of ATP in the oocyte. CCs also
transfer ions, cyclic nucleotides (cAMP and cGMP), metabolites, amino

acids, and RNA transcripts via gap junctions to the oocyte to support
meiosis and help maintain the pH balance of the gamete. As the metab-
olism of the oocyte and CCs come to resemble one another, any alteration
in the somatic cells may affect the competence of the gamete. CCs also
defend the oocyte against metabolites, ROS, toxins, and inflammatory
markers present in the follicular fluid. Under adverse conditions (e.g.,
pathologies, infections, or inflammatory processes), the protective effects
of CCs may be affected, leading to downstream compromises in steroido-
genesis and oocyte development. Maternal aging may also impair oocyte
competence, such by perturbing the antioxidant defenses and energy me-
tabolism of CCs and inducing apoptosis in these cells, thereby
compromising the oocyte meiotic spindle. Abbreviations: AGE (ad-
vanced glycation end-products), AMH (anti-Müllerian hormone), ATP
(adenosine triphosphate), Ax (antioxidants), BMP-15 (bone morphoge-
netic protein-15), cAMP (cyclic adenosine monophosphate), cGMP (cy-
clic guanosine monophosphate), CAT (catalase), CS (cholesterol synthe-
sis), GDF-9 (growth differentiation factor-9), Gly (glycolysis), KITL
(KIT ligand), KITr (KIT receptors), LPS (lipopolysaccharide), miRNA
(micro RNA), MMP-2 (metalloproteinase-2), ROS (reactive oxygen spe-
cies), SOD (superoxide dismutase)
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Fig. 1: Schematic diagram showing the role of the blood-follicle barrier and cumulus cells 
in follicular physiology. a General view of the antral follicle. b During follicular development, 
granulosa and thecal cells secrete VEGF, which stimulates follicular angiogenesis to form 
a complex vascular network. The endothelium, sub-endothelial basement membrane, 
thecal interstitium, follicular basement membrane, and membrane granulosa constitute 
the blood-follicle barrier, which restricts the transcellular transport of molecules between 
the blood and follicular fluid based on molecular size. The constitution of follicular fluid 
is altered under many conditions (e.g., age, oocyte maturation stage, and blood supply/
flow), and this can negatively impact oocyte maturation and oocyte quality. c Cumulus 
cells (CCs) express the soluble and membrane-bound isoforms of KIT ligand (KITL), which 
acts on oocyte KIT tyrosine kinase receptors (KITr) to enhance oocyte growth. The oocyte 
secretes growth differentiation factor 9 (GDF-9) and bone morphogenic protein 15 
(BMP15), which regulate CC proliferation, differentiation, glycolysis (Gly), and cholesterol 
synthesis (CS). Meanwhile, CCs provide pyruvate, lactate, and products of the cholesterol 
biosynthetic pathway to the oocyte via gap junctions to support the production of ATP 
in the oocyte. CCs also transfer ions, cyclic nucleotides (cAMP and cGMP), metabolites, 
amino acids, and RNA transcripts via gap junctions to the oocyte to support meiosis 

 (contd.)...
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Gap junctions are intercellular membrane channels that are formed 
by connexins; when connected to connexins of an adjacent cell, they form 
solute-permeable channels [20]. In the follicle, CCs are connected to the 
oocyte by connexin 37 (Cx37)-formed gap junctions that reach through 
the zona pellucida and to each other by connexin 43 (Cx43)-formed gap 
junctions [20, 21]. These gap junctions enable the transfer of small mol-
ecules from CCs to the oocyte; the relevant small molecules include ions, 
cyclic nucleotides (cAMP, cGMP), metabolites, amino acids, and Ribo 
Nucleic Acid (RNA) transcripts, all of which contribute to meiosis, aden-
osine triphosphate (ATP) production, and the pH balance in the oocyte 
[18, 21, 22]. This communication is also important for the differentiation 
of CCs [23].

Intrafollicular paracrine signaling is active throughout oogenesis and 
plays a critical role during follicular growth and maturation [13]. It occurs 
through specific receptors and signaling pathways [24–27] and is modu-
lated by circulating endocrine factors, such as follicle stimulating hormone 
(FSH) [28], and by growth factors, including members of the transform-
ing growth factor beta (TGF-β) superfamily [29]. The paracrine signaling 
that moves from CCs to the oocyte supports meiotic resumption, enables 
nuclear and cytoplasmic maturation, and controls transcriptional activity 
[18, 30]. In this sense, the growth of the follicle and oocyte is enhanced by 
the KIT pathway, which consists of a soluble KIT ligand isoform (KITLG1) 
and the CC-expressed membrane-bound isoform (KITLG2), which acts 
on oocyte KIT tyrosine kinase receptors in the plasma membrane [18, 24, 

and help maintain the pH balance of the gamete. As the metabolism of the oocyte 
and CCs come to resemble one another, any alteration in the somatic cells may affect 
the competence of the gamete. CCs also defend the oocyte against metabolites, ROS, 
toxins, and inflammatory markers present in the follicular fluid. Under adverse conditions 
(e.g., pathologies, infections, or inflammatory processes), the protective effects of CCs 
may be affected, leading to downstream compromises in steroidogenesis and oocyte 
development. Maternal aging may also impair oocyte competence, such by perturbing 
the antioxidant defenses and energy metabolism of CCs and inducing apoptosis in 
these cells, thereby compromising the oocyte meiotic spindle. Abbreviations: AGE 
(advanced glycation end-products), AMH (anti-Müllerian hormone), ATP (adenosine 
triphosphate), Ax (antioxidants), BMP-15 (bone morphogenetic protein-15), cAMP (cyclic 
adenosine monophosphate), cGMP (cyclic guanosine monophosphate), CAT (catalase), 
CS (cholesterol synthesis), GDF-9 (growth differentiation factor-9), Gly (glycolysis), KITL 
(KIT ligand), KITr (KIT receptors), LPS (lipopolysaccharide), miRNA (micro RNA), MMP-2 
(metalloproteinase-2), ROS (reactive oxygen species), SOD (superoxide dismutase)

... (contd.)
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25, 31]. The activation of these receptors induces molecular events that 
dictate oocyte growth and granulosa cell proliferation [23]. The paracrine 
signaling that moves from the oocyte to the CCs was first demonstrated 
in vitro by experiments in which oocytes were removed from cumulus-
oocyte complexes (COCs) and the somatic cells were cultured alone. This 
resulted in granulosa cell luteinization, altered steroid production [32], 
reduced hyaluronic acid synthesis [33–35], reduced CC mucification [34], 
and reduced cumulus expansion [33] compared to intact COCs subjected 
to in vitro culture. Moreover, the evidence suggests that the female gamete 
induces CC gene expression, regulates follicle growth and atresia, and 
modulates the metabolism, differentiation, proliferation, apoptosis, and 
luteinization of CCs. This occurs through secreted factors that act on CCs. 
The two best-studied oocyte-secreted factors are growth differentiation 
factor 9 (GDF-9) and bone morphogenetic protein 15 (BMP-15) [24, 27, 
36, 37]. GDF-9 is present in mouse follicles from the primary to ovulatory 
stages [16] and affects CC expansion by inducing the expression of genes 
such as Has2, Tnfaip6, Ptx3, and Ptgs2 [38, 39] in the adjacent somatic 
cells. The involvement of BMP-15 in CC proliferation and metabolism is 
generally accepted; given that BMP-15 plays a role in ovulation, however, 
there is some question as to whether its main action occurs before [26, 40] 
or after [41, 42] the LH surge. Studies have shown that, in rodents, BMP15 
acts together with GDF-9 and is involved in cell proliferation [43, 44], 
glycolysis, cholesterol biosynthesis [26, 45], and the regulation of cGMP 
levels [15]. Interestingly, the paracrine interaction between oocytes and 
CCs appears to represent a negative feedback system between the oocyte 
and the granulosa cells: oocyte-derived BMP-15 induces KITL expres-
sion in rat granulosa cells, while granulosa cell-derived KITL inhibits 
the secretion of BMP-15 by the oocyte [46]. GDF-9 mutant ovaries were 
found to exhibit increased mRNA levels of Kitl, suggesting that GDF-9 
downregulates Kitl [39]. Another interesting observation is that there is an 
interaction between gap junctions and paracrine signaling in the ovaries. 
It seems that the arrangement of connexins may alter the response of CCs 
to paracrine signals, and that paracrine factors may influence the organi-
zation of connexins between CCs [47, 48], thereby potentially impacting 
folliculogenesis and oocyte competency. Gittens et al. (2005) [48] found 
that mice with Cx43-null mutant ovaries and consequent loss of gap 
junctional coupling among granulosa cells (GCs) exhibited an alteration 
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in their in vitro response to exogenous GDF-9 and a subsequent reduc-
tion in GC proliferation. Chang et al. (2014) [47] evaluated the effects of 
GDF-9 and BMP-15 on Cx43 expression. The authors found that BMP-15 
decreased Cx43 at the mRNA and protein levels in a human granulosa 
cell line and further confirmed this finding in primary human granulosa-
lutein cells from infertile patients undergoing in vitro fertilization (IVF). 
These data suggest that oocyte-derived BMP-15 may promote the down-
regulation of Cx43 expression, consequently decreasing gap junctions 
between GCs. Given some authors have reported that BMP-15 seems to 
have greater effects after the LH peak [41, 42], the relationship between 
BMP-15 and Cx43 downregulation, perhaps, could explain how the gap 
junctions between CCs decrease at that moment.

Importantly, CCs support energy production in the COC [49–51]. 
Oocytes have a poor capacity for glycolysis and cholesterol synthesis [52], 
but work in a mouse model showed that they secrete GDF-9 and BMP-15 
to regulate these events in CCs [26, 27]. CCs carry pyruvate, lactate, and 
products of the cholesterol biosynthetic pathway to the oocyte via gap 
junctions [18, 51]. These molecules are metabolized to produce adenosine 
triphosphate (ATP) via the tricarboxylic acid cycle (TCA) and oxidative 
phosphorylation, which is the predominant pathway for ATP genera-
tion [51, 53]. Within the COC, other pathways are also responsible for a 
small proportion of glucose metabolism, including the pentose phosphate 
pathway (PPP) and the hexosamine biosynthesis pathway (HBP). The PPP 
importantly contributes to maturation by generating substrates for purine 
synthesis and maintaining the redox state. The HBP is responsible for gen-
erating substrates that are important for matrix production and cumulus 
expansion [53, 54]. Thus, once the oocyte and CCs resemble one another 
in terms of metabolism, any metabolic alteration in the somatic follicular 
cells may also affect the oocyte’s development [53]. For example, glucose 
concentration-dependent effects may perturb nuclear and cytoplasmic 
maturation [53]. A low-glucose environment seems to affect nucleic acid 
synthesis and energy production by decreasing the PPP, the HBP, and gly-
colysis, as observed in mouse oocytes [54], reducing cytoplasmic matu-
ration, the resumption/completion of nuclear maturation, and granulosa 
cell mucification [53]. In contrast, a high-glucose environment has been 
associated with increased production of reactive oxygen species (ROS), 
increased activity of the HBP, and decreased concentrations of reduced 
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glutathione (GSH, an antioxidant) [55]. Thus, pathologic conditions that 
alter the metabolic balance, such as obesity and diabetes mellitus, may 
have negative repercussions on the follicular environment [53].

Influence of Follicular Fluid on Oocyte Quality

FF is produced by granulosa cells during the later phases of secondary fol-
licle development [56]; it is in intimate contact with the COC and is com-
prised of a plasma exudate and secretory products from granulosa cells 
(mural and CCs) and thecal cells [56]. The main components of FF are 
steroid hormones, metabolites, polysaccharides, proteins, ROS, and anti-
oxidants [57]. The components of FF may be directly altered by hormonal, 
paracrine, and autocrine signaling pathways, and they may be indirectly 
altered by systemic conditions [58–62]. Such changes in the components 
of FF have been suggested to influence oocyte quality (from maturation 
to fertilization), early embryo development, and subsequent pregnancy 
[60, 63, 64].

The composition of FF differs from that of serum and undergoes 
physiological alterations during follicular development [56], suggesting 
that it may be adequate to supply the necessities of developing oocytes 
[65]. Variations in the follicular levels of ROS/antioxidants, hormones, 
and metabolites have been reported in distinct stages of follicular develop-
ment [65]. Although ROS are essential for ovulation in mice [66], exces-
sive ROS levels may cause aberrations in microtubule organization and 
the chromosomal alignment of metaphase II (MII) meiotic spindles in 
mouse oocytes [67–70].

