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v

 Revolutionary advances in the diagnostic and therapeutic procedures for the management of 
male infertility that foreshadow a growing role of andrology testing are the future of this fi eld. 
Millions of men are evaluated yearly across the United States with a growing variety of fertility 
tests. The days of the simple Makler chamber-generated semen parameters have been supple-
mented with computer-assisted semen analysis, as well as advanced semen tests such as oxida-
tive stress and DNA fragmentation assessments. Increasingly, these tests are allowing improved 
diagnostic accuracy and stratifi cation to appropriate treatment options. 

 This state-of-the-art laboratory manual contains protocols that can be used daily in the 
investigation of male infertility. In its 24 chapters, the book covers most of the common routine 
and advanced testing that is available at the present time. This text is unique in its emphasis in 
presenting test protocols in detail that allow immediate use in a clinical laboratory setting. It 
has a number of hand-drawn, artistic presentations of key equipment and procedures which 
add to the clarity. At the beginning of the text, information is presented to place clinical aspects 
of male infertility in context of the role of semen testing. It contains important chapters on 
quality management, competency assessment, licensing, and accreditation which allow a lab 
to provide the highest quality of testing while remaining compliant with applicable laboratory 
standards. The protocols are arranged from the routine to the advanced laboratory procedures 
in daily use. It emphasizes simple, concise protocols which can be readily transferred into 
practice. The information on assisted reproduction-associated procedures including prepara-
tion for IUI specimens and cryopreservation techniques represents time-tested best practices 
from one of the busiest andrology laboratories in the country. 

 Drs Agarwal, Gupta, and Sharma combine their over 50 years of experience in running a 
state-of-the-art clinical andrology laboratory to provide an indispensable resource for thou-
sands of clinicians, reproductive professionals (andrologists, embryologists), laboratory tech-
nicians, as well as other students of andrology lab testing. This experienced team has authored 
dozens of texts related to all aspects of male fertility. Their current book is a one of a kind 
work—a must-read for all with an interest in providing the highest quality and most accurate 
andrology testing for their patients. 

 In the growingly complex world of sperm testing, they have provided a simple, elegant 
resource. It will be a welcome addition to your bookshelves, and I expect you will fi nd it valu-
able on a regular basis. I hope you will enjoy it!  

    September 25, 2015    Edmund     Sabanegh     Jr., MD    
  Department of Urology

The Cleveland Clinic         
Cleveland, OH, USA      

   Foreword   
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1           Introduction 

 Ever since Antonie van Leeuwenhoek fi rst described the 
microscopic appearance of spermatozoa in 1677 [ 1 ], studies 
of semen parameters have gone through major advance-
ments, enhancing our understanding of male fertility. In 
2010, the World Health Organization (WHO) updated its ref-
erence values for semen analysis, in an attempt to provide 
sound reference ranges capable of interpreting patients’ fer-
tility status and/or deviation from the norm [ 2 ]. Unfortunately, 
the basic semen analysis test remains of limited value in 
understanding the functional capacity of sperm and in pre-
dicting the likelihood of pregnancy. 

 Modern-day growing practice  of    intracytoplasmic sperm 
injection (ICSI)   has unveiled an interest in exploring tests of 
sperm function. Reasons for this interest were observations 
that sperm count, motility, and morphology did not parti-
cularly affect ICSI outcome nor predict spontaneous concep-
tion [ 3 – 5 ]. Consequently, several sperm function tests 
were developed, such as viability, antisperm antibody tests, 
acrosome reaction, and oxidative stress/total antioxidant 
capacity. 

 In this chapter, we aim to present a practical guide on dif-
ferent diagnostic modalities used in the evaluation of male 
infertility.  

2     Primary Goals for Evaluation of Infertile 
Male 

 A 2010  American   Urological Association (AUA)    best practice 
statement clearly identifi ed conditions in which evaluation of 
the male partner is indicated [ 6 ]. Screening with a reproductive 
history and two semen samples at least 1 month apart should 
be performed when no conception is achieved after 1 year of 
regular unprotected intercourse [ 6 ]. This time frame could be 
overlooked in the presence of male infertility risk factors such 
as a history of bilateral cryptorchidism or female infertility risk 
factors such as advanced female age (over 35 years), or when 
the couples choose to undergo such assessment. 

 The main goals in the evaluation of the male partner are 
to identify reversible conditions that can be successfully 
managed and/or irreversible conditions for which assisted 
reproduction is indicated and to identify genetic abnormali-
ties that may affect the patient and or his offspring and 
necessitate proper counseling before treatment.  

3     History 

  A dedicated  history   focusing on all possible factors affecting 
male fertility should be acquired. Typically the history 
should cover the patient’s reproductive background, past 
medical and surgical history, lifestyle features, and potential 
testicular toxic exposure. 