Hormone concentrations in FF can both directly (via genomic and 
non-genomic actions) and indirectly (via somatic cells within the follicle) 
influence oocyte differentiation [65]. Lower concentrations of progester-
one and higher concentrations of testosterone were observed in follicles 
containing germinal vesicle (GV) oocytes compared to MII oocytes [71]. 
Women undergoing controlled ovarian stimulation (COS) for IVF had 
lower follicular levels of AMH, testosterone, androstenedione, estradi-
ol, and LH but a higher level of FSH, compared to women undergoing 
natural cycle IVF, suggesting that COS significantly alters the hormone 
milieu of FF [72].
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FF also contains metabolites that accumulate within the oocyte and 
provide the necessary intracellular materials for oocyte differentiation 
[65]. These metabolites include amino acids, lipids, nucleotides, and other 
small molecules and are derived from serum and the metabolic activity of 
follicular cells [56].

Other molecules fluctuate during follicular development, as summa-
rized in Table 2. These include GDF-9, BMP-15, amphiregulin, metallopro-
teinase-2 (MMP-2), and various microRNAs (miRNAs; e.g., hsa-miR-27b, 
hsa-miR-29b, hsa-miR-139-3p, hsa-miR-339-3p, hsa-miR-451, hsa-miR 
483-3p, hsa-miR-520d-3p, hsa-miR-563, hsa-miR-572, hsamiR-630,  
hsa-miR-663, hsa-miR-720, and hsa-miR-940) [59] (Fig. 1). During a 

Table 2. Influence of follicular fluid (FF) constituents on oocyte quality.

Follicular fluid 
constituents

Impact Reference

ROS and oxidative 
stress markers

ROS and oxidative stress affect microtubule 
organization and chromosomal alignment of 
metaphase II (MII) meiotic spindles in mouse 
oocytes

[67–70]

Progesterone (P4) Lower P4 levels in follicular fluid are associated 
with more germinal vesicle and less MI and MII 
oocytes than higher P4 levels

[71]

Growth 
differentiation 
factor 9 (GDF-9)

Higher GDF-9 levels in the FF are correlated 
with oocyte nuclear maturation and 
high-embryo-quality 

[63]

Bone morphogenetic 
protein 15 (BMP-15)

Higher BMP-15 levels in FF are associated with 
oocyte fertilization and cleavage and with the 
best embryo morphology

[78]

Amphiregulin Amphiregulin levels in FF are positively 
correlated with the number of available 
embryos

[60]

Matrix 
metalloproteinase 2 
(MMP-2)

Increased activity of MMP-2 in FF is related to 
100% of matured oocytes

[63]

Tumor necrosis 
factor α (TNF-α)

FFs with higher TNF-α concentration originate 
poor quality oocytes

[74, 75]

Interleukins (IL-6, 
IL-1, IL-15)

IL-6 level in FF is associated with decreased 
chance of clinical pregnancy; higher follicular 
levels of IL-1 are related to higher chance of 
embryo implantation after IVF; lower IL-15 
levels are related to clinical pregnancy after IVF

[76, 91, 93]
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stimulated ovarian cycle, higher concentrations of GDF-9 in FF were cor-
related with oocyte nuclear maturation and embryo quality [63], while 
higher BMP-15 levels were reported in FF whose oocytes underwent fer-
tilization/cleavage and later exhibited the best (grade I) embryonic mor-
phology [78]. Epidermal growth factor (EGF) like growth factors, such as 
amphiregulin, are mediators that propagate the LH stimulus for oocyte 
maturation. The level of amphiregulin in FF was correlated with increased 
number of retrieved oocytes, number of formed embryo, and pregnancy 
rate in women undergoing COS for ART [60]. In addition, a higher con-
centration of MMP-2 [64], a zinc endopeptidase family member that can 
degrade all components of the extracellular matrix [79], was reported in 
human FF from groups that had 100% MII oocytes compared to a group 
with less than 100% MII oocytes [64]. We suggest that MMP-2 contributes 
to the progression of meiosis, possibly by signaling the oocyte regarding 
the imminence of ovulation. Consistent with this, upregulation of MMP-2 
in FF is required for ovulation in Drosophila [80]. As little is known about 
this connection in mammals, MMP-2 knockout studies are needed to help 
us understand the roles of MMP-2 in oocyte maturation and fertility.

MiRNAs are small single-stranded noncoding RNA molecules that 
act as important regulators of diverse biological processes, including pro-
liferation, differentiation, migration, and apoptosis [81]. Comparison of 
human FF from MII versus GV oocytes enabled researchers to identify 
13 differentially expressed miRNAs, while comparison of FF from MII 
versus MI oocytes identified seven differentially expressed miRNAs [59]. 
In silico analysis showed that these miRNAs appeared to target in the 
GnRH signaling pathway (their potential gene targets included kinases 
and members of the calcium and MAPK signaling pathways) and thus 
might modulate the timing of oocyte meiosis and maturation [59]. In the 
future, studies utilizing animal models should be performed to examine 
the in vivo effect of those deregulated miRNAs on oocyte maturation. If 
the alteration of such miRNAs is found to impair oocyte development, 
researchers could seek to modulate the deregulated pathways in the hopes 
of developing a therapeutic strategy to address some cases of infertility.

The composition of FF may also be influenced by age. In experimental 
studies, increased advanced glycation endproducts (AGEs) were observed 
in FF from older cows compared to younger cows [82]. Moreover, the 
addition of FF from aged cows to the in vitro maturation (IVM) medium 



INFLUENCE OF FOLLICULAR FLUID AND CUMULUS CELLS ON OOCYTE QUALITY: ... • 27 

accelerated nuclear maturation, increased the ROS content, promot-
ed abnormal oocyte fertilization, and inhibited blastulation compared 
to the addition of FF from younger cows [82]. Alterations in follicular 
miRNA levels have been observed in aged mares (by exosome miRNA 
profiling) [83] and aged women [84]. Increased concentrations of super-
oxide dismutase (SOD) [85], AMH [86], lactate, and progesterone [87], 
and decreased concentrations of catalase (CAT) [85] and glucose [87] 
were observed in older FF compared to younger FF. The aging process is 
related to oxidative stress, which can be divided into three distinct stages: 
increased production of reactive species, the mobilization of antioxidants, 
and oxidative damage to major targets (lipids, proteins, and nucleic acids) 
[88, 89]. Decreased CAT activity may indicate exacerbated ROS produc-
tion; this can promote damage to DNA, proteins, and lipids, thereby com-
promising ovarian follicle development. On the other hand, increased 
SOD may be understood as a mobilization of antioxidative forces intend-
ed to prevent the damage that may be caused by excessive ROS (second 
stage). Mitochondria are the main generator of ROS, and errors in these 
organelles can lead to apoptosis, which can compromise follicle develop-
ment. In older women, decreased follicular glucose levels and increased 
lactate levels may indicate that follicular glycolysis is upregulated; moreo-
ver, excessive levels of lactate can decrease the pH of FF and thus reduce 
oocyte fertilization [87].

Progesterone levels were found higher in the FF of older women, 
suggesting that there may be disruptions in their steroidogenesis and CC 
differentiation. Interestingly, more progesterone is produced by granu-
losa cells than by CCs in young women, but this pattern reverses with 
age until CCs produce more progesterone than mural granulosa cells [87]. 
The mechanisms underlying this alteration are not yet known, but it may 
indicate that older women experience an incomplete differentiation of 
CCs that could interfere with overall steroidogenesis. The follicular levels 
of different kinds of apolipoproteins also vary with age, and this corre-
lates with a lower number of retrieved mature oocytes in intracytoplasmic 
sperm injection (ICSI) cycles [58].

Increased inflammatory factors in FF may also disrupt oocyte quality 
[73, 90]. Higher follicular TNF-α levels are related to poor oocyte quality 
[74] and fewer fertilized oocytes [75]. Higher follicular interleukin (IL)-6 
levels are observed in older IVF patients compared to younger patients, 
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and the IL-6 level has been associated with a decreased chance of clinical 
pregnancy [76]. The same study also found a linear correlation between 
FF IL-6 levels and estradiol on the day of hCG administration, but IL-6 
did not appear to have any negative effect on parameters of folliculogene-
sis (e.g., ovarian response) [76]. Thus, we do not yet clearly understand the 
relationship between IL-6 levels and clinical pregnancy in older women. 
Higher follicular levels of another interleukin, IL-1, are related to a higher 
chance of embryo implantation following IVF [91]. IL-1 seems to regulate 
the expression of the FSH receptor [92] and to be regulated by FSH [77], 
but we currently lack a well-designed study assessing the impact of fol-
licular IL-1 on pregnancy success. The levels of the pleiotropic cytokine, 
IL-15, are decreased in patients who achieve clinical pregnancy compared 
with patients who do not have a successful IVF-embryo transfer outcome 
[93]. However, no published report has assessed the role of IL-15 in oocyte 
development. Further studies are needed to investigate the role of follicu-
lar cytokines levels in predicting pregnancy after ART.

Oxidative stress in FF can also be related to compromised oocyte 
quality [3, 61, 82]. For example, high ROS levels and low antioxidant 
capacity in FF can predict a reduced pregnancy rate in IVF cycles [94, 
95]. Our group recently demonstrated that the level of 8-hydroxy-2′-
deoxyguanosine (8 OHdG) is higher in FF of infertile women with 
endometriosis compared to other infertile controls, suggesting oxidative 
DNA damage in this reproductive microenvironment. Such damage may 
compromise oocyte quality [3]. In the same study, we demonstrated that 
8OHdG concentrations higher than 28.02 ng/ml in FF showed a high 
accuracy to predict clinical pregnancy following COS for ICSI in infertile 
women with endometriosis [3].

Role of the Vasculature in Determining FF Constituents 
and Oocyte Competence Acquisition

A growing follicle (comprising somatic follicular cells and the oocyte) is 
surrounded by a capillary network that is responsible for follicular vas-
cularization. Along with follicular cells, this vasculature constitutes the 
blood-follicle barrier, which is important for oocyte protection and FF 
formation [96].
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In the ovarian cortex, angiogenesis is related to follicular develop-
ment and is independently regulated in each follicle [97]. Primordial and 
primary follicles receive nutrients and oxygen by passive diffusion from 
stromal blood vessels; during follicular development, however, the synthe-
sis of vascular endothelial growth factor (VEGF) by granulosa and thecal 
cells induces the formation of a vascular network between the layers of 
thecal cells [98]. This focuses the nutrient resources toward the follicle.

Researchers assessed the dynamics of the ovarian blood supply to pre-
ovulatory follicles by injecting radioactive microspheres into the ovarian 
artery of sheep and found that the follicular blood supply was higher at the 
preovulatory LH surge and fell off near the time of follicular rupture [99]. 
A study assessing the effect of a progesterone receptor antagonist (RU486) 
on VEGF expression in follicular cells showed that the progesterone 
receptor affects VEGF expression through thecal cells, vascularization, 
endothelial cell proliferation, and the recruitment of perivascular mural 
cells [100]. VEGF is also essentially regulated by BMP-7; this cytokine, 
which is mainly expressed in thecal cells [101], stimulates endothelial cells 
to form vasculature in the follicle by inducing VEGF expression in granu-
losa cells and increasing the sensitivity of endothelial cells to VEGF [102].

In mice, hCG administration causes a 15% enlargement in the pore 
radius of ovarian follicle capillaries [103]. In equines, nitric oxide (NO) 
is detectable in preovulatory FFs and its concentration increases after 
administration of hCG [104]. Thus, we suggest that hCG stimulates NO 
production in the ovarian follicle and is likely to act on the blood-follicle 
barrier by increasing capillary permeability. Mice subjected to knockout 
of the endothelial NO synthase gene (eNOS, which produces NO in the 
endothelium) showed fewer ovulated oocytes, a lower MII oocytes rate, 
fewer pups born per litter, and a higher pup mortality rate compared to 
wild-type mice [105]. Thus, we hypothesize that alterations in NO pro-
duction and eNOS can contribute to infertility by altering FF composition 
via errors in capillary permeability, thereby impairing oocyte maturation 
and ovulation.