  Reproductive history.  Duration and frequency of unprotected 
intercourse, prior conception and use of contraception, 
 miscarriages, and fertility treatments should be covered. 
Questions that assess the erectile and ejaculatory status are 
crucial as they refl ect the patient’s neuroendocrine standing, 
which may be the sole cause of his infertility. The patient’s 
understanding of the menstrual cycle is also of importance 
with specifi c focus on the time frame for ovulation and 
 viability of human sperm. 
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  Medical history.  A detailed medical history should be taken 
with special emphasis on conditions that may impact fertil-
ity, including diabetes mellitus, renal impairment, malignan-
cies, and autoimmune disorders. 

  Surgical history.  The patient’s surgical history should also be 
evaluated for conditions such as hernia repair, prior vasec-
tomy, and other scrotal surgeries such as hydrocelectomy or 
orchiopexy as well as for other urologic surgeries, specifi -
cally on the prostate or urethra, as these may impact ejacula-
tory function. 

  Medications.  The patient’s current and past medications 
should be reviewed to look for medications affecting testicu-
lar function such as chemotherapeutic agents, immune mod-
ulators, alpha blockers, antipsychotics, and antiandrogens. 

  Lifestyle factors.  Cigarette smoking [ 7 ], alcohol consump-
tion [ 8 ], and use of illicit drugs [ 9 ] (such as marijuana) 
are well-established factors that affect male fertility. Addi-
tionally, occupational exposure to chemicals such as sol-
vents, pesticides, and heavy metals has been linked to male 
infertility [ 10 ] and should be surveyed. 

  Toxic testicular exposure.  Specifi c ailments are known to sig-
nifi cantly damage testicular tissue and/or function and need to 
be investigated explicitly. Such conditions can be infl amma-
tory such as epididymo-orchitis, sexually transmitted dis-
eases, and mumps orchitis; congenital such as undescended 
testis or testicular torsion; malignant such as testicular cancer; 
and traumatic such as blunt or penetrating testicular trauma. 

  Family history.  Acquiring information about the family’s 
reproductive history may provide clues for a genetic etiol-
ogy. Conditions such as cystic fi brosis, immotile cilia 
 syndrome, chromosomal abnormalities, and deletions in the 
Y chromosome are all inherited causes of male infertility. 

  Childhood and development.  Typically, the patient’s degree 
of virilization should be evaluated not only by physical 
examination but also by inquiring about sexual development 
and age at puberty .  

4     Physical Examination 

 A  general   physical examination is an integral part of the 
infertility evaluation. Secondary sexual characteristics such 
as body habitus, hair distribution, and breast size should be 
assessed. Additionally, a focused genital exam should be 
performed involving the (1)  penis  to look for any pathology 
with special attention for the location of the urethral meatus, 
(2)  testes  to examine their consistency and size and to check 

for masses, (3)  epididymides  to check for fullness or tender-
ness, (4)  vasa deferentia  to ensure their presence and to look 
for abnormalities, (5)  spermatic cord  to look for masses and 
to examine for varicocele, and (6)  digital rectal examination  
to check for palpable seminal vesicles or the presence of a 
prostatic pathology such as mullerian duct cysts.  

5     Initial Diagnostic Evaluation 
and Interpretation 

5.1     Semen Analysis 

5.1.1     General Considerations 
 Semen  analysis   is the cornerstone  of   all fertility tests. Although 
it does not predict the likelihood of pregnancy, it does outline 
the severity of the male factor. Clinicians are expected to pro-
vide patients with correct instructions for proper semen col-
lection. In general, two semen samples should be requested 
from all patients [ 6 ]. An abstinence period of 2–7 days is typi-
cally required and should be consistently maintained before 
each sample collection. Several studies have demonstrated an 
increase in semen volume and sperm concentration with each 
day of abstinence with no change or worsening of sperm 
motility and morphology as the duration increases [ 11 ,  12 ]. 
The sample should be collected in a comfortable place in the 
lab or at the patient’s home upon his request. If home collec-
tion is desired, the patient should transfer the sample at room 
or body temperature and submit it within 1–2 h from ejacula-
tion. A sample should be produced and collected in a clean 
container through masturbation or coitus interruptus. An 
alternative is the use of special semen collection condoms 
devoid of any spermicidal agents.  

5.1.2     Result Interpretation 
 In 2010, following  a   large analysis of data from 4000 fertile 
men in 14 countries, the WHO updated the 5th percentile or 
lower reference limit values for parameters tested in semen 
analysis [ 2 ]. This update is favored over the 1999 version not 
only because it is a better representation of a man’s fertility 
potential but also because it unifi es the reporting scheme 
among andrology laboratories. 

  Volume [normal >1.5 ml, 5th percentile 95 % confi dence 
interval (CI) 1.4–1.7]:  The seminal vesicles provide 70 % of 
normal ejaculate volume [ 13 ]. A small ejaculate volume is 
most likely due to incomplete collection but may also be 
observed in patients with retrograde ejaculation, abnormities 
of the vas deferens or seminal vesicles, ejaculatory duct 
obstruction, hypogonadism, and sympathetic dysfunction. 

  Viscosity:  Semen  is   initially a coagulum that liquefi es in 
5–25 min under the effect of prostatic enzymes. At this point, 
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