The formations of the antrum and FF depend on the presence of an 
osmotic gradient and the degree of vascular permeability. It is believed 
that the granulosa cell-derived productions of hyaluronan and versican (a 
chondroitin sulfate proteoglycan) generate an osmotic gradient, leading 
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to cavity formation [106]. Aquaporins, which are found on the basal and 
apical surfaces of granulosa cells, allow water to move across cells to form 
a plasma transudate in follicles [107, 108]. The vascular endothelium, 
sub-endothelial basement membrane, thecal interstitium, follicular base-
ment membrane, and granulosa membrane together constitute the blood-
follicle barrier [96] (Fig. 1). Similar to other blood-tissue barriers, the 
blood-follicle barrier restricts the transcellular transport of solutes and 
macromolecules based on their molecular sizes; it acts as an important 
ultrastructure in the ovary by limiting the access of foreign compounds 
and/or harmful substances to developing follicles [96] and allowing the 
formation of two distinct compartments that allow the FF and serum to 
differ in their compositions [3, 58, 62].

Some studies have assessed the relationship between vascularity and 
follicular development or oocyte quality. Experiments using Doppler 
ultrasonography in cows showed that follicles with perifollicular blood 
flow had a higher chance of producing top-quality COCs compared to 
follicles without perifollicular blood flow [109]. In women, a positive cor-
relation was observed between the Doppler index of ovarian follicles and 
oocyte quality and better reproductive outcomes [110–113]. Furthermore, 
VEGF levels in FF have been correlated with perifollicular blood flow in 
patients undergoing COS for IVF [114, 115].

The Protective Role of Cumulus Cells Against Harmful 
Conditions that Affect the Follicular Environment

CCs play a protective role that critically ensures oocyte competency and 
thus may be considered to act as both a bridge and a barrier between the 
oocyte and the extra follicular microenvironment [116, 117]. CCs support 
the oocyte’s needs, but they are also responsible for isolating the gamete 
from harmful conditions [30, 116–118]. It has been well established that 
the proper regulation of lipid content and fatty acids is important for 
oocyte competency and early embryonic development, as excessive lipid 
accumulation inside the oocyte can exert toxicity on cell functions [11]. 
Free fatty acids (FFAs) induce ROS accumulation, which promotes endo-
plasmic reticulum stress and cell death [119]. In the follicular microen-
vironment, increased FFAs are associated with poor COC morphology 
due to lipotoxicity [120]. CCs protect the oocyte against toxic metabolites 
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and thus play an important metabolic function in protecting the devel-
opmental competence of the oocyte [118]. FF may reflect the composi-
tion of the plasma, and harmful compounds can accumulate in the FF to 
influence oocyte maturation. Some reports have described the presence 
of unhealthy compounds in FF (inflammatory mediators, oxidative stress 
metabolites, reactive oxygen species, toxins, and others) under patho-
logical conditions [3, 12, 61, 121–127]. Such compounds may affect the 
resumption and/or appropriate progression of meiosis, thereby hinder-
ing oocyte development [117]. Beyond metabolic protection, CCs also 
contribute to the enzymatic and nonenzymatic antioxidant defenses that 
protect the oocyte from ROS [128] and oxidative stress-induced apop-
tosis [129]. Our group recently demonstrated that infertile patients with 
stage III/IV endometriosis who achieved clinical pregnancy after COS for 
ICSI showed higher SOD1 expression in CCs, suggesting that SOD1 may 
protect the oocyte from oxidative damage [5].

Under adverse situations, CCs may be unable to protect the oocyte 
against FF alterations, which can disrupt CC functions and decrease 
oocyte quality. As an example of this, a study evaluating the ability of ROS 
(e.g., H2O2, •OH and HOCl) to overcome the protective functions of CCs 
and affect oocyte quality found that CCs could neutralize lower concen-
trations of H2O2 and •OH, but that higher concentrations decreased the 
number and vitality of CCs, reducing the antioxidant response and ren-
dering oocytes more susceptible to damage [117]. The same study found 
that any concentration of HOCl negatively affected both oocytes and CCs 
[117]. These data suggest that when harmful factors exceed the ability of 
CCs to metabolize and/or neutralize them, such factors may negatively 
affect the oocyte. 

Even pathologic conditions in sites far removed from the ovaries (e.g., 
infectious and inflammatory processes) may affect the follicle, damage 
oocyte quality, and decrease fertility [12]. Studies have suggested that 
toxins, inflammatory molecules, and ROS may all reach the circulation 
and either enter the oocyte or be metabolized (and thus defended against) 
by CCs [12, 121, 124]. During the advanced antral phase, when the follicle 
becomes highly vascularized and the FF mirrors the systemic environ-
ment, these molecules may have several particularly important repercus-
sions in the follicle, such as by interfering with the pituitary axis, affecting 
CCs functions, and dysregulating steroidogenesis [12, 121, 124].
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The effects of age on follicular cells may also contribute to the failure 
of CCs to protect oocytes against harmful factors. The effects of senes-
cence have been widely studied in female gametes. It is well-established 
that human oocyte quality decreases with age, and changes in functions of 
somatic follicular cells have been associated with this fertility impairment 
[130–132]. Alterations in granulosa cells, such as double-strand breaks 
and a reduced ability to repair DNA errors, may be involved in ovarian 
aging [132]. It is believed that, with aging, increased reactive species pro-
duction and inappropriate antioxidant defenses may compromise the 
functions of CCs and oocytes by inducing mitochondrial alterations, 
reducing ATP production, affecting the meiotic spindle, and promoting 
genomic instability, leading to oocyte incompetence [2, 133, 134].

Telomere attrition has also been related to oocyte senescence, and 
the telomere length of CCs has been proposed as a marker of embryo 
quality (good quality: grade 1 and 2 embryos, with shaped blastomeres, 
uniform cytoplasm, and up to 20% fragmentation) [135]. Oocytes may 
also be affected by the shortening of CC telomeres, which is related to 
senescence and apoptosis. CCs from older women undergoing IVF seem 
to exhibit increased apoptosis, and this is related to lower fertilization 
and pregnancy rates [136]. Moreover, CCs from older women exhibited 
altered oxidative phosphorylation and increases in the enzymes respon-
sible for the metabolism of amino acids, carbohydrates, and fatty acids 
[137]. These findings suggest that metabolic alterations in aging CCs may 
be a compensatory mechanism that counteracts age-related ATP deficien-
cies, such as those caused by compromised mitochondrial activity and 
increased oxidative phosphorylation.

Aged oocytes and their surrounding CCs arising from older female 
animals or women reportedly exhibit alterations in gene expression [137–
139]. In the CCs of older goats, researchers found altered expression of 
genes related to mitochondrial function, metabolism, apoptosis, and anti-
oxidant defense [138]. In cows, aged FF seems to accelerate nuclear matu-
ration, accelerate the closure of gap junctions between oocytes and CCs, 
increase ROS, and increase the abnormal fertilization rate of oocytes, 
as compared with young FF [82]. In human CCs, those of older women 
showed upregulation of genes involved in cellular energy maintenance and 
antioxidant defense, and these increases were associated with decreased 
embryo quality [139]. A recent RNA sequencing study of human CCs 
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showed that senescent cells exhibit activation of gene pathways associated 
with oxidative stress and hypoxia; this may disrupt intracellular pH and 
reduce oocyte metabolism [140]. Together, the data suggest that maternal 
aging may affect crucial functions in surrounding somatic follicular cells, 
such as by altering antioxidant defenses and perturbing energy metabo-
lism, thereby affecting the meiotic spindle and oocyte competence.

Systemic and Pelvic Conditions May Compromise 
Oocyte Quality by Interfering with the Oocyte 
Environment

Endometriosis

Endometriosis is associated with a higher risk of infertility [141, 142], but 
the mechanisms involved in the etiology of endometriosis-related infertil-
ity are poorly-understood. Some authors have suggested that infertility in 
women with this disease might reflect decreases in oocyte quality [3, 5, 
126, 143–145].

Endometriosis is associated with chronic inflammation, and ROS 
are inflammatory mediators known to modulate cell proliferation [122]. 
Therefore, some authors have suggested that endometriosis is associated 
with oxidative stress [122, 146–148] via a pathophysiology that may be 
related to an inflammatory response to ectopic endometrial implants 
[149]. Thus, endometriotic cells might promote oxidative stress by 
increasing ROS production and/or altering detoxification pathways in the 
peritoneal cavity [150]. Mansour et al. (2009) demonstrated that perito-
neal fluid (PF) from women with endometriosis promotes microtubule 
and chromosome abnormalities in mature mouse oocytes, and that these 
effects were reduced when the medium was supplemented with the anti-
oxidant L-carnitine. These findings suggest that substances present in 
the PF of women with this disease may compromise oocyte and embryo 
quality, and that oxidative stress is likely to mediate this process [151]. 
Moreover, the chronic inflammation and oxidative stress in the peritoneal 
environment of women with endometriosis may be reflected in their sys-
temic circulation [3, 152]. The increased degree of ovarian vascularization 
at the late stages of folliculogenesis can allow ROS from blood plasma 
to reach the FF and affect the follicular microenvironment. For example, 
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Singh et al. (2016) found that the serum and FF concentrations of some 
cytokines and angiogenic factors were correlated in women with endome-
triosis, and that the levels of IL-8, IL-12, and adrenomedullin (ADM) were 
negatively correlated with oocyte maturity and embryo quality in these 
women [153]. Other studies have found evidence of oxidative stress in FF 
from infertile women with endometriosis [3, 62, 154]. Our group recently 
demonstrated that FF from infertile women with mild endometriosis has 
a deleterious effect on the spindle morphology and chromosome distribu-
tion of IVM bovine oocytes [144], and that this effect could be dimin-
ished or completely prevented by the addition of antioxidants, especially 
L-carnitine [145]. This suggests that the oxidative stress in the FF of these 
women may contribute to compromising their oocyte quality. As men-
tioned above, our group recently demonstrated that SOD1 expression 
is significantly higher in CCs from infertile women with moderate and 
advanced pelvic endometriosis compared to CCs from infertile women 
with early-stage endometriosis or without the disease [5]. The highest 
level of SOD1 gene expression was observed in patients with stage III/IV 
endometriosis who achieved clinical pregnancy after COS for ICSI, sug-
gesting when the expression of the SOD1 gene in CCs is sufficiently high 
to prevent oxidative damage to the oocyte, oocyte quality is not compro-
mised and the occurrence of clinical pregnancy is favored [5]. Although 
these data are preliminary and studies with larger sample sizes are needed 
to better evaluate the external validity of our results, this work offers a 
good example of a pelvic disease that may impact FF and deleteriously 
affect oocyte quality when CCs are not capable of protecting the oocyte 
against oxidative damage.

Pelvic Infection

Pelvic infection, as demonstrated by positivity to Chlamydia antibody 
testing and/or tubal damage, is associated with poor ovarian response 
(POR) [155, 156]. It is also a risk factor for POR according to the Bologna’s 
Consensus [157]. POR may be an early sign of ovarian aging (i.e., altered 
oocyte quality) or a reduced ovarian reserve, which is associated with 
decreased live birth rates following IVF [158–161] and an increased risk 
of premature menopause [162]. Hence, ovarian stimulation can be viewed 
as a dynamic test for the resting ovarian follicular pool [158], and the size 
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of the cohort of recruitable follicles may reflect the actual resting follicle 
pool [163]. It is intriguing to question why pelvic infection is a risk factor 
for POR and whether compromised oocyte quality may contribute to the 
infertility diagnosed in these women.

No published study has specifically evaluated these questions in 
women, and the mechanisms underlying the continued infertility that 
may be seen following resolution of uterine infection and the resultant 
inflammation remain to be elucidated. A recent review by Bromfield et al. 
(2015) focused on work in cows and offers some insights [12]. The authors 
hypothesize that three factors link postpartum uterine infection of dairy 
cows with infertility, even following clearance of infectious agents: (1) dis-
ruption of endocrine signaling and the hypothalamic-pituitary-gonadal 
axis, (2) negative effects on the ability of the endometrium to support 
embryonic development and implantation, and (3) ovarian dysregula-
tion resulting in reduced oocyte quality (i.e., reduced abilities to com-
plete meiosis, undergo fertilization, and develop into a viable embryo) 
[12]. A key relevant change in the ovary is the presence of lipopolysac-
charides (LPS) within the FF of diseased cows [164]. Ovarian granulosa 
cells respond to bacterial LPS in a Toll-like receptor 4 (TLR4)-dependent 
manner by increasing inflammatory mediators and reducing aromatase 
and estradiol, leading to impaired oocyte competence [12, 164, 165]. LPS 
negatively affects the oocytes developing in the dominant follicle. This 
may explain the infertility seen shortly after infection, but not the long-
term infertility seen in animals following uterine infection. Bromfield et al. 
(2013) proposed that infection also perturbs smaller developing follicles, 
including primordial-stage follicles, which could affect long-term fertility 
by compromising the ovarian reserve [166]. In the presence of LPS, pri-
mordial follicle activation is increased, enlarging the pool of primary fol-
licles and depleting the primordial follicle reserve [166]. However, Precise 
mechanisms by which LPS exposure reduces the primordial follicle pool 
and inhibits the ability of the oocyte to acquire developmental compe-
tence remain to be elucidated, and studies evaluating animal models are 
needed.

Obesity and Diabetes

Obesity is associated with infertility and poor ART outcomes [167]. 
Although the pathophysiology behind these effects is not fully known, 
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some evidence suggests that obesity impairs oocyte quality [168]. 
For example, analysis of a large dataset from the Society of Assisted 
Reproductive Technology Clinic Online Reporting System revealed that 
obese women using autologous oocytes were less likely to achieve a clini-
cal pregnancy than their normal-weight peers, whereas obese women 
who used donor oocytes had pregnancy rates similar to their normal-
weight peers [168]. Research investigating the effects of obesity on human 
oocytes has shown that mature oocytes from obese women are smaller 
and have more abnormal spindles and chromosome misalignment than 
oocytes from women with a normal body mass index (BMI) [169, 170].

Since adipose tissue is deeply involved in steroid hormone produc-
tion, obesity may affect oocyte competence and maturation by disturb-
ing the hormones involved in the maturation process [171]. Moreover, 
the characteristic increased serum insulin concentration and cell insulin 
resistance in obese women was associated with decreased levels of steroid 
hormone-binding globulin (SHBG); this increase is associated with upreg-
ulations of testosterone, dihydrotestosterone, and androstenediol, which 
may affect follicular steroidogenesis [172]. Hyperinsulinemia upregulates 
thecal LH receptors and, together with LH hypersecretion, perturbs ovu-
lation and the resumption of oocyte maturation, compromising oocyte 
competence in these women [171, 174].

Within FF, glucose and insulin levels are positively correlated with 
BMI, offering a link between disordered insulin-glucose homeostasis and 
impaired oocyte quality [175, 176]. Increased glucose levels enhance ROS 
production, alter the glucose metabolism pathway, and lead to antioxidant 
deficiency in the follicular environment [55]. Obesity and insulin resist-
ance are frequently related to type II diabetes, which is an endocrine dis-
order that is characterized by hyperglycemia and hyperinsulinemia [171]. 
In diabetic obese mice, hyperglycemia is known to affect oocyte devel-
opment (growth and maturation), promote mitochondrial dysfunction 
among CCs and oocytes, induce granulosa cell apoptosis, compromise 
gap junction communication within the COC [10, 177, 178], and induce 
metabolic alterations, such as by decreasing the glucose flux in the PPP, 
affecting purine synthesis and cAMP production [179].

Elevated levels of FFA in the FF are associated with abnormal COC 
morphology [120]. The high lipid content in COCs induces lipotoxicity, 
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which affects oocyte mitochondrial membrane potential and promotes 
CC apoptosis in obese mice, consequently impairing fertilization and 
natural conception rates [11]. Thus, obesity-related hyperinsulinemia, 
hyperglycemia, and/or increased FFAs seem to affect COC steroidogene-
sis and oocyte metabolism and promote meiotic defects, impairing oocyte 
maturation and competence acquisition.

A recent study in an obese mouse model demonstrated that co-
enzyme Q10 (CoQ10), an antioxidant component of the electron trans-
port chain, improved the mitochondrial function of oocytes [180]. CoQ10 
acts in mitochondria by regulating beta oxidation, which uses cytosolic 
FFA to produce acetyl CoA, that is a substrate for citric acid cycle, generat-
ing NADH, FADH2 to respiratory chain, which produce ATP and gener-
ate free radicals. Thus, mitochondrial errors could explain the alterations 
in the follicular levels of FFA and ROS among obese women. Clinical 
studies are needed to evaluate the therapeutic potential of CoQ10 in obese 
women and women with diabetes who present infertility.

Polycystic Ovary Syndrome

Polycystic ovary syndrome (PCOS) is another metabolic disorder that 
is related to infertility and may negatively impact the follicular environ-
ment to affect oocyte competence. PCOS is frequently associated with 
obesity, hyperandrogenism, insulin resistance, luteinizing hormone (LH) 
hypersecretion, and anovulation [181]. These associated conditions may 
contribute to impairing the follicular balance that is crucial to oocyte 
development.

Women with PCOS seem to undergo altered folliculogenesis with 
arrested small follicles; they can also exhibit an altered follicular hormo-
nal environment [181–183], which may interfere with oocyte maturation, 
metabolism, and competence acquisition. Altered expressions of various 
transcripts, such as those encoding insulin receptors [175], IGF-binding 
proteins and receptors [184], and genes related to meiotic cell cycle regu-
lation [185] have been observed in CCs from women with PCOS, suggest-
ing that these women experience disturbances or delays in CC maturation 
and differentiation [185] and/or compromises in CC function [175]. 
Other studies focusing on CCs from these women found changes in long 
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noncoding RNAs (lncRNAs; e.g., XLOC_011402, ENST00000454271, 
ENST00000433673, ENST00000450294, and ENST00000432431) [7], 
miRNAs (17 were differentially expressed; hsa-miRNA-135b-5p was the 
most highly upregulated and hsa-miRNA-3940-5p was the only example 
of downregulation) [186, 187], and the methylation patterns of specific 
gene [188] when compared to controls, indicating that these cells undergo 
epigenetic deregulation. Together, the data indicate that the CCs from 
women with PCOS exhibit various alterations that are likely to negatively 
affect oocyte development.

PCOS is a complex condition, with patients showing different degrees 
of obesity, dyslipidemia, insulin resistance, abnormal glucose metabolism, 
metabolic syndrome, and other metabolic abnormalities [189] that may 
interact to interfere with the follicular environment. In this sense, obese 
PCOS patients with hyperinsulinemia and impaired glucose tolerance 
have decreased fertilization and implantation rates compared to non-
obese women with PCOS [190]. Moreover, hyperandrogenism is inti-
mately related to the metabolic disorders in PCOS patients: androgen may 
directly or indirectly alter glucose metabolism, increase FFA formation, 
and inhibit intrahepatic insulin clearance, leading to insulin resistance 
[191]. When researchers evaluated the intermediate metabolites of FF 
from classic PCOS patients, they found that these molecules were altered 
by hyperandrogenism but not obesity [8]. Evaluation of CCs from these 
patients revealed the presence of mitochondrial dysfunction, imbalanced 
redox potential, and increased oxidative stress [8], suggesting that their 
defenses against ROS were compromised.

Finally, CCs from PCOS patients were found to exhibit increased 
levels of ribosomal RNA compared to CCs from healthy women; this sug-
gests that CCs from PCOS patients undergo activation of ribosomal gene 
expression, which may disturb oocyte-CCs communication [192].

Conclusions

The healthy Graafian follicle is the result of a protracted developmental 
process designed to achieve two functions: (1) support the acquisition 
and maintenance of a developmentally competent oocyte and (2) fulfill 
the steroidogenic demands of the follicular and luteal phases of the men-
strual cycle. CCs and FF directly contribute to oocyte quality, together 
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forming a niche that protects the gamete against local or systemic patho-
logic conditions capable of compromising its developmental potential. 
Here, we reviewed how CCs and FF may help maintain follicular health 
and how oocyte quality may be impacted by systemic conditions, includ-
ing obesity, diabetes, and PCOS, or those of pelvic origin, such as endo-
metriosis and pelvic/STD infections. We addressed a set of intrafollicular 
properties that may be negatively impacted during folliculogenesis and 
predicted their consequences with respect to the acquisition and main-
tenance of oocyte developmental competencies. For example, alterations 
in the physicochemical and cellular status of FF are suggested to trigger a 
series of downstream events that may contribute to imbalanced steroido-
genesis, inhibited luteinization, and disruption of the symbiotic oocyte-
CCs relationship that determines oocyte quality. Despite the extensive 
literature that we reviewed herein, however, some of the available knowl-
edge is incomplete and we must be careful in interpreting the data. Our 
current challenge is to connect the crucial findings obtained from experi-
mental, animal, and in vitro studies and to reflect on how clinical condi-
tions may impact follicular health. Understanding the complex interplay 
between homeostatic and pathologic processes should provide a practical 
framework for designing clinical interventions that are well-suited for the 
patient-specific management of infertility. Further studies investigating 
new therapies that can modulate the mechanisms (e.g., oxidative stress, 
altered gene expression, epimutation, pathway deregulation, metabolic 
imbalance, and disrupted follicular homeostasis) that appear to decrease 
oocyte quality in the discussed clinical conditions will help us determine 
better and individualized approaches for improving the natural fertility of 
such patients.
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In the previous chapters, we demonstrated the strong correlation between 
Folliculo-Luteal Function (FLF) and pregnancy outcome. We found a 
strong relationship between FLF and the length of pregnancy (weeks) as 
well as between FLF and newborn characteristics (weight, length, weight 
percentile, etc.) both in recurrent miscarriage and in unexplained infertil-
ity (length of pregnancy: r = 0.84–0.91; p < 0.001; newborn characteristics: 
r = 0.84–0.71, p < 0.001). As a simple method of normalizing FLF prior to 
conception is available, we can improve pregnancy outcome extraordinar-
ily. In the current chapter, we summarise the results that can be achieved 
by regularly monitoring and normalizing FLF before conception.

The activity of the ovaries – due to its cyclical nature – is probably 
the most unstable function of the human body. Even the cycles of fertile 
women with uneventful obstetric history show great variability (Davies et 
al. 1989; Jones 1991), which is mainly caused by temporary stress of longer 
or shorter periods, “psychosocial stress” or “civilisational stress”, depend-
ing on how the person in question reacts to these situations. However, the 
outcome of pregnancy is determined by the characteristics of the concep-
tion cycle. This is probably why so many – almost half – of planned preg-
nancies are accompanied by some form of adverse pregnancy outcome, 
and only half of them conclude without any complications. According to 
national statistical data, 15.1 % of planned pregnancies end in miscarriage 
and 1.3 % in extrauterine pregnancy. Births are complicated by preterm 
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birth in 9.5 % of cases, newborn retardation in 10.1 %, newborn weight 
under 2500 g in 9.3 % and preeclampsia in approximately 3 % of cases. 
These complications, considering the overlapping cases, involve approxi-
mately 38–40 % of pregnancies altogether. If we involve pregnant women 
who require treatment because of threatened miscarriage or preterm birth 
(bleeding, abdominal pain) but eventually give birth at term, the rate of 
pregnancies with complications increases to 50 %.

The high prevalence of pregnancies with complications justifies the 
normalisation of FLF with a simple treatment before conception, thus pre-
venting most complications. What chance do we have of preventing these 
complications? We demonstrate the achievable beneficial effects of FLF 
normalisation through the results we obtained with physiological FLF in 
638 patients treated for unexplained infertility (Fig. 1 and Table 1). These 
patients are about 5 years older than the average age of women giving birth 
in Hungary, and almost 40 % of them have adverse pregnancy outcomes 
in their anamnesis. Nevertheless, according to our studies, maternal age 

186

results we obtained with physiological FLF in 638 patients treated for unex-
plained infertility (Fig.  12.1  and Table  12.1 ). These patients are about 5 years 
older than the average age of women giving birth in Hungary, and almost 40 % 
of them have adverse pregnancy outcomes in their anamnesis. Nevertheless, 
according to our studies, maternal age and obstetrical history do not signifi -
cantly infl uence pregnancy outcome in physiological FLF (Chap.   7    ). However, 
the sometimes exaggerated anxiety concerning pregnancies that were diffi cult to 
conceive affects each patient group to the same extent, which might adversely 
infl uence pregnancy outcome. In RM, the pregnancy outcome is somewhat less 
favourable even with physiological FLF ( P  > 23 ng/ml) ( N  = 494): miscarriage 
4.8 % (95 % CI: 3.2–7.1 %), preterm birth 2.5 % and IUGR 0.7 %. Elevated 
stress levels, the large number of miscarriages and the occasional cerclage sur-
gery in the anamnesis can probably account for this difference. This is sug-
gested by the fact that pregnancy outcome with physiological FLF is better after 
two miscarriages than after three or more: abortion occurs in 3 and 6.5 % and 
preterm birth in 1.5 and 3.6 %, and the weight of the newborns is also signifi -
cantly higher than after more abortions (average of 3418 and 3220 g) 
(Chap.   6    ).

    With physiological FLF, the chance of birth is close to four times higher (3.7×) 
and the chance of pregnancy loss is almost fi ve times lower (4.9×) compared to 
the national average. In the case of singular births with physiological FLF, the 
likelihood of preterm birth, IUGR and preeclampsia falls to 1/15 of its original 
value, and about a tenth as many newborns are born weighing under 2500 or 
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Table 1. Pregnancy outcome of planned pregnancies: the national statistics and with 
physiological folliculo-luteal function.
Characteristics National 

prevalence 
2004–2013

With 
physiological FLF 
P > 23 ng/ml  
N = 638

Significance Odds 
ratio 95 
% CI

Pregnancy outcome rates of all planned pregnancies

Birth/pregnancy, % 
95 % CI, 
Patients

83.4 % 95.0 %
93.0–96.4 %
606/638

p < 0.001 3.7
2.6–5.2

Miscarriage/pregnancy, 
% 95 % CI, 
Patients

15.1 % 3.4 %
2.3–5.2
22/638

p < 0.001 4.9
3.2–7.5

Extrauterine pregnancy/
pregnancy, %, 
95 % CI 
Patients

1.3 % 1.6 %
0.9–2.9 %
10/638

NS 1.4
0.7–2.7

Delivery outcome rates

Mature, eutrophic, singular 
birth %, 
95 % CI, 
Patients

75.8 % 92.3 % 9
0.0–94.3 % 
560/606

p < 0.001 14.8
5.5–39.6

Preterm birth/singular 
pregnancy % 
95 % CI, 
Patients 

9.5 % 0.7 %  
0.3–1.7 
% 4/606

p < 0.001 14.8
5.5–39.6

IUGR/singular pregnancy %, 
95 % CI, 
Patients

10.1 % 0.7 %  
0.3–1.7 
% 4/606

p < 0.001 15.8
5.9–42.4

*Birth weight <2500 g/ 
/Singular pregnancy, %, 
95 % CI, patients

9.3 % 1.0 %  
0.5–2.1 % 
6/606

p < 0.001 9.6
4.2–21.5

Birth weight <1500 g//
Singular pregnancy, 
%, 95 % CI, patients

1.6 % 0.17 %  
0–0.9 % 
1/606

p < 0.001 9.2
1.3–65.6

Preeclampsia/pregnancy % 3.0 % * – p < 0.05 14.5
2.0–103

Twin birth/birth % 
95 % CI, 
Patients

1.6 % 6.3 % 
4.6–8.5 % 
38/606

p < 0.001 4.1
2.9–5.7

*Estimated value, no exact national data available

and obstetrical history do not significantly influence pregnancy outcome 
in physiological FLF. However, sometimes exaggerated anxiety concern-
ing pregnancies that were difficult to conceive affects each patient group 
to the same extent, which might adversely influence pregnancy outcome. 
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In RM, the pregnancy outcome is somewhat less favourable even with 
physiological FLF (P > 23 ng/ml) (N = 494): miscarriage 4.8 % (95 % CI: 
3.2–7.1 %), preterm birth 2.5 % and IUGR 0.7 %. Elevated stress levels, the 
large number of miscarriages and the occasional cerclage surgery in the 
anamnesis can probably account for this difference. This is suggested by 
the fact that pregnancy outcome with physiological FLF is better after two 
miscarriages than after three or more: abortion occurs in 3 and 6.5 % and 
preterm birth in 1.5 and 3.6 %, and the weight of the newborns is also sig-
nificantly higher than after more abortions (average of 3418 and 3220 g).

With physiological FLF, the chance of birth is close to four times 
higher (3.7×) and the chance of pregnancy loss is almost five times lower 
(4.9×) compared to the national average. In the case of singular births 
with physiological FLF, the likelihood of preterm birth, IUGR and preec-
lampsia falls to 1/15 of its original value, and about a tenth as many new-
borns are born weighing under 2500 or 1500 g. While the aforementioned 
obstetrical complications occur in spontaneously conceived singular 
pregnancies altogether in 21–22 % of cases, their occurrence decreases by 
an order of magnitude with physiological FLF to 1.4 %.

It is also worth noting that the characteristics of preterm and growth-
retarded newborns are also significantly better with physiological FLF 
when compared to pregnancies without preliminary treatment. Looking 
at the singular pregnancies in our studies, every preterm birth (except for 
one birth in the 33rd week, where the growth-retarded newborn weighed 
1400 g) were late preterm births after the 34th week, with newborns weigh-
ing over 2200 g, and every newborn with retardation was born after the 
37th week, weighing over 2000 g. The only case complicated with preterm 
birth, retardation and newborn weight of 1400 g was conceived after 
10 years of infertility and five unsuccessful IVF treatments. The woman 
in question gave birth to twins on the 35th week of her next pregnancy 
(mean weight: 1950 g, weight and length percentile 11 and 12 %).

The occurrence of twin births is approximately four times more 
frequent with physiological FLF, but no triplets were born. In spontane-
ously conceived twin pregnancies, preterm birth and growth retardation 
occurred in 47.1 % and 47.7 %, respectively. The smallest twin newborns 
with physiological FLF were born in the 34th week, weighing 1770 g on 
average. Three twins out of 40 (7.5 %) were born between the 34th and 
36th week, weighing less than 2000 g. Of twin births, 25 % (10/40) were 
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preterm (all late preterm birth after the 34th week). Foetal growth retarda-
tion occurred in 17.5 % (7/40) of twin births, all of them were born after 
the 37th week, and one pair of twins had proportional retardation. The 
outcome of multiple pregnancies is significantly better with physiological 
FLF than that of spontaneous multiple births.

Further advantages provided by the regular monitoring and normali-
sation of FLF prior to conception:
1. Normalizing FLF is much simpler in patients who would become 

pregnant spontaneously than in patients who have had insufficient 
cycles for years (recurrent miscarriage, unexplained infertility, etc.).

2. Whether a woman has recurrent miscarriages or not can only be 
decided after two failed pregnancies. If we normalise FLF before the 
pregnancy takes place, recurrent miscarriage develops at a negligible 
rate. Pregnancies with physiological FLF end in abortion in 3.4 % of 
cases (95 % CI: 2.3–5.2 %), and our results so far show that with phys-
iological FLF, this ratio remains the same permanently later on. This 
means that miscarriage would occur in only 0.12 % of patients (one 
in every 800 women), which is approximately 40 times rarer than the 
current 5 %. (We have not even mentioned the currently ineffective 
treatment of recurrent miscarriage).

3. When a woman’s menstrual cycle is regular, infertility is usually 
diagnosed only after 1 or 2 years of unsuccessful efforts. However, 
in folliculo-luteal insufficiency (FLI) (5–6 % of couples), which 
is responsible for one-third (32.2) of infertility cases (18–19 % of 
couples), normalizing FLF before the first planned pregnancy would 
allow most patients to give birth significantly earlier, and the burden 
of infertility tests could be avoided. Further, we could replace the cur-
rently unresolved treatment with a simple and effective therapeutic 
method.

4. The defining cause underlying infertility in approximately 20 % of 
couples is some anovulatory disease (18 % in our own study, Fig. 1), 
out of which PCOS is the most common (in our own study, 10 %). 
These circumstances make it pointless to delay treatment, and they 
could also be revealed before the first planned pregnancy. Based on 
our findings hormonal wedge resection is the most effective treat-
ment for PCOS and the associated infertility.
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In summary: By regularly monitoring and normalizing FLF before 
conception, the prevalence of spontaneous abortions can be decreased 
to one-fifth and possible obstetrical complications (preterm birth, IUGR, 
preeclampsia, newborns weighing <2500 and <1500 g) to less than tenth 
of the national average value, and the outcome of multiple pregnancies 
can be significantly improved. At the same time, regular monitoring of 
FLF would allow us to prevent diseases such as unexplained infertility or 
recurrent miscarriage and the early recognition of anovulatory disorders. 
By decreasing the abortion rate of planned pregnancies from 15.1 to 3.4 % 
and with the appropriate care of patients suffering from recurrent miscar-
riage, unexplained infertility and PCOS, we could achieve a significant (at 
least 20–25 %) growth in the number of births nationally. This is especially 
true if we consider that according to some estimations, there are currently 
150,000 couples having difficulties conceiving in Hungary.

A Scheme for Preconceptional Care to Prevent Fertility 
Disorders and Obstetric Complications

1. Traditional steps in preconceptional care. Clarification of the possi-
ble acquired or genetic disorders and correction of these conditions 
before pregnancy if necessary. General gynaecological examination 
to exclude organic alterations: ultrasound test if possible, tumour 
cytology, colposcopy, and additional tests if necessary.

2. Assessment of folliculo-luteal function between the fourth and ninth 
day before menstruation, preferably by the determination the average 
of three progesterone and oestradiol values measured every other 
day. TSH and prolactin screening test on these serum samples.
In the case of regular cycles of 28 ± 2 to 3 days, the optimal time for 

these tests is between the 20th and 24th days of the cycle (in approximate-
ly 85 % of ovulating women). In unstable cycles with more than 3–4 days 
variation in length, or if the ovulatory cycles are oligomenorrheal (over 
35 days) (about 15 % of ovulating women), it is recommended to time 
blood sampling to the basal body temperature: the first sample should be 
obtained when the basal temperature has been elevated for 3–4 days and 
subsequently every other day, if possible. Several months of basal body 
temperature measurement before these tests can help to avoid inappropri-
ate timing of hormonal determination. Absence of menstrual molimina is 
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also important in differentiating ovulatory and anovulatory cycles. Cycle 
length of 35–50 days is usually associated with ovulation, while bleeding 
at intervals of 60–90 days is associated more with anovulation.
3. Normalisation of folliculo-luteal function: the aim is to reach average 

luteal P levels of 26–32 ng/ml (minimum 23 ng/ml) and an average 
luteal oestradiol of 400–450 pg/ml (but minimum 350 pg/ml and 
maximum 800–900 pg/ml).
Advising patients to use traditional contraceptive methods until FLF 

normalisation is achieved. During treatment, it is common that preg-
nancy takes place before physiological FLF is achieved, which can lead to 
miscarriage, preterm birth, etc.

If the average baseline progesterone level is over 15 ng/ml, the rec-
ommended initial dose is 5 × 50 mg clomiphene citrate (CC) (5 × 1 tbl. 
Clostilbegyt, EGIS, Hungary) daily between the 5th and 9th days of the 
cycle, 5 × 100 mg if the baseline average is under 15 ng/ml, together with 
regular control of the average luteal progesterone. After this, it is recom-
mended to increase the CC dose by 5 × 50 mg per cycle until the physi-
ological P value is reached.

In cases where FLI is associated with hirsutism, or if the cycles are 
definitely unstable, raromenorrheal or the patient responds poorly to CC 
(5 × 50 mg CC results in less than 4–5 ng/ml increase in the average P), 
combining CC with low-dosage corticoid treatment (LDCT) is recom-
mended: administering 0.5 mg dexamethasone (1tbl. Oradexon, Organon) 
every evening or if this is not available 4.0 mg methylprednisolone (1tbl. 
Medrol, Pfizer) provided that there is no contraindicating factor present 
(diabetes, glucose intolerance, definite obesity). It is important to take the 
corticoid drugs in the evening because cortisol is at its maximum level 
early in the morning.
4. When the physiological levels of P and E2 are reached, we recom-

mend repeating P and E2 measurements under constant treatment. 
These repeated measurements will show significantly different 
values (usually lower but sometimes higher) in 15–20 % of patients. 
Knowing this, the treatment can be modified accordingly (this gen-
erally occurs in highly reactive, temperamental women – one who 
reacts intensely to everything will do so to stress effects also). Low-
dosage corticoid treatment usually stabilises the beneficial results  
in such cases. If the patient responds to the same treatment with 
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physiological values in one cycle and an oestradiol level that is too 
high (>900 pg/ml oestradiol, <23 ng/ml P) in the next, it is recom-
mended to intercalate 1–2 months of contraceptive treatment before 
restarting a lower dosage CC treatment, perhaps combined with low-
dosage corticoid. (Physiological FLF is produced ideally by three 
dominant follicles with diameters >15 mm. This number increases 
in these patients).
When the test results become repeatedly physiological, recommend 

conception to the patient, with continued treatment. Due to reasons 
similar to those described above, we recommend controlling P and E2 
values every 3 months until pregnancy occurs. Approximately 90 % of 
couples successfully conceive within 6 months with physiological FLF and 
98.5 % within a year. The time to pregnancy is 3.14 ± 2.4 cycles, presuming 
that the partner has normospermia and the patient has at least one intact 
tuboovarian unit.

Considering the excellent monthly pregnancy rate (26.6 % on average 
over 12 cycles), insemination usually seems unnecessary. However, it 
might prove necessary in some cases, for example, after cervical surgery, 
with cervical stenosis and after electrocoagulation or cryotherapy, if the 
cervical mucus production is minimal or when the cervical canal remains 
narrow despite the applied laminaria dilation and the cervical mucus is 
insufficient.
5. If conception fails to occur within 6 months with physiological FLF 

despite following the described therapeutic scheme, it is recommend-
ed to perform andrological tests and fallopian tube permeability test 
while still maintaining therapy (monthly pregnancy rates remain 
technically constant with physiological FLF even after 6 months). In 
the case of normospermia and at least one permeable fallopian tube 
(with an isolateral ovarium), we can expect pregnancy to occur. Only 
0.3–0.4 % of couples fail to conceive within 15 months. A laparos-
copy is suggested in these cases (if the partner has normospermia) 
to reveal and resolve unknown causes, adhesions, etc. If the laparo-
scopic results are normal, IVF can be recommended.
If the couple does not seek preconceptional medical advice, and the 

anamnesis of the woman includes 1 year of infertility (6 months if the 
woman in question is over 35 years), the presented scheme has to be pre-
ceded by andrological and tube permeability tests.
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6. Pregnancy fails to take place because of the lack of ovulation in a con-
siderable proportion of couples (20 %). In such cases it is reasonable to 
apply the therapy-oriented differential diagnostic scheme issued by 
WHO (Lunenfeld and Eshkol 1979) (Table 2), which divides amenor-
rhea into seven classes based on the pathogenetic cause, and thus the 
classification defines the required therapy at the same time. To briefly 
summarise, the correct classification can be made simply by measur-
ing serum LH, FSH, prolactin, E2 and, if needed, androgens.

 The therapy-oriented classification of the hormonal causes of anovula-
tion (WHO):

Class 1 Hypothalamic-pituitary insufficiency or hypogonadotropic hypo-
gonadism without compression of the hypothalamus or the pituitary
Dg. Amenorrhea, low FSH, LH and oestradiol levels, negative imaging 

results of the hypothalamus and the pituitary.
Th. Gonadotropic treatment: FSH and LH mimetics
Rarely occurring form: our experiences show that after 2–3 months of 

sequential hormone therapy, CC (or CC + DEX) treatment can nor-
malise cycles.

191

 Considering the excellent monthly pregnancy rate (26.6 % on average over 12 
cycles), insemination usually seems unnecessary. However, it might prove neces-
sary in some cases, for example, after cervical surgery, with cervical stenosis and 
after electrocoagulation or cryotherapy, if the cervical mucus production is minimal 
or when the cervical canal remains narrow despite the applied laminaria dilation 
and the cervical mucus is insuffi cient.

    5.     If conception fails to occur within 6 months with physiological FLF  despite follow-
ing the described therapeutic scheme, it is recommended to perform andrological 
tests and fallopian tube permeability test while still maintaining therapy (monthly 
pregnancy rates remain technically constant with physiological FLF even after 6 
months). In the case of normospermia and at least one permeable fallopian tube 
(with an isolateral ovarium), we can expect pregnancy to occur. Only 0.3–0.4 % of 
couples fail to conceive within 15 months. A laparoscopy is suggested in these 
cases (if the partner has normospermia) to reveal and resolve unknown causes, 
adhesions, etc. If the laparoscopic results are normal, IVF can be recommended.     

 If the couple does not seek preconceptional medical advice, and the anamnesis 
of the woman includes 1 year of infertility (6 months if the woman in question is 
over 35 years), the presented scheme has to be preceded by andrological and tube 
permeability tests.
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   Table 12.2    Differential diagnostics of anovulatory disorders and amenorrheas (WHO)       

12.1 A Scheme for Preconceptional Care

Table 2. Differential diagnostics of anovulatory disorders and amenorrheas (WHO).
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Class 2 Hypothalamic-pituitary dysfunction or normogonadotropic 
hypogonadism

Dg. Eu-, raro- or amenorrhoea, physiological FSH, LH and oestradiol levels
Most often PCOS: anovulation, elevated serum androgens, ovarian ultra-

sound image typical of PCOS (LH/FSH ratio usually over 2–3).
Less frequent simple regulatory disorder, without elevated androgen level 

and PCOS-typical ovarian ultrasound image.
Th. Clomiphene citrate treatment in appropriate dosage and/or low-dos-

age corticoid treatment, “hormonal wedge resection” in the case of 
PCOS

Class 3 Ovarian amenorrhoea or hypergonadotropic hypogonadism
Dg. Elevated FSH (>50 IU/l) low oestradiol resulting from the functional 

disability of the ovaries: they do not contain any primordial follicles that 
are capable of maturation.

Th. Ovulation induction is not possible; oestrogen-gestagen replacement 
is recommended to ameliorate complaints and oestrogen deficiency 
symptoms.

Class 4 Congenital or acquired anomalies of the genital tracts (uterine 
amenorrhea or Asherman’s syndrome).

Dg. Amenorrhea, usually physiological hormonal levels, negative oestrogen-
gestagen test

Th. No therapy available to promote conception
Class 5 Hyperprolactinaemic hypogonadism resulting from hypothalam-

ic-pituitary compression
Dg. Amenorrhea, repeatedly elevated prolactin levels, tumour confirmed by 

imaging (sella X-ray, CT, MRI); thyroid gland examination is necessary.
Th. In the case of macroadenoma, surgery; in the case of microadenoma 

(diameter <10 mm) bromocriptine or other dopaminergic therapy.
Class 6 Hyperprolactinaemic hypogonadism without hypothalamic-pitu-

itary compression
Dg. Amenorrhea, repeatedly elevated prolactin levels; imaging tests do not 

confirm tumour (sella X-ray, CT, MRI); TSH test is necessary.
Th. Bromocriptine therapy or, in the case of intolerance, Norprolac 

treatment.
Class 7 Hypothalamic-pituitary insufficiency or hypogonadotropic hypo-

gonadism resulting from hypothalamic-pituitary compression
Dg. Amenorrhea, low FSH, LH and oestradiol levels, tumour confirmed by 

imaging studies
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Th. Surgical resolution of the compression
The vast majority of patients (approximately 80 %) with anovulation 

or amenorrhea belong to Class 2. Another 15 % belong to Classes 5 and 6, 
while all other classes account for about 5 % altogether. Most patients in 
Class 2 can be diagnosed with PCOS.

If the aforementioned treatments induce ovulatory cycles in anovula-
tion or amenorrhea, it is strongly recommended to perform the average 
luteal P test as we presented. Ovulatory cycles induced thus are frequently 
associated with insufficient FLF, which leads to further infertility, miscar-
riage and possibly preterm birth, etc. By combining the chosen treatment 
with CC (e.g., bromocriptine), or increasing the dose of the already applied 
CC treatment or the controlled complementation with low-dosage corti-
coid administration, physiological FLF can be achieved in almost all cases. 
PCOS treatment provides a great example of this. In their multicentered 
study involving 376 patients treated with CC for PCOS, Legro et al. (2014a, 
b) ovulation was successfully induced in only 48.3 % of cycles (688/1425 
cycles). Pregnancy occurred in 14.9 % of ovulatory cycles (103/688). 
Miscarriage occurred in 29.1 % of these pregnancies (30/103) and birth in 
70.9 %. They started the treatment with the administration of 5 × 50 mg 
CC, and if ovulation failed to occur, they increased the dose by 5 × 50 mg 
per cycle, up to 5 × 150 mg. The couples in the study had confirmed nor-
mospermia and at least one intact tuboovarian unit. This example clearly 
demonstrates the necessity of quantitative FLF examination.
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Introduction

Infertility has become a public health problem afflicting an estimated one 
in ten couples globally (Boivin et al. 2007). Approximately 48.5 million 
couples engaging in unprotected intercourse suffer from involuntary 
childlessness (Martinez et al. 2006). Male infertility alone contributes 
to approximately 60 % of the problem and has become a major health 
concern, the incidence of male infertility ranging from 2.5 to 12 % across 
different regions around the world (Agarwal et al. 2015). The actual inci-
dence may be even higher, due to a general lack of data and underreport-
ing in certain patriarchal cultures and groups where men refuse to be 
clinically evaluated. Sadly, despite these hard-hitting facts, clinical androl-
ogy remains a subject of neglect. The infertility specialist is frequently a 
gynecologist, with little or no understanding in assessing an infertile male. 
Frequently, the diagnosis of male infertility is based on a single laboratory 
value of the semen analysis, which ultimately decides the course of treat-
ment for the infertile male. Thus, it is not the patient who is being treated, 
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but the sperm which has become the cellular patient. The semen picture, 
in a majority, will not give any clues to the actual underlying pathology 
(Cummins and Jequier 1994).

Goal and Indications for Evaluation of the Infertile 
Male

Male infertility can be attributed to a variety of conditions; however, most 
of the time an exact cause is not found, but if found, not all can be treated 
and/or corrected. An abnormal semen picture may be the only finding; in 
these cases, the cause of infertility is termed idiopathic. The aim of male 
infertility evaluation is to identify and treat potentially correctable causes. 
The identification of genetic disorder during male infertility workup 
would help in counseling the couple about the potential risks involved 
to the offspring and also help guide the couple to alternate treatment 
strategies. Potential serious conditions like testicular cancer and pituitary 
tumors may also present with infertility and/or sexual dysfunction as the 
only primary symptom during an assessment (Honig et al. 1994).

Table 1. Outlines the major causes of male infertility.

Causes of male infertility (WHO) 

Idiopathic

Isolated abnormalities of semen and sperm parameters

Varicocele

Immunological infertility

Genital tract infection

Primary testicular failure

Kallmann’s syndrome 

Klinefelter’s syndrome

Cryptorchidism

Obstruction

Ejaculatory dysfunction

Erectile dysfunction

Genetic causes: Y-chromosome microdeletion

The exact etiopathological mechanism through which varicocele and antisperm 
antibodies contribute to male infertility remains to be elucidated



A CLINICAL APPROACH TO MALE INFERTILITY • 63 

In a large WHO study involving over 8500 couples from 25 coun-
tries, a standardized classification system for categorizing the various 
causes of male infertility was published. This study clearly showed that 
the single most common etiology of male infertility belonged to the idi-
opathic abnormalities of the semen category (25 %), followed by varicocele 
(Comhaire 1987). Nevertheless, with our recent understanding of genetic 
causes, this study is in need of a review. The various causes of male infer-
tility are summarized in Table 1. Varicocele is, however, a debatable cause 
of male infertility.

The Relevance of Clinical History Taking

Numerous medical conditions/pathologies can afflict male fertility both 
directly and indirectly. An in-depth history taking should comprehen-
sively assess the patients (a) past fertility, (b) past investigations and treat-
ments for infertility, (c) presence of associated systemic diseases and/or 
treatments for the same, (d) current and past medication history, (e) past 
and recent history of surgeries with particular emphasis to surgeries per-
formed in the inguinal/pelvic/testicular region, (f) chemotherapies and/
or radiotherapy, (g) the occupational exposure to potential toxins/chemi-
cals, (h) personal lifestyle factors like smoking and alcohol consumption 
and/or drug abuse, (i) family history of infertility and other congenital 
defects, and finally (j) sexual history. An in-depth sexual history is very 
important in the workup of an infertile male since the coital frequency/
week is significantly associated with the chance of conception (Macleod 
and Gold 1953). A chance of conception significantly increases when 
coital frequency approaches ≥3 time/week as compared to ≤2 times/week. 
History about the patient’s libido, erection, and ejaculation should also 
be elucidated as a pathology affecting any of these areas could reduce the 
number of successful sexual contacts leading to infertility. An outline 
of the various components in a male infertility clinical history taking 
is given in Table 2. An important point of noteworthy mention is that 
numerous medical drugs can potentially impair the male’s fertility. Their 
mechanism of action could be by either affecting spermatogenesis, sperm 
motility, or sperm fertilizing capacity. Commonly used antibiotics, 
proton pump inhibitors, antihypertensive medications, calcium channel 
blockers, statins, beta-blockers, and psychotropic medications can all  
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Table 2. Highlights the various components that have to be assessed in 
the examination of an infertile male
Components of history taking in the assessment of an infertile male

1. Fertility history

 Duration of marriage and infertility

 Past conception with present and/or previous partner

 Duration of infertility

 Previous fertility investigations and treatments

 2. Medical history

  Past/present history of diabetes, hypertension, respiratory tract disease, and liver disease

 Past/present history of neurological diseases and treatments

  Past/present history of high fever

 Past/present history of medication and duration of use

 Past/present history of urinary tract infections/sexually transmitted disease

3. Surgical history

  Past history of vasectomy, testicular surgeries like varicocelectomy and hydrocelectomy

  Past history of inguinal hernia surgery, sympathectomy, prostatectomy

 Past history of bladder neck operations

 Any other history of urethral strictures

  Past history of penile surgeries for hypospadias/epispadias

4. Developmental and childhood history

 Past history of mumps/any other viral illness

  Past history scrotal injury

 Past history of testicular torsion

 Past history of treatment for testicular maldescent and the age of treatment

 Puberty and its onset, sexual development

 5. Occupational and environmental history

 Any history of exposure to heat, toxic factors, carcinogenic dyes, tannins, etc.

 Any history of excess consumption of alcohol, smoking, and other drug abuse

  Any history of exposure to high heat and exposure to sexually transmitted infections

6. Family history 

 Any family history of infertility, congenital birth defects

  Any family history of cryptorchidism, metabolic syndrome, and other endocrine 
disorders

7. Sexual history 

 Frequency of intercourse

 Libido

 Erectile function

 Ejaculation

 Lubricant usage
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potentially impair male fertility and/or sexual function leading to diffi-
culties with achieving a conception (Pandiyan 2007). A clinical history 
should thoroughly elucidate as to whether the patient is or was on any 
medication for any comorbid illness.

Clinical Examination of an Infertile Male

Clinical examination of an infertile male forms an important initial tool in 
the assessment of male infertility. A general examination is as important 
as a genital exam. The patient’s height, weight, and BMI (body mass index) 
along with blood pressure should be documented before the systemic 
and local examination. The degree of androgenization can be assessed 
by looking for a male pattern of hair distribution and by questioning the 
patient on the frequency of shaving (to assess facial hair growth). An 
assessment of the distribution of body hair should also be made. Sparse 
hair distribution combined with gynecomastia and eunuchoidal body 
proportions is suggestive of Klinefelter’s syndrome which can be clinically 
picked by watchful observation of the patient’s phenotype. An assessment 
of the patient’s cardiovascular and respiratory system is also to be made 
routine. Here, the presence of bronchiectasis combined with situs inversus 
is suggestive of dyskinetic cilia syndrome where the semen picture would 
also show varying degrees of immotile spermatozoa (Schidlow 1994). 
Careful inspection of the abdomen and inguinal region may show up scars 
that may potentially indicate past hernia surgery and/or orchidopexy that 
the patient might have forgotten to mention during the clinical history 
taking. Pediatric hernia surgeries carry a potential risk of iatrogenic injury 
to the vas deferens (Sheynkin et al. 1998). Genital examination should 
include details of the penile anatomy. The penis is examined and the posi-
tion of the external urethral meatus is noted. The presence of any hypo-
spadias or epispadias should be documented. Phimosis should also be 
excluded. Palpation of the penile body may reveal hardened areas due to 
fibrous plaque formation within the cavernosal tissue that is suggestive of 
Peyronie’s disease (Gelbard 1995). This is followed by examination of the 
testes, for its size and consistency. Testicular size is estimated to calculate 
volume; the testicular size has a moderate degree of correlation to sperm 
production (Johnson et al. 1980).
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The mean average testicular volume of South Indian men is 6 cc 
(Dupesh and Pandiyan 2015). Estimation of testicular volume can be done 
using a Prader orchidometer, and these measurements correlate well with 
ultrasound measurements, although a good correlation >0.8 is obtained 
only with good clinical experience (Behre and Nashan 1989). A simpler 
method for estimating testicular size involves the use of a washable steel 
scale; in this method, the testis is stabilized firmly between the index and 
thumb, length (l) is measured in centimeters (cm) from the upper pole 
to the lower pole, and breadth (b) and height (h) along the midaxis are 
recorded. Volume is estimated by (l × b × h)/2 (length × breadth × height 
the product divided by two). This method gives an excellent correlation 
with ultrasound-based measurements and is routinely used in our clinic 
(Shah and Pandiyan 2015). From the clinical perspective, a small but firm 
testis along with elevated FSH is suggestive of hypergonadotropic hypog-
onadism, while small soft testis with low FSH is suggestive of hypogonad-
otropic hypogonadism (Pandiyan 1999). For male patients with low FSH 
and low LH, cranial imaging with serum prolactin measurement should 
be done to rule out pituitary pathology (De Kretser 1979). The presence 
of maldescended testis and anorchia should be documented and warrant 
further investigation. The epididymis should also be palpated. One should 
also look out for the classical Bayle’s sign, where the epididymis is pal-
pable and augmented and soft suggestive of an obstruction (Schoysman 
1982). A normal epididymis is usually firm in consistency. Presence of 
nodularity is rare finding and could be due to a past history of tuberculous 
epididymo-orchitis.

The presence or absence of the vas deferens must be carefully exam-
ined on both sides. The vas deferens can be palpated with the patient in a 
supine position, within the vessels of the spermatic cord, as a firm thread-
like structure that snaps between the examiner’s fingers. The bilateral 
absence of vas deferens is suggestive of congenital bilateral absence of vas 
deferens (CBAVD) and is an extreme phenotypic variant of Cystic fibrosis 
transmembrane conductance regulator (CFTR) gene mutations (Costes et 
al. 1994). Unnecessary surgical exploration can be avoided in these cases. 
CBAVD is commonly associated with agenesis of the seminal vesicles, 
absence of sperm in the ejaculate with absent fructose in semen. In both 
unilateral and bilateral absence of vas deferens, an abdominal ultrasound 
for renal anomalies is warranted (McCallum et al. 2001). A varicocele is 
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defined as distension of the venous pampiniform plexus in the spermatic 
cord, and assessment should be done only in the upright position. Grade 
3 varicoceles are usually easily identified; however, to diagnose smaller 
grades accurately, Doppler studies are necessary.

Investigating an Infertile Male: a Prudent Approach

Semen analysis remains the cornerstone test in the workup of an infertile 
male. A conventional semen analysis gives information about the male’s 
testicular germ cell function, secretory function of the male’s accessory 
sex organs, and also about the patency of the male reproductive tract. It 
is very important to understand that semen parameters of concentration, 
motility, and morphology show a high degree of variance with time, place, 
and region both among individuals and also within the same individual. 
Semen analysis remains a controversial but necessary test and has numer-
ous pitfalls: (a) it is a subjective test, with results varying between techni-
cal personnel and within the same personnel who are assessing the sample 
(Barroso et al. 1999); (b) semen parameters of both fertile and infertile 
men show considerable degree of overlap between parameters, and very 
low sperm counts have led to documented spontaneous pregnancies 
(Thomson et al. 1993); (c) none of current semen parameters, namely, 
sperm concentration, motility, and morphology, have good predictive 
power in estimating a couple’s fertility potential (Ford 2010); and (d) it is 
important to understand that the relation between sperm concentration, 
sperm motility, and fertility is not a simple one. The role of the female 
partner and her fertility play a key role in deciding whether a conception 
would occur. It is now well known that a reproductive pathology in the 
female can reduce the fertility potential of a male presenting with a so-
called “normal” spermiogram.

The clinical utility of semen analysis however cannot be overempha-
sized in extreme presentations like azoospermia, total asthenozoosperm-
ia, necrozoospermia, and globozoospermia. We still do not understand 
the molecular basis to male infertility; pathological changes resulting in 
subfertility rarely reflect onto a conventional semen analysis. The World 
Health Organization (WHO) has published over five editions so far 
reviewing diagnostic criteria and protocols for semen analysis in differ-
ent times. It recently published the fifth edition of the Laboratory Manual 
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for the Examination and Processing of Human Semen in 2010 (WHO 
manual, 5th edition. 2010). On an interesting note, while the first four 
editions were “consensus” based on expert opinions, the latest edition 
was published after a multicenter study. Numerous men who were previ-
ously diagnosed with oligozoospermia, asthenozoospermia, and terato-
zoospermia have now been included in the normal range as per the new 
manual’s diagnostic cutoffs. Thus, many men might have been subjected 
to unwanted and unwarranted surgeries/therapies for infertility based on 
these criteria (Pandiyan 2012). Semen analysis thus remains a number 
game.

The aforementioned facts do not mean that a semen analysis is a 
redundant test, but it is important to take a deep look at the patient from a 
clinical perspective and listen to his story and only then can the right diag-
nosis be made from a clinical standpoint. Common instructions given to 
the male patient before a semen analysis are as follows: (a) patients are 
advised to abstain from sexual intercourse for a period ranging from 2 
to 7 days before a semen analysis as per the WHO criteria. However, a 
retrospective analysis of our data from over 2130 patients clearly showed 
that all the three semen parameters, namely, concentration, motility, and 
morphology do not vary significantly as a result of ejaculatory abstinence. 
Any variation noted was still within the normal range (Shah and Pandiyan 
ISAR 2015).

In our clinic, we do not recommend patients to collect a sample after a 
specified period of ejaculatory abstinence. (a) Sample collection should be 
done in a sterile wide-mouthed container; any spillage should be reported 
immediately as this could potentially lead to a diagnosis of hypospermia. 
(b) Lubricant usage is not recommended during sample collection, and 
collection should be done in a private room adjacent to the andrology 
laboratory. Postcollection, the semen is allowed to liquefy for 20–30 min, 
after which a macroscopic estimation of semen volume, pH, liquefaction, 
and viscosity is done. This is then followed by a microscopic assessment of 
sperm concentration, motility, and morphology as per WHO 2010 guide-
line values. Reference values are given in Table 3.

Endocrine Workup of an Infertile Male

Serum FSH is usually the only endocrine test required for most patients 
with male infertility. If there is concomitant sexual dysfunction, then  
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estimation of serum LH, prolactin, total testosterone, and free testos-
terone is required. Thyroid evaluation is not required in most men pre-
senting with male infertility unless there is family history or elevated 
prolactin. Serum FSH is done in patients presenting with a sperm count 
<10 million/ml. Highly elevated values of FSH presenting along with 
azoospermia or severe oligozoospermia are suggestive of seminiferous 
tubular failure or an ongoing failure of the germinal epithelium. Elevated 
FSH and LH is suggestive of testicular failure, either acquired or possibly 
Klinefelter’s syndrome. Very low FSH and LH could be due to a pituitary 
pathology or could be congenital (Kallmann’s syndrome) and requires 
prompt intervention. Serum FSH within the normal range in azoosper-
mic patients indicates an obstructive cause and needs further evaluation 
to assess the exact level/site of obstruction. A low ejaculate volume along 
with normal FSH and a semen picture showing azoospermia possibly 
indicates an obstruction at the level of the ejaculatory duct or vas deferens 
(Pandiyan 1999). Tables 4 and 5 and Fig. 1 give an algorithm for the basic 
workup of azoospermia.

Genetics in Male Infertility

Genetic testing of the infertile male is done in select conditions. Genetic 
testing is done to assess the presence of Y-chromosome microdeletions  
that are commonly seen in 10–15 % of patients who are diagnosed 
with nonobstructive azoospermia (NOA) (McElreavey et al. 2000). 
Y-chromosome microdeletion is a known cause of spermatogenic failure. 

Table 3. Reference values given are 5th centile and are used as lower 
cutoff limits of normality.

Semen analysis parameters WHO 2010 guideline values

Volume 1.5 ml

Sperm concentration/ml 15 × 106/ml

Total sperm count/ejaculate 39 × 106/ejaculate

Total motility 40 %

Progressive motility 32 %

Morphology 4 %

Vitality 58 %

Results should not be overinterpreted from a clinical standpoint
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From the clinical standpoint, there are three types of deletions, namely, 
AZFa, AZFb, and AZFc. AZFa and AZFb have poor prognosis for sperm 
retrieval from the testis and are associated with Sertoli cell only or mat-
uration arrest (McElreavey et al. 2000). The type of deletion affects the 
outcome of a testicular sperm extraction procedure done in these groups 
of patients. In AZFc deletion, there is a good chance of sperm retrieval 
from at least 50 % of patients presenting with these deletions; however, 
in AZFa and AZFb deletions, there is virtually no chance of finding 
sperm during retrieval (McElreavey and Krausz 1999). While a clear-cut  

Table 4. Outlines the possible findings in patients suspected with 
nonobstructive azoospermia.

Condition FSH Testes 
size

Semen 
volume

Feature

Hypogonadotropic 
Hypogonadism

Low or 
undetectable

Small and 
soft

Normal Hyposmia or anosmia 
present

Seminiferous 
tubular failure

Elevated Small, soft, 
and firm

Normal –

Borderline 
azoospermia

Normal to
mild 
elevation

Normal 
to slightly 
small

Normal Biopsy shows 
hypospermatogenesis 
or maturation arrest

Reproduced with permission from Pandiyan (1999)

Table 5. Outlines the possible findings in patients suspected with 
obstructive azoospermia.

Condition FSH Testes 
size

Semen 
volume

Feature

Ejaculatory duct 
obstruction

Normal Normal Very 
low

Absent

Vasal aplasia Normal Normal Very 
low

Absent

Epididymal 
obstruction

Normal Normal Normal Present

Vasal obstruction Normal Normal Normal Present

Intratesticular 
obstruction

Normal Normal Normal Present

Reproduced with permission from Pandiyan (1999)
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relationship between the genotype and phenotype remains to be estab-
lished, numerous studies have supported these observed trends. 
Y-chromosome microdeletion studies are not done routinely in many 
centers. We feel it may serve as an important prognostic test, as a prelude 
to predicting sperm retrieval for men presenting with NOA. Prior to ART, 
Y-chromosome microdeletion studies are vital to counsel couples regard-
ing the possible chances of perpetuating male infertility to their male  

Fig. 1: Gives an outline of the differential diagnosis of azoospermia.

If a nonobstructive cause is suspected, proceed as below to 
discern a possible etiology.

48

     If a nonobstructive cause is suspected, proceed as below to discern a possible 
etiology.  

4.7     Genetics in Male Infertility 

 Genetic testing of the infertile male is done in select conditions. Genetic testing is 
done to assess the presence of Y-chromosome microdeletions that are commonly 
seen in 10–15 % of patients who are diagnosed with nonobstructive azoospermia 
(NOA) (McElreavey et al.  2000 ). Y-chromosome microdeletion is a known cause 

   Table 4.5    Outlines the possible fi ndings in patients suspected with obstructive azoospermia   

 Condition  FSH  Testes size  Semen volume  Feature 

 Ejaculatory duct obstruction  Normal  Normal  Very low  Absent 

 Vasal aplasia  Normal  Normal  Very low  Absent 

 Epididymal obstruction  Normal  Normal  Normal  Present 

 Vasal obstruction  Normal  Normal  Normal  Present 

 Intratesticular obstruction  Normal  Normal  Normal  Present 

  Reproduced with permission from Pandiyan ( 1999 )  

Azoospermia

Obstructive cause Non Obstructive

Hypgonadotropic 

Hypogonadism

Borderline 

Azoospermia

Seminiferous

Tubular Failure

Or Testicular Failure

Ejaculatory duct obstruction

Epididymal Obstruction

Vasal Obstruction

Intra -testicular Obstruction

Vasal Aplasia

  Fig. 4.1    Gives an outline 
of the differential diagnosis 
of azoospermia       

N. Pandiyan and S.D. Khan
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offsprings. Genetic testing of an infertile male is also indicated in patients 
where the clinical evaluation suggests Klinefelter’s or Kallmann’s syn-
drome and in patients with unilateral or bilateral absence of vas deferens, 
where a CFTR gene mutation would be expected.

Tests of Sperm Function, Qua Vadis

A number of sperm function tests have been utilized in the clinical setting 
in the past. Sperm function tests like acrosome reaction and induced acro-
some reaction to calcium ionophore have demonstrated an increase in 
spontaneous acrosome reaction of sperm of infertile men compared to 
fertile controls (Fenichel et al. 1991). The clinical significance of these 
findings remains unknown. Other tests of specialized sperm function 
include sperm zona pellucida test and sperm penetration assays. Although 
a good degree of correlation is seen between these assays and the fertiliz-
ing ability of sperm in a conventional IVF cycle (Oehninger et al. 2000), 
these tests are again rarely used in a clinical setting, since male factor 
infertility is predominantly managed by ICSI worldwide. Tests, such as 
the postcoital test, have fallen out of favor, due to a lack of standardization 
in the test methodology, lack of definition as to what constitutes a normal 
test, and poor reproducibility (Griffith and Grimes 1990). Other newer 
tests, like the sperm creatinine kinase assay or assessment of markers of 
abortive apoptosis and hyaluronic acid binding assay, may help in sperm 
selection during ICSI (Huszar et al. 2007) but have no clinical utility in the 
evaluation of an infertile male.

A newer test that has recently caught the fancy of the clinical fra-
ternity is the sperm DNA fragmentation assay. DNA integrity in the 
sperm is maintained by disulfide cross-linkages between proteins called 
protamines; this allows the compact packaging of the genetic material. 
After the spermiation process, the spermatozoa are transcriptionally 
inactive; thus, any damage occurring to the nuclear material cannot be 
potentially repaired in the sperm themselves. DNA damage in the sperm 
can occur during sperm transit in the male reproductive tract or due to 
endogenous endonuclease activity, heat exposure, reactive oxygen species, 
and/or potential gonadotoxin exposure (Lopes et al. 1998). Sperm DNA 
fragmentation has also been claimed to be associated with poor embryo 
quality, an increase in miscarriage rates, and also general poorer ICSI  
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outcomes (Sakkas and Alvarez 2010). Commonly used tests to assess DNA 
fragmentation include conventional single-gel electrophoresis (COMET 
assay), terminal deoxy UTP nick end labeling (TUNEL), and lastly 
sperm chromatin structure assay (SCSA). From a clinical standpoint, we 
need to understand that although tests of DNA fragmentation may give 
some clinical information on the percentage of fragmentation of DNA, 
none of these tests actually give any information on the exact nucleotide 
sequences that are actually involved in fragmentation. Importantly, we are 
looking at a small subpool of spermatozoa for DNA fragmentation that 
may not be representative of the actual spermatozoa that reach the site 
of fertilization in vivo. Lastly, one must not forget that the oocyte in itself 
possesses a nucleotide excision repair (NER) mechanism, where poten-
tially any fragmented nucleotide sequence in the sperm would be repaired 
(Ashwood and Edwards 1996). Considering the limited prognostic power 
of the DNA fragmentation test, we do not recommend these tests in the 
routine evaluation of an infertile male. Based on the current evidence and 
available literature, the ASRM practice committee guidelines also do not 
recommend routine DNA fragmentation analysis in the workup of an 
infertile couple (ASRM 2006, 2013). On a conclusive note, we would also 
like to point out that currently none of presently available sperm function 
tests have adequate sensitivity or specificity to predict IVF/ICSI treatment 
outcomes. The need to develop and validate ICSI-specific sperm function 
tests is the future.

Antioxidants in the Treatment of Male Infertility

Reactive oxygen species (ROS) have been blamed as a causative factor for 
numerous pathologies from head to foot. They have been implicated in 
the causative mechanism of stroke (Allen and Bayraktutan 2009) and also 
in diabetic foot (Cianci and Hunt 2007). However, it is not clear whether 
they are the cause or consequence of the pathology. ROS play an important 
physiological role in inducing apoptosis, which is an essential and indis-
pensable cell function in all body tissues (Simon et al. 2000). Furthermore, 
antioxidant usage in cancer remains a conundrum (Seifried et al. 2003).

Not surprisingly, ROS have also been implicated in male infertility, 
and antioxidants to quench ROS have been prescribed rampantly around 
the globe (Ranjani et al. 2013). There are no large-scale high-quality  
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randomized double-blind placebo-controlled trials to assess whether the 
antioxidants significantly contribute to improved semen parameters and 
improvement in pregnancy rates. A major confounding factor for any 
such study would be the inherent natural variability of semen, which has 
constantly been misinterpreted and misused to show clinical improve-
ment with antioxidant usage. For the time being, till high-quality evidence 
is published, we do not recommend the routine usage of antioxidants in 
the management of idiopathic male infertility.

Treatable Conditions in Male Infertility

Most causes of obstructive azoospermia and some causes of aspermia 
are the only treatable conditions in male infertility from a clinical view-
point. Obstructive azoospermia (OA) can be managed by surgical cor-
rection of the obstruction, exception being vasal aplasia where a surgical 
sperm retrieval can be performed. Patients with hypogonadotropic hypo-
gonadism can be managed with gonadotropin therapy. For patients with 
retrograde ejaculation, a method of noninvasive sperm retrieval from the 
bladder can be done (Pandiyan et al. 1998). For all other conditions like 
severe oligozoospermia, asthenozoospermia, or a combination of semen 
parameter abnormalities, it would be wise to go with controlled ovarian 
hyperstimulation (COH) with IUI or ICSI and save time for the patient 
rather than try unproven empirical therapies. Depending on the women’s 
age and duration of infertility, male patients with even 1 million/ml of 
motile sperm postwash could be given a cycle of IUI, although for patients 
where <1 million/ml of postwash recovery is obtained, it would be wise 
to go with ICSI.

A varicocele is invariably present in approximately 40 % of infertile 
males. Varicocelectomy in the management of male infertility remains 
highly controversial. We do not know the exact mechanism by which a var-
icocele contributes to impaired semen parameters or DNA fragmentation 
or just male infertility in general. Indiscriminate varicocelectomy in the 
management of the infertile male in the era of ICSI is not recommended, 
as assisted reproductive technology has shorter time to pregnancy rates 
and better results in general (Csokmay and DeCherney 2009).
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Ethics of Treatment of Male Infertility

Prior to the advent of ICSI, all men with nonobstructive azoospermia due 
to seminiferous tubular dysfunction and most men with severe oligoas-
thenoteratozoospermia were untreatably infertile. Introduction of ICSI in 
1992, Palermo and colleagues revolutionized the management of severe 
male infertility. However, it was soon recognized that a significant percent-
age of men, ranging from 15 to 35 %, with nonobstructive azoospermia 
and severe oligozoospermia (Foresta et al. 2001) may have Y-chromosome 
microdeletions. All these men would transmit these defects to all their 
offsprings, thereby perpetuating male infertility. Are we justified in doing 
this? This is a point to ponder.

CBAVD was an untreatable condition, until the introduction of 
ICSI and epididymal sperm aspiration (Pandiyan 1995). CBAVD is a 
genetic condition due to a defect in the CFTR gene; these patients may 
also transmit their defect to the offspring, raising the question, should 
we be treating these men at all? Men with balanced autosomal transloca-
tion may manifest NOA or severe oligozoospermia (Pandiyan and Jequier 
1996). Treatment of these men with ICSI will lead to the birth of offspring 
with unbalanced translocation if the mother is also a carrier of balanced 
translocations.

Conclusions

With the advent of microassisted fertilization techniques, it would seem 
clinical andrology is but a redundant field. We would like to differ; micro-
assisted fertilization techniques can never overcome the underlying 
pathology that leads to male infertility in the first place. At this juncture, 
we would like to stress that a man should not be judged by his semen alone 
and the sperm should not become the “cellular patient.” The value of a 
good in-depth clinical evaluation must never be underestimated. Last of 
all, we would also like to advice caution with the utilization of microassist-
ed technologies as it bypasses all natural selection process that is involved 
in sperm selection. Much research has to be done into this novel field of 
andrology before coming to a sound conclusion. The need of the hour we 
believe is more clinical andrology and not less.
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